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PREFACE

This report, Scenarios for a Clean Energy Future, was commissioned by the U.S. Department of Energy s
Office of Energy Efficiency and Renewable Energy. It was produced by the Interlaboratory Working
Group, composed of scientists from Argonne National Laboratory, Lawrence Berkeley National
Laboratory, the National Renewable Energy Laboratory, Oak Ridge National Laboratory, and Pacific
Northwest National Laboratory. The report seeks to develop a better understanding of the potential for
R&D programs and public policies to foster clean energy technology solutions to the energy and
environmental challenges facing the nation. These challenges include global climate change, air pollution,
oil dependence, and inefficiencies in the production and use of energy.

The study uses a scenario-based approach to examine alternative portfolios of public policies and
technologies. The policies were selected by the authors through a dialogue with numerous representatives
from the private sector, non-profit organizations, universities, and government. These policies range from
expansions of long-existing programs to new policies, some of which are clearly controversial.

This study does not make policy recommendations. Rather, the purpose of the study is to better
understand the costs and benefits of alternative sets of policies to accelerate clean energy technology
solutions. Some of these policies are not the policies of the current Administration. In addition, the
policies do not address the complete range of policy options. For example, the scenarios do not include
international emissions trading which could be important to meeting possible carbon emission targets.

This study identifies the potential for impressive advances in the development and deployment of clean
energy technologies without significant net economic impacts. Widespread use of these technologies
would do much to cut U.S. greenhouse gas emissions. In reviewing the study s results, however, it is
important to remember the imprecision of policy analysis; uncertainties derive from such diverse issues as
the likely pace of technology advancements and the response of consumers to market-based incentives.

We believe this study will make a substantial contribution to developing a deeper understanding of the
potential for clean energy technologies and policies to meet future energy and environmental goals and
challenges. This study provides a foundation of analysis that can help the nation identify smart,
sustainable energy policies and technologies.

The contributions to this study by multiple national laboratories, and industry and university participants
and reviewers, are another example of the effective partnerships that the Department of Energy is
fostering to advance the nation s energy and environmental agenda.

Dr. Marilyn A. Brown Dr. Mark D. Levine Walter D. Short

Co-chairs, Interlaboratory Working Group on
Energy-Efficient and Clean Energy Technologies
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GLOSSARY

Barrel (petroleum):  A unit of volume equal to 42 U.S. gallons.

Biomass:  Any organic matter available on a renewable or a recurrent basis, including agricultural crops
and residues, wood and wood residues, urban and animal residues, and aquatic plants.

Bioenergy: Energy derived from biomass as electricity or heat, or combinations of heat and power; in the
form of liquid or gaseous fuels, it is often referred to as biofuels.

British Thermal Unit (Btu): One British thermal unit, or BTU, is roughly equivalent to burning one
kitchen match.  It is the quantity of heat required to raise the temperature of one pound of water one
degree Fahrenheit. (one Btu = 1055 Joules)

Carbon Dioxide (CO2):  A colorless, odorless, non-poisonous gas that is a normal part of the ambient air.
Carbon dioxide is a product of fossil fuel combustion.

Climate Change:  The change in weather patterns and surface temperatures that appears to be occurring
as the result of large increases in greenhouse gas concentrations in the earth�s atmosphere.

Cogeneration:  The production of electrical energy and another form of useful energy (such as heat or
steam) through the sequential use of energy.

Combined Cycle: An electric generating technology in which electricity is produced from otherwise lost
waste heat exiting from one or more gas (combustion) turbines. The exiting heat is routed to a
conventional boiler or to a heat recovery steam generator for utilization by a steam turbine in the
production of electricity. Such designs increase the efficiency of the electric generating unit.

Criteria Pollutant:  A pollutant determined to be hazardous to human health and regulated under the
Environmental Protection Agency's (EPA) National Ambient Air Quality Standards.  The 1970
amendments to the Clean Air Act require EPA to describe the health and welfare impacts of a pollutant as
the "criteria" for inclusion in the regulatory regime.

Crude Oil:  A mixture of hydrocarbons that exists in the liquid phase in natural underground reservoirs
and remains liquid at atmospheric pressure after passing through surface separating facilities.  Crude oil
production is measured at the wellhead and includes lease condensate.

Discount Rate:  The interest rate used to assess the value of future cost and revenue streams; an essential
factor in assessing true returns from an investment in energy efficiency, as well as opportunity costs
associated with not making that investment. In this report, we always use real discount rates that do not
include inflation. To obtain the equivalent nominal discount rate including inflation, simply add the
percentage annual inflation rate to the real discount rate

Distillate Fuel Oil:  The lighter fuel oils distilled off during the refining process.  Included are products
known as ASTM grades numbers 1 and 2 heating oils, diesel fuels, and number 4 fuel oil.  The major uses
of distillate fuel oils include heating, fuel for on- and off-highway diesel engines, and railroad diesel fuel.

Electric Utility Restructuring: With some notable exceptions, the electric power industry historically
has been composed primarily of investor-owned utilities. These utilities have been predominantly
vertically integrated monopolies (combining electricity generation, transmission, and distribution), whose
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prices have been regulated by State and Federal government agencies.  Restructuring the industry entails
the introduction of competition into at least the generation phase of electricity production, with a
corresponding decrease in regulatory control. Restructuring may also modify or eliminate other traditional
aspects of investor-owned utilities, including their exclusive franchise to serve a given geographical area,
assured rates of return, and vertical integration of the production process.

Energy:  The capacity for doing work as measured by the capability of doing work (potential energy) or
the conversion of this capability to motion (kinetic energy).  Energy has several forms, some of which are
easily convertible and can be changed to another form useful for work.  Most of the world's convertible
energy comes from fossil fuels that are burned to produce heat that is then used as a transfer medium to
mechanical or other means in order to accomplish tasks.  Electrical energy is usually measured in
kilowatthours, while heat energy is usually measured in British thermal units.

Energy Services Company:  A company which designs, procures, finances, installs, maintains, and
guarantees the performance of energy conservation measures in an owner's facility or facilities.

Energy Saving Performance Contract:  An agreement with a third party in which the overall
performance of installed energy conservation measures is guaranteed by that party.

Ethanol:  A denatured alcohol (C2H5OH) intended for motor gasoline blending.

Externalities: Benefits or costs, generated as a byproduct of an economic activity, that do not accrue to
the parties involved in the activity.

Fluorescent Lamps:  Fluorescent lamps produce light by passing electricity through a gas, causing it to
glow. The gas produces ultraviolet light; a phosphor coating on the inside of the lamp absorbs the
ultraviolet light and produces visible light. Fluorescent lamps produce much less heat than incandescent
lamps and are more energy efficient. Linear fluorescent lamps are used in long narrow fixtures designed
for such lamps. Compact fluorescent light bulbs have been designed to replace incandescent light bulbs in
table lamps, floodlights, and other fixtures.

Fossil Fuel:  Any naturally occurring organic fuel formed in the Earth's crust, such as petroleum, coal,
and natural gas.

Fuel Cells: One or more cells capable of generating an electrical current by converting the chemical
energy of a fuel directly into electrical energy. Fuel cells differ from conventional electrical cells in that
the active materials such as fuel and oxygen are not contained within the cell but are supplied from
outside.

Gas-Turbine Electric Power Plant:  A plant in which the prime mover is a gas turbine.  A gas turbine
typically consists of an axial-flow air compressor and one or more combustion chambers which liquid or
gaseous fuel is burned.  The hot gases expand to drive the generator and then are used to run the
compressor.

Global Warming: Global warming is the increase in global temperatures that the earth has been
experiencing this century. Gases that are thought by many to contribute to global warming through the
greenhouse effect include carbon dioxide, methane, nitrous oxides, chlorofluorocarbons (CFCs), and
halocarbons (the replacements for CFCs). Carbon dioxide emissions are primarily caused by the use of
fossil fuels for energy.

Greenhouse Gas:  Any gas that absorbs infrared radiation in the atmosphere.
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Heat Pump: A device that extracts available heat from one area (the heat source) and transfers it to
another (the heat sink) to either heat or cool an interior space. Geothermal heat pumps can operate more
efficiently than the standard air-source heat pumps, because during winter the ground does not get as cold
as the outside air (and during the summer, it does not heat up as much).

Independent Power Producer: A wholesale electricity producer (other than a qualifying facility under
the Public Utility Regulatory Policies Act of 1978), that is unaffiliated with franchised utilities. Unlike
traditional utilities, IPPs do not possess transmission facilities that are essential to their customers and do
not sell power in any retail service territory where they have a franchise.

Kerosene:  A petroleum distillate that is used in space heaters, cook stoves, and water heaters; it is
suitable for use as an illuminant when burned in wick lamps (see Watthour).

Kilowatt (kW):  One thousand watts of electricity (see Watt).

Kilowatthour (kWh):  One thousand watthours.

Light Truck:  Two-axle, four-tire trucks with a gross vehicle weight less than 10,000 pounds.

Liquefied Natural Gas:  Natural gas (primarily methane) that has been liquefied by reducing its
temperature to -260°F at atmospheric pressure.

Liquefied Petroleum Gas:  Ethane, ethylene, propane, propylene, normal butane, butylene, and
isobutane produced at refineries or natural gas processing plants.

Megawatt (MW):  One million watts of electricity (see Watt).

Methanol:  A light volatile alcohol (CH3OH) used for motor gasoline blending.

Natural Gas:  A mixture of hydrocarbons (principally methane) and small quantities of various
nonhydrocarbons existing in the gaseous phase or in solution with crude oil in  underground reservoirs.

Nitrogen Oxides (NOx):  A product of combustion of fossil fuels whose production increases with the
temperature of the process.  It can become an air pollutant if concentrations are excessive.

Nuclear Electric Power:  Electricity generated by an electric power plant whose turbines are driven by
steam generated in a reactor by heat from the fissioning of nuclear fuel.

Oxygenates:  Any substance which, when added to motor gasoline, increases the amount of oxygen in
that motor gasoline blend.

Ozone: Three-atom oxygen compound (03) found in two layers of the Earth�s atmosphere. One layer of
beneficial ozone occurs at 7 to 18 miles above the surface and shields the Earth from ultraviolet light.
Several holes in this protective layer have been documented by scientists. Ozone also concentrates at the
surface as a result of reactions between byproducts of fossil fuel combustion and sunlight, having harmful
health effects.

Particulates:  Visible air pollutants consisting of particles appearing in smoke or mist.

Petroleum:  A generic term applied to oil and oil products in all forms.
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Photovoltaic Cell: An electronic device consisting of layers of semiconductor materials fabricated to
convert incident light directly into electricity (direct current).

Photovoltaic Module: An integrated assembly of interconnected photovoltaic cells designed to deliver a
selected level of working voltage and suited for incorporation in photovoltaic power systems.

Primary Energy:  The energy that is embodied in resources as they exist in nature (e.g., coal, crude oil,
natural gas, or sunlight).  For the most part, primary energy is transformed into electricity or fuels such as
gasoline or charcoal.  These, in turn, are referred to as secondary or site energy.

Propane:  A normally gaseous straight-chain hydrocarbon (C3H8). It is a colorless paraffinic gas that is
extracted from natural gas or refinery gas streams.

Quadrillion Btu (Quad):  Equivalent to 10 to the 15th power Btu (1 quad = 1.055 x 10e18 joules).

Renewable Energy:  Energy obtained from sources that are essentially inexhaustible (unlike, for
example, the fossil fuels, of which there is a finite supply).  Renewable sources of energy include
conventional hydroelectric power, wood, waste, geothermal, wind, photovoltaic, and solar thermal
energy.

Standard Industrial Classification (SIC):  A set of codes developed by the Office of Management and
Budget which categorizes industries according to groups with similar economic activities.

Turbine: A machine for generating rotary mechanical power from the energy of a stream of fluid (such
as water, steam, or hot gas). Turbines convert the kinetic energy of fluids to mechanical energy through
the principles of impulse and reaction, or a mixture of the two.

Watt (Electric): The electrical unit of power. The rate of energy transfer equivalent to one ampere of
electric current flowing under a pressure of one volt at unity power factor.

Watthour (Wh): The electrical energy unit of measure equal to 1 watt of power supplied to, or taken
from, an electric circuit steadily for one hour.

Wind Energy:  The kinetic energy of wind converted into mechanical energy by wind turbines (i.e.,
blades rotating from a hub) that drive generators to produce electricity.
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Appendix A-1: Summary of changes to the 
CEF-NEMS model for the Buildings Sector. 

We modified the AEO99 Version of NEMS to create CEF-NEMS Scenarios for the 
buildings sector.  Copies of all modified source code and input files are available at 
ftp://ftp.eap.lbl.gov/CEF-NEMS/drafts/v11.991213/inputs/ 

Residential Sector 

For the residential sector, detailed off-line analysis is used to estimate the policy induced 
energy savings potential.  We then change hurdle rates, technology costs, and growth 
trends in CEF-NEMS in order to match the stand-alone mode CEF-NEMS forecast to the 
energy savings results from our detailed spreadsheet analysis.  The assumptions and 
results for the spreadsheet analysis are contained in Appendices B-1, C-1, and D-1. 

The changes implemented to recreate the off-line energy savings estimates in the 
Residential Module of CEF-NEMS are listed below.  In this section, source code 
modifications are explicitly listed and input file changes are summarized. 

Source code modifications were made to the Residential Module in the following areas: 

(1)	 Furnace fan electricity consumption 

(2)	 TV electricity consumption 

(3)	 Lighting electricity consumption 

(4)	 Other electricity consumption (in coils, motors, and electronics sub-categories) 

(5)	 New home thermal shell indices 

(6)	 Price-induced discount rate changes 

(7)	  A new Distributed Generation subroutine that adds solar photovoltaic, fuel cell, and 
microturbine technology to the module 

Input file modifications were made to the Residential Module in the following areas1: 

(1) minimum efficiency standards 

(2) technology choice implicit discount rates2 

(3) technology characteristics (capital costs, operating costs, and efficiencies) 

1  The RTEK "includes" file was modified to accommodate a larger rtekty technology input file. 

2 The implicit discount rate is defined as the ratio of the Beta1 and Beta2 logit parameters used in the 
residential module to determine technology choice. 
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Detailed Source Code Changes 

(1)  Furnace fan electricity consumption 

Advanced Scenario 

We created an energy consumption multiplier to calibrate energy consumption to off-line 
analysis estimates in 2010 and 2020.  The multiplier is set to 1.0 in 2000 and allowed to 
decline by a constant rate (0.2%/year) between 2001 and 2010 such that in a stand-alone 
run the resulting energy consumption in 2010 is equivalent to that predicted off-line. 
Similarly, the 2010 multiplier value is allowed to decline by a constant rate (1.5%/year) 
between 2011 and 2020 such that in a stand-alone run the resulting energy consumption 
in 2020 is equivalent to that predicted off-line. 

The source code on lines on line 4749 to 4755 is replaced by the following code segment:
 FANMOD = 1.0 ! LBNL

 IF (CURIYR > 11) THEN ! LBNL


 FANMOD = (1.0 - 0.002)**(CURIYR-11) ! LBNL ADV

 ENDIF ! LBNL

 IF (CURIYR > 21) THEN ! LBNL


 FANMOD = (1.0 - 0.002)**(11)*(1.0-0.015)**(CURIYR-21) ! LBNL
 
ADV


 END IF ! LBNL

 FANCON(CURIYR,R)=FANCON(CURIYR,R)+ ((


 2 (EQCESE(CURIYR,RECCL,B,R)+EQCRP90(PREVYR,RECCL,B,R)+

 3 EQCSR90(PREVYR,RECCL,B,R))*FAN*FANUEC(r,b)+

 4 EQCADD(PREVYR,RECCL,B,R)*FAN*NFANUEC(curiyr,r,b) +

 5 (EQCREP(PREVYR,RECCL,B,R)+EQCSUR(PREVYR,RECCL,B,R))*

 6 FAN*AFANUEC(curiyr,r,b))*

 7 ((prices(4,r,curiyr)/prices(4,r,4))**alpha ))*FANMOD
 

Moderate Scenario 

Same as above, except the 2001-2010 decline rate is changed from 0.2%/year to 
0.025%/year and the 2011-2020 decline rate is changed from 1.5%/year to 0.45%/year. 

(2)  TV electricity consumption 

Advanced Scenario 

We created an energy consumption multiplier to calibrate energy consumption to off-line 
analysis estimates in 2010 and 2020.  The multiplier is set to 1.0 in 2000 and allowed to 
decline by a constant rate (0.9%/year) between 2001 and 2010 such that in a stand-alone 
run the resulting energy consumption in 2010 is equivalent to that predicted off-line. 
Similarly, the 2010 multiplier value is allowed to decline by a constant rate (1.05%/year) 
between 2011 and 2020 such that in a stand-alone run the resulting energy consumption 
in 2020 is equivalent to that predicted off-line. 
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The following code segment replaces the source code on lines 11178 to 11179:

 TVMOD = 1.0 ! LBNL

 IF (Y>11) THEN ! LBNL


 TVMOD = (1.0 - 0.009)**(Y-11) ! LBNL OK FOR ADV

 ENDIF ! LBNL

 IF (Y>21) THEN ! LBNL


 TVMOD = (1.0 - 0.009)**(11)*(1.0 - 0.0105)**(Y-21) ! LBNL OK FOR ADV

 ENDIF ! LBNL

 DO 50 D=1,MNUMCR-2


 TVCON(Y,D)=0.0

 DO 50 B=1,MNUMBLDG
 

C TVCON(y,d)=TVCON(y,d)+(TVEQP(Y,B,D)*TVNUEC(Y,d,b))
 
C 1 *((PRICES(4,D,CURIYR)/PRICES(4,D,4))**ALPHA)


 TVCON(y,d)=TVCON(y,d)+((TVEQP(Y,B,D)*TVNUEC(Y,d,b)) ! LBNL

 1 *((PRICES(4,D,CURIYR)/PRICES(4,D,4))**ALPHA))*TVMOD ! LBNL
 

Moderate Scenario 

Same as above, except the 2011-2020 decline rate is changed from 1.05%/year to 
0.5%/year. 

(3)  Lighting electricity consumption 

Advanced Scenario 

We created an energy consumption multiplier to calibrate energy consumption to off-line 
analysis estimates in 2010 and 2020.  The multiplier is set to 1.0 in 2000 and allowed to 
decline by a constant rate (1.2%/year) between 2001 and 2010 such that in a stand-alone 
run the resulting energy consumption in 2010 is equivalent to that predicted off-line. 
Similarly, the 2010 multiplier value is allowed to decline by a constant rate (3.6%/year) 
between 2011 and 2020 such that in a stand-alone run the resulting energy consumption 
in 2020 is equivalent to that predicted off-line. 

The following code segment replaces the source code on lines 10900 to 10907:
 LTMOD = 1.0 ! LBNL

 IF (Y>11) THEN ! LBNL


 LTMOD = (1.0-0.012)**(Y-11) ! LBNL OK FOR 2010 ADV

 END IF ! LBNL

 IF (Y>21) THEN ! LBNL


 LTMOD = (1.0-0.012)**(11)*(1.0-0.036)**(Y-21) ! LBNL OK FOR ADV

 END IF ! LBNL

 DO 50 D=1,MNUMCR-2


 LTCON(Y,D)=0.0

 DO 50 B=1,MNUMBLDG


 ltcon(y,d)=ltcon(y,d)+((eh(y,b,d)*ltnuec(y,b,d) + ! LBNL

 1nh(y-1,b,d)*(SQNEW(y-1,b,d)/SQRFOOT(4,B,D))*ltnuec(y-1,B,D)+ ! LBNL

 1 HSEADD(y,b,d)*sqftlts(y,b,d)*ltnuec(y,B,D)+ ! LBNL

 2( EH(Y,B,D)+NH(Y,B,D))*TCHNUEC(Y,B,D)*DISPLACE) ! LBNL

 5*(((PRICES(4,D,CURIYR))/PRICES(4,D,4))**ALPHA))*LTMOD ! LBNL
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Moderate Scenario 

Same as above, except the 2001-2010 decline rate is changed from 1.2%/year to 
0.08%/year and the 2011-2020 decline rate is changed from 1.575%/year to 0.8%/year. 

(4)  Other electricity consumption (coils, motors, electronics sub-categories) 

Advanced Scenario 

We created an energy consumption multiplier to calibrate energy consumption to off-line 
analysis estimates in 2010 and 2020.  The other electricity is split into three components: 
coils, motors, and electronics.  The multiplier is set to 1.0 in 2000 and allowed to decline 
by a constant rate (0.9%/year for coils, 1.1%/year for motors, and 2.95%/year for 
electronics) between 2001 and 2010. The multiplier affects the resulting energy 
consumption such that in a stand-alone run the 2010 value is equivalent to that predicted 
off-line. Similarly, the 2010 multiplier value is allowed to decline by a constant rate 
(0.15%/year for coils, 0.75%/year for motors, and 7.13%/year for electronics) between 
2011 and 2020 such that in a stand-alone run the resulting energy consumption in 2020 is 
equivalent to that predicted off-line. 

The following code segment replaces the source code on lines 11283 to 11297:
 COILRED = 1.0 ! LBNL

 MOTRRED = 1.0 ! LBNL

 ELECRED = 1.0 ! LBNL

 IF (Y>11) THEN ! LBNL


 COILRED = (1.0-0.0090)**(Y-11) ! LBNL OK FOR ADV

 MOTRRED = (1.0-0.0110)**(Y-11) ! LBNL OK FOR ADV

 ELECRED = (1.0-0.0295)**(Y-11) ! LBNL OK FOR ADV


 ENDIF ! LBNL

 IF (Y>21) THEN


 COILRED = (1.0-0.0090)**(11)*(1.0-0.0015)**(Y-21) ! LBNL OK FOR ADV

 MOTRRED = (1.0-0.0110)**(11)*(1.0-0.0075)**(Y-21) ! LBNL OK FOR ADV

 ELECRED = (1.0-0.0295)**(11)*(1.0-0.0713)**(Y-21) ! LBNL OK FOR ADV


 ENDIF
 
C WRITE(*,*)'LBNL RES OTHER MOD C,M,E ',Y+1989+1,
 
C * COILRED,MOTRRED,ELECRED


 DO 20 D=1,MNUMCR-2

 ELTRCN(Y+1,D)=0.0

 COILCN(Y+1,D)=0.0

 MOTRCN(Y+1,D)=0.0


 DO 20 B=1,MNUMBLDG

 ELTRCN(Y+1,D)=ELTRCN(Y+1,D)+((NH(Y+1,B,D)+EH(Y+1,B,D))


 1 *( ELTRUEC(D,B)*ELTRPEN(Y)))*ELECRED ! LBNL

 2 *((PRICES(4,D,CURIYR)/PRICES(4,D,4))**ALPHA)


 COILCN(Y+1,D)=COILCN(Y+1,D)+((NH(Y+1,B,D)+EH(Y+1,B,D))

 1 *( COILUEC(D,B)*COILPEN(Y)))*COILRED ! LBNL

 2 *((PRICES(4,D,CURIYR)/PRICES(4,D,4))**ALPHA)


 MOTRCN(Y+1,D)=MOTRCN(Y+1,D)+((NH(Y+1,B,D)+EH(Y+1,B,D))

 1 *( MOTRUEC(D,B)*MOTRPEN(Y)))*MOTRRED ! LBNL

 2 *((PRICES(4,D,CURIYR)/PRICES(4,D,4))**ALPHA)


 20 CONTINUE
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Moderate Scenario 

Same as above, except the 2001-2010 decline rate for electronics is changed from 
2.95%/year to 2.73%/year, the 2011-2020 decline rate for coils is changed from 
0.75%/year to 0.55%/year, and the 2011-2020 decline rate for electronics is changed from 
7.13%/year to 2.73%/year. 

(5) New home thermal shell indices 

Advanced Scenario 

We created a thermal shell index multiplier to improve the shell efficiency of new homes. 
The multiplier is set to 1.0 in 2000 and allowed to decline by a constant rate (1.0%/year) 
between 2001 and 2010. Similarly, the 2010 multiplier value is allowed to decline by a 
constant rate (2.0%/year) between 2011 and 2020. 

The following code is inserted on line 4355:
 SHMOD = 1.0

 IF (CURIYR > 11) THEN


 SHMOD = 1.0 - 0.01*(CURIYR-11) ! advanced

 ENDIF

 IF (CURIYR > 21) THEN


 SHMOD = 0.9 - 0.02*(CURIYR-21) ! advanced

 ENDIF

 IF (F.EQ.1 .AND. R.EQ.1) THEN


 WRITE(*,*)'LBNL NEW SHELL MOD ',SHMOD

 ENDIF
 

And the following segment of code is inserted on line 4368:
 NHSHELL(CURIYR,F,R) = NHSHELL(CURIYR,F,R) * SHMOD ! LBNL

 NCSHELL(CURIYR,R)= NCSHELL(CURIYR,R) * SHMOD ! LBNL
 

Moderate Scenario 

No changes were made to new home thermal shell indices in the Moderate Scenario. 

(6) Price-induced discount rate change 

Advanced Scenario 

Price-induced discount rate changes were removed. 

Behavioral changes exist in 10 places in the source code  (beginning on lines: 3694, 
5011, 5945, 6544, 7202, 8306, 8834, 9532, 10116, and 10765). All 10 instances of the 
code were commented out from the model. Those 10 code segments resemble or are 
identical to the following code: 
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C IF ((CURIYR.GT.10).AND.
 
C 1 (PRICES(F,R,CURIYR).GT.PRICES(F,R,10))) THEN
 
C HRDRATE=RTECBTA1(RECTY)/RTECBTA2(RECTY)
 
C ELIGBLE=HRDRATE - 0.15
 
C IF (ELIGBLE.GT.0.0) THEN
 
C HRDADJ= ELIGBLE *
 
C * ((PRICES(F,R,CURIYR)/PRICES(F,R,10))**ALPHA1 )
 
C
 
C RTECBTA1(RECTY) = (HRDADJ+0.15) * RTECBTA2(RECTY)
 
C END IF
 
C END IF
 

Moderate Scenario 

Same as the Advanced Scenario. 

(7) Distributed Generation Subroutine 

Advanced Scenario 

This subroutine was added to the end of the source code. The subroutine was received 
from EIA and is a part of AEO 2000.  No changes were made to this code. 

Moderate Scenario 

Same as the Advanced Scenario. 

Summary of input file changes 

Advanced Case 

In the rtekty technology input file, standards were implemented by removing all 
technologies not satisfying the following efficiency criteria: 

Technology Efficiency Start Date 
clothes washers* 
gas water heaters 
elec water heaters 

Refrigerators 
room air conditioners 

central air conditioners 
elec. air-source heat pumps 

Horizontal axis 
0.60 EF 
0.95 EF 

421 kWh/yr 
10.5 SEER 
13 SEER 

13 SEER/7.6 HSPF 

2003 
2004 
2004 
2010 
2010 
2006 
2006 

* the default NEMS horizontal axis clothes washer efficiency is used as the minimum standard level. 
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In addition to standards, the following implicit discount rate modifications were 
implemented in the rtekty technology characteristics input file: 

Technology NEMS Implicit 
Discount Rate 

CEF-NEMS Implicit 
Discount Rate 

Period 

clothes washers 391% 15% 2001-2020 
clothes dryers 90% 15% 2001-2020 
Refrigerators 19% 15% 2001-2020 

freezers 39% 15% 2001-2020 
distillate waterheater 150% 15% 2001-2020 

elec waterheater 83% 18% 2005-2020 
gas waterheater 47% 95% 2001-2020 

air/ground source heat pump 42% 15% 2001-2020 
room air conditioners 125% 15% 2001-2020 

central air conditioners 50% 15% 2001-2020 
gas dryers 47% 15% 2001-2020 

gas furnace #4 15% 2.5% 2011-2020 
gas furnace #3 15% 2.5% 2005-2020 

air source heat pump cooling 50% 15% 2001-2020 

The following equipment efficiency characteristics were modified in the rtekty input file 
(efficiency units are BTU out/ BTU in unless otherwise noted): 

Technology CEF-NEMS 
efficiency 

NEMS 
efficiency 

Period 

air source HP #4 heat 
central air conditioner #4 

refrigerator #3 
refrigerator #3 

4.0 
6.0 

350 kWh/yr 
150 kWh/yr 

2.78/2.93 
5.28 

400 kWh/yr 
400 kWh/yr 

2011-2020 
2011-2020 
2005-2010 
2011-2020 
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Finally, the following retail and installed cost characteristics (1998 dollars) were 
modified in the rtekty input file: 

Technology CEF-NEMS 
installed cost 

NEMS 
installed cost 

CEF-NEMS 
retail cost 

NEMS 
retail cost 

Period 

Air source HP #3  heat 1 

Air source HP #3 cool 1,2 
2665 
1733 

3217 
1733 

3400 
0 

4150 
0 

2001-2004 

Air source HP #3  heat 1 

Air source HP #3 cool 1,2 
2665 
1715 

3185 
1715 

3400 
0 

4100 
0 

2005-2014 

Air source HP #3  heat 1 

Air source HP #3 cool 1,2 
2665 
1645 

3055 
1645 

3400 
0 

3900 
0 

2015-2020 

Air source HP #4  heat 1 

Air source HP #4 cool 1,2 
2665 
1925 

3510 
1925 

3400 
0 

4500 
0 

2011-2014 

Air source HP #4  heat 1 

Air source HP #4 cool 1,2 
2665 
1820 

3380 
1820 

3400 
0 

4300 
0 

2015-2020 

Central air  #4 2500 3300 1800 2500 2011-2014 
Central air  #4 2500 3100 1800 2300 2015-2020 
Gas furnace #4 1300 1650 680 1300 2011-2014 
Gas furnace #4 1300 1600 680 900 2015-2020 
Gas radiator #3 4845 6000 2145 3500 2011-2014 
Gas radiator #3 4845 5750 2145 3000 2015-2020 

Gas waterheater #2 N/A No change 225 190 2004 
Gas waterheater #3 340 400/425 190 275/300 2001-2020 
Gas waterheater #4 650 2360/2000/1800 1000 2200/1800/1500 2001-2020 

Refrigerator #3 530 850/550/700 480 800/500/650 2001-2020 
Room air  #3 450 760 350 1660 2005-2020 

1	 NEMS uses two records for each heat pump in rtekty, one for heating and one for cooling. Heat Pump 
installed and retail costs are treated differently.  Installed costs are apportioned between heating and 
cooling, while the retail cost is contained solely in the heating record. 

2 	 Cooling costs were not changed but are included to explain why retail costs appear to be higher than 
installed cost for HP heating. 
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Moderate Case 

In the rtekty technology input file, standards were implemented by removing all 
technologies not satisfying the following efficiency criteria: 

Technology Efficiency Start Date 
clothes washers* 
gas water heaters 
elec water heaters 

room air conditioners 
central air conditioners 

elec. air-source heat pumps 

horizontal axis 
0.60 EF 
0.95 EF 

10.5 SEER 
13 SEER 

13 SEER/7.6 HSPF 

2006 
2004 
2004 
2010 
2006 
2006 

* the default NEMS horizontal axis clothes washer efficiency is used as the minimum standard level. 

In addition to standards, the following implicit discount rate modifications were 
implemented in the rtekty technology characteristics input file: 

Technology NEMS Implicit 
Discount Rate 

CEF-NEMS Implicit 
Discount Rate 

Period 

clothes washers 391% 15% 2001-2020 
clothes dryers 90% 15% 2001-2020 
refrigerators 19% 15% 2001-2020 

freezers 39% 15% 2001-2020 
distillate waterheater 150% 15% 2001-2020 

elec waterheater 83% 18% 2001-2020 
gas waterheater 47% 15% 2001-2020 

air/ground source HP heating 42% 15% 2001-2020 
room air conditioners 125% 15% 2001-2020 

central air conditioners 50% 15% 2001-2020 
gas dryers 47% 15% 2001-2020 

air source HP cooling 50% 15% 2001-2020 

The following equipment efficiency characteristics were modified in the rtekty input file 
(central air efficiency units are BTU out / BTU in) : 

Technology CEF-NEMS 
efficiency 

NEMS 
efficiency 

Period 

Ccntral air  #4 
Refrigerator #3 
Refrigerator #3 

5.64 
350 kWh/yr 
250 kWh/yr 

5.28 
400 kWh/yr 
400 kWh/yr 

2011-2020 
2005-2010 
2011-2020 
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Finally, the following retail and installed cost characteristics (1998 dollars) were 
modified in the rtekty input file: 

Technology CEF-NEMS 
installed cost 

NEMS
 installed cost 

CEF-NEMS 
retail cost 

NEMS retail 
cost 

Period 

Air source HP #3  heat 1 

Air source HP #3 cool 1,2 
2665 
1733 

3217 
1733 

3400 
0 

4150 
0 

2001-2004 

Air source HP #3  heat 1 

Air source HP #3 cool 1,2 
2665 
1715 

3185 
1715 

3400 
0 

4100 
0 

2005-2014 

Air source HP #3  heat 1 

Air source HP #3 cool 1,2 
2665 
1645 

3055 
1645 

3400 
0 

3900 
0 

2015-2020 

Air source HP #4  heat 1,3 

Air source HP #4 cool 1 
3380 
1435 

3380 
1820 

4300 
0 

4300 
0 

2015-2020 

Central air  #4 2500 3300 1800 2500 2011-2014 
Central air  #4 2500 3100 1800 2300 2015-2020 
Gas furnace #4 N/A No change 680 2000 1993-2004 
Gas furnace #4 1300 1650 680 1300 2005-2014 
Gas furnace #4 1300 1600 680 900 2015-2020 
Gas radiator #3 5445 5750 2145 3000 2015-2020 

Gas waterheater #2 N/A No change 225 190 2004 
Gas waterheater #3 340 400/425 190 275/300 2001-2020 

Refrigerator #3 530 850/550/700 480 800/500/650/700 2001-2020 
Room air  #3 605 760 505 660 2011-2020 

1	 NEMS uses two records for each heat pump in rtekty, one for heating and one for cooling. Heat Pump 
installed and retail costs are treated differently.  Installed costs are apportioned between heating and 
cooling, while the retail cost is contained solely in the heating record. 

2	 Cooling costs were not changed but are included to explain why retail costs appear to be higher than 
installed cost for HP heating. 

3 	 Heating costs were not changed but are included to accompany cooling portion and show retail costs. 
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Commercial Sector 

For the commercial sector, detailed off-line analysis is used to estimate the policy induced 
energy savings potential.  We then change hurdle rates, technology costs, growth trends, 
and penetration rates in CEF-NEMS in order to match the stand-alone mode CEF-NEMS 
forecast to the energy savings results from our detailed spreadsheet analysis. The 
assumptions and results for the spreadsheet analysis are contained in Appendices B-1, C-
1, and D-1. 

The changes implemented to recreate the off-line energy savings estimates in the 
Commercial Module of CEF-NEMS are listed below.  In this section, source code 
modifications are explicitly listed and input file changes are summarized. 

Source code modifications were made to the Commercial Module in the following areas: 

(1) Decision rule shares 

(2) Price-induced discount rate changes 

(3) Gas other energy consumption 

Input file modifications were made to the Commercial Module in the following areas: 

(1) Distribution of technology choice time preference premiums (hurdle rates) 

(2) Technology characteristics (capital costs, operating costs and efficiencies) 

Detailed Source Code Changes 

(1)  Decision rule shares 

Advanced Scenario 

We modified decision rule shares for end-uses where discount rate changes were not 
sufficient to reach the desired energy savings (space heating, space cooling, and 
ventilation). For space heating, behavior shares for new equipment purchases were set to 
70% same fuel.  For space cooling, behavior shares for new equipment purchases were set 
to 50% least cost and 50% same fuel. For Ventilation, all decisions were set to least cost. 

On line 3756, the following code is inserted to modify decision rule shares: 

C LBNL -- MODIFY DECISION RULES HERE
 
C BehaviorShare(s,b,d,u)
 
C
 
C space heating -- s=1,b=all,d=1,u=all 1.0 for
 
C


 IF (CURIYR .EQ. 12 .AND. CURITR .EQ. 1) THEN
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 WRITE(*,*)'LBNL -- MODIFYING DECISON RULES',CURIYR+1989

 DO b= 1, CMnumBldg
 

C 	 SPACE HEATING

 BehaviorShare(1,b,1,1) = 0.30 ! set most

 BehaviorShare(1,b,1,2) = 0.70 ! decisions to

 BehaviorShare(1,b,1,3) = 0.00 ! same fuel


 DO d= 1, CMDecision
 
C SPACE COOLING


 if (d .le. 2) then

 BehaviorShare(2,b,d,1) = 0.50 ! set new/repl

 BehaviorShare(2,b,d,2) = 0.50 ! decisions to

 BehaviorShare(2,b,d,3) = 0.00 ! least cost


 endif
 

C 	 VENTILATION

 BehaviorShare(4,b,d,1) = 1.00 ! set all

 BehaviorShare(4,b,d,2) = 0.00 ! decisions to

 BehaviorShare(4,b,d,3) = 0.00 ! least cost


 ENDDO

 ENDDO


 ENDIF
 
C END LBNL
 

Moderate Scenario 

Same as Advanced Scenario except that Behavior Shares for space heating were set to 
100% same fuel. 

(2)  Price-induced discount rate changes: 

Advanced Scenario 

Price-induced discount rate changes were removed. 

The following segment of code exists in 2 places in the source code (beginning on lines: 
3930 and 4504).  Both instances of this code were commented out from the model (as 
shown): 

C IF (PriceDelta(f).GT.1.0) THEN ! del LBNL REMOVE 
C IF (EffectHurdle.GT.0.15) ! del LBNL REMOVE 
C $ EffectHurdle = (EffectHurdle - 0.15) * ! del LBNL REMOVE 
C $ PriceDelta(f) ** HurdleElas(r,s,f) ! del LBNL REMOVE 
C $ + 0.15 ! del LBNL REMOVE 
C END IF ! Check for rising prices and rate over 15 percent. LBNL 
REMOVE
 

Moderate Scenario
 

Same as Advanced Scenario.
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(3)  Gas other energy consumption 

Advanced Scenario 

We created an efficiency multiplier to calibrate energy consumption to off-line analysis 
estimates in 2010 and 2020. The efficiency for other gas energy consumption was 
increased at a rate of 1%/year between 2001 and 2010 and 16%/year between 2011 and 
2020. 

The following code segment was inserted: 

C LBNL -- add efficiency to gas other

 if (CURIYR .gt. 11 .AND. CURIYR .LE. 21) then

 AverageEfficiency(r,b,s,2)=PrevYrAverageEfficiency(r,b,s,2) *


 * (1.0 + 0.010)

 elseif (CURIYR .GT. 21) then

 AverageEfficiency(r,b,s,2)=PrevYrAverageEfficiency(r,b,s,2) *


 * (1.0 + 0.160) ! LBNL 6-25-99

 endif
 

C END LBNL
 

Moderate Scenario 

Same as advanced case except the efficiency was increased at a rate of 4%/year between 
2011 and 2020. 

Summary of input file changes 

Advanced Case 

In the ktech input file, lighting standards were changed to match the EIA's aeo99 hitech 
scenario. Additionally, other standards were implemented by improving the efficiency 
(NEMS commercial efficiency units for ventilation are 1000 cfm-hours output / 1000 
BTU input) and/or changing the available date for the following technologies: 

Technology Efficiency Start Date 
Electric rooftop a/c 2005 typical 
Electric rooftop a/c 2015 typical 

Gas furnace  2015 typical 
Gas  boiler  2015 typical 

3.02 
3.22 
0.82 

Unchanged 

2005 
2010 
2010 
2010 
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In addition to standards, the following implicit discount rate modifications were 
implemented in the kprem technology characteristics input file: 

DISCOUNT RATE 
Technology Source Code 10 1.529 0.554 0.309 0.199 0.136 Total Period 

Space Heating NEMS 27% 25.4% 20.4% 16.2% 10% 1% 100% 2001-2020 
CEF-NEMS 0 10% 20% 20% 20% 30% 100% 2001-2010 
CEF-NEMS  0  0  0  0  0  100% 100% 2011-2020 

Space Cooling NEMS 27% 25.4% 20.4% 16.2% 10% 1% 100% 2001-2020 
CEF-NEMS  0  0  0  0  0  100% 100% 2001-2020 

Hot Water NEMS 27% 25.4% 20.4% 16.2% 10% 1% 100% 2001-2020 
Heating CEF-NEMS 0 0 25% 25% 25% 25% 100% 2001-2010 

CEF-NEMS  0  0  0  0  0  100% 100% 2011-2020 

Ventilation NEMS 27% 25.4% 20.4% 16.2% 10% 1% 100% 2001-2020 
CEF-NEMS  0  0  0  0  0  100% 100% 2001-2020 

Cooking NEMS 27% 25.4% 20.4% 16.2% 10% 1% 100% 2001-2020 
CEF-NEMS 30% 30% 20% 20% 0 0 100% 2001-2010 
CEF-NEMS 25% 20% 20% 15% 10% 10% 100% 2011-2020 

Lighting NEMS 27% 25.4% 20.4% 16.2% 6% 5% 100% 2001-2020 
CEF-NEMS 20% 20% 20% 15% 15% 10% 100% 2001-2010 
CEF-NEMS 0 20% 25% 25% 25% 5% 100% 2011-2020 

Refrigeration NEMS 27% 25.4% 20.4% 16.2% 10% 1% 100% 2001-2020 
CEF-NEMS  0  0  0  0  0  100% 100% 2001-2020 

The following market penetration indexes were modified: 

[These changes are not policy induced.  We made them because the energy savings from the stand-alone 
CEF-NEMS runs fell short of those in our off-line analysis even after implementing the source code and 
input file changes described above.  In order to match total forecast electricity savings with our off-line 
accounting, we adjusted the Office Equipment and Other End Uses penetration rates in the koffpen input 
file.  Subsequently, we decided to only use Other End Uses for this "electricity accounting." We then 
restored Office Equipment rates to a level that had no noticeable effect on end-use consumption, but not 
exactly to the levels used in the reference case.] 

Penetration Ratio by Year 
Technology Source Code 2000 2010 2020 

Office Equipment PC 

Office Equipment, non-PC 

Other End Uses 

NEMS 
CEF-NEMS 

NEMS 
CEF-NEMS 

NEMS 
CEF-NEMS 

1.863 
1.863 

1.105 
1.105 

1.338 
1.338 

2.263 
2.408 

1.321 
1.330 

2.130 
1.540 

2.601 
2.650 

1.579 
1.610 

2.714 
1.300 
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Moderate Case 

In the ktech input file, one standard was implemented by improving the efficiency (units 
1000 cfm-hours output / 1000 BTU input): 

Technology Efficiency Start Date 
Electric rooftop a/c 2005 typical 3.02 2005 

In addition to the standard, the following implicit discount rate modifications were 
implemented in the kprem technology characteristics input file: 

DISCOUNT RATE 
Technology Source Code 10 1.529 0.554 0.309 0.199 0.136 Total Period 

Space Heating NEMS 27% 25.4% 20.4% 16.2% 10% 1% 100% 2001-2020 
CEF-NEMS  0  0  0  0  0  100% 100% 2001-2020 

Space Cooling NEMS 27% 25.4% 20.4% 16.2% 10% 1% 100% 2001-2020 
CEF-NEMS  0  0  0  0  0  100% 100% 2001-2020 

Hot Water NEMS 27% 25.4% 20.4% 16.2% 10% 1% 100% 2001-2020 
Heating CEF-NEMS 0 0 0 25% 25% 50% 100% 2001-2010 

CEF-NEMS  0  0  0  0  0  100% 100% 2011-2020 

Ventilation NEMS 27% 25.4% 20.4% 16.2% 10% 1% 100% 2001-2020 
CEF-NEMS  0  0  0  0  0  100% 100% 2001-2020 

Cooking NEMS 27% 25.4% 20.4% 16.2% 10% 1% 100% 2001-2020 
CEF-NEMS 30% 30% 20% 20% 0 0 100% 2001-2010 
CEF-NEMS 25% 20% 20% 15% 10% 10% 100% 2011-2020 

Lighting NEMS 27% 25.4% 20.4% 16.2% 6% 5% 100% 2001-2020 
CEF-NEMS 15% 15% 20% 20% 15% 15% 100% 2001-2010 
CEF-NEMS 5% 20% 25% 20% 20% 10% 100% 2011-2020 

Refrigeration NEMS 27% 25.4% 20.4% 16.2% 10% 1% 100% 2001-2020 
CEF-NEMS  0  0  0  0  0  100% 100% 2001-2020 
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Finally, we modified the following market penetration indexes: 

[These changes are not policy induced.  We made them because the energy savings from the stand-alone 
CEF-NEMS runs fell short of those in our off-line analysis even after implementing the source code and 
input file changes described above.  In order to match total forecast electricity savings with our off-line 
accounting, we adjusted the Office Equipment and Other End Uses penetration rates in the koffpen input 
file.  Subsequently, we decided to only use Other End Uses for this "electricity accounting." We then 
restored Office Equipment rates to a level that had no noticeable effect on end-use consumption, but not 
exactly to the levels used in the reference case.] 

Penetration Ratio by Year 
Technology Source Code 2000 2010 2020 

Office Equipment PC 

Office Equipment, non-PC 

Other End Uses 

NEMS 
CEF-NEMS 

NEMS 
CEF-NEMS 

NEMS 
CEF-NEMS 

1.863 
1.863 

1.105 
1.105 

1.338 
1.338 

2.263 
2.408 

1.321 
1.290 

2.130 
1.540 

2.601 
2.650 

1.579 
1.570 

2.714 
1.500 
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Appendix A-2
 

INDUSTRY: NEMS Input Data and Scenario Input
 

This appendix provides detailed information on 1) historical trends, 2) AEO99 reference case 
assumptions, 3) business-as-usual scenario assumptions, 4) policy drivers for model assumptions, 5) 
moderate scenario assumptions, and 6) advanced scenario assumptions for 12 industrial subsectors. The 
table below gives an overview of the sectors, as well as a comparison to the sector definitions used in the 
U.S. Department of Energy s Office of Industrial Technologies Industries of the Future program. 

Table A-1 Sector Definition in CEF-NEMS and IOF 

CEF-NEMS IOF 
Food and Kindred Products (SIC 20) -
Paper and Allied Products (SIC 26) Forest Products (SIC 24, 26) 
Bulk Chemicals (SIC 281, 282, 286, 287) Chemicals (SIC 28) 
Glass and Glass Products (SIC 3211, 3221, 3229) Glass (SIC 321, 322, 323) 
Hydraulic Cement (SIC 324) -
Blast Furnaces and Basic Steel (SIC 331) Steel (SIC 331) 
Aluminum (SIC 3334, 3353) Aluminum (SIC 3334, 3341, 3353, 3354, 3355) 
Metals Based Durables (SIC 34, 35, 36, 37, 38) Metal Casting (332, 336, 34-38) 
Other Manufacturing (all other manufacturing SIC) -
Agriculture — Crops (SIC 01) 

AgricultureAgriculture — Other incl. Livestock (SIC 02, 07, 08, 09) 
Coal Mining (SIC 12) 

MiningOil and Gas Mining (SIC 13) 
Metals and other Nonmetallic Mining (SIC 10, 14) 
Construction (SIC 15, 16, 17) -
Petroleum Refining (not in industrial module) Petroleum Refining 

For each of the six sections, we discuss economic trends, production and technology trends, and energy 
consumption trends. In the discussion of economic trends, we focus on trends in value of output (also 
called gross output) which represents the market value of an industry s production including commodity 
taxes because this is the measure of economic production used in NEMS. For the discussion of production 
and technology trends, we describe trends related to total output in the sector as well as trends in process 
shares (e.g. the share of electric arc furnaces vs. basic oxygen furnaces), products produced, and capital 
stock retirement rates. The policy drivers for the changed CEF-NEMS inputs are discussed as well. 
Finally, in the section on energy consumption trends, we discuss overall energy consumption in the 
subsector, trends in unit energy consumption, energy use for boilers, and energy use in industrial sector 
buildings. 

Each industrial sub-sector is evaluated to determine the potential energy savings and GHG emissions 
reductions. Energy policies and programs are important drivers for energy efficiency improvements in the 
industrial sector. However, the NEMS framework does not allow direct modeling of most energy 
efficiency policies. Although evaluations of industrial energy efficiency policies are not always available, 
we have estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad 
(e.g. Martin et al., 1998) as well as the information presented in Appendix B-2. 

In most sectors we assume that voluntary sector agreements are used as a way to set energy efficiency 
improvement targets. These voluntary agreements are augmented by a number of policies and programs 
designed to provide support to each sector in achieving the targets because many instruments are 
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complimentary in formulating an industrial energy efficiency policy (U.S. DOE, 1996a). Under the 
voluntary agreement framework, we envision that a group of industries (e.g. through an association) will 
negotiate a specified target with the government. Experience with sector agreements in Europe and Japan 
has shown that annual industry-wide energy efficiency improvements between 0.6% and 1.5% per year 
are feasible (IEA, 1997a; Stein and Strobel, 1997). In the U.S., the primary aluminum industry and EPA 
have negotiated an agreement to reduce PFC emissions by 40% by 2000, while other sector agreements 
exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. Uncertainties in the assumptions 
affect the final results of the scenarios. However, as it is not always possible to quantitatively estimate the 
uncertainties (see sections 5.6 and 5.7 of the main report) and for reasons of presentation we only present 
point estimates. 

AEO 99 projects energy intensity reductions of 1.0% per year in the baseline scenario, of which 80%, or 
0.8% per year, are due to inter-sector structural change and the remaining 0.2% per year is due to 
efficiency improvements (U.S. DOE, EIA, 1998a). We have retained the AEO99 assumption of a 0.8% 
contribution inter-sectoral structural change in all CEF, and in the moderate and advanced scenarios 
modified the change due to efficiency improvements as discussed below. 

Five industrial sub-sectors (paper, glass, cement, steel, and aluminum) are modeled in NEMS using 
physical production values to determine energy intensities. We evaluate three of these subsectors (paper, 
cement, and steel) in detail, relying on recent process-level assessments of energy use, carbon dioxide 
emissions, and efficiency potentials (Worrell et al., 1999; Martin et al., 1999; Khrushch et al., 1999). We 
assess the other two sectors based on historic trends and efficiency potentials identified in recent U.S. and 
international literature. The remaining industrial sub-sectors (agriculture, mining, construction, food, 
chemicals, metals-based durables, and other manufacturing) are modeled in NEMS using economic 
production values (value of output) to determine energy intensities. We evaluate these sub-sectors based 
on historic trends and efficiency potentials identified in recent U.S. and international literature. 

All industrial sector policies were addressed to some degree within CEF-NEMS, including a carbon 
dioxide emissions cap and trade system with an assumed carbon price of $50/ton in the advanced 
scenario. We first assessed the level of future energy savings under many policies (see Appendix B-2). 
Next we determined where and how these energy savings might be achieved in terms of modeling 
parameters and modeled these changes in CEF-NEMS, on an aggregation level appropriate for the CEF­
NEMS model. We adjusted the following parameters of the CEF-NEMS model to reflect the likely impact 
of the policies on the implementation rate and decision-making process: energy efficiency improvements 
in existing equipment, energy efficiency improvements in new equipment, material inputs, boiler 
efficiency, use of CHP, and building efficiency. Some policies may affect one parameter, e.g. research 
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and development is most likely to affect the energy efficiency improvement and availability of new 
equipment. On the other hand, a cap and trade system will affect the price of energy and will likely 
influence all parameters of the CEF-NEMS model. 

The section on historical trends is based on data we have collected at LBNL as well as numerous 
published reports that are referenced in each section. The NEMS reference case assumptions section 
describes the assumptions in the model related to economic trends, production and technology trends, and 
energy consumption trends. The business-as-usual scenario assumptions are included for those few 
sectors (steel, paper, cement, and aluminum) in which we did not adopt the NEMS reference case as the 
business-as-usual scenario. The moderate and advanced scenario sections describe the changes that we 
made to the NEMS reference case assumptions. 

Tables A-3 and A-4 summarize the main changes in the CEF-NEMS inputs based on the estimated impact 
of the policies and measures. Available resources and the structure of the NEMS-model only allowed the 
detailed assessment of a limited number of sectors (i.e. aluminium, iron and steel, cement, pulp and 
paper). For the other sectors assumptions were made on the basis of other studies and policy experiences 
in other countries. The policy assumptions are briefly discussed in the discussion of each sub-sector and 
model inputs below. 
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Table A-2 Qualitative Representation of Policy and Program Impacts 
on CEF-NEMS Inputs by Industrial Subsector 
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Agriculture 
Mining 
Construction 
Food 
Paper 
Chemicals 
Glass 
Cement 
Steel 
Aluminum 
Metals-Based Durables 
Other Manufacturing 
Petroleum Refining 

1,2,8 
1,2,8 
1,2,8 
1,2,8 

1,2,7,8 
1,2,8 
1,2,8 

1,2,7,8 
1,2,7,8 

1,2,8 
1,2,8 
1,2,8 

n/a 

1 
1 
1 
1 

1,7 
1 
1 

1,7 
1,7 

1 
1 
1 

n/a 

1,2,8 
1,2,8 
1,2,8 
1,2,8 

1,2,7,8 
1,2,8 
1,2,8 

1,2,7,8 
1,2,7,8 

1,2,8 
1,2,8 
1,2,8 

n/a 

3,6,9 
3,6,9 
3,6,9 
3,6,9 
3,6,9 
3,6,9 
3,6,9 
3,6,9 
3,6,9 
3,6,9 
3,6,9 
3,6,9 

n/a 

6,9 
6,9 
6,9 
6,9 
6,9 
6,9 
6,9 
6,9 
6,9 
6,9 
6,9 
6,9 
n/a 

5 
5 
5 
5 
5 
5 
5 
5 
5 

n/a 

4 

4 

n/a 

1,2,3 
1,2,3 
1,2,3 

1,2,3,5 
1,2,3,5 
1,2,3,5 
1,2,3,5 
1,2,3,5 
1,2,3,5 
1,2,3,5 
1,2,3,5 
1,2,3,5 

n/a 

1,2,3,6,9 
1,2,3,6,7,9 
1,2,3,6,7,9 

1,2,3,6,9 
1,2,3,6,9 

1,2,3,6,7,9 
1,2,3,6,9 
1,2,3,6,9 
1,2,3,6,9 

n/a 
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Agriculture 2 2,6 1,6,9 1,2,8 1 6,9 1-6,8,9 

Mining 2 2,6 1,6,9 1,2,8 1 6,9 1-6,8,9 

Construction 1,2,8 6,9 1-6,8,9 

Food 2,3,6 1,5,6,9 1,2,8 1,5 2 6,9 1-6,8,9 

Paper 2 2,3,6 1,5,6,7,9 1,2,7,8 4 1,5,7 2 6,9 1--9 

Chemicals 2 2,3,6 1,5,6,9 1,2,8 1,5 2 6,9 1-6,8,9 

Glass 2 2,3,6 1,5,6,9 1,2,8 4 1,5 2 6,9 1-6,8,9 

Cement 2 2,3,6 1,5,6,7,9 1,2,7,8 1,5,7 2 6,9 1--9 

Steel 2 2,3,6 1,5,6,7,9 1,2,7,8 4 1,5,7 2 6,9 1--9 

Aluminum 2 2,3,6 1,2,8 4 1,5 2 6,9 1-6,8,9 

Metals-Based Durables 2 2,3,6 1,5,6,9 1,2,8 1,5 2 6,9 1-6,8,9 

Other Manufacturing 1,5,6,9 1,2,8 1,5 6,9 1-6,8,9 

Petroleum Refining n/a n/a n/a n/a n/a n/a n/a 9 1-6,8,9 

Notes:
 
Modeled within NEMS:
 
1: increased TPCs in existing equipment 
2: increased TPCs in new equipment 
3: increased boiler efficiency 
4: increased use of recycled materials (throughput changes) 
5: improved building energy efficiency 
6: increased use of cogeneration (within NEMS) 

Modeled outside NEMS: 
7: improved TPCs in existing equipment (LBNL-detailed analysis in steel, cement and pulp and paper industries) 
8: improved TPCs in existing equipment (ORNL motor system assessment for motors electricity use) 
9: increased use of cogeneration (DISPERSE modeling of CHP-policies) 
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Table A-3 CEF-NEMS Modifications for the Moderate Scenario 

Sector 

EE 
improvement 

in existing 
equip 

EE 
improvement 
in new equip 

Increased 
recycled 

material inputs 

Improved 
boiler 

efficiency 

Improved 
building 
efficiency 

Increased use 
of cogeneration 

Agriculture Increased TPCs 
1.5x base case 

Increased TPCs 
1.5x base case 

0.2%/yr fossil 
fuels, 

0.1%/yr biomass 
& waste 

No bldgs No 

Mining Increased TPCs 
1.5x base case 

Increased TPCs 
1.5x base case 

0.2%/yr fossil 
fuels, 

0.1%/yr biomass 
& waste 

No bldgs No 

Construction Increased TPCs 
1.5x base case 

Increased TPCs 
1.5x base case 

No boilers No bldgs No 

Food Increased TPCs 
_ HiTech 

Increased TPCs 
_ HiTech 

0.2%/yr fossil 
fuels, 

0.1%/yr biomass 
& waste 

Same as 
commercial 
buildings 

Yes 

Paper Increased TPCs 
based on 
analyses 

Increased TPCs 
based on 
analyses 

Increased waste 
paper share 

0.2%/yr; 
reduced 

bleaching 
throughput 

0.1%/yr 

0.2%/yr fossil 
fuels, 

0.1%/yr biomass 
& waste 

Same as 
commercial 
buildings 

Yes 

Chemicals Increased TPCs 
based on 
analyses 

Increased TPCs 
based on 
analyses 

0.2%/yr fossil 
fuels, 

0.1%/yr biomass 
& waste 

Same as 
commercial 
buildings 

Yes 

Glass Increased 
TPCs* 

Increased TPCs 
_ HiTech 

No boilers Same as 
commercial 
buildings 

Yes 

Cement Increased TPCs 
based on 
analyses 

Increased TPCs 
based on 
analyses 

Reduced clinker 
production by 
6.9 Mtons by 

2020 

No boilers Same as 
commercial 
buildings 

Yes 

Steel Increased TPCs 
based on 
analyses 

Increased TPCs 
based on 
analyses 

0.2%/yr fossil 
fuels, 

0.1%/yr biomass 
& waste 

Same as 
commercial 
buildings 

Yes 

Aluminum Increased TPCs 
based on 
analyses 

Increased TPCs 
based on 
analyses 

0.2%/yr fossil 
fuels, 

0.1%/yr biomass 
& waste 

Same as 
commercial 
buildings 

Yes 

Metals-Based 
Durables 

Increased TPCs 
1.5x base 

Increased TPCs 
1.5x base 

0.2%/yr fossil 
fuels, 

0.1%/yr biomass 
& waste 

Same as 
commercial 
buildings 

Yes 

Other 
Manufacturing 

Increased TPCs 
1.5x base 

Increased TPCs 
1.5x base 

0.2%/yr fossil 
fuels, 

0.1%/yr biomass 
& waste 

Same as 
commercial 
buildings 

Yes 

*1/2 HiTech for melting/refining, same as base case for batch preparation, forming, and post forming.
 
**retirement rates for BOFs 1.0 1.5, EAFs 1.5 1.8, coke ovens 1.5 1.8; retirement rate for other steel is not accelerated.
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Table A-4 CEF-NEMS Modifications for the Advanced Scenario 

Sector 

EE 
improvement 

in existing 
equip 

EE 
improvement 
in new equip 

Increased 
recycled 

material inputs 

Improved 
boiler 

efficiency 

Improved 
building 
efficiency 

Increased use 
of cogeneration 

Agriculture Increased TPCs 
2x base case 

Increased TPCs 
2x base case 

0.2%/yr oil & 
renewables, 

0.3%/yr gas & 
coal 

No bldgs No 

Mining Increased TPCs 
2x base case 

Increased TPCs 
2x base case 

0.2%/yr oil & 
renewables, 

0.3%/yr gas & 
coal 

No bldgs No 

Construction Increased TPCs 
2x base case 

Increased TPCs 
2x base case 

No boilers No bldgs No 

Food Increased TPCs 
HiTech 

Increased TPCs 
HiTech 

0.2%/yr oil & 
renewables, 

0.3%/yr gas & 
coal 

Same as 
commercial 
buildings 

Yes 

Paper Increased TPCs 
based on 
analyses 

Increased TPCs 
based on 
analyses 

Increased waste 
paper share 

0.4%/yr; 
reduced 

bleaching 
throughput 

0.2%/yr 

0.2%/yr oil & 
renewables, 

0.3%/yr gas & 
coal 

Same as 
commercial 
buildings 

Yes 

Chemicals Increased TPCs 
based on 
analyses 

Increased TPCs 
based on 
analyses 

0.2%/yr oil & 
renewables, 

0.3%/yr gas & 
coal 

Same as 
commercial 
buildings 

Yes 

Glass Increased 
TPCs* 

Increased TPCs 
HiTech 

No boilers Same as 
commercial 
buildings 

Yes 

Cement Increased TPCs 
based on 
analyses 

Increased TPCs 
based on 
analyses 

Reduced clinker 
production by 
16.4 Mtons by 

2020 

No boilers Same as 
commercial 
buildings 

Yes 

Steel Increased TPCs 
based on 
analyses 

Increased TPCs 
based on 
analyses 

Increased share 
of EAFs to 55% 

0.2%/yr oil & 
renewables, 

0.3%/yr gas & 
coal 

Same as 
commercial 
buildings 

Yes 

Aluminum Increased TPCs 
based on 
analyses 

Increased TPCs 
based on 
analyses 

Reduced 
production 

growth 0.05%/yr 
to account for 

increased 
recycling 

0.2%/yr oil & 
renewables, 

0.3%/yr gas & 
coal 

Same as 
commercial 
buildings 

Yes 

Metals-Based 
Durables 

Increased TPCs 
2x base case 

Increased TPCs 
2x base case 

0.2%/yr oil & 
renewables, 

0.3%/yr gas & 
coal 

Same as 
commercial 
buildings 

Yes 

Other 
Manufacturing 

Increased TPCs 
2x base case 

Increased TPCs 
2x base case 

0.2%/yr oil & 
renewables, 

0.3%/yr gas & 
coal 

Same as 
commercial 
buildings 

Yes 

*HiTech for melting/refining, same as base case for batch preparation, forming, and post forming.
 
** retirement rates for BOFs 1.5 2.0, EAFs 1.8 2.5, coke ovens 1.8 2.5; retirement rate for other steel is not accelerated.
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AGRICULTURE - Historical Trends 

Economic Trends 
Value of output in U.S. agriculture grew at an average of 2.1% per year between 1977 and 1997, 
increasing from $154B (1987$) in 1977 to $277B in 1997. Production hit a low of $150B in 1978 and its 
current high of $277B in 1997. Despite some dips and hikes, value of output was relatively static overall 
throughout the late 1970 s and early 1980 s, hitting $171B in 1982 and falling to $153B in 1983, resulting 
in no net gain between 1977 and 1983. From this point on, however, value of output has increased 
steadily with an annual average growth rate of 3.1% per year. While growth has leveled off at points, this 
growth has continued with no major recessions for the past 15 years (U.S.DOC, 1998). 

Energy Consumption Trends 
We have analyzed three historical data sets to understand past trends in energy consumption in the 
agriculture sector. The first and second sources are different estimates based on U.S. Department of 
Agriculture fuel expenditure data (U.S.D.A., 1998; U.S.D.A., various years). The third data set was 
developed at LBNL using U.S.DOC (1989) and U.S.EIA (1998) data. 

Based on U.S.D.A. (various years) data, primary energy consumption in U.S. agriculture peaked in 1978 
at 1.82 quads. Final energy consumption declined at roughly 3% per year (primary energy at 2% per year) 
between 1978 and 1992. Interpolated U.S.D.A. expenditure data show almost a 40% overall decline 
between 1978 and 1993 in fuel use (excluding electricity). Since 1978, energy consumption has 
maintained an overall decline. While total energy consumption appeared to jump in 1992 after a long 
decline, the U.S.D.A. stopped reporting electricity expenditures in 1992, and thus no total energy 
consumption analysis is possible. However, fuel use (excluding electricity) has increased since 1990 
from 0.67 quads to 0.88 quads in 1995. Overall, energy use has declined since 1978, though fuel use has 
been increasing since 1990. U.S.D.A. (1998) follows the same trends as the data set discussed above, but 
the results range from 6% to 26% lower. Different methods were used to calculate the two data series 
from the same original fuel expenditure data. 

LBNL data are similar to U.S.D.A. data in trends and growth, but are, on average, about 25% lower than 
calculated U.S.D.A. (various years) fuel consumption, though the two series  results become much closer 
in the 1990s. Unlike the U.S.D.A. series, the LBNL series actually shows increasing energy consumption 
between 1970 and 1994, at 0.4% per year (0.6% for primary energy), and only decreases at 0.3% per year 
between 1978 and 1994 (-0.7% for primary energy). In addition, energy use between 1985 and 1994 
grows at 2.5% per year. After a decline in fuel use from 1978-1988, energy consumption increases 
between 1989 and 1994. 

The three data sets provide varying energy intensity results and growth rates. Historical economic primary 
energy intensity for the total agricultural sector (energy/value of output) declined on average —1.7% per 
year between 1977 and 1994 (U.S.DOC, 1989; AEO, 1998), -2.9% per year between 1977 and 1992 
(U.S.D.A., various years), and —3.8% per year between 1977 and 1991 (U.S.D.A., 1998)  (see Figure A­
1). 
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Fig. A-1 Historical and Projected Economic Primary Energy Intensities
 (KBtu/U.S.$) for U.S. Agriculture 
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AGRICULTURE - AEO99 Reference Case and Business-As-Usual Scenario 

AOE99 divides agriculture into agricultural production — crops (SIC 01) and other agriculture including 
livestock (SIC 02, 07, 08, 09)1. We adopt the AEO99 reference case for the business-as-usual scenario. 

Economic Trends 
Unlike the historical trends discussed above, AEO99 projects a smooth, steady increase of only 1.2% 
annual average growth in value of output over the 26 year period 1994 to 2020. After a dip from 1994 to 
1995, value of output is projected to increase steadily at an average of approximately $3.5B per year. The 
NEMS projection appears conservative when compared to the 3.1% historical average annual growth in 
value of output seen between 1983 and 1997. 

Production and Technology Trends 
The retirement rate of capital stock in all non-manufacturing subsectors is set at 2% per year in NEMS 
AOE99, for an average lifetime of 50 years. Equipment in this sector includes tractors, irrigation motors 
and pumps, drying equipment, greenhouses, and HVAC equipment and lighting in buildings that house 
livestock and other animals. We adjust the retirement rate to 2.5% per year, for an average lifetime of 40 
years. 

Energy Consumption Trends 
The NEMS model projects a smooth increase in primary energy of 1.1% per year, increasing from 1194 
TBtu in 1994 to 1537 TBtu in 2020. Energy use in agricultural buildings is not accounted separately in 
the NEMS model. 

Economic energy intensity (MJ/value of output) for the agriculture sector is projected to decline at an 
average rate of —0.24% per year between 1994 and 2020 in the AEO99 reference case (see Figure A-1). 
Table A-5 provides NEMS baseline input UEC values for existing and new equipment for 1994 and 2020. 
The 1994 new UECs are exactly 10% lower than the 1994 existing UECs for all fuels in both subsectors. 

1 02 = livestock and animal specialties; 07 = agricultural services; 08 = forestry; 09 = fishing, hunting, and trapping 
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The average annual decline in energy use/value of output between 1994 and 2020 is —0.1 and —0.2 for 
existing and new equipment, respectively. 

Table A-5 NEMS Baseline Inputs for Existing and New Equipment for Agriculture 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Sub-sector Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Agriculture — crops Electricity 0.959 0.9316 -0.001 0.863 0.8143 -0.002 

Natural gas 0.318 0.3089 -0.001 0.286 0.2699 -0.002 
Dist. oil 4.004 3.8895 -0.001 3.603 3.3998 -0.002 
LPG 0.553 0.5372 -0.001 0.498 0.4699 -0.002 
Steam coal 0.002 0.0019 -0.001 0.001 0.0009 -0.002 
Motor gasoline 0.657 0.6382 -0.001 0.591 0.5577 -0.002 
Steam 0.139 0.135 -0.001 0.125 0.1179 -0.002 
Other petroleum 0.115 0.1117 -0.001 0.103 0.0972 -0.002 

Agriculture — other Electricity 0.254 0.2467 -0.001 0.228 0.2151 -0.002 
Natural gas 0.095 0.0923 -0.001 0.085 0.0802 -0.002 
Dist. oil 1.059 1.0287 -0.001 0.953 0.8992 -0.002 
LPG 0.146 0.1418 -0.001 0.132 0.1246 -0.002 
Motor gasoline 0.173 0.1681 -0.001 0.156 0.1472 -0.002 
Steam 0.033 0.0321 -0.001 0.03 0.0283 -0.002 
Other petroleum 0.032 0.0311 -0.001 0.029 0.0274 -0.002 

AGRICULTURE — Policies and Programs 

Energy policies and programs are important drivers for energy efficiency improvements in the industrial 
sector. However, the NEMS framework does not allow direct modeling of most energy efficiency 
policies. Although evaluations of industrial energy efficiency policies are not always available, we have 
estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad (e.g. 
Martin et al., 1998) as well as the information presented in Appendix B-2. 

In most sectors we assume that voluntary sector agreements are used as a way to set energy efficiency 
improvement targets. These voluntary agreements are augmented by a number of policies and programs 
designed to provide support to each sector in achieving the targets because many instruments are 
complimentary in formulating an industrial energy efficiency policy (U.S. DOE, 1996a). Under the 
voluntary agreement framework, we envision that a group of industries (e.g. through an association) will 
negotiate a specified target with the government. Experience with sector agreements in Europe and Japan 
has shown that annual industry-wide energy efficiency improvements between 0.6% and 1.5% per year 
are feasible (IEA, 1997a; Stein and Strobel, 1997). In the U.S., the primary aluminum industry and EPA 
have negotiated an agreement to reduce PFC emissions by 40% by 2000, while other sector agreements 
exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
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in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. 

The policies and programs that can provide support in achieving energy efficiency improvement targets 
under a voluntary agreement in the agriculture sector include demonstration programs, assessment 
programs, Challenge programs, state programs, R&D programs, ESCO/utility programs, ENERGY STAR 
and Climate Wise programs, tax incentives for energy managers, investment tax credits for CHP systems, 
and a CO2 cap and trade system. For example, R&D programs will mainly affect the efficiency of new 
equipment, while demonstration programs can lead to improvements in existing equipment through 
demonstration of improved practices. Expanding assessment programs to large farm operations and 
cooperatives will lead to improved energy efficiency. Currently these programs aim at small and medium-
sized enterprises. Long-term experience with the IAC program has demonstrated average annual energy 
savings of 2.5 to 4.4 billion Btus per assessment (U.S. DOE, 1996b), while 80% of the energy savings 
persist over a long period (over 7 years). Large amounts of energy are used for tractors and mobile 
equipment. The efficiencies of these are likely to be affected by improved efficiencies in engines (see 
transport sector). 

AGRICULTURE - Moderate Scenario 

Economic Trends 
Economic trends remain the same as AOE99 under the moderate scenario. 

Production and Technology Trends 
The retirement rate of capital stock in all non-manufacturing subsectors is set at 2% per year in AOE99, 
for an average lifetime of 50 years. Equipment in this sector includes tractors, irrigation motors and 
pumps, drying equipment, greenhouses, and HVAC equipment and lighting in buildings that house 
livestock and other animals. We adjust the retirement rate to 2.5% per year, for an average lifetime of 40 
years. 

Energy Consumption Trends 
We use the AEO99 UECs for 1994 existing and new equipment in the moderate scenario. We increase the 
TPCs to reflect both historical trends and the potential for energy efficiency in this sector. Historically, 
the ratio of primary energy to value of output declined on average—1.7% per year between 1977 and 1994 
(U.S.DOC, 1989; AEO, 1998), -2.9% per year between 1977 and 1992 (U.S.D.A., various years), and 
—3.8% per year between 1977 and 1991 (U.S.D.A., 1998). Worrell et al. (1997) estimated 22% savings 
potential in energy use between 1990 and 2020 using state-of-the-art equipment in industrialized 
countries, representing an average decline over business-as-usual energy use of —0.8% per year. The same 
study found a 28% savings potential in energy use during the same period using advanced technology in 
industrialized countries, for an average annual decline of —1.1% per year. Another study estimated 73% 
technical potential savings in primary energy (57% electricity, 75% fuel) between 1990 and 2015 for 
agriculture in The Netherlands, representing an average annual decline of over —5.0% per year (de Beer et 
al., 1994). Individual studies have found energy efficiency potentials of 12 to 38% for improvements in 
diesel engines in tractors (Stout and McKiernan, 1992; de Beer et al., 1994), 27 to 33% savings for 
improved design and installation of irrigation pumps (Stout, 1989), 10 to 55% savings for drying system 
improvements (Baird and Talbot, 1992), 15 to 60% savings for a variety of efficiency improvement in 
livestock facilities (de Beer et al., 1994), and 77% savings for improvements in greenhouses (de Beer et 
al., 1994) over various time periods. Because these studies identify potential savings beyond business-as­
usual, we accelerate the average decline in UECs in the moderate scenario to 1.5 times the rate in the base 
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case for existing equipment and new equipment for both the agriculture — crops and agriculture — other 
subsectors (see Table A-6). In addition, boiler energy efficiency improves at a rate of 0.2% per year for 
fossil fuels and 0.1% per year for biomass and waste in this scenario (CIBO, 1997; Einstein et al., 1999). 

Table A-6 Moderate Scenario Inputs for Existing and New Equipment in Agriculture 

Existing Equipment New Equipment 
1994 UECs 2020 UECs TPC 1994 UECs 2020 UECs TPC 

Sub-sector Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Agriculture — crops Electricity 0.959 0.9223 -0.0015 0.863 0.7982 -0.003 

Natural gas 0.318 0.3058 -0.0015 0.286 0.2645 -0.003 
Dist. Oil 4.004 3.8507 -0.0015 3.603 3.3323 -0.003 
LPG 0.553 0.5318 -0.0015 0.498 0.4606 -0.003 
Steam coal 0.002 0.0019 -0.0015 0.001 0.0009 -0.003 
Motor gasoline 0.657 0.6319 -0.0015 0.591 0.5466 -0.003 
Steam 0.139 0.1337 -0.0015 0.125 0.1156 -0.003 
Other petroleum 0.115 0.1106 -0.0015 0.103 0.0953 -0.003 

Agriculture — other Electricity 0.254 0.2443 -0.0015 0.228 0.2109 -0.003 
Natural gas 0.095 0.0914 -0.0015 0.085 0.0786 -0.003 
Dist. Oil 1.059 1.0185 -0.0015 0.953 0.8814 -0.003 
LPG 0.146 0.1404 -0.0015 0.132 0.1221 -0.003 
Motor gasoline 0.173 0.1664 -0.0015 0.156 0.1443 -0.003 
Steam 0.033 0.0317 -0.0015 0.03 0.0277 -0.003 
Other petroleum 0.032 0.0308 -0.0015 0.029 0.0268 -0.003 

AGRICULTURE - Advanced Scenario 

Economic Trends 
Economic trends remain the same as AOE99 under the advanced scenario. 

Production and Technology Trends 
The retirement rate of capital stock in all non-manufacturing subsectors is set at 2% per year in NEMS 
AOE99, for an average lifetime of 50 years. Equipment in this sector includes tractors, irrigation motors 
and pumps, drying equipment, greenhouses, and HVAC equipment and lighting in buildings that house 
livestock and other animals. We adjust the retirement rate to 2.5% per year, for an average lifetime of 40 
years. 

Energy Consumption Trends 
A recent study found a relationship between the price of energy and the use of conservation tillage 
(defined as any tillage and planting system that maintains at least 30% of the soil surface covered by 
residue after plant to reduce soil erosion by water). Energy use for tillage operations accounts for about 
3% of total farm energy use and use of conservation tillage directly reduces energy use (Uri, 1998). Thus, 
if the cost of carbon is $50/tonne in the advanced scenario, this analysis indicates that energy-conserving 
tillage practices will be adopted in response to higher energy prices. Based on this analysis as well as the 
potentials described under the moderate scenario (above), we accelerate the average decline in UECs even 
further in the advanced scenario to 2 times the base case for existing and new equipment in both the 
agriculture - crops and agriculture — other subsectors (see Table A-7). In addition, boiler energy efficiency 
improves at a rate of 0.2% per year for oil and renewables and 0.3% per year for gas and coal (CIBO, 
1997; Einstein et al., 1999). 
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Table A-7 Advanced Scenario Inputs for Existing and New Equipment in Agriculture 

Existing Equipment New Equipment 
1994 UECs 2020 UECs TPC 1994 UECs 2020 UECs TPC 

Sub-sector Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Agriculture - crops Electricity 0.959 0.9104 -0.002 0.863 0.7776 -0.004 

Natural gas 0.318 0.3019 -0.002 0.286 0.2577 -0.004 
Dist. oil 4.004 3.8009 -0.002 3.603 3.2464 -0.004 
LPG 0.553 0.5250 -0.002 0.498 0.4487 -0.004 
Steam coal 0.002 0.0019 -0.002 0.001 0.0009 -0.004 
Motor gasoline 0.657 0.6237 -0.002 0.591 0.5325 -0.004 
Steam 0.139 0.1319 -0.002 0.125 0.1126 -0.004 
Other petroleum 0.115 0.1092 -0.002 0.103 0.0928 -0.004 

Agriculture - other Electricity 0.254 0.2411 -0.002 0.228 0.2054 -0.004 
Natural gas 0.095 0.0902 -0.002 0.085 0.0766 -0.004 
Dist. oil 1.059 1.0053 -0.002 0.953 0.8587 -0.004 
LPG 0.146 0.1386 -0.002 0.132 0.1189 -0.004 
Motor gasoline 0.173 0.1642 -0.002 0.156 0.1406 -0.004 
Steam 0.033 0.0313 -0.002 0.03 0.0270 -0.004 
Other petroleum 0.032 0.0304 -0.002 0.029 0.0261 -0.004 

MINING - Historical Trends 

Economic Trends 
Value of output grew at an average of 0.6% per year between 1977 and 1997 in the U.S. mining sector. 
Growth was uneven over this period, with the value of output in 1986 ($146B) falling below the 1977 
level ($149B), resulting in no net gain in value of output growth between 1977 and 1986. Growth has 
risen more consistently since 1986, at an average of 1.2% per year. 

Energy Consumption Trends 
We have analyzed data from two sources to form historical energy consumption patterns. We used data 
from Census of Mineral Industries, published every 5 years, as well as an LBNL-generated data set 
compiled using data from the National Energy Accounts and the Annual Energy Outlook (U.S.DOC, 
1989; AEO, 1998).2 

According to data from the Census of Mineral Industries, primary energy consumption grew at 1.5% per 
year between 1954 and 1992 (1.0% for final energy consumption), increasing from 1365 TBtu in 1954 to 
2444 TBtu in 1992. Consumption grew steadily until the mid- to late 1970s, at which point it fell rather 
dramatically. Growth resumed in the mid-1980s, though the growth rate between 1982 and 1992 is 
actually slightly negative, at —0.2% per year. 

Data from the LBNL database correspond closely with the census data in both growth rate and absolute 
value. The LBNL database reports that primary energy consumption grew at 1.4% between 1958 and 
1994. The drop in energy consumption during the late 1970s is more clearly illustrated in this data set. 
Primary energy consumption fell 20% between 1978 and 1981 (2870 TBtu to 2300 TBtu). After 1981, 
energy consumption started a slow increase. Between 1958 and 1978, energy consumption increased at 
3.0% per year. The rate fell to 0.9% per year between 1981 and 1994, resulting in the total growth rate of 
1.4% per year. 

According to LBNL data, primary energy intensity fell 25% between 1978 and 1981. While energy 
intensity grew at 1.1% per year between 1981 and 1994, the huge decline from 1978 to 1981 resulted in 

2 The NEMS AOE99 mining energy consumption presented in Figure A-2 does not include lease and plant fuel 
national gas consumption which are modeled in the Natural Gas Transmission and Distribution Module of NEMS. 
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an overall declining energy intensity rate of —0.6% per year between 1977 and 1994. The Census of 
Mineral Industries data provide similar results, as they show primary energy intensity decreasing from 
18.6 KBtu/U.S.$ in 1977 to 15.7 KBtu/U.S.$ in 1992, at a rate of —1.1% per year (See Figure A-2). 

Fig. A-2 Historical and Projected Economic Primary Energy Intensities 
(KBtu/U.S.$) for U.S. Mining 
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MINING - AEO99 Reference Case and Business-As-Usual Scenario 

AEO99 divides the mining sector into 3 subdivisions: coal mining (SIC 12), oil and gas mining (SIC 13), 
and metal and other nonmetallic mining (SIC 10, 14). We adopt the AEO99 reference case for the 
business-as-usual Scenario. 

Economic Trends 
In NEMS the mining industry production is modeled as gross output (using a monetary value), and not 
tons of material recovered from the mine. Gross output (in billion 1987 U.S.$) is projected to grow from 
133 billion dollars in 1994 to 162 billion dollars in 2020, at an average annual growth rate of 0.8%. 
Between 1994 and 1997, the historical figures are, on average, 20% greater than the projected figures. In 
fact, the NEMS value of output projections through 2020 ($162B) never reach the 1997 levels ($166B) of 
historical production. 

Production and Technology Trends 
The retirement rate of capital stock in all non-manufacturing industry sub-sectors is set at 2% per year in 
the NEMS AEO99 model, for an average lifetime of 50 years. Jaccard and Willis (1996) estimate the 
average lifetime of mining equipment to be 25-30 years. Thus, we adjust the retirement rate to 2.5% per 
year, for an average lifetime of 40 years. 

Energy Consumption Trends 
Final energy consumption in the mining sector is projected to grow at 0.6% per year between 1994 and 
2020. Primary energy consumption is predicted to grow slightly slower, at 0.4% per year, increasing 
from 1.53 quads to 1.68 quads. As with the value of output data, the absolute value estimates for predicted 
primary energy consumption are much lower than the historical values. In 1994, for example, the LBNL 
database states an energy consumption of 2580 TBtu, while the NEMS forecast offers a value of 1530 
TBtu, 40% lower than the historical value. The majority of the difference lies in the oil and gas extraction 
energy consumption totals. The census estimates primary energy consumption in the subsector to be 1490 
TBtu in 1992, while the 1994 NEMS estimate is 810 TBtu. The NEMS energy consumption growth rate 
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forecast is similar to the historical growth rates experienced after the 1978-1981 energy consumption 
decline, though it varies significantly from long-term trends. 

The fuel mix is dominated by three fuels: natural gas (39%), electricity (31%), and distillate fuel oil 
(18%). The remaining fuels (coal, gasoline, residual fuel oil, biomass) average between no contribution 
and 7%of fuel share. Fuel share is predicted to change little between 1994 and 2020. 

Final energy intensity is projected to decrease from 6.9 KBtu/U.S.$ to 6.6 KBtu/U.S.$, at a rate of —0.2% 
per year. Primary energy intensity is projected to decrease from 11.5 KBtu/U.S.$ to 10.4 KBtu/U.S.$, at a 
rate of —0.4% per year. While the NEMS energy consumption trend appears to correspond with the 
historical energy consumption trend after the 1978-1981 decline, the opposite appears to be true here. 
The energy intensity trend appears to match the historical trend that includes the 1978-1981 decline. 
Primary energy intensity increased at 1.1% per year between 1981 and 1994, but the NEMS forecast 
projects a consistent decline. As expected, the energy intensity is much lower than the historical values, 
about 30% in 1994. 

Table A-8 provides the NEMS baseline inputs for existing and new equipment for 1994 and 2020. The 
1994 new UECs are exactly 10% lower than the 1994 existing UECs for all fuels in all three subsectors. 

Energy use in buildings is not accounted separately for the mining sector in the NEMS model. 

Table A-8 NEMS Baseline Inputs for Existing and New Equipment for Mining 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Sub-Sector Fuel MBtu/$ MBtu/$ Mbtu/$ MBtu/$ 

Coal Mining Electricity 1.566 1.5212 -0.001 1.409 1.3295 -0.002 

Natural gas 0.298 0.2895 -0.001 0.268 0.2529 -0.002 

Res. Oil 0.288 0.2798 -0.001 0.259 0.2444 -0.002 

Dist. Oil 2.013 1.9554 -0.001 1.812 1.7098 -0.002 

Motor 0.129 0.1253 -0.001 0.116 0.1095 -0.002 

Steam coal 0.296 0.2875 -0.001 0.266 0.251 -0.002 

Gas/Oil Electricity 1.565 1.5202 -0.001 1.409 1.3295 -0.002 

Natural gas 3.361 3.2649 -0.001 3.025 2.8544 -0.002 

Res. Oil 0.074 0.0698 -0.002 0.066 0.0641 -0.001 

Dist. Oil 0.526 0.4963 -0.002 0.473 0.4595 -0.001 

LPGs 0 0 -0.002 0 0 -0.001 

Motor 0.127 0.1198 -0.002 0.114 0.1107 -0.001 

Steam coal 0 0 -0.002 0 0 -0.001 

Steam 0.736 0.6945 -0.002 0.662 0.6431 -0.001 

Biomass 0.014 0.0132 -0.002 0.013 0.0126 -0.001 

Other Petr. 0.099 0.0934 -0.002 0.089 0.0865 -0.001 

Metal Mining Electricity 4.638 4.5054 -0.001 4.174 3.9386 -0.002 

Natural gas 0.0057 0.0055 -0.001 0.0051 0.0048 -0.002 

Res. Oil 0.393 0.3818 -0.001 0.354 0.334 -0.002 

Dist. Oil 2.629 2.5538 -0.001 2.366 2.2325 -0.002 

Motor 0.01 0.0097 -0.001 0.009 0.0085 -0.002 

Steam coal 2.219 2.1555 -0.001 1.997 1.8844 -0.002 

Steam 0.253 0.2458 -0.001 0.227 0.2142 -0.002 
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MINING — Policies and Programs 

Energy policies and programs are important drivers for energy efficiency improvements in the industrial 
sector. However, the NEMS framework does not allow direct modeling of most energy efficiency 
policies. Although evaluations of industrial energy efficiency policies are not always available, we have 
estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad (e.g. 
Martin et al., 1998) as well as the information presented in Appendix B-2. 

In most sectors we assume that voluntary sector agreements are used as a way to set energy efficiency 
improvement targets. These voluntary agreements are augmented by a number of policies and programs 
designed to provide support to each sector in achieving the targets because many instruments are 
complimentary in formulating an industrial energy efficiency policy (U.S. DOE, 1996a). Under the 
voluntary agreement framework, we envision that a group of industries (e.g. through an association) will 
negotiate a specified target with the government. Experience with sector agreements in Europe and Japan 
has shown that annual industry-wide energy efficiency improvements between 0.6% and 1.5% per year 
are feasible (IEA, 1997a; Stein and Strobel, 1997). In the U.S., the primary aluminum industry and EPA 
have negotiated an agreement to reduce PFC emissions by 40% by 2000, while other sector agreements 
exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. 

The policies and programs that can provide support in achieving energy efficiency improvement targets 
under a voluntary agreement in the mining sector include demonstration programs, assessment programs, 
Challenge programs, state programs, R&D programs, ESCO/utility programs, ENERGY STAR and 
Climate Wise programs, tax incentives for energy managers, investment tax credits for CHP systems, and 
a CO2 cap and trade system. Mines are large users of motors (for ventilation and transport), and some 
operations like iron ore agglomeration (pelletizing) are also done at the mine. Programs aimed at more 
efficient use of motors (e.g. Challenge programs), standards, as well as more directed state activities will 
have an impact on energy use of existing and new equipment. ENERGY STAR programs currently aimed 
at methane emission reduction will also affect compressor use in oil and gas mining. Other than the 
EPACT efficiency standards for motors, standards are less common for industrial equipment. EPACT 
standards result in savings of over 7 GWh per year. Newly proposed standards (CEE) are estimated to 
save another 4 GWh/year (Scheihing et al., 1998). 
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MINING - Moderate Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the moderate scenario. 

Production and Technology Trends 
Production trends remain the same as AEO99 under the moderate scenario. The retirement rate of capital 
stock in all non-manufacturing industry sub-sectors is set at 2% per year in the NEMS AEO99 model, for 
an average lifetime of 50 years. Jaccard and Willis (1996) estimate the average lifetime of mining 
equipment to be 25-30 years. Thus, we adjust the retirement rate to 2.5% per year, for an average lifetime 
of 40 years. 

Energy Consumption Trends 
For existing equipment in the moderate scenario, we used the UECs defined in AEO99. The TPC for 
existing equipment is estimated has been changed to reflect increased attention to energy efficiency 
improvement, resulting in replacement of motors by high efficiency motors, introduction of variable 
speed drives and efficient grinding equipment, as well as efficient pumps and ventilation systems. Jaccard 
and Willis (1986), in one of the few studies that explicitly models mining, found an economic savings 
potential of 1%/year for underground metal mining and 0.5%/year for metal open pit mining for the 
period 1990-2020 in Canada. The economic potential was determined using a real discount rate, and using 
stock turnover rates to model uptake of new equipment. This potential is given as an improvement over a 
business as usual scenario. Case studies (in the U.S., Canada, Australia and the U.K.) in the metal mining 
industry (Caddet, 1999) show large potential savings in many unit-operations. R&D may provide further 
improvements of new technologies (NMA, 1998). On the basis of these studies we assume a TPC for 
existing equipment of 1.5 times the base case for existing and new equipment in mining (see Table A-9). 
In addition, boiler energy efficiency improves at a rate of 0.2% per year for fossil fuels and 0.1% per year 
for biomass and waste in this scenario (CIBO, 1997; Einstein et al., 1999). 

Table A-9 Moderate Scenario Inputs for Existing and New Equipment for Mining 

Existing Equipment New Equipment 
1994 UECs 2020 UECs TPC 1994 UECs 2020 UECs TPC 

Sub-Sector Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Coal Mining Electricity 1.566 1.5061 -0.0015 1.409 1.3031 -0.003 

Natural gas 0.298 0.2866 -0.0015 0.268 0.2479 -0.003 
Res. Oil 0.288 0.2770 -0.0015 0.259 0.2395 -0.003 
Dist. Oil 2.013 1.9359 -0.0015 1.812 1.6758 -0.003 
Motor 0.129 0.1241 -0.0015 0.116 0.1073 -0.003 
Steam coal 0.296 0.2847 -0.0015 0.266 0.2460 -0.003 

Gas/Oil Electricity 1.565 1.5051 -0.0015 1.409 1.3031 -0.0030 
Natural gas 3.361 3.2323 -0.0015 3.025 2.7977 -0.0030 
Res. Oil 0.074 0.0684 -0.003 0.066 0.0635 -0.0015 
Dist. Oil 0.526 0.4865 -0.003 0.473 0.4549 -0.0015 
LPGs 0 0.0000 -0.003 0 0.0000 -0.0015 
Motor 0.127 0.1175 -0.003 0.114 0.1096 -0.0015 
Steam coal 0 0.0000 -0.003 0 0.0000 -0.0015 
Steam 0.736 0.6807 -0.003 0.662 0.6367 -0.0015 
Biomass 0.014 0.0129 -0.003 0.013 0.0125 -0.0015 
Other Petr. 0.099 0.0916 -0.003 0.089 0.0856 -0.0015 

Metal Mining Electricity 4.638 4.4605 -0.0015 4.174 3.8603 -0.003 
Natural gas 0.0057 0.0055 -0.0015 0.0051 0.0047 -0.003 
Res. Oil 0.393 0.3780 -0.0015 0.354 0.3274 -0.003 
Dist. Oil 2.629 2.5284 -0.0015 2.366 2.1882 -0.003 
Motor 0.01 0.0096 -0.0015 0.009 0.0083 -0.003 
Steam coal 2.219 2.1341 -0.0015 1.997 1.8469 -0.003 
Steam 0.253 0.2433 -0.0015 0.227 0.2099 -0.003 

Appendix A-2 A-2.16 Industry 



 

MINING - Advanced Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the advanced scenario. 

Production Trends 
Production trends remain the same as AEO99 under the advanced scenario. The retirement rate of capital 
stock in all non-manufacturing industry sub-sectors is set at 2% per year in the NEMS AEO99 model, for 
an average lifetime of 50 years. Jaccard and Willis (1996) estimate the average lifetime of mining 
equipment to be 25-30 years. Thus, we adjust the retirement rate to 2.5% per year, for an average lifetime 
of 40 years. 

Energy Consumption Trends 
In the advanced scenario, we used the UECs defined in AEO99. The TPC for existing equipment has been 
changed to reflect increased attention to energy efficiency improvement, resulting in replacement of 
motors by high efficiency motors, introduction of variable speed drives and efficient grinding equipment, 
as well as efficient pumps and ventilation systems. Jaccard and Willis (1986), in one of the few studies 
that explicitly models mining, found an economic savings potential of 1%/year for underground metal 
mining and 0.5%/year for metal open pit mining for the period 1990-2020 in Canada. The economic 
potential was determined using a real discount rate, and using stock turnover rates to model uptake of new 
equipment. This potential is given as an improvement over a business as usual scenario. Case studies (in 
the U.S., Canada, Australia and the U.K.) in the metal mining industry (Caddet, 1999) show large 
potential savings in many unit-operations. Accelerated R&D may provide further improvements of new 
technologies (NMA, 1998). On the basis of these studies we assume a TPC for existing equipment of 2 
times the base case for existing and new equipment in mining (see Table A-10). In addition, boiler energy 
efficiency improves at a rate of 0.2% per year for oil and renewables and 0.3% per year for gas and coal 
(CIBO, 1997; Einstein et al., 1999). 

Table A-10 Advanced Scenario Inputs for Existing and New Equipment for Mining 

Existing Equipment New Equipment 
1994 UECs 2020 UECs TPC 1994 UECs 2020 UECs TPC 

Sub-Sector Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 

Coal Mining Electricity 1.566 1.4866 -0.002 1.409 1.2696 -0.004 
Natural gas 0.298 0.2829 -0.002 0.268 0.2415 -0.004 
Res. Oil 0.288 0.2734 -0.002 0.259 0.2334 -0.004 
Dist. Oil 2.013 1.9109 -0.002 1.812 1.6327 -0.004 
Motor 0.129 0.1225 -0.002 0.116 0.1045 -0.004 
Steam coal 0.296 0.2810 -0.002 0.266 0.2397 -0.004 

Gas/Oil Electricity 1.565 1.4856 -0.002 1.409 1.2696 -0.004 
Natural gas 3.361 3.1905 -0.002 3.025 2.7256 -0.004 
Res. Oil 0.074 0.0667 -0.004 0.066 0.0627 -0.002 
Dist. Oil 0.526 0.4739 -0.004 0.473 0.4490 -0.002 
LPGs 0 0.0000 -0.004 0 0.0000 -0.002 
Motor 0.127 0.1144 -0.004 0.114 0.1082 -0.002 
Steam coal 0 0.0000 -0.004 0 0.0000 -0.002 
Steam 0.736 0.6632 -0.004 0.662 0.6284 -0.002 
Biomass 0.014 0.0126 -0.004 0.013 0.0123 -0.002 
Other Petr. 0.099 0.0892 -0.004 0.089 0.0845 -0.002 

Metal Mining Electricity 4.638 4.4028 -0.002 4.174 3.7609 -0.004 
Natural gas 0.0057 0.0054 -0.002 0.0051 0.0046 -0.004 
Res. Oil 0.393 0.3731 -0.002 0.354 0.3190 -0.004 
Dist. Oil 2.629 2.4957 -0.002 2.366 2.1319 -0.004 
Motor 0.01 0.0095 -0.002 0.009 0.0081 -0.004 
Steam coal 2.219 2.1065 -0.002 1.997 1.7994 -0.004 
Steam 0.253 0.2402 -0.002 0.227 0.2045 -0.004 
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 CONSTRUCTION - Historical Trends 

Economic Trends 
Gross output, or value of output, which represents the market value of an industry’s production, including 
commodity taxes, in U.S. construction grew at an average of 0.9% per year between 1977 and 1997, 
increasing from $372B (1987$) in 1977 to $447B in 1997. Production hit a low of $320B in 1982 and its 
current high of $447B in 1997. Value of output in the construction industry has followed a series of dips 
and hikes, resulting in no net increase in value of output between 1977 and 1991. Value of output then 
increased 22% between 1991 and 1997, at 3.3% per year (U.S.DOC, 1998). 

Energy Consumption Trends 
We have analyzed data from two sources to form historical energy consumption patterns. We used data 
from the Census of Construction Industries, published every 5 years, as well as an LBNL-generated data 
set compiled using data from the National Energy Accounts and the Annual Energy Outlook (U.S.DOC, 
1989; AEO, 1998). The AEO historical data do not include asphalt and road oil, which are the largest 
energy products consumed in the construction industry. 

Based on LBNL-generated data, primary energy consumption in U.S. construction rose from 0.547 quads 
in 1960 to 0.910 quads in 1994, at a rate of 1.5% per year. Primary energy consumption changed little 
from 1960 to 1975, increasing only 4% total, from 0.547 quads to 0.570 quads. Energy consumption has 
increased more rapidly since them, at a rate of 2.5% per year. 

Data from the Census of Construction Industries mirrors the trends in the LBNL data, but the data tends 
to be greater in value than the LBNL data, rising from 0.942 quads in 1977 to 1.25 quads in 1992, at a rate 
of 1.9% per year. The Census values range from 20% to 50% higher than the LBNL data. 

According to LBNL data, primary energy intensity increased from 1.8 KBtu/U.S.$ in 1977 to 2.2 
KBtu/U.S.$ in 1994, at 1.3% per year. According to census data, primary energy intensity increased from 
2.5 KBtu/U.S.$ in 1977 to 3.3 KBtu/U.S.$ in 1992, at 1.7% per year.  Both data sources show that the 
growth in construction energy consumption has outpaced the economic growth in the construction sector 
since 1977 (see Figure A-3). 

Fig. A-3 Historical and Projected Economic Primary Energy Intensities 
(KBtu/U.S.$) for U.S. Construction 
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CONSTRUCTION - AEO99 Reference Case and Business-As-Usual Scenario 

AOE99 aggregates construction into one group, encompassing SIC codes 15 through 173. We adopt the 
AEO99 reference case for the business-as-usual scenario. 

Economic Trends 
Unlike the historical trends discussed above, the AEO99 projects a 2.0% annual average growth rate 
increase in value of output over the 26 year period 1994 to 2020, growing from $389B in 1994 to $657B 
in 2020. While the predicted values and growth rates match the historical trend from 1994-1997, the 
growth rate used by NEMS is double the historical growth rate (0.9%) in the long term. The projected 
growth rate experiences none of the dips and hikes of the actual historical value of output trends, and 
seems to follow only the most recent historical trend. 

Production and Technology Trends 
The retirement rate of capital stock in all non-manufacturing subsectors is set at 2% per year in NEMS 
AOE99, for an average lifetime of 50 years. We adjust the retirement rate to 2.5% per year, for an average 
lifetime of 40 years. 

Energy Consumption Trends 
AEO99 projects an increase in primary energy of 1.7% per year, increasing from 2.2 quads in 1994 to 3.4 
quads in 2020. While this rate of increase matches the long-term historical trends, and is, in fact, the 
average of the two, the results are much higher than at any period in the historical data. In 1994, for 
example, the AEO projection of 2200 TBtu is roughly 240% the 1994 figure in the LBNL data (910 
TBtu), and approximately 75% higher than the 1992 figure given in the Census data (1250 TBtu). It 
seems as though the definition of the construction sector must vary, though the AEO cites SIC codes 15­
17 as their definition of construction. Energy use for buildings in the construction industry is not 
accounted separately in the NEMS model. 

Economic energy intensity (KBtu/value of output) for the construction sector as a whole is projected to 
decline at an average rate of —0.4% per year between 1994 and 2020 in the AEO99 reference case (see 
Figure A-3). This is in contrast to the historical data, which offer increasing energy consumption growth 
rates of 1.3% from LBNL data and 1.7% from Census data. In the projected scenario, economic growth 
outpaces the growth in primary energy consumption in the construction sector. Due to energy 
consumption projections that vastly exceed historical figures, projected economic energy intensities for 
U.S. construction are up to 2.5 times greater than historical figures. 

Table A-11 provides the NEMS baseline input values for existing and new equipment in 1994 and 2020. 

Table A-11 NEMS Baseline Inputs for Existing and New Equipment for Construction 
Existing Equipment New Equipment 

1994 UECs 2020 UECs TPC 1994 UECs 2020 UECs TPC 
Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Electricity 0.285 0.2768 -0.001 0.256 0.2416 -0.002 
Natural Gas 0.438 0.4255 -0.001 0.394 0.3718 -0.002 
Distillate Oil 0.439 0.4264 -0.001 0.395 0.3727 -0.002 
Residual Oil 0.289 0.2807 -0.001 0.26 0.2453 -0.002 
Asphalt and Road Oil 2.515 2.4504 -0.001 2.263 2.1482 -0.002 
Motor Gasoline 0.27 0.2623 -0.001 0.243 0.2293 -0.002 
LPG 0.077 0.0748 -0.001 0.069 0.0651 -0.002 

3 Building Construction (SIC 15), Heavy Construction other than Building Construction (SIC 16), Special Trade 
Contractors (SIC 17) 
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CONSTRUCTION — Policies and Programs 

Energy policies and programs are important drivers for energy efficiency improvements in the industrial 
sector. However, the NEMS framework does not allow direct modeling of most energy efficiency 
policies. Although evaluations of industrial energy efficiency policies are not always available, we have 
estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad (e.g. 
Martin et al., 1998) as well as the information presented in Appendix B-2. 

In most sectors we assume that voluntary sector agreements are used as a way to set energy efficiency 
improvement targets. These voluntary agreements are augmented by a number of policies and programs 
designed to provide support to each sector in achieving the targets because many instruments are 
complimentary in formulating an industrial energy efficiency policy (U.S. DOE, 1996a). Under the 
voluntary agreement framework, we envision that a group of industries (e.g. through an association) will 
negotiate a specified target with the government. Experience with sector agreements in Europe and Japan 
has shown that annual industry-wide energy efficiency improvements between 0.6% and 1.5% per year 
are feasible (IEA, 1997a; Stein and Strobel, 1997). In the U.S., the primary aluminum industry and EPA 
have negotiated an agreement to reduce PFC emissions by 40% by 2000, while other sector agreements 
exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. 

The policies and programs that can provide support in achieving energy efficiency improvement targets 
under a voluntary agreement in the construction sector include demonstration programs, assessment 
programs, Challenge programs, state programs, ENERGY STAR and Climate Wise programs, investment 
tax credits for CHP systems, and a CO2 cap and trade system. Currently, the construction industry is not 
specifically targeted by existing energy programs. However, expansion of other programs, such as motor 
standards, Motor Challenge activities, indirect price effects of cap and trade, and voluntary programs like 
Climate Wise will affect energy use in the construction industry. In addition, some larger companies (e.g. 
asphalt mixers) can use the services of expanded audit programs to develop improved energy use 
practices in plants and on construction sites. 
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CONSTRUCTION - Moderate Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the moderate scenario. 

Production and Technology Trends 
The retirement rate of capital stock in all non-manufacturing subsectors is set at 2% per year in NEMS 
AOE99, for an average lifetime of 50 years. We adjust the retirement rate to 2.5% per year, for an average 
lifetime of 40 years. 

Energy Consumption Trends 
We did not evaluate the energy efficiency improvement potential in this sector. Thus, under the moderate 
scenario, we assume a TPC for existing equipment of 1.5 times the base case for existing and new 
equipment in construction (see Table A-12). 

Table A-12 Moderate Scenario Inpusts for Existing and New Equipment in Construction 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Electricity 0.285 0.2768 -0.0015 0.256 0.2368 -0.003 
Natural Gas 0.438 0.4255 -0.0015 0.394 0.3644 -0.003 
Distillate Oil 0.439 0.4264 -0.0015 0.395 0.3653 -0.003 
Residual Oil 0.289 0.2807 -0.0015 0.26 0.2405 -0.003 
Asphalt and Road Oil 2.515 2.4504 -0.0015 2.263 2.0929 -0.003 
Motor Gasoline 0.27 0.2623 -0.0015 0.243 0.2247 -0.003 
LPG 0.077 0.0748 -0.0015 0.069 0.0638 -0.003 

CONSTRUCTION - Advanced Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the advanced scenario. 

Production and Technology Trends 
The retirement rate of capital stock in all non-manufacturing subsectors is set at 2% per year in NEMS 
AOE99, for an average lifetime of 50 years. We adjust the retirement rate to 2.5% per year, for an average 
lifetime of 40 years. 

Energy Consumption Trends 
We did not evaluate the energy efficiency improvement potential in this sector. Thus, under the moderate 
scenario, we assume a TPC for existing equipment of 2 times the base case for existing and new 
equipment in construction (see Table A-13). 
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Table A-13 Advanced Scenario Inputs for Existing and New Equipment in Construction 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Electricity 0.285 0.2768 -0.002 0.256 0.2307 -0.004 
Natural Gas 0.438 0.4255 -0.002 0.394 0.3550 -0.004 
Distillate Oil 0.439 0.4264 -0.002 0.395 0.3559 -0.004 
Residual Oil 0.289 0.2807 -0.002 0.26 0.2343 -0.004 
Asphalt and Road Oil 2.515 2.4504 -0.002 2.263 2.0390 -0.004 
Motor Gasoline 0.27 0.2623 -0.002 0.243 0.2190 -0.004 
LPG 0.077 0.0748 -0.002 0.069 0.0622 -0.004 

FOOD - Historical Trends 

Economic Trends 
Value of output for the food and kindred products sector grew from $262B in 1977 to $371B in 1997, at 
an average annual growth rate of 1.7% per year (U.S.DOC, 1998). 

Energy Consumption Trends 
Based on data from the Manufacturing Energy Consumption Survey, primary energy consumption in the 
food sector increased overall about 3% per year between 1985 and 1994 (U.S. DOE, EIA, 1988, 1991, 
1994, 1997). However, the growth has not been steady. A 7% rise between 1985 and 1988 was followed 
by a 1% decline from 1988 to 1991, which was followed by a 23% increase in energy use from 1991 to 
1994. 

LBNL-developed data (U.S.DOC, 1989; U.S.DOE, various years) show that primary energy consumption 
increased 1.8% per year between 1960 and 1994, and 3.9% per year between 1985 and 1994. 

While historical economic energy intensity for the food and kindred products sector (primary 
energy/value of output) changed little overall between 1977 and 1994, a series of dips and hikes produced 
this net lack of change. Economic energy intensity declined slightly over the long term, on average 
—0.16% per year (U.S.DOC, 1989; U.S.DOE, various years) between 1977 and 1994, though it increased 
from 4 KBtu/U.S.$ in 1985 to 4.5 KBtu/U.S.$ in 1994. Energy intensity increased on average 1.2% 
(U.S.DOE, selected years) per year between 1985 and 1994 (see Figure A-4). 
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Fig. A-4 Historical and Projected Economic Primary Energy Intensities 
(KBtu/U.S.$) for U.S. Food and Kindred Products 

0 

0. 5 

1 

1. 5 

2 

2. 5 

3 

3. 5 

4 

4. 5 

5 

K
B

tu
/U

S
$

ME C S 

AE O 

LB N L 

FOOD - AEO99 Reference Case and Business-As-Usual Scenario 

We adopt the AEO99 reference case for the business-as-usual scenario. 

Economic Trends 
Projected economic growth in the food and kindred products sector, measured with value of output, is 
estimated at 1.2% per year between 1994 and 2020. This is almost 50% greater than the historical growth 
rate. 

Production and Technology Trends 
The retirement rate of capital stock in the food and kindred products sector is set at 1.7% per year in 
NEMS AOE99, for an average lifetime of 59 years. We adjust the retirement rate to 2.1% per year, for an 
average lifetime of 47 years. 

Energy Consumption Trends 
Primary energy consumption is projected to increase at 0.6% per year between 1994 and 2020, from 1511 
Tbtu in 1994 to 1781 Tbtu in 2020 in the AEO99 reference, much more slowly than the historical energy 
consumption growth rates (see Figure A-4). 

Economic energy intensity (MJ/value of output) for the food and kindred products sector as a whole is 
projected to decline at an average rate of —0.6% per year between 1994 and 2020 in the AEO99 reference 
case (see Figure A-4). Table A-14 provides the NEMS AEO99 input values for existing and new 
equipment for 1994 and 2020. NEMS provides values for four regions for this sector. 

In NEMS, energy use in buildings in the food sector is set as energy use per employee, and only reacts to 
changes in number of employees in an industry, ignoring changes in building energy use, stock turnover 
of buildings, and also the potential impact of programs like Energy Star Buildings and Green Lights. 
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Table A-14 NEMS Baseline Inputs for Existing and New Equipment for Food 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Process Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Heat Natural Gas 0.3139 0.2896 -0.0031 0.2825 0.2586 -0.0034 
Heat Residual Oil 0.02 0.0184 -0.0031 0.018 0.0165 -0.0034 
Heat Distillate Oil 0.0196 0.0181 -0.0031 0.0176 0.0161 -0.0034 
Heat LPG 0.0086 0.0079 -0.0031 0.0077 0.0070 -0.0034 
Heat Steam Coal 0.0019 0.0017 -0.0044 0.0017 0.0015 -0.0049 
Heat Other Petroleum 0 0.0000 -0.0031 0 0.0000 -0.0034 
Heat Biomass - Wood 0.0038 0.0035 -0.0031 0.0034 0.0031 -0.0034 
Water Steam 0.7661 0.7067 -0.0031 0.6895 0.6311 -0.0034 
Refrigeration Electricity 0.1122 0.1071 -0.0018 0.101 0.0959 -0.002 
Other electric Electricity 0.2917 0.2784 -0.0018 0.2625 0.2492 -0.002 
Heat Natural Gas 0.5514 0.5086 -0.0031 0.4963 0.4542 -0.0034 
Heat Residual Oil 0.0051 0.0047 -0.0031 0.0045 0.0041 -0.0034 
Heat Distillate Oil 0.0028 0.0026 -0.0031 0.0026 0.0024 -0.0034 
Heat LPG 0.0058 0.0054 -0.0031 0.0052 0.0048 -0.0034 
Heat Steam Coal 0.0521 0.0465 -0.0044 0.0469 0.0413 -0.0049 
Heat Other Petroleum 0 0.0000 -0.0031 0 0.0000 -0.0034 
Heat Biomass - Wood 0.0013 0.0012 -0.0031 0.0012 0.0011 -0.0034 
Water Steam 1.5299 1.4113 -0.0031 1.3769 1.2602 -0.0034 
Refrigeration Electricity 0.1443 0.1377 -0.0018 0.1298 0.1232 -0.002 
Other electric Electricity 0.375 0.3578 -0.0018 0.3375 0.3204 -0.002 
Heat Natural Gas 0.424 0.3911 -0.0031 0.3816 0.3493 -0.0034 
Heat Residual Oil 0.0084 0.0077 -0.0031 0.0075 0.0069 -0.0034 
Heat Distillate Oil 0.0062 0.0057 -0.0031 0.0056 0.0051 -0.0034 
Heat LPG 0.0095 0.0088 -0.0031 0.0085 0.0078 -0.0034 
Heat Steam Coal 0.0095 0.0085 -0.0044 0.0086 0.0076 -0.0049 
Heat Other Petroleum 0 0.0000 -0.0031 0 0.0000 -0.0034 
Heat Biomass - Wood 0.007 0.0065 -0.0031 0.0063 0.0058 -0.0034 
Water Steam 1.4409 1.3292 -0.0031 1.2968 1.1869 -0.0034 
Refrigeration Electricity 0.1488 0.1420 -0.0018 0.1339 0.1271 -0.002 
Other electric Electricity 0.3869 0.3692 -0.0018 0.3482 0.3305 -0.002 
Heat Natural Gas 0.6405 0.5908 -0.0031 0.5764 0.5276 -0.0034 
Heat Residual Oil 0.006 0.0055 -0.0031 0.0054 0.0049 -0.0034 
Heat Distillate Oil 0.0157 0.0145 -0.0031 0.0141 0.0129 -0.0034 
Heat LPG 0.0148 0.0137 -0.0031 0.0133 0.0122 -0.0034 
Heat Steam Coal 0.0218 0.0194 -0.0044 0.0196 0.0173 -0.0049 
Heat Other Petroleum 0 0.0000 -0.0031 0 0.0000 -0.0034 
Heat Biomass - Wood 0 0.0000 -0.0031 0 0.0000 -0.0034 
Water Steam 1.5654 1.4440 -0.0031 1.4088 1.2894 -0.0034 
Refrigeration Electricity 0.1132 0.1080 -0.0018 0.1019 0.0967 -0.002 
Other electric Electricity 0.2942 0.2807 -0.0018 0.2648 0.2514 -0.002 
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FOOD — Policies and Programs 

Energy policies and programs are important drivers for energy efficiency improvements in the industrial 
sector. However, the NEMS framework does not allow direct modeling of most energy efficiency 
policies. Although evaluations of industrial energy efficiency policies are not always available, we have 
estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad (e.g. 
Martin et al., 1998) as well as the information presented in Appendix B-2. In most sectors we assume that 
voluntary sector agreements are used as a way to set energy efficiency improvement targets. These 
voluntary agreements are augmented by a number of policies and programs designed to provide support 
to each sector in achieving the targets because many instruments are complimentary in formulating an 
industrial energy efficiency policy (U.S. DOE, 1996a). Under the voluntary agreement framework, we 
envision that a group of industries (e.g. through an association) will negotiate a specified target with the 
government. Experience with sector agreements in Europe and Japan has shown that annual industry-wide 
energy efficiency improvements between 0.6% and 1.5% per year are feasible (IEA, 1997a; Stein and 
Strobel, 1997). In the U.S., the primary aluminum industry and EPA have negotiated an agreement to 
reduce PFC emissions by 40% by 2000, while other sector agreements exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. 

The policies and programs that can provide support in achieving energy efficiency improvement targets 
under a voluntary agreement in the food sector include demonstration programs, assessment programs, 
Challenge programs, ENERGY STAR buildings and Green Lights, state programs, state implementation 
plans, R&D programs, ESCO/utility programs, ENERGY STAR and Climate Wise programs, tax 
incentives for energy managers, tax rebates for specific industrial technologies, investment tax credits for 
CHP systems, and a CO2 cap and trade system. The food industry encompasses a wide variety of 
operations, although large amounts of energy are used in power applications and hot water and steam 
systems. Programs aimed at motors (standards, Compressed Air Challenge), steam systems (Steam 
Challenge, CHP initiatives), buildings (ENERGY STAR, Green Lights), as well as state programs 
(RD&D, public benefit charges) will affect energy use of existing equipment (upgrade of steam 
distribution), new equipment (state R&D activities, using public benefit charges) and boilers and 
buildings. The Challenge programs aim to contribute to market transformation and use specific goals, e.g. 
a 10% reduction in electricity use by motors by 2002 and a reduction in energy use in steam systems with 
20% by 2010. Deregulation has resulted in the use of public benefit charges on power consumption. The 
generated funds are used for several purposes including R&D and implementation programs. The effects 
are still difficult to estimate, but if implemented on the basis of ESCO practices in the past for utilities, 
the average savings are typically estimated at $0.06/kWh-saved annually (Goldman and Kito, 1994). 
Voluntary sector agreements in the food industries in The Netherlands achieved annual energy efficiency 
improvements ranging from 0.9% to 2.3%  for various food industries (on average 1.8% per year). 
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FOOD - Moderate Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the moderate scenario. 

Production and Technology Trends 
The retirement rate of capital stock in the food and kindred products sector is set at 1.7% per year in 
NEMS AOE99, for an average lifetime of 59 years. We adjust the retirement rate to 2.1% per year, for an 
average lifetime of 47 years. 

Energy Consumption Trends 
Table A-15 provides the input values for the moderate scenario. We did not evaluate the energy efficiency 
improvement potential in the food sector. Thus, we derived moderate scenario values by taking the mid­
point between the NEMS baseline and HiTech case values. However, we did increase boiler energy 
efficiency at a rate of 0.2% per year for fossil fuels and 0.1% per year for biomass and waste in this 
scenario (CIBO, 1997; Einstein et al., 1999). Energy efficiency in buildings in this sector is assumed to 
improve at the same rate as commercial buildings under the moderate scenario. 
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Table A-15 Moderate Scenario Inputs for Existing and New Equipment in Food 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Process Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Heat Natural Gas 0.3139 0.2847 -0.00375 0.2825 0.2413 -0.0061 
Heat Residual Oil 0.02 0.0181 -0.00375 0.018 0.0154 -0.00605 
Heat Distillate Oil 0.0196 0.0178 -0.00375 0.0176 0.0150 -0.00605 
Heat LPG 0.0086 0.0078 -0.00375 0.0077 0.0066 -0.00605 
Heat Steam Coal 0.0019 0.0017 -0.0047 0.0017 0.0014 -0.0075 
Heat Other Petroleum 0 0.0000 -0.00375 0 0.0000 -0.00605 
Heat Biomass - Wood 0.0038 0.0034 -0.00375 0.0034 0.0029 -0.00605 
Water Steam 0.7661 0.6948 -0.00375 0.6895 0.5889 -0.00605 
Refrigeration Electricity 0.1122 0.1044 -0.00275 0.101 0.0894 -0.0047 
Other electric Electricity 0.2917 0.2715 -0.00275 0.2625 0.2322 -0.0047 
Heat Natural Gas 0.5514 0.5001 -0.00375 0.4963 0.4239 -0.00605 
Heat Residual Oil 0.0051 0.0046 -0.00375 0.0045 0.0038 -0.00605 
Heat Distillate Oil 0.0028 0.0025 -0.00375 0.0026 0.0022 -0.00605 
Heat LPG 0.0058 0.0053 -0.00375 0.0052 0.0044 -0.00605 
Heat Steam Coal 0.0521 0.0461 -0.0047 0.0469 0.0386 -0.0075 
Heat Other Petroleum 0 0.0000 -0.00375 0 0.0000 -0.00605 
Heat Biomass - Wood 0.0013 0.0012 -0.00375 0.0012 0.0010 -0.00605 
Water Steam 1.5299 1.3875 -0.00375 1.3769 1.1759 -0.00605 
Refrigeration Electricity 0.1443 0.1343 -0.00275 0.1298 0.1148 -0.0047 
Other electric Electricity 0.375 0.3491 -0.00275 0.3375 0.2986 -0.0047 
Heat Natural Gas 0.424 0.3845 -0.00375 0.3816 0.3259 -0.00605 
Heat Residual Oil 0.0084 0.0076 -0.00375 0.0075 0.0064 -0.00605 
Heat Distillate Oil 0.0062 0.0056 -0.00375 0.0056 0.0048 -0.00605 
Heat LPG 0.0095 0.0086 -0.00375 0.0085 0.0073 -0.00605 
Heat Steam Coal 0.0095 0.0084 -0.0047 0.0086 0.0071 -0.0075 
Heat Other Petroleum 0 0.0000 -0.00375 0 0.0000 -0.00605 
Heat Biomass - Wood 0.007 0.0063 -0.00375 0.0063 0.0054 -0.00605 
Water Steam 1.4409 1.3068 -0.00375 1.2968 1.1075 -0.00605 
Refrigeration Electricity 0.1488 0.1385 -0.00275 0.1339 0.1185 -0.0047 
Other electric Electricity 0.3869 0.3602 -0.00275 0.3482 0.3081 -0.0047 
Heat Natural Gas 0.6405 0.5809 -0.00375 0.5764 0.4923 -0.00605 
Heat Residual Oil 0.006 0.0054 -0.00375 0.0054 0.0046 -0.00605 
Heat Distillate Oil 0.0157 0.0142 -0.00375 0.0141 0.0120 -0.00605 
Heat LPG 0.0148 0.0134 -0.00375 0.0133 0.0114 -0.00605 
Heat Steam Coal 0.0218 0.0193 -0.0047 0.0196 0.0161 -0.0075 
Heat Other Petroleum 0 0.0000 -0.00375 0 0.0000 -0.00605 
Heat Biomass - Wood 0 0.0000 -0.00375 0 0.0000 -0.00605 
Water Steam 1.5654 1.4197 -0.00375 1.4088 1.2032 -0.00605 
Refrigeration Electricity 0.1132 0.1054 -0.00275 0.1019 0.0902 -0.0047 
Other electric Electricity 0.2942 0.2739 -0.00275 0.2648 0.2343 -0.0047 
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FOOD - Advanced Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the advanced scenario. 

Production and Technology Trends 
The retirement rate of capital stock in the food and kindred products sector is set at 1.7% per year in 
NEMS AOE99, for an average lifetime of 59 years. We adjust the retirement rate to 2.1% per year, for an 
average lifetime of 47 years. 

Energy Consumption Trends 
Table A-16 provides the input values for the advanced scenario. We did not evaluate the energy 
efficiency improvement potential in the food sector. Thus, we adopt the NEMS HiTech case values for 
the advanced scenario. In addition, boiler energy efficiency improves at a rate of 0.2% per year for oil and 
renewables and 0.3% per year for gas and coal (CIBO, 1997; Einstein et al., 1999). Energy efficiency in 
buildings in this sector is assumed to improve at the same rate as commercial buildings under the 
advanced scenario. 
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Table A-16 Advanced Scenario Inputs for Existing and New Equipment in Food 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Process Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Heat Natural Gas 0.3139 0.2799 -0.0044 0.2825 0.2251 -0.0087 
Heat Residual Oil 0.02 0.0178 -0.0044 0.018 0.0143 -0.0087 
Heat Distillate Oil 0.0196 0.0175 -0.0044 0.0176 0.0140 -0.0087 
Heat LPG 0.0086 0.0077 -0.0044 0.0077 0.0061 -0.0087 
Heat Steam Coal 0.0019 0.0017 -0.005 0.0017 0.0013 -0.0101 
Heat Other Petroleum 0 0.0000 -0.0044 0 0.0000 -0.0087 
Heat Biomass - Wood 0.0038 0.0034 -0.0044 0.0034 0.0027 -0.0087 
Water Steam 0.7661 0.6831 -0.0044 0.6895 0.5494 -0.0087 
Refrigeration Electricity 0.1122 0.1019 -0.0037 0.101 0.0833 -0.0074 
Other electric Electricity 0.2917 0.2649 -0.0037 0.2625 0.2164 -0.0074 
Heat Natural Gas 0.5514 0.4917 -0.0044 0.4963 0.3954 -0.0087 
Heat Residual Oil 0.0051 0.0045 -0.0044 0.0045 0.0036 -0.0087 
Heat Distillate Oil 0.0028 0.0025 -0.0044 0.0026 0.0021 -0.0087 
Heat LPG 0.0058 0.0052 -0.0044 0.0052 0.0041 -0.0087 
Heat Steam Coal 0.0521 0.0457 -0.005 0.0469 0.0360 -0.0101 
Heat Other Petroleum 0 0.0000 -0.0044 0 0.0000 -0.0087 
Heat Biomass - Wood 0.0013 0.0012 -0.0044 0.0012 0.0010 -0.0087 
Water Steam 1.5299 1.3642 -0.0044 1.3769 1.0971 -0.0087 
Refrigeration Electricity 0.1443 0.1310 -0.0037 0.1298 0.1070 -0.0074 
Other electric Electricity 0.375 0.3405 -0.0037 0.3375 0.2782 -0.0074 
Heat Natural Gas 0.424 0.3781 -0.0044 0.3816 0.3040 -0.0087 
Heat Residual Oil 0.0084 0.0075 -0.0044 0.0075 0.0060 -0.0087 
Heat Distillate Oil 0.0062 0.0055 -0.0044 0.0056 0.0045 -0.0087 
Heat LPG 0.0095 0.0085 -0.0044 0.0085 0.0068 -0.0087 
Heat Steam Coal 0.0095 0.0083 -0.005 0.0086 0.0066 -0.0101 
Heat Other Petroleum 0 0.0000 -0.0044 0 0.0000 -0.0087 
Heat Biomass - Wood 0.007 0.0062 -0.0044 0.0063 0.0050 -0.0087 
Water Steam 1.4409 1.2848 -0.0044 1.2968 1.0333 -0.0087 
Refrigeration Electricity 0.1488 0.1351 -0.0037 0.1339 0.1104 -0.0074 
Other electric Electricity 0.3869 0.3514 -0.0037 0.3482 0.2871 -0.0074 
Heat Natural Gas 0.6405 0.5711 -0.0044 0.5764 0.4593 -0.0087 
Heat Residual Oil 0.006 0.0054 -0.0044 0.0054 0.0043 -0.0087 
Heat Distillate Oil 0.0157 0.0140 -0.0044 0.0141 0.0112 -0.0087 
Heat LPG 0.0148 0.0132 -0.0044 0.0133 0.0106 -0.0087 
Heat Steam Coal 0.0218 0.0191 -0.005 0.0196 0.0151 -0.0101 
Heat Other Petroleum 0 0.0000 -0.0044 0 0.0000 -0.0087 
Heat Biomass - Wood 0 0.0000 -0.0044 0 0.0000 -0.0087 
Water Steam 1.5654 1.3958 -0.0044 1.4088 1.1225 -0.0087 
Refrigeration Electricity 0.1132 0.1028 -0.0037 0.1019 0.0840 -0.0074 
Other electric Electricity 0.2942 0.2672 -0.0037 0.2648 0.2183 -0.0074 
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PAPER - Historical Trends 

Economic Trends 
Value of output for the paper industry grew at an average of 1.9% per year between 1977 and 1997, 
increasing from $88B to $128B during this period (U.S.DOC, 1998). 

Production and Technology Trends 
U.S. pulp production grew from 42 to 74 million tons between 1970 and 1995, with the bulk of the 
growth occurring in chemical pulp production (average annual growth of 2.6%). In 1995, chemical pulp 
accounted for 83% of all pulp, followed by mechanical pulp (9%) and other pulp (8%). U.S. paper 
production grew from 50 to 98 million tons during the same period. Wrapping and packaging paper 
clearly dominates, with 52% of production in 1995, followed by printing and writing (28%), newsprint 
(8%), sanitary and household (7%), and other paper (5%). While paper production grew at an average 
annual rate of 2.7%, growth in printing and writing paper and newsprint was faster, averaging 3.9% and 
3.3%, respectively (U.N., 1998). 

AEO99 distinguishes between four types of pulping: waste paper pulping, mechanical pulping, semi-
chemical pulping, and kraft/sulfite pulping. Between 1970 and 1995, the share of mechanical pulping 
declined slightly from 9.8% to 9.2%. The share of semi-chemical pulping declined from 13.5% to 8.2%, 
while kraft/sulfite pulping grew from 76.7% to 82.6% during this period (U.N., 1998). In 1994, 28 Mt of 
wastepaper pulp was used in the pulp and paper industry (AFPA, 1998). This accounted for 32% of all 
pulp. 

Energy Consumption Trends 
LBNL-developed data show that primary energy used for papermaking in the U.S. grew from 1.3 Quads 
in 1960 to 2.8 Quads in 1994 (U.S.DOC, 1989; U.S.DOE, various years), an increase of 2.4% per year. 
Primary energy consumption increased at 1.5% per year between 1985 and 1994. Wood waste burned on-
site provided most of the energy used, growing from 34% of final energy in 1960 to 48% in 1994. The 
shares of electricity and natural gas also grew during this time, while the use of coal & coke and oil 
declined. The shift away from oil after the oil embargoes of the 1970s was dramatic, with shares dropping 
from a high of 27% in 1973 to 8% in 1994. The Manufacturing Energy Consumption Survey data, which 
follow the same overall trends as the LBNL data, average between 4% and 14% higher than the LBNL 
data. The MECS data show primary energy consumption increasing at 2.3% per year between 1985 and 
1994.4 

The economic primary energy intensity of paper production decreased from 26.4 KBtu/U.S.$ in 1977 to 
22.9 KBtu/U.S.$ in 1994 (NEA, MECS), an annual average decline of —0.8% per year. The physical 
primary energy intensity of paper production declined at -1.2% per year between 1970 and 1994. The 
decrease would have been of lesser magnitude had not paper production jumped an astonishing 16% 
between 1993 and 1994, from 85 to 98 million tons. 

4 Primary energy use is calculated using the annual U.S. industrial conversion rate from final to primary electricity. 
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Fig. A-5 Historical and Projected Economic
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PAPER - AEO99 Reference Case 

Economic Trends 
AEO99 projects that the value of output from the paper industry will increase at an average rate of 1.2% 
per year between 1994 and 2020, growing from $119B to $162B. 

Production and Technology Trends 
AEO99 projects that paper production will grow at an average of 1.2% per year between 1994 and 2020, 
increasing from 98.6 Mtons to 136 Mtons. 

AEO99 projects that the share of kraft/sulfite pulping will increase from 83.7% in 1994 to 88.7% in 2020, 
while the share of mechanical pulping drops from 9.6% to 5.7% and the share of semi-chemical pulping 
drops from 6.7% to 5.6% during the same period. AEO99 also projects that the use of waste paper for 
pulping will grow at an average rate of 1.6% per year, increasing from 42.2 Mtons in 1994 to 63.2 Mtons 
in 2020.5 

Retirement rates for pulp and paper mills in AOE99 are 2.3% per year, for an average lifetime of 45 
years. 

Energy Consumption Trends 
AEO99 projects that final energy consumption from pulp and papermaking will grow at an average of 
0.7% per year, from 1929 TBtu in 1994 to 2334 TBtu in 2020. Primary energy is projected to grow more 
slowly, at an average annual rate of 0.4%, increasing from 2461 TBtu in 1994 to 2754 TBtu in 2020. 

Final economic energy intensity is projected to decline at an average of —0.4% per year, dropping from 
16.1 KBtu/U.S.$ in 1994 to 14.4 KBtu/U.S.$ in 2020.  Primary economic energy intensity is anticipated 
to drop from 20.6 KBtu/U.S.$ in 1994 to 17.0 KBtu/U.S.$ in 2020, at an average annual rate of —0.7%. 

Final physical energy intensity is projected to decline at an average of —0.5% per year, dropping from 
19.5 MBtu/ton in 1994 to 17.2 MBtu/ton in 2020. Primary physical energy intensity drops from 25.0 
MBtu/ton in 1994 to 20.3 MBtu/ton in 2020, at an average annual rate of —0.8%. Table A-17 provides the 
NEMS AEO99 input values for existing and new equipment for 1994 and 2020. 

In NEMS, energy use in buildings is a set as energy use per employee, and only reacts to changes in 
number of employees in an industry, ignoring changes in building energy use, stock turnover of buildings, 
and also the potential impact of programs like Energy Star Buildings and Green Lights. 

5 The NEMS industrial module includes market pulp with waste pulping. 
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Table A-17 NEMS Reference Case Inputs for Existing and New Equipment for Paper Production 

Process Fuel 

Existing Equipment 
1994 UECs 2020 UECs TPC 
MBtu/ton MBtu/ton 

New Equipment 
1994 UECs 2020 UECs TPC 
MBtu/ton MBtu/ton 

Paper making Electricity 1.5000 1.3466 -0.0041 1.125 0.991 -0.0049 
Steam 6.0000 4.9664 -0.0072 4.5 3.6027 -0.0085 
Natural Gas 0.1446 0.1197 -0.0072 0.1084 0.0868 -0.0085 
Residual Oil 0.2163 0.1791 -0.0072 0.1623 0.1299 -0.0085 
Distillate Oil 0.0082 0.0068 -0.0072 0.0062 0.0049 -0.0085 
LP Gas 0.021 0.0174 -0.0072 0.0158 0.0126 -0.0085 
Steam Coal 0.0098 0.0075 -0.0104 0.0074 0.0054 -0.122 
Biomass - Wood 0 0 -0.0072 0 0 -0.0085 
Other Petroleum 0 0 -0.0072 0 0 -0.0085 
Biomass — Pulping 
Liquor 

0 0 -0.0072 0 0 -0.0085 

Bleaching Electricity 
Steam 

0.300 
5.6 

0.2849 
5.1158 

-0.0020 
-0.0035 

0.2555 
4.7695 

0.2453 
4.4421 

-0.0016 
-0.0027 

Waste paper pulping Electricity 
Steam 

1.30 
1.4 

1.2672 
1.3387 

-0.0010 
-0.0017 

1.209 
1.302 

1.1835 
1.2544 

-0.0008 
-0.0014 

Mechanical pulping Electricity 
Steam 

5.4 
0.5 

5.1863 
0.4659 

-0.0016 
-0.0027 

4.536 
0.42 

4.4941 
0.4132 

-0.0004 
-0.0006 

Chemical pulping Electricity 
Steam 

1.5000 
5.3000 

1.4187 
4.8071 

-0.0021 
-0.0037 

1.1916 
4.2104 

1.1682 
4.0666 

-0.0008 
-0.0013 

Kraft pulping Electricity 1.5 1.3615 -0.0037 1.095 1.0057 -0.0033 
Steam 11.3 9.5362 -0.0065 8.249 7.1071 -0.0057 
Natural Gas 0.6867 0.5795 -0.0065 0.5013 0.4319 -0.0057 
Residual Oil 1.0276 0.8672 -0.0065 0.7501 0.6463 -0.0057 
Distillate Oil 0.0391 0.033 -0.0065 0.0285 0.0246 -0.0057 
LP Gas 0.1 0.0843 -0.0065 0.073 0.0629 -0.0057 
Steam Coal 0.0467 0.0366 -0.0093 0.0341 0.0276 -0.0082 
Biomass - Wood 0 0 -0.0065 0 0 -0.0057 
Other Petroleum 0 0 -0.0065 0 0 -0.0057 

Wood Preparation Electricity 0.2700 0.2599 -0.0015 0.2268 0.2258 -0.0002 

PAPER - Business-As-Usual Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the business-as-usual scenario. 

Production and Technology Trends 
We adopt the retirement rates for pulp and paper mills in AOE99 (2.3% per year, for an average lifetime 
of 43 years) for the business-as-usual scenario. 

Energy Consumption Trends 
Table A-18 provides the business-as-usual inputs for existing and new equipment for 1994 and 2020. For 
existing equipment in the moderate scenario, we adopted the NEMS 1994 UECs for paper making and 
adjusted the NEMS 1994 UECs for bleaching and pulping based on Khrushch et al. (1999). We adopted 
the NEMS TPCs for all processes except electricity use in papermaking and bleaching, where we adopted 
lower TPCs. 

For new equipment in 1994, we adopted the NEMS 1994 UECs for paper making and adjusted the NEMS 
1994 UECs for bleaching and pulping based on Khrushch et al. (1999). We adjust the TPCs based on the 
following information from Khrushch et al. (1999): 

Raw Material Preparation 
Wood preparation includes debarking, chipping and conveying to the pulp mill, and consists mainly of 
power use for motors. In cold climates some heat may be used, but we did not include this in this analysis. 
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Based on Nilsson et al. (1995) we estimated power use at 45 kWh/ADMT of pulp, equivalent to 0.14 
MBtu/ton pulp. Energy efficiency improvements are minor, and hence annual improvement rates are 
estimated to be 0.05%/year in the business-as-usual scenario. 

Kraft Pulp Mill 
In the Kraft process, steam and electricity are used in the digesting, mixing and pumping of the material. 
Steam is also used to concentrate the black liquor and dry some of the pulp to be exported as market pulp. 
Fuels are mainly used in the lime kiln to re-calcinate the lime. Steam use is estimated on the basis of 
Nilsson et al. (1995) for a model 2000 mill, adapted for black liquor concentration of a model 1980 mill. 
This is equivalent to steam consumption of 7.47 MBtu/ton pulp. Energy use in the lime kiln is estimated 
on the basis of the model 1980 mill, using approximately 1.61 MBtu/ton. Electricity use is estimated on 
the basis of the Model 2000 mill, or 640 kWh/ADMT (equivalent to 1.89 MBtu/ton pulp). Table A-18 
provides the TPCs by fuel that we adopt for the business-as-usual scenario for kraft pulping. 

Semi-Chemical/Chemical Pulping 
This process is not well defined in the NEMS model description. We have used the data for sulfite 
pulping given by Jaccard and Willis (1996) in the ISTUM model. The process includes pulping and black 
liquor evaporation (assuming the production of 0.6 ton of BL/ton pulp). We estimate 1994 steam use at 
3.90 MBtu/ton pulp and power consumption at 1.97 MBtu/ton. 

In 2020 we assume use of a computer controlled digester, a BL evaporator using vapor recompression and 
computer control (Jaccard and Willis, 1996). Steam use is reduced to 3.75 MBtu/ton in the advanced 
scenario and an estimated power use of 1.95 MBtu/ton pulp. Table A-18 provides the TPCs by fuel that 
we adopt for the business-as-usual scenario for semi-chemical and chemical pulping. 

Mechanical Pulping 
Mechanical pulping can use various processes and energy use depends on the quality of the fibers 
produced. We assume that the process is mainly groundwood pulping. For a new plant we assume the use 
of pressurized groundwood pulping, which enables heat recovery of low grade waste heat. Jaccard and 
Willis (1996) estimate power use at 4.21 MBtu/ton pulp. Modern PGW pulp mills can recover between 
0.34 and 0.86 MBtu/ton pulp (Komppa, 1993). In 2000 we assume a heat recovery rate of 0.34 MBtu/ton, 
which will increase to 1.0 MBtu/ton in the advanced scenario by 2020. In the business-as-usual and 
moderate scenarios, the energy savings are a fraction of the rate in the advanced scenario. Electricity use 
decreases slowly, by 0.2% per year in the business-as-usual scenario, reflecting a slower penetration of 
efficient grinding technologies. 

Waste Paper Pulping 
We include pulping and de-inking in this process step. Pulping only consumes electricity, while de-inking 
uses heat. Future developments aim at enzymatic de-inking which may lead to reduction in heat demand 
(Eriksson and Adolphson, 1997). We assume power use of 1.09 MBtu/ton (Nilsson et al., 1995) in 1994. 
Komppa (1993) estimates heat use for waste paper pulping and de-inking at 0.344 MBtu/ton. In the 
business-as-usual scenario the improvement rates are —0.3% per year for electricity and —0.1% per year 
for steam. 

Bleaching 
Chlorine bleaching is the most common bleaching method in the paper industry. However, developments 
are under way to reduce the use of chlorine. The new processes may make use of oxygen, ozone or 
enzymes. Energy use in conventional bleachers depends on the number of bleaching stages, heat 
integration, and also the degree of bleaching needed. We estimate steam use for a new facility at 1.25 
MBtu/ton bleached pulp (Jaccard and Willis, 1996) and power use at 0.18 MBtu/ton (Nilsson et al., 
1995). Future developments in energy use are unclear due to the different paths that can be taken. We 
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assume a small potential for efficiency improvement of —0.05% per year in steam use and -0.06% per year 
in power use in the business-as-usual scenario. 

Papermaking 
In the paper machine, energy is used for refining and screening the pulp, for forming and pressing, and for 
drying. Power is mainly used in the machine drives, pumps and fans in the drying sections. Modern paper 
machines have large capacities (a large web-width and speeds up to 2000 meter/minute) and are hence 
more efficient than older machines (Coleman and Haunreiter, 1998). Most energy is needed in the drying 
stage, where relatively small amounts of water are removed. Future developments aim to reduce the need 
for the drying stage by increasing the efficiency of pressing. Modern machines may have a long nip press. 
Future machines include the Condebelt-process and Impulse drying (de Beer et al., 1997). These 
technologies will reduce heat demand in the paper machine considerably. 

Energy use will also depend on the paper type produced and the quality desired. For the calculation we 
use the 1994 product mix of the U.S. paper industry. We estimate heat use in a new paper machine at 
6.013 MBtu/ton (printing paper) (Hekkert and Worrell, 1998), and power use at 1.45 MBtu/ton paper 
(Nilsson et al., 1995). Future paper machines will incorporate the new process developments. By 2020 we 
assume that the Condebelt process is commercially available, reducing heat demand by 20% in the 
business-as-usual scenario (de Beer et al., 1997). 

Table A-18 Business-As-Usual UECs for Existing and New Equipment for Paper Production 

Process Fuel 

Existing Equipment 
1994 UECs 2020 UECs TPC 
MBtu/ton MBtu/ton 

New Equipment 
1994 UECs 2020 UECs TPC 
MBtu/ton MBtu/ton 

Paper making Electricity 1.7349 1.6642 -0.0016 1.4480 1.3047 -0.0040 
Steam 9.0967 8.4131 -0.0030 6.0130 4.8162 -0.0085 
Natural Gas 0.0000 0.0000 0 0.0000 0.0000 0 
Residual Oil 0.0000 0.0000 0 0.0000 0.0000 0 
Distillate Oil 0.0000 0.0000 0 0.0000 0.0000 0 
LP Gas 0.0000 0.0000 0 0.0000 0.0000 0 
Steam Coal 0.0000 0.0000 0 0.0000 0.0000 0 
Biomass - Wood 0.0000 0.0000 0 0.0000 0.0000 0 
Other Petroleum 0.0000 0.0000 0 0.0000 0.0000 0 
Biomass — Pulping 
Liquor 

0.0000 0.0000 0 0.0000 0.0000 0 

Bleaching Electricity 
Steam 

0.3535 
2.3989 

0.3330 
2.3803 

-0.0023 
-0.0003 

0.1800 
1.2476 

0.1772 
1.2315 

-0.0006 
-0.0005 

Waste paper pulping Electricity 
Steam 

1.1094 
0.6142 

1.1044 
0.5785 

-0.00018 
-0.0023 

1.0900 
0.3436 

1.0002 
0.3348 

-0.0033 
-0.0010 

Mechanical pulping Electricity 
Steam 

5.8441 
0.7780 

5.7536 
0.7545 

-0.0006 
-0.00118 

4.7279 
-0.3436 

4.4881 
-0.4451 

-0.0020 
0.0100 

Chemical pulping Electricity 
Steam 

1.5635 
5.0285 

1.4842 
4.5309 

-0.0020 
-0.0040 

1.9726 
3.9040 

1.9522 
3.7546 

-0.0004 
-0.0015 

Kraft pulping Electricity 1.3739 1.3042 -0.0020 1.8910 1.8186 -0.0015 
Steam 11.9146 10.7355 -0.0040 7.4733 7.0943 -0.0020 
Natural Gas 0.6506 0.6257 -0.0015 0.4205 0.3889 -0.0030 
Residual Oil 0.9735 0.9363 -0.0015 0.6292 0.5744 -0.0035 
Distillate Oil 0.0370 0.0356 -0.0015 0.0239 0.0218 -0.0035 
LP Gas 0.0947 0.0911 -0.0015 0.0612 0.0559 -0.0035 
Steam Coal 0.0442 0.0399 -0.0040 0.0286 0.0258 -0.0040 
Biomass - Wood 0.0000 0.0000 0 0.0000 0.0000 0 
Other Petroleum 0.0000 0.0000 0 0.0000 0.0000 0 

Wood Preparation Electricity 0.1826 0.1795 -0.00068 0.1449 0.1430 -0.0005 
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PAPER — Policies and Programs 

Energy policies and programs are important drivers for energy efficiency improvements in the industrial 
sector. However, the NEMS framework does not allow direct modeling of most energy efficiency 
policies. Although evaluations of industrial energy efficiency policies are not always available, we have 
estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad (e.g. 
Martin et al., 1998) as well as the information presented in Appendix B-2. 

In most sectors we assume that voluntary sector agreements are used as a way to set energy efficiency 
improvement targets. These voluntary agreements are augmented by a number of policies and programs 
designed to provide support to each sector in achieving the targets because many instruments are 
complimentary in formulating an industrial energy efficiency policy (U.S. DOE, 1996a). Under the 
voluntary agreement framework, we envision that a group of industries (e.g. through an association) will 
negotiate a specified target with the government. Experience with sector agreements in Europe and Japan 
has shown that annual industry-wide energy efficiency improvements between 0.6% and 1.5% per year 
are feasible (IEA, 1997a; Stein and Strobel, 1997). In the U.S., the primary aluminum industry and EPA 
have negotiated an agreement to reduce PFC emissions by 40% by 2000, while other sector agreements 
exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. 

The policies and programs that can provide support in achieving energy efficiency improvement targets 
under a voluntary agreement in the paper sector include demonstration programs, assessment programs, 
Challenge programs, ENERGY STAR buildings and Green Lights, product labeling, state programs, state 
implementation plans, R&D programs, ESCO/utility programs, ENERGY STAR and Climate Wise 
programs, pollution prevention programs, tax incentives for energy managers, tax rebates for specific 
industrial technologies, investment tax credits for CHP systems, and a CO2 cap and trade system. The 
pulp and paper industry is specifically targeted by many programs, e.g. R&D under Industries of the 
Future, efficient motor use through Motor Challenge, as well as for efficient use of steam and increased 
use of cogeneration. Pollution prevention programs will help to reduce paper waste and improve recycling 
rates. The latter will increase the use of waste paper in the feedstock mix. Pollution prevention programs 
contribute to energy and cost savings through reduced material use. Carbon emissions reduction in 1997 
were estimated at 5.2 million tonnes carbon, or roughly equivalent to annual energy savings of 0.2 Quads 
(EPA, 1998). OIT R&D programs will help to commercialize black liquor gasification, while project XL 
with EPA will allow easier demonstration of the technology. Audits and energy managers in larger 
facilities will find opportunities for efficient use of steam and electricity. 
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PAPER - Moderate Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the moderate scenario. 

Production and Technology Trends 
We adopt the retirement rates for pulp and paper mills in AEO99 (2.3% per year, for an average lifetime 
of 43 years) for the moderate scenario. We increase the share of waste paper by 0.2% per year and reduce 
bleaching thoughput by 0.1% per year. 

Energy Consumption Trends 
For existing equipment in the moderate scenario, we used the adjusted UECs defined by the 1994 baseline 
calculations in Khrushch et al. (1999). To derive the 2020 UECs, we used the savings associated with 
implementation of the following retrofit technologies and measures: 
•	 Raw Material Preparation: modified debarkers 
•	 Mechanical Pulping: heat recovery in TMP, refinery improvements 
•	 Kraft and Chemical Pulping: improved screening, continuous digester modifications, batch digester 

modifications, falling film black liquor evaporation, lime kiln modifications 
•	 Bleaching: oxygen bleaching, oxygen prelignification, ozone bleaching, washing presses 
•	 Paper Making: gap forming, long nip press, reduced air requirements, infrared profiling 
•	 General: efficient steam systems, efficient motors, preventative maintenance 

For new equipment in the moderate scenario we generally adjust the annual rates of energy efficiency 
improvement to a mid-point between the business-as-usual and the advanced scenario values (see 
following discussion of advanced scenarios). 

Boiler energy efficiency increases at a rate of 0.2% per year for fossil fuels and 0.1% per year for biomass 
and waste in this scenario (CIBO, 1997; Einstein et al., 1999). Energy efficiency in buildings in this 
sector is assumed to improve at the same rate as commercial buildings under the moderate scenario. 
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Table A-19 Moderate Scenario Inputs for Existing and New Equipment for Paper Production 

Process Fuel 

Existing Equipment 
1994 UECs 2020 UECs TPC 
MBtu/ton MBtu/ton 

New Equipment 
1994 UECs 2020 UECs TPC 
MBtu/ton MBtu/ton 

Paper making Electricity 1.7349 1.5962 -0.0032 1.4480 1.3746 -0.0020 
Steam 9.0967 7.9852 -0.0050 6.0130 4.4513 -0.0115 
Natural Gas 0.0000 0 0 0.0000 0.0000 0 
Residual Oil 0.0000 0 0 0.0000 0.0000 0 
Distillate Oil 0.0000 0 0 0.0000 0.0000 0 
LP Gas 0.0000 0 0 0.0000 0.0000 0 
Steam Coal 0.0000 0 0 0.0000 0.0000 0 
Biomass - Wood 0.0000 0 0 0.0000 0.0000 0 
Other Petroleum 0.0000 0 0 0.0000 0.0000 0 
Biomass — Pulping 
Liquor 

0.0000 0 0 0.0000 0.0000 0 

Bleaching Electricity 
Steam 

0.3535 
2.3989 

0.3071 
2.3618 

-0.0054 
-0.0006 

0.1800 
1.2476 

0.1772 
1.2315 

-0.0006 
-0.0005 

Waste paper pulping Electricity 
Steam 

1.1094 
0.6142 

1.0994 
0.5448 

-0.00035 
-0.0046 

1.0900 
0.3436 

0.9821 
0.3016 

-0.0040 
-0.0050 

Mechanical pulping Electricity 
Steam 

5.8441 
0.7780 

5.6645 
0.7318 

-0.0012 
-0.00235 

4.7279 
-0.3436 

4.1502 
-0.5898 

-0.0050 
0.0210 

Chemical pulping Electricity 
Steam 

1.5635 
5.0285 

1.4536 
4.2777 

-0.0028 
-0.0062 

1.9726 
3.9040 

1.9522 
3.5639 

-0.0004 
-0.0035 

Kraft pulping Electricity 1.3739 1.2773 -0.0028 1.8910 1.7719 -0.0025 
Steam 11.9146 10.1357 -0.0062 7.4733 6.8222 -0.0035 
Natural Gas 0.6506 0.6032 -0.0029 0.4205 0.3596 -0.0060 
Residual Oil 0.9735 0.9027 -0.0029 0.6292 0.5353 -0.0062 
Distillate Oil 0.0370 0.0343 -0.0029 0.0239 0.0203 -0.0062 
LP Gas 0.0947 0.0878 -0.0029 0.0612 0.0521 -0.0062 
Steam Coal 0.0442 0.0388 -0.0050 0.0286 0.0235 -0.0075 
Biomass - Wood 0.0000 0 0 0.0000 0.0000 0 
Other Petroleum 0.0000 0 0 0.0000 0.0000 0 

Wood Preparation Electricity 0.1826 0.1763 -0.00135 0.1449 0.1419 -0.0008 

PAPER - Advanced Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the moderate scenario. 

Production and Technology Trends 
We adopt the retirement rates for pulp and paper mills in AOE99 (2.3% per year, for an average lifetime 
of 43 years) for the business-as-usual scenario. We increased the waste paper share by 0.4% per year and 
reduced bleaching throughput by 0.2% per year. 

Energy Consumption Trends 

For existing equipment in the advanced scenario, we used the adjusted UECs defined by the 1994 
baseline calculations in Krushch et al. (1999). To derive the 2020 UECs, we used the savings associated 
with implementation of the following retrofit technologies and measures: 
•	 Raw Material Preparation: modified debarkers 
•	 Mechanical Pulping: heat recovery in TMP, refinery improvements, biopulping 
•	 Kraft and Chemical Pulping: improved screening, continuous digester modifications, batch digester 

modifications, falling film black liquor evaporation, lime kiln modifications, tempella recovery 
system, black liquor gasification 

•	 Bleaching: oxygen bleaching, oxygen prelignification, ozone bleaching, washing presses, 
biobleaching 
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•	 Paper Making: gap forming, long nip press, reduced air requirements, infrared profiling, hot pressing, 
high consistency forming 

•	 General: efficient steam systems, efficient motors, preventative maintenance, power conditioners 

For new equipment in the advanced scenario we make the following adjustments to the annual rates of 
energy efficiency improvements: 
•	 Raw Material Preparation: increase TPCs to 0.1% per year. 
•	 Kraft Pulping: The Kraft mill in the year 2020 is assumed to have modern multi-stage evaporators 

and/or mechanical vapor recompression. Lime use has been reduced slightly, while efficiency of the 
lime kiln has been improved to that of a Model 2000 plant (Nilsson et al., 1995), resulting in reduced 
fuel use in the lime kiln. Steam use in the advanced scenario will be reduced to 6.16 MBtu/ton pulp, 
while kiln fuel use will be around 1.16 MBtu/ton pulp. Power use will be reduced to 555 kWh/tonne 
ADMT pulp (or 1.72 MBtu/ton). 

•	 Chemical Pulping: In 2020 we assume use of a computer controlled digester, a BL evaporator using 
vapor recompression and computer control (Jaccard and Willis, 1996). Steam use is reduced to 3.21 
MBtu/ton in the advanced scenario and an estimated power use of 1.95 MBtu/ton pulp. 

•	 Mechanical Pulping: In 2000 we assume a heat recovery rate of 0.34 MBtu/ton, which will increase to 
1.0 MBtu/ton in the advanced scenario by 2020. Electricity use decreases slowly, by 0.11%/year, in 
the advanced scenario. 

•	 Waste Paper Pulping: Future developments aim at enzymatic de-inking which may lead to reduction 
in heat demand (Eriksson and Adolphson, 1997). We assume power use of 1.09 MBtu/ton (Nilsson et 
al., 1995) which will decline to 0.95 MBtu/ton by 2020 in the advanced scenario. Komppa (1993) 
estimates heat use for waste paper pulping and de-inking at 0.344 MBtu/ton. We assume this figure 
for new plants, and a reduction of 1.0%/year to the year 2020 in the advanced scenario. 

•	 Bleaching: We estimate steam use for a new facility at 1.23 MBtu/ton bleached pulp (Jaccard and 
Willis, 1996) and power use at 0.18 MBtu/ton (Nilsson et al., 1995). Future developments in energy 
use are unclear due to the different paths that can be taken. We assume a small potential for efficiency 
improvement limited to 0.1%/year in steam use and 0.06%/year in power use in the advanced 
scenario. 

•	 Papermaking: Energy use will also depend on the paper type produced and the quality desired. For the 
calculation we use the 1994 product mix of the U.S. paper industry. We estimate heat use in a new 
paper machine at 6.013 MBtu/ton (printing paper) (Hekkert and Worrell, 1998), and power use at 
1.45 MBtu/ton paper (Nilsson et al., 1995). Future paper machines will incorporate the new process 
developments. By 2020 we assume that the Condebelt process is commercially available, reducing 
heat demand by 20% in the business-as-usual scenario and by 26% in the moderate scenario (de Beer 
et al., 1997). For the advanced scenario we also expect the successful development of impulse drying 
and estimate the reduction in steam use at 30%. Power use will increase slightly when using impulse 
drying (de Beer et al., 1997), so savings in power use (e.g. more efficient drives) will be partially 
offset by increased power use, depending on the penetration of impulse drying. 

In addition, boiler energy efficiency improves at a rate of 0.2% per year for oil and renewables and 0.3% 
per year for gas and coal (CIBO, 1997; Einstein et al., 1999). Table A-20 provides the moderate scenario 
inputs for existing and new equipment for 1994 and 2020. Energy efficiency in buildings in this sector is 
assumed to improve at the same rate as commercial buildings under the advanced scenario. 
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Table A-20 Advanced Scenario Inputs for Existing and New Equipment for Paper Production 

Process Fuel 

Existing Equipment 
1994 UECs 2020 UECs TPC 
MBtu/ton MBtu/ton 

New Equipment 
1994 UECs 2020 UECs TPC 
MBtu/ton MBtu/ton 

Paper making Electricity 1.7349 1.5269 -0.0049 1.4480 1.5055 0.0015 
Steam 9.0967 7.0049 -0.010 6.0130 4.2118 -0.0136 
Natural Gas 0.0000 0 0 0.0000 0.0000 0 
Residual Oil 0.0000 0 0 0.0000 0.0000 0 
Distillate Oil 0.0000 0 0 0.0000 0.0000 0 
LP Gas 0.0000 0 0 0.0000 0.0000 0 
Steam Coal 0.0000 0 0 0.0000 0.0000 0 
Biomass - Wood 0.0000 0 0 0.0000 0.0000 0 
Other Petroleum 0.0000 0 0 0.0000 0.0000 0 
Biomass — Pulping 
Liquor 

0.0000 0 0 0.0000 0.0000 0 

Bleaching Electricity 
Steam 

0.3535 
2.3989 

0.2831 
2.3252 

-0.0085 
-0.0012 

0.1800 
1.2476 

0.1772 
1.2156 

-0.0006 
-0.001 

Waste paper pulping Electricity 
Steam 

1.1094 
0.6142 

1.0894 
0.4830 

-0.0007 
-0.0092 

1.0900 
0.3436 

0.9568 
0.2646 

-0.005 
-0.01 

Mechanical pulping Electricity 
Steam 

5.8441 
0.7780 

5.4901 
0.6883 

-0.0024 
-0.0047 

4.7279 
-0.3436 

3.5463 
-0.9989 

-0.011 
0.0419 

Chemical pulping Electricity 
Steam 

1.5635 
5.0285 

1.3761 
3.9440 

-0.0049 
-0.0093 

1.9726 
3.9040 

1.9522 
3.2100 

-0.0004 
-0.0075 

Kraft pulping Electricity 1.3739 1.2091 -0.0049 1.8910 1.6643 -0.0049 
Steam 11.9146 9.3449 -0.0093 7.4733 6.1609 -0.0074 
Natural Gas 0.6506 0.5607 -0.0057 0.4205 0.3056 -0.0122 
Residual Oil 0.9735 0.8391 -0.0057 0.6292 0.4549 -0.0124 
Distillate Oil 0.0370 0.0319 -0.0057 0.0239 0.0173 -0.0124 
LP Gas 0.0947 0.0817 -0.0057 0.0612 0.0442 -0.0124 
Steam Coal 0.0442 0.0369 -0.007 0.0286 0.0193 -0.015 
Biomass - Wood 0.0000 0 0 0.0000 0.0000 0 
Other Petroleum 0.0000 0 0 0.0000 0.0000 0 

Wood Preparation Electricity 0.1826 0.1702 -0.0027 0.1449 0.1412 -0.001 

BULK CHEMICALS - Historical Trends 

Bulk chemicals includes SICs 281, 282, 286, and 287 (industrial inorganic chemicals, plastics, industrial 
organic chemicals, and agricultural chemicals), and omits SICs 283, 284, 285, and 289 (drugs, soap, 
detergents, cleaning preparations, paints, varnishes, and miscellaneous chemical products). 

Economic Trends 
Value of output in the bulk chemicals sector increased rapidly between 1970 and 1994, increasing at 8.6% 
per year, from $22.2B in 1970 to $162B in 1994. Bulk chemicals contributed 5% of total manufacturing 
value of output in 1994 (OECD, 1995). 

Production and Technology Trends 
Bulk chemicals comprise the main energy-intensive bulk chemicals such as ethylene, ammonia and 
chlorine. Ethylene and its derivatives are important petrochemicals in the U.S. economy and are 
feedstocks for many plastics and resins products as well as fibers and detergents. In 1994, ethylene was 
the fourth largest chemical produced while propylene was the seventh largest chemical produced 
(Chemical and Engineering News, 1995). The U.S. is currently the world s largest ethylene producer, 
accounting for 28% of world installed capacity (Oil and Gas Journal, 1997). Since 1974, ethylene 
production has grown by 3% annually while propylene has grown by over 4% annually. Propylene has 
grown more rapidly in the last decade 5% per year. Overall, however, industrial organic chemicals as a 
group have grown more slowly (2% per year) since 1985, due in part to a drop in output in 1996 
(Chemical and Engineering News, 1997). Ammo nia is o ne of th e majo r che mic al s p rod uc ed in th e U.S., 
wi th an es ti mat ed pr odu cti on of 18 .0 M ton s (CMA, 19 96) . Roughly 80% of ammonia production is used as 
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fertilizer feedstock in the U.S. (PNL, 1994) and th e remain de r i s u se d f or a var iet y of pro du cts , mai nly 
ex pl osi ves a nd pla st ics . The mo st impor tan t fer til iz ers pr od uce d i n the U.S. ar e a mmoni um ni tra te (AN), 
ni tr ic aci d (NA), ur ea, co mp oun d f er til ize rs , a nd li qui d a mmoni a. Ammon ium su lf ate (AS) is mo st 
co mmonl y p ro duc ed as a co- pr odu ct of ny lon  manu fac tu rin g. Ammonia is produced through the high 
pressure synthesis of gases (carbon dioxide, hydrogen, and nitrogen). Urea is produced by a synthesis 
reaction of ammonia and carbon dioxide. The production of these products has grown on the order of 1% 
annually since 1974. The U.S. is the world s largest producer of chlorine, producing 12.19 M tons of 
chlorine in 1994. One of the main uses of chlorine (around 30%) is as an intermediate feedstock for 
polyvinyl chloride (PVC) which has been growing rapidly over the past decade (Lipinsky and Ingham, 
1994). Chlorine is also used as a bleaching agent in pulping operations. 

Energy Consumption Trends 
Based on data from the Manufacturing Energy Consumption Survey, primary energy consumption in the 
chemicals sector increased overall about 3.7% per year between 1985 and 1994 (U.S. DOE, EIA, 1988, 
1991, 1994, 1997). This number increases to 4.7% per year when feedstocks are included in the energy 
consumption total. Feedstock consumption increased at 7% per year between 1985 and 1994. Feedstocks 
averaged 34% of total energy consumption over this time period, hovering between 30% and 37%. 

LBNL-developed data (U.S.DOC, 1989; U.S.DOE, various years) show that primary energy consumption 
(not including feedstocks) increased 2.1% per year between 1960 and 1994. Energy consumption 
increased consistently through the 1960s and on into the late 1970s, rising from 2100 TBtu in 1960 to 
3600 TBtu in 1977. Fuel consumption then declined until the mid-1980s, falling to 2800 TBtu in 1986. 
Primary energy consumption increased 4.6% per year between 1985 and 1994, hitting a high of 4200 
TBtu in 1994. Oil and electricity are the dominant fuels used in producing bulk chemicals, contributing 
66% and 16% of total energy, respectively, in 1994. Oil and gas are the dominant feedstocks, contributing 
64% and 27% of total nonfuel use, respectively, in 1994. 

Historical analysis of energy intensity in the bulk chemicals sector shows two distinct trends (see Figure 
A-6). Between 1970 and the early 1980s, energy intensity fell dramatically, from 126 KBtu/U.S.$ in 1970 
to 32.3 KBtu/U.S.$ in 1985, a decline of 75%, or -8.7% per year. According to both LBNL and MECS 
data, the decline in energy intensity slowed considerably between 1985 and 1994. LBNL data show a 
decrease in energy intensity of —2.4% per year between 1985 and 1994, while MECS data show a 
decrease of —3.3% per year over the same time period. Data on feedstock consumption is only available 
after 1984. Primary energy intensity of chemical production including feedstocks averages about 35% 
higher than intensity based on strict energy consumption. Primary energy intensity including feedstocks 
decreased from 55 KBtu/U.S.$ in 1985 to 45 KBtu/U.S.$ in 1994, at an average rate of -2.3% per year. 
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Fig. A-6 Historical and Projected Primary Economic Energy Intensities 
(KBtu/U.S.$) in U.S. Chemicals Production 
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BULK CHEMICALS - AEO99 Reference Case and Business-As-Usual Scenario 

Economic Trends 
The AEO99 model forecasts an increase of 1.1% per year in value of output between 1994 and 2020. 
This growth rate is much lower than the historical rate of 1970 to 1994 (8.6% per year). 

Production and Technology Trends 
Production is measured in monetary terms in the NEMS model, so it is not possible to separate out the 
different products, production trends and energy intensities. The retirement rate in NEMS is set at 2.3% 
per year, for an average lifetime of energy consuming equipment of 43 years. This seems long for total 
plants. Individual pieces of equipment (e.g. pumps, fans) may be replaced more often. Thus, we adjust the 
retirement rate to 2.5% per year, for an average lifetime of 40 years. 

Energy Consumption Trends 
The projected primary energy consumption in the AEO99 model increases at a steady 0.4% per year, or 
0.6% per year when including feedstocks. In the AEO99 model, primary energy intensity decreases from 
28.4 KBtu/U.S.$ in 1994 to 23.9 KBtu/U.S.$ in 2020, at a rate of —0.7% per year. When feedstocks are 
included in the energy consumption figures, energy intensity declines from 52.0 KBtu/U.S.$ in 1994 to 
46.3 KBtu/U.S.$ in 2020, at —0.5% per year. The rate of decrease is much lower in magnitude than the 
historical figures. The AEO99 forecast matches the trends of the late 1980s and early 1990s much more 
than the long-term trends. 

Table A-21 provides the NEMS baseline input values for existing and new equipment for 1994 and 2020. 
In the AEO 99 reference case the energy intensity varies by region. In this study we keep the regional 
distribution in tact, but vary the TPCs for the various scenarios, based on recent studies and our insights. 

In NEMS, energy use in buildings in the chemical sector is set as energy use per employee, and only 
reacts to changes in number of employees in an industry, ignoring changes in building energy use, stock 
turnover of buildings, and also the potential impact of programs like Energy Star Buildings and Green 
Lights. 
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Table A-21 NEMS Baseline Inputs for Existing and New Equipment 
for the Bulk Chemicals Industry 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Process Fuel MBtu/k$ MBtu/k$ MBtu/k$ MBtu/k$ 
Electrolysis Electricity 0.7407 0.7076 -0.0018 0.6666 0.6334 -0.002 
Other Electricity Electricity 3.5489 3.3904 -0.0018 3.194 3.0349 -0.002 
Direct Natural gas 1.505 1.3892 -0.0031 1.3545 1.2386 -0.0034 

Resid. Oil 0.2214 0.2043 -0.0031 0.1992 0.1822 -0.0034 
Dist. Oil 0.0651 0.0601 -0.0031 0.0586 0.0536 -0.0034 
LPGs 0.0216 0.0199 -0.0031 0.0194 0.0178 -0.0034 
Steam Coal 0.0086 0.0077 -0.0044 0.0077 0.0068 -0.0049 
Other Petro 0 0 -0.0031 0 0 -0.0034 

Steam Steam 3.5917 3.3154 -0.0031 3.2325 2.9558 -0.0034 
Feed Natural gas 5.5251 5.1002 -0.0031 4.9726 4.547 -0.0034 

LPGs 12.5445 11.5798 -0.0031 11.2901 10.3238 -0.0034 
Petrochem 10.136 9.3565 -0.0031 9.1224 8.3417 -0.0034 

Electrolysis Electricity 1.3879 1.3259 -0.0018 1.2491 1.1869 -0.002 
Other Electricity Electricity 6.6495 6.3524 -0.0018 5.9845 5.6864 -0.002 
Direct Natural gas 3.1595 2.9165 -0.0031 2.8436 2.6002 -0.0034 

Resid. Oil 0.0106 0.0098 -0.0031 0.0095 0.0087 -0.0034 
Dist. Oil 0.0103 0.0095 -0.0031 0.0093 0.0085 -0.0034 
LPGs 0.0176 0.0163 -0.0031 0.0159 0.0145 -0.0034 
Steam Coal 0.0475 0.0424 -0.0044 0.0428 0.0376 -0.0049 
Other Petro 0 0 -0.0031 0 0 -0.0034 

Steam Steam 6.2611 5.7796 -0.0031 5.635 5.1527 -0.0034 
Feed Natural gas 4.2995 3.9688 -0.0031 3.8695 3.5384 -0.0034 

LPGs 9.7619 9.0111 -0.0031 8.7857 8.0337 -0.0034 
Petrochem 7.8876 7.281 -0.0031 7.0989 6.4913 -0.0034 

Electrolysis Electricity 0.6745 0.6444 -0.0018 0.607 0.5768 -0.002 
Other Electricity Electricity 3.2316 3.0873 -0.0018 2.9085 2.7636 -0.002 
Direct Natural gas 5.4499 5.0307 -0.0031 4.9049 4.4851 -0.0034 

Resid. Oil 0.0531 0.049 -0.0031 0.0478 0.0437 -0.0034 
Dist. Oil 0.0151 0.0139 -0.0031 0.0136 0.0124 -0.0034 
LPGs 0.0083 0.0077 -0.0031 0.0075 0.0069 -0.0034 
Steam Coal 0.0314 0.028 -0.0044 0.0283 0.0249 -0.0049 
Other Petro 0 0 -0.0031 0 0 -0.0034 

Steam Steam 9.9257 9.1624 -0.0031 8.9332 8.1686 -0.0034 
Feed Natural gas 4.7553 4.3896 -0.0031 4.2798 3.9135 -0.0034 

LPGs 10.7967 9.9664 -0.0031 9.717 8.8854 -0.0034 
Petrochem 8.7238 8.0529 -0.0031 7.8514 7.1794 -0.0034 

Electrolysis Electricity 1.4457 1.3812 -0.0018 1.3012 1.2364 -0.002 
Other Electricity Electricity 6.9268 6.6174 -0.0018 6.2341 5.9236 -0.002 
Direct Natural gas 4.4508 4.1085 -0.0031 4.0057 3.6629 -0.0034 

Resid. Oil 0.0059 0.0054 -0.0031 0.0053 0.0048 -0.0034 
Dist. Oil 0.0301 0.0278 -0.0031 0.0271 0.0248 -0.0034 
LPGs 0.0567 0.0524 -0.0031 0.051 0.0467 -0.0034 
Steam Coal 0.065 0.058 -0.0044 0.0585 0.0515 -0.0049 
Other Petro 0 0 -0.0031 0 0 -0.0034 

Steam Steam 8.0474 7.4285 -0.0031 7.2427 6.6228 -0.0034 
Feed Natural gas 2.1378 1.9734 -0.0031 1.924 1.7593 -0.0034 

LPGs 4.8538 4.4805 -0.0031 4.3684 3.9945 -0.0034 
Petrochem 3.9219 3.6203 -0.0031 3.5297 3.2276 -0.0034 
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BULK CHEMICALS — Policies and Programs 

Energy policies and programs are important drivers for energy efficiency improvements in the industrial 
sector. However, the NEMS framework does not allow direct modeling of most energy efficiency 
policies. Although evaluations of industrial energy efficiency policies are not always available, we have 
estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad (e.g. 
Martin et al., 1998) as well as the information presented in Appendix B-2. 

In most sectors we assume that voluntary sector agreements are used as a way to set energy efficiency 
improvement targets. These voluntary agreements are augmented by a number of policies and programs 
designed to provide support to each sector in achieving the targets because many instruments are 
complimentary in formulating an industrial energy efficiency policy (U.S. DOE, 1996a). Under the 
voluntary agreement framework, we envision that a group of industries (e.g. through an association) will 
negotiate a specified target with the government. Experience with sector agreements in Europe and Japan 
has shown that annual industry-wide energy efficiency improvements between 0.6% and 1.5% per year 
are feasible (IEA, 1997a; Stein and Strobel, 1997). In the U.S., the primary aluminum industry and EPA 
have negotiated an agreement to reduce PFC emissions by 40% by 2000, while other sector agreements 
exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. 

The policies and programs that can provide support in achieving energy efficiency improvement targets 
under a voluntary agreement in the chemical sector include demonstration programs, assessment 
programs, Challenge programs, ENERGY STAR buildings and Green Lights, state programs, state 
implementation plans, R&D programs, ESCO/utility programs, ENERGY STAR and Climate Wise 
programs, tax incentives for energy managers, tax rebates for specific industrial technologies, investment 
tax credits for CHP systems, and a CO2 cap and trade system. The chemical industry is a large user of oil 
and gas for energy and feedstocks. In this study we only assess ways to improve energy efficiency. 
Various large chemical companies have already announced plans to reduce energy consumption by 
significant quantities or to cut GHG emissions. These include mainly companies that operate 
internationally like Dow Chemical, DuPont, and Johnson & Johnson. These voluntary self-commitments 
are the basis for voluntary sector agreements to improve energy efficiency. In this agreement a group of 
industries (e.g. through an association) negotiates a specified target with the government. Experience with 
sector agreements in Europe and Japan has shown that annual industry-wide energy efficiency 
improvements of 0.6% and 1/5% per year are feasible. 

While increased recycling has a very limited effect in the chemicals industry, programs aimed at R&D, 
improved use of steam and electricity in motors may have large impacts. Improved use of steam (through 
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process integration and system upgrades, e.g. Steam Challenge) and increased cogeneration (e.g. through 
dedicated CHP-policies and deregulation) is a very important contributor to energy savings. Newly 
installed equipment will be more efficient due to R&D activities, both on the federal level (e.g. increased 
IOF-funding) and the state level. Audits of the many small chemical companies will help to identify 
energy efficiency opportunities. Tax incentives for energy managers will result in programs based on the 
successful experiences of Dow Chemical. Many large chemical companies have voluntarily announced 
energy efficiency and greenhouse gas emission targets that go well beyond the current baseline 
assumptions. Costs of air pollution reduction may vary depending on the way that states implement their 
Clean Air Act State Implementation Plans. Using energy-efficient technologies, air pollution levels would 
be reduced at a net benefit, compared to using end-of-pipe technologies. Assessments have shown that 
CO2 emissions could be reduced by 0.2% to 3% per percent-point reduction of NOx emissions 
(STAPPA/ALAPCO, 1999) due to energy savings. 

BULK CHEMICALS - Moderate Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the moderate scenario. 

Production and Technology Trends 
Production trends remain the same as AEO99 under the moderate scenario. We retain the business-as­
usual retirement rate of 2.5% per year for a lifetime of 40 years. 

Energy Consumption Trends 
Table A-22 provides the moderate scenario inputs for existing and new equipment in 1994 and 2020 for 
bulk chemicals. For existing equipment, we modify the TPCs for electrolysis based on developments in 
chlorine-alkaline electrolysis and assessment of developments in retrofitting existing cells with improved 
diaphragm and improved transformers. For other electricity, the TPC is based on successful programs for 
efficient drives, pumps, fans and compressors, and optimization of existing systems. The TPC for direct 
firing is based on the use of various technologies in ethylene and ammonia manufacture, e.g. selective 
radiant coils, controls, and reduced flaring in ethylene, and hydrogen recovery and process control in 
ammonia making. For steam use, the TPC is based on implementation of retrofit measures that have an 
estimated payback period of 1.5 years or less, including steam trap monitoring and maintenance, 
insulation, and condensate recovery. For feedstocks, we adopt the NEMS assumption that feedstock use 
changes at the same rate as direct firing.6 

For new equipment, the electrolysis TPC is based on the use of modern membrane cells with successful 
development of zero gap membranes and improved membranes. For other electricity, the UECs and TPCs 
are based on the AEO 99 and NEMS Hi-Tech scenario inputs. For direct firing, the TPC is based on the 
retrofit measures, as well as efficient separation technologies in ethylene making, and gas turbine 
integration, new ammonia loop designs, and efficient CO2 recovery technologies in ammonia making. 
Other furnaces are expected to achieve similar savings. The new TPC for steam use is based on design 
and development of efficient steam use and distribution systems for new plants. For feedstocks, we adopt 
the NEMS assumption that feedstock use changes at the same rate as direct firing. (Einstein et al., 1999a; 
Einstein et al.,1999b; Phylipsen et al.,1999; WEC,1995; Worrell et al., 1994; Worrell and De Beer, 1995; 
Worrell et al., 1999b). 

6 Note that we do not understand the high feedstock use relative to direct firing in AEO99. 
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Boiler energy efficiency increases at a rate of 0.2% per year for fossil fuels and 0.1% per year for biomass 
and waste in this scenario (CIBO, 1997; Einstein et al., 1999b). Energy efficiency in buildings in this 
sector is assumed to improve at the same rate as commercial buildings under the moderate scenario. 

Table A-22 Moderate Scenario Inputs for Existing and New Equipment in Bulk Chemicals 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Process Fuel MBtu/k$ MBtu/k$ MBtu/k$ MBtu/k$ 
Electrolysis Electricity 0.7407 0.6940 -0.0025 0.6666 0.6165 -0.003 
Other Electricity Electricity 3.5489 3.3080 -0.0027 3.194 3.0320 -0.002 
Direct Natural gas 1.505 1.3211 -0.005 1.3545 1.1284 -0.007 

Resid. Oil 0.2214 0.1943 -0.005 0.1992 0.1659 -0.007 
Dist. Oil 0.0651 0.0571 -0.005 0.0586 0.0488 -0.007 
LPGs 0.0216 0.0190 -0.005 0.0194 0.0162 -0.007 
Steam Coal 0.0086 0.0075 -0.005 0.0077 0.0064 -0.007 
Other Petro 0 0.0000 -0.005 0 0.0000 -0.007 

Steam Steam 3.5917 3.0236 -0.0066 3.2325 2.6929 -0.007 
Feed Natural gas 5.5251 4.8500 -0.005 4.9726 4.1425 -0.007 

LPGs 12.5445 11.0117 -0.005 11.2901 9.4054 -0.007 
Petrochem 10.136 8.8975 -0.005 9.1224 7.5996 -0.007 

Electrolysis Electricity 1.3879 1.3005 -0.0025 1.2491 1.1552 -0.003 
Other Electricity Electricity 6.6495 6.1981 -0.0027 5.9845 5.6810 -0.002 
Direct Natural gas 3.1595 2.7734 -0.005 2.8436 2.3689 -0.007 

Resid. Oil 0.0106 0.0093 -0.005 0.0095 0.0079 -0.007 
Dist. Oil 0.0103 0.0090 -0.005 0.0093 0.0077 -0.007 
LPGs 0.0176 0.0154 -0.005 0.0159 0.0132 -0.007 
Steam Coal 0.0475 0.0417 -0.005 0.0428 0.0357 -0.007 
Other Petro 0 0.0000 -0.005 0 0.0000 -0.007 

Steam Steam 6.2611 5.2708 -0.0066 5.635 4.6943 -0.007 
Feed Natural gas 4.2995 3.7741 -0.005 3.8695 3.2236 -0.007 

LPGs 9.7619 8.5691 -0.005 8.7857 7.3191 -0.007 
Petrochem 7.8876 6.9238 -0.005 7.0989 5.9139 -0.007 

Electrolysis Electricity 0.6745 0.6320 -0.0025 0.607 0.5614 -0.003 
Other Electricity Electricity 3.2316 3.0122 -0.0027 2.9085 2.7610 -0.002 
Direct Natural gas 5.4499 4.7840 -0.005 4.9049 4.0861 -0.007 

Resid. Oil 0.0531 0.0466 -0.005 0.0478 0.0398 -0.007 
Dist. Oil 0.0151 0.0133 -0.005 0.0136 0.0113 -0.007 
LPGs 0.0083 0.0073 -0.005 0.0075 0.0062 -0.007 
Steam Coal 0.0314 0.0276 -0.005 0.0283 0.0236 -0.007 
Other Petro 0 0.0000 -0.005 0 0.0000 -0.007 

Steam Steam 9.9257 8.3558 -0.0066 8.9332 7.4420 -0.007 
Feed Natural gas 4.7553 4.1742 -0.005 4.2798 3.5654 -0.007 

LPGs 10.7967 9.4774 -0.005 9.717 8.0949 -0.007 
Petrochem 8.7238 7.6578 -0.005 7.8514 6.5408 -0.007 

Electrolysis Electricity 1.4457 1.3546 -0.0025 1.3012 1.2034 -0.003 
Other Electricity Electricity 6.9268 6.4566 -0.0027 6.2341 5.9179 -0.002 
Direct Natural gas 4.4508 3.9070 -0.005 4.0057 3.3370 -0.007 

Resid. Oil 0.0059 0.0052 -0.005 0.0053 0.0044 -0.007 
Dist. Oil 0.0301 0.0264 -0.005 0.0271 0.0226 -0.007 
LPGs 0.0567 0.0498 -0.005 0.051 0.0425 -0.007 
Steam Coal 0.065 0.0571 -0.005 0.0585 0.0487 -0.007 
Other Petro 0 0.0000 -0.005 0 0.0000 -0.007 

Steam Steam 8.0474 6.7746 -0.0066 7.2427 6.0337 -0.007 
Feed Natural gas 2.1378 1.8766 -0.005 1.924 1.6028 -0.007 

LPGs 4.8538 4.2607 -0.005 4.3684 3.6392 -0.007 
Petrochem 3.9219 3.4427 -0.005 3.5297 2.9405 -0.007 
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BULK CHEMICALS - Advanced Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the advanced scenario. 

Production and Technology Trends 
Production trends remain the same as AEO99 under the advanced scenario. We retain the same retirement 
rate as in the moderate scenario for the advanced scenario (2.5% per year for a lifetime of 40 years). 

Energy Consumption Trends 
Table A-23 provides the advanced scenario inputs for existing and new equipment in 1994 and 2020. For 
existing equipment, we modify the TPC for electrolysis based on developments in chlorine-alkaline 
electrolysis and assessment of developments in retrofitting existing cells with improved diaphragm and 
improved transformers. For other electricity, the TPC is based on successful programs for efficient drives, 
pumps, fans and compressors, and optimization of existing systems. The TPC for direct firing is based on 
the use of various technologies in ethylene and ammonia manufacture, e.g. selective radiant coils, 
controls, reduced flaring, and air preheating in ethylene, and adiabatic reforming, hydrogen recovery and 
process control in ammonia making. For steam use, the TPC is based on implementation of retrofit 
measures that have an estimated payback period of 3 years or less, including steam trap monitoring and 
maintenance, process integration, insulation, condensate recovery and flash steam recovery. For 
feedstocks, we adopt the NEMS assumption that feedstock use changes at the same rate as direct firing. 

For new equipment, the electrolysis TPC is based on the use of modern membrane cells with successful 
development of zero gap membranes, improved membranes and air depolarized anode (the latter by 
2020). For other electricity, the UECs and TPCs are based on the NEMS Hi-Tech scenario inputs. For 
direct firing, the TPC is based on the retrofit measures, as well as integration of gasturbines and advanced 
separation technologies in ethylene making, and authothermal reforming and gas turbine integration in 
ammonia making. Other furnaces are expected to achieve similar savings. The new TPC for steam use is 
based on design and development of efficient steam use and distribution systems for new plants. For 
feedstocks, we adopt the NEMS assumption that feedstock use changes at the same rate as direct firing. 
(Einstein et al., 1999a; Einstein et al.,1999b; Phylipsen et al.,1999; WEC,1995; Worrell et al., 1994; 
Worrell and De Beer, 1995; Worrell et al., 1999b). 

In addition, boiler energy efficiency improves at a rate of 0.2% per year for oil and renewables and 0.3% 
per year for gas and coal (CIBO, 1997; Einstein et al., 1999b). Energy efficiency in buildings in this 
sector is assumed to improve at the same rate as commercial buildings under the advanced scenario. 
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Table A-23 Advanced Scenario Inputs for Existing and New Equipment 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Process Fuel MBtu/k$ MBtu/k$ MBtu/k$ MBtu/k$ 
Electrolysis Electricity 0.7407 0.6815 -0.0032 0.6666 0.4383 -0.016 
Other Electricity Electricity 3.5489 3.2312 -0.0036 3.194 2.7529 -0.0057 
Direct Natural gas 1.505 1.2213 -0.008 1.3545 1.0708 -0.009 

Resid. Oil 0.2214 0.1797 -0.008 0.1992 0.1575 -0.009 
Dist. Oil 0.0651 0.0528 -0.008 0.0586 0.0463 -0.009 
LPGs 0.0216 0.0175 -0.008 0.0194 0.0153 -0.009 
Steam Coal 0.0086 0.0070 -0.008 0.0077 0.0061 -0.009 
Other Petro 0 0.0000 -0.008 0 0.0000 -0.009 

Steam Steam 3.5917 2.8393 -0.009 3.2325 2.4246 -0.011 
Feed Natural gas 5.5251 4.4838 -0.008 4.9726 3.9310 -0.009 

LPGs 12.5445 10.1802 -0.008 11.2901 8.9251 -0.009 
Petrochem 10.136 8.2256 -0.008 9.1224 7.2115 -0.009 

Electrolysis Electricity 1.3879 1.2769 -0.0032 1.2491 0.8212 -0.016 
Other Electricity Electricity 6.6495 6.0543 -0.0036 5.9845 5.1580 -0.0057 
Direct Natural gas 3.1595 2.5640 -0.008 2.8436 2.2479 -0.009 

Resid. Oil 0.0106 0.0086 -0.008 0.0095 0.0075 -0.009 
Dist. Oil 0.0103 0.0084 -0.008 0.0093 0.0074 -0.009 
LPGs 0.0176 0.0143 -0.008 0.0159 0.0126 -0.009 
Steam Coal 0.0475 0.0385 -0.008 0.0428 0.0338 -0.009 
Other Petro 0 0.0000 -0.008 0 0.0000 -0.009 

Steam Steam 6.2611 4.9495 -0.009 5.635 4.2267 -0.011 
Feed Natural gas 4.2995 3.4892 -0.008 3.8695 3.0589 -0.009 

LPGs 9.7619 7.9221 -0.008 8.7857 6.9453 -0.009 
Petrochem 7.8876 6.4010 -0.008 7.0989 5.6119 -0.009 

Electrolysis Electricity 0.6745 0.6206 -0.0032 0.607 0.3991 -0.016 
Other Electricity Electricity 3.2316 2.9423 -0.0036 2.9085 2.5068 -0.0057 
Direct Natural gas 5.4499 4.4227 -0.008 4.9049 3.8774 -0.009 

Resid. Oil 0.0531 0.0431 -0.008 0.0478 0.0378 -0.009 
Dist. Oil 0.0151 0.0123 -0.008 0.0136 0.0108 -0.009 
LPGs 0.0083 0.0067 -0.008 0.0075 0.0059 -0.009 
Steam Coal 0.0314 0.0255 -0.008 0.0283 0.0224 -0.009 
Other Petro 0 0.0000 -0.008 0 0.0000 -0.009 

Steam Steam 9.9257 7.8465 -0.009 8.9332 6.7006 -0.011 
Feed Natural gas 4.7553 3.8591 -0.008 4.2798 3.3833 -0.009 

LPGs 10.7967 8.7618 -0.008 9.717 7.6815 -0.009 
Petrochem 8.7238 7.0796 -0.008 7.8514 6.2067 -0.009 

Electrolysis Electricity 1.4457 1.3301 -0.0032 1.3012 0.8555 -0.016 
Other Electricity Electricity 6.9268 6.3068 -0.0036 6.2341 5.3731 -0.0057 
Direct Natural gas 4.4508 3.6119 -0.008 4.0057 3.1666 -0.009 

Resid. Oil 0.0059 0.0048 -0.008 0.0053 0.0042 -0.009 
Dist. Oil 0.0301 0.0244 -0.008 0.0271 0.0214 -0.009 
LPGs 0.0567 0.0460 -0.008 0.051 0.0403 -0.009 
Steam Coal 0.065 0.0527 -0.008 0.0585 0.0462 -0.009 
Other Petro 0 0.0000 -0.008 0 0.0000 -0.009 

Steam Steam 8.0474 6.3617 -0.009 7.2427 5.4326 -0.011 
Feed Natural gas 2.1378 1.7349 -0.008 1.924 1.5210 -0.009 

LPGs 4.8538 3.9390 -0.008 4.3684 3.4533 -0.009 
Petrochem 3.9219 3.1827 -0.008 3.5297 2.7903 -0.009 
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 GLASS - Historical Trends 

Economic Trends 
Value of output in U.S. glass production declined —0.2% per year between 1977 and 1995 (U.S.DOC, 
1998). In contrast, value added increased on average 1.1% per year between 1970 and 1995 (OECD, 
1995). 

Production and Technology Trends 
Glass production (excluding SIC 3620-05 due to inconsistencies in data reporting) grew at an average rate 
of 0.9% per year between 1985 and 1994 (UN, various years). 

Energy Consumption Trends 
Primary energy consumption for U.S. glass manufacture grew an average of 1.1% per year between 1991 
and 1994 (U.S. DOE, EIA, 1994; U.S. DOE, EIA, 1997). 

Historical economic energy intensity for the glass and glass products sector (primary energy/value of 
output) declined on average —0.5% per year between 1991 and 1994 (see Figure A-7). Historical physical 
energy intensity for the sector (primary energy/ton glass) declined on average —1.9% per year between 
1991 and 1994 (see figure 1). 

Fig. A-7 Historical And Projected Primary Economic (KBtu/ U.S.$) and Physical (MBtu/ton)
 
Energy Intensities for U.S. Glass Production
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GLASS - AEO99 Reference Case and Business-As-Usual Scenario 

NEMS defines glass as SICs 3211, 3221, and 3229. We adopt the AEO99 reference case as the business­
as-usual scenario. 

Economic Trends 
AEO99 projects value of output growth to average 0.8% per year between 1994 and 2020. 

Production and Technology Trends 
AEO99 projects physical production of glass to grow on average 0.8% per year between 1994 and 2020. 
The retirement rate of capital stock in the glass subsector is set at 1.3% per year in NEMS AOE99, for an 
average lifetime of 77 years. We adjust this rate to 1.4% per year, for an average lifetime of 70 years for 
the business-as-usual scenario. 
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Energy Consumption Trends 
AEO 99 projects that primary economic energy consumption for glass production will decrease by 
—0.05% per year on average between 1994 and 2020. Economic energy intensity for the glass and glass 
products sector (primary energy/value of output) is projected to decline on average —0.9% per year 
between 1994 and 2020. Projected physical energy intensity for the sector (primary energy/ton glass) 
declines on average —0.8% per year between 1994 and 2020. Table A-24 provides the NEMS baseline 
input values for existing and new equipment for 1994 and 2020. In NEMS, energy use in buildings in the 
chemical sector is set as energy use per employee, and only reacts to changes in number of employees in 
an industry, ignoring changes in building energy use, stock turnover of buildings, and also the potential 
impact of programs like Energy Star Buildings and Green Lights. 

Table A-24 NEMS Baseline Inputs for Existing and New Equipment for Glass Production 

Process Fuel 
Existing Equipment 

1994 UECs 2020 UECs TPC 
New Equipment 

1994 UECs 2020 UECs TPC 
Batch Preparation — 
Recycled Glass 
Batch Preparation — 

Electricity 0.17 0.1656 -0.001 0.1499 0.1499 0 

Virgin Glass Electricity 0.19 0.1851 -0.001 0.1676 0.1676 0 
Melting/Refining — 
Recycled Glass Electricity 0.37 0.3356 -0.0037 0.3244 0.2745 -0.0064 

Natural Gas 4.1418 3.4903 -0.0066 3.631 2.7093 -0.0112 
Residual Oil 0.1097 0.0925 -0.0066 0.0962 0.0718 -0.0112 
Distillate Oil 0.0144 0.0121 -0.0066 0.0126 0.0094 -0.0112 
LPG 0.0141 0.0119 -0.0066 0.0124 0.0092 -0.0112 
Other Petroleum 0 0 -0.0066 0 0 -0.0112 

Melting/Refining — 
Virgin Glass Electricity 0.46 0.4172 -0.0037 0.4034 0.3414 -0.0064 

Natural Gas 5.1773 4.3634 -0.0066 4.5407 3.388 -0.0112 
Residual Oil 0.1371 0.1156 -0.0066 0.1203 0.0897 -0.0112 
Distillate Oil 0.018 0.0151 -0.0066 0.0158 0.0118 -0.0112 
LPG 0.0176 0.0148 -0.0066 0.0155 0.0115 -0.0112 
Other Petroleum 0 0 -0.0066 0 0 -0.0112 

Forming Electricity 0.61 0.588 -0.0014 0.562 0.5393 -0.0016 
Natural Gas 1.5967 1.4975 -0.0025 1.471 1.3688 -0.0028 
Residual Oil 0.0423 0.0397 -0.0025 0.039 0.0363 -0.0028 
Distillate Oil 0.0055 0.0052 -0.0025 0.0051 0.0047 -0.0028 
LPG 0.0054 0.0051 -0.0025 0.005 0.0047 -0.0028 
Other Petroleum 0 0 -0.0025 0 0 -0.0028 

Post Forming Electricity 0.23 0.2176 -0.0021 0.1794 0.1774 -0.0004 
Natural Gas 1.8774 1.7039 -0.0037 1.4643 1.4364 -0.0007 
Residual Oil 0.0497 0.0451 -0.0037 0.0388 0.038 -0.0007 
Distillate Oil 0.0065 0.0059 -0.0037 0.0051 0.005 -0.0007 
LPG 0.0064 0.0058 -0.0037 0.005 0.0049 -0.0007 
Other Petroleum 0 0 -0.0037 0 0 -0.0007 

GLASS — Policies and Programs 

Energy policies and programs are important drivers for energy efficiency improvements in the industrial 
sector. However, the NEMS framework does not allow direct modeling of most energy efficiency 
policies. Although evaluations of industrial energy efficiency policies are not always available, we have 
estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad (e.g. 
Martin et al., 1998) as well as the information presented in Appendix B-2. In most sectors we assume that 
voluntary sector agreements are used as a way to set energy efficiency improvement targets. These 
voluntary agreements are augmented by a number of policies and programs designed to provide support 
to each sector in achieving the targets because many instruments are complimentary in formulating an 
industrial energy efficiency policy (U.S. DOE, 1996a). Under the voluntary agreement framework, we 
envision that a group of industries (e.g. through an association) will negotiate a specified target with the 
government. Experience with sector agreements in Europe and Japan has shown that annual industry-wide 
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energy efficiency improvements between 0.6% and 1.5% per year are feasible (IEA, 1997a; Stein and 
Strobel, 1997). In the U.S., the primary aluminum industry and EPA have negotiated an agreement to 
reduce PFC emissions by 40% by 2000, while other sector agreements exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. 

The policies and programs that can provide support in achieving energy efficiency improvement targets 
under a voluntary agreement in the glass sector include demonstration programs, assessment programs, 
Challenge programs, ENERGY STAR buildings and Green Lights, state programs, state implementation 
plans, R&D programs, ESCO/utility programs, ENERGY STAR and Climate Wise programs, pollution 
prevention programs, tax incentives for energy managers, tax rebates for specific industrial technologies, 
investment tax credits for CHP systems, and a CO2 cap and trade system. The glass industry mainly uses 
fuel in firing the glass tanks. Energy can be saved through installing new equipment (developed as a result 
of R&D activities), improved heat recovery from existing glass tanks (identified through audits and 
energy management activities), and increased recycling of glass (especially in container manufacture 
through increased recycling and pollution prevention programs). OIT is the prime agent for government 
supported R&D in energy efficiency. The character of such programs makes it difficult to estimate the 
actual energy savings due to the program itself. However, estimates can and have been made for the 
technologies supported by OIT programs (U.S. DOE-OIT, 1998). Based on these assessments the current 
portfolio is expected to contribute to annual energy savings of 3.1 Quads by 2020 (U.S. DOE-OIT, 1999) 
through development and implementation of new energy-efficient industrial technologies in all industries, 
including the glass industry. Expanded R&D programs will increase these savings. Pollution prevention 
programs contribute to energy and cost savings through reduced material use. Carbon emission reduction 
in 1997 was estimated at 5.2 milllion tonnes carbon, or roughly equivalent to annual energy savings of 0.2 
Quads throughout industry. 

GLASS - Moderate Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the moderate scenario. 

Production and Technology Trends 
We retain the business-as-usual retirement rates in the moderate scenario. 

Energy Consumption Trends 
Unit energy consumption values and TPCs for the moderate scenario were calculated by taking the mid­
point between the NEMS baseline and the HiTech scenarios for the melting/refining process stage of 
existing equipment and for all process stages for new equipment. For the other process stages in existing 
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equipment (batch preparation, forming, and post-forming), we adopted the NEMS baseline values 
because the NEMS HiTech values showed an increase in 2020 UECS for these processes in existing 
equipment. Boiler energy efficiency increases at a rate of 0.2% per year for fossil fuels and 0.1% per year 
for biomass and waste in this scenario (CIBO, 1997; Einstein et al., 1999b). Energy efficiency in 
buildings in this sector is assumed to improve at the same rate as commercial buildings under the 
moderate scenario. 

Table A-25 Moderate Scenario Inputs for Existing and New Equipment for Glass Production 

Process Fuel 

Existing Equipment 
1994 
UECs 

2020 
UECs TPC 

New Equipment 
1994 
UECs 

2020 
UECs TPC 

Batch Preparation — 
Recycled Glass Electricity 

0.17 0.1656 -0.001 0.1499 0.1499 0 

Batch Preparation — 
Virgin Glass Electricity 

0.19 0.1851 -0.001 0.1676 0.1676 0 

Melting/Refining — 0.37 0.3185 -0.00575 0.3244 0.2401 -0.0115 
Recycled Glass Electricity 

Natural Gas 4.1418 3.4685 -0.0068 3.631 2.5433 -0.0136 
Residual Oil 0.1097 0.0919 -0.0068 0.0962 0.0674 -0.0136 
Distillate Oil 0.0144 0.0121 -0.0068 0.0126 0.0088 -0.0136 
LPG 0.0141 0.0118 -0.0068 0.0124 0.0087 -0.0136 
Other Petroleum 0 0.0000 0 0 0.0000 0 

Melting/Refining — 0.46 0.3960 -0.00575 0.4034 0.2986 -0.0115 
Virgin Glass Electricity 

Natural Gas 5.1773 4.3357 -0.0068 4.5407 3.1806 -0.0136 
Residual Oil 0.1371 0.1148 -0.0068 0.1203 0.0843 -0.0136 
Distillate Oil 0.018 0.0152 -0.00655 0.0158 0.0112 -0.0131 
LPG 0.0176 0.0148 -0.00655 0.0155 0.0110 -0.0131 
Other Petroleum 0 0.0000 0 0 0.0000 0 

Forming Electricity 0.61 0.5882 -0.0014 0.562 0.5405 -0.0015 
Natural Gas 1.5967 1.4961 -0.0025 1.471 1.3946 -0.00205 
Residual Oil 0.0423 0.0396 -0.0025 0.039 0.0370 -0.00205 
Distillate Oil 0.0055 0.0052 -0.0025 0.0051 0.0048 -0.00205 
LPG 0.0054 0.0051 -0.0025 0.005 0.0047 -0.00205 
Other Petroleum 0 0.0000 -0.0025 0 0.0000 0 

Post Forming Electricity 0.23 0.2178 -0.0021 0.1794 0.1759 -0.00075 
Natural Gas 1.8774 1.7049 -0.0037 1.4643 1.4304 -0.0009 
Residual Oil 0.0497 0.0451 -0.0037 0.0388 0.0379 -0.0009 
Distillate Oil 0.0065 0.0059 -0.0037 0.0051 0.0050 -0.0009 
LPG 0.0064 0.0058 -0.0037 0.005 0.0049 -0.0009 
Other Petroleum 0 0.0000 -0.0037 0 0.0000 0 

GLASS - Advanced Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the advanced scenario. 

Production and Technology Trends 
We retain the business-as-usual retirement rates in the advanced scenario. 

Energy Consumption Trends 
We adopted the NEMS HiTech UECs for melting/refining of existing equipment and for all process steps 
for new equipment. For the other process stages in existing equipment (batch preparation, forming, and 
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post-forming), we adopted the NEMS baseline values because the NEMS HiTech values showed an 
increase in 2020 UECS for these processes in existing equipment. Energy efficiency of industrial 
buildings in this sector improves at the same rate as that of commercial buildings under the advanced 
scenario. In addition, boiler energy efficiency improves at a rate of 0.2% per year for oil and renewables 
and 0.3% per year for gas and coal (CIBO, 1997; Einstein et al., 1999b). Energy efficiency in buildings in 
this sector is assumed to improve at the same rate as commercial buildings under the advanced scenario. 

Table A-26 Advanced Scenario Inputs for Existing and New Equipment for Glass Production 

Process Fuel 

Existing Equipment 
1994 
UECs 

2020 
UECs TPC 

New Equipment 
1994 
UECs 

2020 
UECs TPC 

Batch Preparation — 
Recycled Glass Electricity 

0.17 0.1656 -0.001 0.1499 0.1499 0 

Batch Preparation — 
Virgin Glass Electricity 

0.19 0.1851 -0.001 0.1676 0.1676 0 

Melting/Refining — 0.37 0.2646 -0.0115 0.3244 0.1653 -0.023 
Recycled Glass Electricity 

Natural Gas 4.1418 2.7836 -0.0136 3.631 1.631 -0.0272 
Residual Oil 0.1097 0.0737 -0.0136 0.0962 0.0432 -0.0272 
Distillate Oil 0.0144 0.0097 -0.0136 0.0126 0.0057 -0.0272 
LPG 0.0141 0.0095 -0.0136 0.0124 0.0056 -0.0272 
Other Petroleum 0 0 0 0 0 0 

Melting/Refining — 0.46 0.329 -0.0115 0.4034 0.2055 -0.023 
Virgin Glass Electricity 

Natural Gas 5.1773 3.4795 -0.0136 4.5407 2.0397 -0.0272 
Residual Oil 0.1371 0.0922 -0.0136 0.1203 0.054 -0.0272 
Distillate Oil 0.018 0.0123 -0.0131 0.0158 0.0073 -0.0262 
LPG 0.0176 0.012 -0.0131 0.0155 0.0072 -0.0262 
Other Petroleum 0 0 0 0 0 0 

Forming Electricity 0.61 0.5882 -0.0014 0.562 0.5147 -0.0030 
Natural Gas 1.5967 1.4961 -0.0025 1.471 1.3063 -0.0041 
Residual Oil 0.0423 0.0396 -0.0025 0.039 0.0346 -0.0041 
Distillate Oil 0.0055 0.0052 -0.0025 0.0051 0.0045 -0.0041 
LPG 0.0054 0.0051 -0.0025 0.005 0.0044 -0.0041 
Other Petroleum 0 0.0000 -0.0025 0 0 0 

Post Forming Electricity 0.23 0.2178 -0.0021 0.1794 0.1716 -0.0015 
Natural Gas 1.8774 1.7049 -0.0037 1.4643 1.3892 -0.0018 
Residual Oil 0.0497 0.0451 -0.0037 0.0388 0.0368 -0.0018 
Distillate Oil 0.0065 0.0059 -0.0037 0.0051 0.0048 -0.0018 
LPG 0.0064 0.0058 -0.0037 0.005 0.0047 -0.0018 
Other Petroleum 0 0.0000 -0.0037 0 0 0 

CEMENT - Historical Trends 

Economic Trends 
Value of output increased slightly between 1981 and 1994, from $4.6B in 1981 to $5.0B in 1994, an 
increase of 0.6% per year. Value of output was erratic between over this period, hitting a low of $4.2B in 
1982 and a high of $5.1B in 1987 (UNIDO, 1998).7 

7 The value of output data was deflated using  the value of shipments deflator series for SIC 3241 (cement, 
hydraulic). The original value of output data is for ISIC 3692 (manufacture of cement, lime and plaster). 
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Production and Technology Trends 
Cement is created when clinker is ground and mixed with other materials. The two dominant cement 
types in the U.S. are Portland and Masonry cement. U.S. production of cement, while not steady, 
increased from 74.3 Mton in 1970 to 91.0 Mton in 1997, at 0.8% per year. Cement production in the U.S. 
hit a low of 63.3 Mton in 1982, and its highest total to date in 1997. Portland cement remained the 
dominant cement type during that period, maintaining a share between 94% and 96%. Clinker, which is 
produced with either the wet  or dry  process, mirrored cement production. Clinker production 
increased from 72.2 Mton in 1970 to 80.1 Mton in 1997, at a rate of 0.4% per year, hitting a low of 59.3 
Mton in 1982, and its current high in 1997. 

Clinker is predominantly produced in two processes: the wet process and the more modern, more energy-
efficient dry process. The U.S. has a high share of the wet process, higher than most industrialized 
countries. However, the share has been declining and between 1970 and 1997, clinker produced with the 
wet process decreased by —2.7% per year on average, falling from 60% to 26% of total clinker production. 
Clinker produced with the dry process increased at 2.6% per year, increasing from a 40% share of total 
clinker production in 1970 to a 72% share in 1997. The U.S. still has a much higher share of wet 
production than most industrialized and many developing countries 

Clinker is ground and mixed with additives to produce cement. Although cement is the final product of 
the cement industry, cement is an intermediate material used to produce concrete. In the U.S., Portland 
cement (containing 95% clinker) is the dominant product. Small amounts of fly ash and blast furnace 
slags are used to produce different types of cement. This is likely to change in the future (PCA, 1997). 
The clinker and additive content of the product mix can be defined on the basis of the clinker/cement­
ratio, dividing the clinker production by the cement production. The 1994 C/C-ratio of the U.S. cement 
industry is estimated at 88%, high compared to other industrialized countries. The use of additives will 
reduce the energy-intensive step of clinker production, and reduce the future C/C-ratio. 

The number of clinker plants dropped from 168 in 1975 to 108 in 1995, mainly due to closure of older 
small capacity (wet process) plants. The number of cement plants has reduced from 172 in 1975 to 118 in 
1995. The average kiln age is approximately 27 years, which is higher than that in Western Europe. The 
weighted average age of dry process kilns is 19 years and 29 years for wet kilns. In the U.S. less than 1% 
of kiln capacity is older than 50 years, while the vast majority of the kilns are between 10 and 40 years 
old. Cement markets have a regional character, where the development of production capacity depends on 
the local economic development. Hence, new plants are mainly constructed in regions with a fast growing 
construction industry, e.g. Florida, as well as for replacement of depreciated wet process capacity. 

Energy Consumption Trends 
Historical energy consumption data are available for SIC 3241 (cement, hydraulic) from two sources: the 
Manufacturing Energy Consumption Survey (1988, 1991, 1994, 1997), and the U.S. Geological Survey s 
Minerals Yearbook (various years). 

Based on the MECS data, final and primary energy consumption changed little in the cement industry 
between 1985 and 1994. Final energy consumption increased from 328 TBtu in 1985 to 329 TBtu in 
1994, while primary energy consumption increased from 417 TBtu in 1985 to 436 TBtu in 1994. 

Based on U.S.GS data, energy consumption in the U.S. cement industry declined between 1970 and 1997. 
Primary energy consumption decreased at —0.6% per year, from 518 PJ in 1970 to 444 PJ in 1997, even as 
production increased over that time span. The overall energy consumption trend in the U.S. cement 
industry between 1970 and 1997 was a gradual decline, though energy consumption started to increase in 
the early 1990s and increased between 1992 and 1997 at about 4% per year. The share of process energy 
consumption changed significantly between 1970 and 1997. While the wet process consumed 62% of 
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total cement energy consumption in 1970, it used only 31% in 1997, while energy consumption of the dry 
process rose from 38% of total cement energy consumption in 1970 to 67% in 1997. 

According to U.S.GS data, fuel use shifted considerably between 1970 and 1997. The largest change 
occurred in natural gas use, which decreased from a 44% fuel share in 1970 to a 6% fuel share in 1997. 
Much of the energy provided by natural gas was made up by coal and coke, which increased fuel share 
from 36% in 1970 to 71% in 1997. Oil s share of cement energy consumption fell from 13% in 1970 
(17% in 1973) to 1% in 1997. Electricity s fuel share has increased from 7% in 1970 to 11% in 1997, 
while the remainder of the 1997 fuel share is composed of liquid waste fuel (8%) and tires and solid waste 
(a combined 2%). The share of waste fuels burned in kilns (e.g. tires, petroleum cokes, MSW) is 
increasing. MECS data for 1988 to 1994 shows an increase of waste  fuels from 9% to 18% of total fuel 
consumption. Future use of waste fuels will depend on public acceptance of waste burning in cement 
kilns. 

Since, according to MECS, energy consumption remained essentially unchanged between 1985 and 1994, 
changes in unit energy consumption are due almost entirely to changes in the denominator, in this case 
tons of cement. Final energy intensity fell from 4.2 MBtu/ton in 1985 to 3.8 MBtu/ton in 1994, decreasing 
at -1.1% per year. Primary energy intensity increased from 5.4 MBtu/ton in 1985 to 5.8 MBtu/ton in 
1991, but then dropped to 5.1 MBtu/ton in 1994, decreasing at an average of —0.6% per year over the time 
period (see Figure A-7). Production increased from 77.9 M tons in 1985 to 85.9 Mt in 1994, 10% overall, 
producing the declining energy intensity. Between 1985 and 1994, the slowly increasing energy 
consumption was offset by increasing production, resulting in decreasing energy intensity. 

Energy intensity in the U.S. cement industry decreased between 1970 and 1997 according to U.S.GS data. 
Primary energy intensity of cement production decreased at —1.3% per year, from 6.8 MBtu/ton in 1970 
to 4.8 MBtu/ton in 1997 (see Figure A-7). While intensity slowly decreased overall between 1970 and 
1997, intensity started to climb in the early 1990s, rising 0.9% per year between 1992 and 1997. Both the 
wet and dry processes decreased in energy intensity, the wet process decreasing at -0.4% per year 
between 1970 and 1997 while the dry process more than doubled the wet process decrease, at —1.0% per 
year. Cement production increased while energy consumption decreased, producing the intensity decline. 
The composition of the cement production (wet vs. dry) also affected the intensity decline, as the more 
energy-efficient dry process gained production share over time. 

Was te g a s di s ch ar ge d  f ro m t he k i ln e x it g as e s, t h e cl in k er c o ol er s y st em, a nd t h e ki l n pr e- h ea te r s ys te m a ll 
c on ta in us ef u l en er g y th a t ca n b e co n ve rt ed in to po we r. Co ge n er at io n s ys t ems ca n e it h er b e d ir ec t  g as 
t ur bi ne s t ha t u ti li ze th e was te h e at ( t op c yc l e), o r th e i ns ta l la ti on of a wa st e h ea t b oi le r s ys te m t ha t r un s a 
s te am t u rb in e s ys te m ( bo t to m cy c le ). St ea m t ur bi n e sy st e ms h a ve b ee n i ns t al le d i n ma n y pl an t s wor ld wi d e 
a nd h av e p ro v en t o b e ec o no mi c u nd er ce rt ai n c on d it io ns (Ste in bl i ss, 1 99 0; J ac ca rd an d Wil li s, 19 96 , Net o, 
1 99 0). Whi le el ec tr i ca l e ff ic ie n ci es ar e st i ll r e la ti ve l y lo w ( 18 %), b as e d on s e ve ra l c as e s tu di e s po we r 
g en er at i on ma y va ry be twe en 1 1- 2 5 kWh /t c li n ke r ( Sch eu r a nd Sp ru ng , 1 99 0, Ste in bl i ss , 1 990; Net o, 1 9 90 ). 
I n 19 94 , 5 d r y ki ln pl an t s ge ne r at ed a to ta l o f 5 93 Mil l io n k Wh o f e le ct r ic it y ( Va n Oss , 19 9 5) . 
Cog en er a ti on, u si ng a ga s t ur bi n e, c a n al so be u s ed t o d ry b l as t fu r na ce sl ag wh en p r oduc in g  b le n de d 
c emen t wit h s la gs . 
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Fig. A-7 Historical and Projected Physical Energy Intensities 
(MBtu/ton) of U.S. Cement Production 
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CEMENT - AEO99 Reference Case 

Economic Trends 
Value of output grew at 1.1% per year between 1994 and 2020. 

Production and Technology Trends 
AEO99 shows a steady production growth of 1% per year, while the clinker/cement ratio does not change, 
i.e. maintaining a similar growth in clinker output and in product mix. By 2020 the share of wet process is 
reduced to 13% of the total clinker production, or a decline of 2.2% per year, which is slower than the 
historical trend of 3.6% per year between 1976 and 1996.8 The clinker/cement ratio does not change in 
AEO99 between 1994 and 2020.9 Hence there is no change in the product mix of the cement industry, and 
the introduction of blended cements is not accelerated, compared to the historical trends. Retirement rates 

8 The NEMS industrial module assumes no new wet process clinker plants are built.
 
9 The clinker/cement ratio is not changed in the AEO projection because the use of blended cements will require
 
changes to be made to the ASTM codes, which has not yet occurred.
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for cement-making equipment (kilns and grinding) are 1.2% per year in the AEO99 reference case. We 
have adjusted the retirement rate to 2.0%/year, reflecting an average lifetime of 50 years. 

Energy Consumption Trends 
Energy consumption decreased slowly between 1994 and 2020. Final energy consumption decreased at ­
0.02% per year, while primary energy consumption decreased at —0.03% per year. The increasing 
physical (1.0%) and economic (1.1%) production resulted in decreasing energy intensity. Primary 
physical energy intensity declined from 5.2 MBtu/ton in 1994 to 3.9 MBtu/ton in 2020, at —1.1% per year, 
comparable to the U.S.GS historical energy intensity growth rate (-1.3% per year). Table A-27 provides 
the NEMS AEO99 UEC values for existing and new equipment for 1994 and 2020 as well as the resulting 
average annual growth rate, referred to as technology possibility curves (TPCs). Energy use in buildings 
is very small compared to the energy use in the production process. NEMS estimates final energy 
consumption for the building component at 2.78 TBtu, or less than 1% of total energy consumption in the 
cement industry. In NEMS, energy use in buildings is a set as energy use per employee, and only reacts to 
changes in number of employees in an industry, ignoring changes in building energy use, stock turnover 
of buildings, and also the potential impact of programs like Energy Star Buildings and Green Lights. 

Table A-27 NEMS Baseline Inputs for Existing and New Equipment for Cement Production 

Existing Equipment New Equipment 
1994 UECs 2020 UECs TPC 1994 UECs 2020 UECs TPC 

Process Fuel MBtu/ton MBtu/ton MBtu/ton MBtu/ton 
Grinding (cement) Electricity 0.22 0.2108 -0.0016 0.1789 0.1789 0 

Dry Process Electricity 0.23 0.212 -0.0031 0.1817 0.1677 -0.0031 
Natural Gas 0.3101 0.2688 -0.0055 0.245 0.2129 -0.0054 
Residual Oil 0.0139 0.0121 -0.0055 0.011 0.0096 -0.0054 
Distillate Oil 0.0315 0.0273 -0.0055 0.0249 0.0217 -0.0054 
Coke 0 0 -0.0055 0 0 -0.0054 
Steam Coal 2.7549 2.2451 -0.0078 2.1764 1.7809 -0.0077 
Coke Oven Gas 0 0 -0.0055 0 0 -0.0054 
Other Petroleum 0.7741 0.6709 -0.0055 0.6116 0.5316 -0.0054 

Wet Process Electricity 0.21 0.2046 -0.001 0.24 0.2338 -0.001 
Natural gas 0.4209 0.4022 -0.0018 0.444 0.444 0 
Residual Oil 0.0189 0.0181 -0.0018 0.0548 0.0548 0 
Distillate Oil 0.0428 0.0409 -0.0018 0.0414 0.0396 -0.0018 
Coke 0 0 -0.0018 1.47 1.4046 -0.0018 
Steam Coal 3.7393 3.5037 -0.0025 4.11 3.851 -0.0025 
Coke Oven Gas 0 0 -0.0018 0.1532 0.1464 -0.0018 
Other Petroleum 1.0508 1.004 -0.0018 0.154 0.1471 -0.0018 

Note: in the NEMS baseline, a new plant  UEC is given for the wet process. However, the documentation does not describe a 
new plant (ADL, 1998) and we believe that no new wet process clinker plants will be built in the U.S. 

CEMENT - Business-As-Usual Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the business-as-usual scenario. 

Production and Technology Trends 
Production, process share, and product trends in the business-as-usual scenario remain the same as 
AEO99. Retirement rates for cement-making equipment (kilns and grinding) have been changed to 2.0% 
per year, based on the ages of existing kilns in the U.S. and the recent actual replacement of several kilns 
in the U.S. 

Energy Consumption Trends 
Unit energy consumption (UEC) values for existing equipment in 1994 were derived from a recent study 
energy use in the U.S. cement sector (Martin et al., 1999). UECs for new equipment in 1994 were 
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calculated for an U.S. energy price-based new plant based on UECs reported in recent literature and by 
Niefer (1995). Niefer (1995) used census data of the 1991 MECS to determine the most efficient 
individual clinker plant in the U.S. We use this figure as an estimate of an average new U.S. clinker plant, 
although more efficient clinker plants are being built elsewhere. 

Table A-28 provides the modified UECs based on Martin et al. (1999) and Niefer (1995). The TPCs in the 
business-as-usual scenario for existing plants are smaller than those in AEO 99, as under a scenario with 
low fuel prices there will be no incentive to upgrade exiting facilities, and the main energy efficiency 
improvement gains will be achieved by retiring of old plants and the subsequent construction of new dry 
cement plants. There is no increase in the production of power from waste heat recovery, as this is not an 
economically viable option in most parts of the U.S. under a low energy price scenario 

Carbon Dioxide Emissions 
Car bo n d io xi d e emis s io ns in t he ce me n t in du s tr y a re p ro d uc ed bo th t h ro ug h t he c o mb us t io n of fo ss i l fu el s 
a nd t he ca lc i na ti on of l i me st on e. In th e ca l ci na t io n pr o ce ss we a ss u me t h at 0.1 3 8 to nne s of ca rb o n ar e 
e mi tt ed fo r e ve ry t o nn e o f cl in k er p r od uc ed (UNEP e t al., 19 96 ). Th is amou n ts t o 9.5 MtC g iv e n a 
p ro du ct i on o f 6 8.5 mil li o n to nn e s of cl in ke r ( 75 .5 mi ll i on s h or t to n s) i n 1 99 4 ( va n Oss , 19 9 5) . We re ly on 
t he U.S. EIA (U.S. DOE, EIA, 19 9 6, Ap pe nd ix B) f o r 19 94 ca rb o n co ef f ic ie n ts f or th e v ar io us co mme rc ia l 
f ue ls , e xc ep t we us e t he In te rg o ve rn men ta l Pan el on Cli mat e Cha ng e ( UNEP e t al ., 19 96 ) f or co ke a n d 
b re ez e. Fo r e le ct ri c it y we us e t he 1 9 94 a ve r ag e f ue l mi x f or el ec tr i ci ty ge ne ra t io n i n th e U.S. 

Table A-28 Business-As-Usual Scenario Inputs for Existing and New Equipment 
for Cement Production 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Process Fuel MBtu/ton MBtu/ton MBtu/ton MBtu/ton 
Grinding (cement) Electricity 0.11 0.11 -0.0010 0.11 0.11 -0.0010 

Dry Process Electricity 0.18 0.18 0.0000 0.15 0.15 0.0000 
Natural Gas 0.22 0.21 -0.0011 0.18 0.17 -0.0011 
Residual Oil 0.00 0.00 0.0000 0.00 0.00 0.0000 
Distillate Oil 0.06 0.06 -0.0012 0.05 0.05 -0.0012 
Coke 0.00 0.00 0.0000 0.00 0.00 0.0000 
Steam Coal 3.25 3.16 -0.0010 2.63 2.56 -0.0010 
Coke Oven Gas 0.00 0.00 0.0000 0.00 0.00 0.0000 
Other Petroleum 0.17 0.17 -0.0011 0.14 0.13 -0.0011 

Wet Process Electricity 0.17 0.17 0.0000 0.00 0.00 0.0000 
Natural gas 0.27 0.27 -0.0010 0.00 0.00 0.0000 
Residual Oil 0.00 0.00 0.0000 0.00 0.00 0.0000 
Distillate Oil 0.02 0.02 0.0000 0.00 0.00 0.0000 
Coke 0.00 0.00 0.0000 0.00 0.00 0.0000 
Steam Coal 4.38 4.27 -0.0010 0.00 0.00 0.0000 
Coke Oven Gas 0.00 0.00 0.0000 0.00 0.00 0.0000 
Other Petroleum 0.50 0.49 -0.0010 0.00 0.00 0.0000 
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CEMENT — Policies and Programs 

Energy policies and programs are important drivers for energy efficiency improvements in the industrial 
sector. However, the NEMS framework does not allow direct modeling of most energy efficiency 
policies. Although evaluations of industrial energy efficiency policies are not always available, we have 
estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad (e.g. 
Martin et al., 1998) as well as the information presented in Appendix B-2. In most sectors we assume that 
voluntary sector agreements are used as a way to set energy efficiency improvement targets. These 
voluntary agreements are augmented by a number of policies and programs designed to provide support 
to each sector in achieving the targets because many instruments are complimentary in formulating an 
industrial energy efficiency policy (U.S. DOE, 1996a). Under the voluntary agreement framework, we 
envision that a group of industries (e.g. through an association) will negotiate a specified target with the 
government. Experience with sector agreements in Europe and Japan has shown that annual industry-wide 
energy efficiency improvements between 0.6% and 1.5% per year are feasible (IEA, 1997a; Stein and 
Strobel, 1997). In the U.S., the primary aluminum industry and EPA have negotiated an agreement to 
reduce PFC emissions by 40% by 2000, while other sector agreements exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. 

The policies and programs that can provide support in achieving energy efficiency improvement targets 
under a voluntary agreement in the cement sector include demonstration programs, assessment programs, 
Challenge programs, ENERGY STAR buildings and Green Lights, product labeling, state programs, state 
implementation plans, R&D programs, ESCO/utility programs, ENERGY STAR and Climate Wise 
programs, tax incentives for energy managers, tax rebates for specific industrial technologies, investment 
tax credits for CHP systems, and a CO2 cap and trade system. The cement industry is currently not the 
focus of specific R&D activities of the Industries of the Future program. However, new cement plants are 
already much more efficient than older plants still in operation. New plants are being or have been 
constructed in regions with increased demand (e.g. Pacific Northwest, Florida). Due to the high share of 
energy in the production costs (30-40%) the cement industry will be particularly affected by a cap and 
trade system. This is likely to accelerate retrofitting of older plants. Changing standards for cement, 
pollution prevention practices, labeling and procurement policies will open markets for blended cements 
in the U.S. under the policy scenarios, affecting the clinker requirements for cement making. A detailed 
analysis of energy efficiency opportunities (Martin et al., 1999) found a considerable cost-effective 
potential for energy efficiency improvement and CO2 emission reduction through retrofitting existing 
plants and use of blended cements. Demonstration activities have been effective in the cement industry 
(e.g. new burners) and may lead to installation of new technologies. Standards for large motors and Motor 
Challenge activities will affect the large power consumption for grinding in the cement industry. 
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CEMENT — Moderate Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the moderate scenario. 

Production and Technology Trends 
Production and process share trends remain the same as AEO99 in the moderate scenario. We assume that 
blended cements will start to penetrate the U.S. cement market at a slow rate. Based on a study of the 
Portland Cement Association (PCA, 1997), we assume the potential application of 30.7 Mtons of blended 
cements in 2001 (or 35% of 2001 cement demand) will be met in 2010. The cement types still have a 
relatively low application of blending of fly ash and blast furnace slag, resulting in the replacement of 6.9 
Mtons of clinker by 2020. Blast furnace slags need to be dried before being used in cement, increasing 
fuel use by 0.018 MBtu/ton clinker. 

Retirement rates for cement-making equipment (kilns and grinding) are the same as in the business-as­
usual scenario (2.0%/year), based on the ages of existing kilns in the U.S. and the recent actual 
replacement of several kilns in the U.S. 

Energy Consumption Trends 
For existing equipment in the moderate scenario, we used the adjusted UECs defined by the 1994 baseline 
calculations in Martin et al. (1999). To derive the 2020 savings, we calculated the TPCs that result from 
comparing this adjusted 1994 baseline to the cost-effective savings identified in Martin et al. (1999) using 
a 30% discount rate. Table A-29 provides information on the 1994 UECs, the cost-effective UECs using a 
30% discount rate, and the resulting TPCs assuming all cost-effective technologies are implemented by 
2020. The cost-effective UECs using a 30% discount rate are derived from the savings associated with 
implementation of the following retrofit technologies and measures: 
•	 Overall: preventative maintenance 
•	 Dry Process: optimized heat recovery in the clinker grate cooler, conversion to grate clinker cooler, 

combustion system improvements 
•	 Wet Process: conversion to semi-wet process, kiln combustion system improvements 

For 1994 new equipment UECs in the moderate scenario, we used new dry process plant with multi-state 
preheating (4-stage) and pre-calcining. For 2020 we used the efficiency of a 5-6 stage preheater with a 
pre-calciner plant as built by Ash Grove in Seattle (WA) (Steuch and Riley, 1993) and in other countries 
(Conroy, 1997; Somani et al., 1997). Table A-29 provides information on the 1994 new plant UECs, the 
2020 new plant UECs, and the resulting TPCs. 

In the moderate scenario, natural gas use decreases more slowly due to the need for drying blast furnace 
slag. Energy efficiency of industrial buildings in this sector improves at the same rate as that of 
commercial buildings under the moderate scenario. 
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Table A-29 Moderate Scenario Inputs for Existing and New Equipment for Cement Production 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Process Fuel MBtu/ton MBtu/ton MBtu/ton MBtu/ton 
Grinding (cement) Electricity 0.11 0.10 -0.0032 0.09 0.084 -0.0027 

Dry Process Electricity 0.18 0.18 0.0000 0.15 0.15 0.0000 
Natural Gas 0.22 0.22 0.0002 0.1767 0.1955 0.0039 
Residual Oil 0.00 0.00 -0.0035 0.00 0.00 -0.0035 
Distillate Oil 0.06 0.06 -0.0032 0.05 0.05 -0.0032 
Coke 0.00 0.00 0.0000 0.00 0.00 0.0000 
Steam Coal 3.25 2.99 -0.0032 2.63 2.42 -0.0032 
Coke Oven Gas 0.00 0.00 0.0000 0.00 0.00 0.0000 
Other Petroleum 0.17 0.16 -0.0033 0.14 0.13 -0.0033 

Wet Process Electricity 0.17 0.17 0.0000 0.00 0.00 0.0000 
Natural gas 0.27 0.26 -0.0023 0.00 0.00 0.0000 
Residual Oil 0.00 0.00 0.0000 0.00 0.00 0.0000 
Distillate Oil 0.02 0.02 -0.0045 0.00 0.00 0.0000 
Coke 0.00 0.00 0.0000 0.00 0.00 0.0000 
Steam Coal 4.38 3.84 -0.0051 0.00 0.00 0.0000 
Coke Oven Gas 0.00 0.00 0.0000 0.00 0.00 0.0000 
Other Petroleum 0.50 0.44 -0.0051 0.00 0.00 0.0000 

Note: 1994 existing equipment UECs based on Martin et al. (1999); 1994 new equipment UECs based on an assumed 4-stage 
preheater, pre-calciner kiln. 2020 existing equipment UECs based on TPCs that result from comparing the 1994 baseline to the 
cost-effective savings identified in Martin et al. (1999) using a 30% discount rate. 2020 new equipment UECs based on TPCs 
that result from comparing the 1994 baseline to that of a modern (currently available) 6-stage preheater, pre-calciner kiln 
(Somani et al., 1997). 

CEMENT — Advanced Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the advanced scenario. 

Production and Technology Trends 
Production trends remain the same as AEO99 under the advanced scenario. We assume that blended 
cements will start to penetrate the U.S. cement market at a faster rate under the advanced scenario. Based 
on a study of the Portland Cement Association (PCA, 1997), we assume the potential application of 30.7 
Mtonnes of blended cements in 2001 (or 35% of 2001 cement demand) will be met in 2010. The cement 
types have a higher share of blended material such as fly ash and blast furnace slag, resulting in the 
replacement of 16.4 Mtons of clinker by 2020. Blast furnace slags need to be dried before being used in 
cement, increasing fuel use by 0.042 MBtu/ton clinker. This is higher than in the moderate scenario 
because the use of blast furnace slags increases (using Type A, C, and E blended cements) (PCA, 1997). 

Retirement rates for cement-making equipment (kilns and grinding) are the same as in the business-as­
usual scenario (2.0%/year), based on the ages of existing kilns in the U.S. and the recent actual 
replacement of several kilns in the U.S. 

Energy Consumption Trends 
For existing equipment in the advanced scenario, we used the adjusted UECs defined by the 1994 
baseline calculations in Martin et al. (1999). To derive the 2020 savings, we calculated the TPCs that 
result from comparing this adjusted 1994 baseline to the cost-effective savings identified in Martin et al. 
(1999) using a 15% discount rate. Table A-30 provides information on the 1994 UECs, the cost-effective 
UECs using a 15% discount rate, and the resulting TPCs assuming all cost-effective technologies are 
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implemented by 2020. The cost-effective UECs using a 15% discount rate are derived from the savings 
associated with implementation of the following retrofit technologies and measures: 
•	 Overall: preventative maintenance, energy management systems, and improved process control 
•	 Dry Process: optimized heat recovery in the clinker grate cooler, conversion to grate clinker cooler, 

combustion system improvements, conversion to pre-calciner kiln (reducing Nox emissions 
simultaneously) 

•	 Wet Process: conversion to semi-wet process, kiln combustion system improvements 

For new equipment UECs in the advanced scenario, we used a modern large-scale dry process plant with 
multi-stage preheating and pre-calcining (Conroy, 1994; Steuch and Riley, 1993). For 2020, we used the 
efficiency of a 5-6 stage preheater with pre-calciner plant, using best available technologies as described 
by Cembureau (1997). Table A-30 provides information on the 1994 new plant UECs, the 2020 new plant 
UECs, and the resulting TPCs. 

In the advanced scenario, natural gas use decreases more slowly than other fuels due to the need for 
drying blast furnace slag. Energy efficiency of industrial buildings in this sector improves at the same rate 
as that of commercial buildings under the advanced scenario. 

Table A-30 Advanced Scenario Inputs for Existing and New Equipment for Cement Production 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Process Fuel MBtu/ton MBtu/ton MBtu/ton MBtu/ton 
Grinding (cement) Electricity 0.11 0.10 -0.0032 0.08 0.07 -0.0049 

Dry Process Electricity 0.18 0.18 0.0000 0.16 0.14 -0.0049 
Natural Gas 0.22 0.20 -0.0035 0.22 0.21 -0.0027 
Residual Oil 0.00 0.00 -0.0074 0.00 0.00 -0.0074 
Distillate Oil 0.06 0.06 -0.0045 0.05 0.04 -0.0045 
Coke 0.00 0.00 0.0000 0.00 0.00 0.0000 
Steam Coal 3.25 2.91 -0.0042 2.27 2.03 -0.0042 
Coke Oven Gas 0.00 0.00 0.0000 0.00 0.00 0.0000 
Other Petroleum 0.17 0.15 -0.0043 0.21 0.18 -0.0043 

Wet Process Electricity 0.17 0.17 0.0000 0.00 0.00 0.0000 
Natural gas 0.27 0.28 0.0006 0.00 0.00 0.0000 
Residual Oil 0.00 0.00 0.0000 0.00 0.00 0.0000 
Distillate Oil 0.02 0.02 -0.0045 0.00 0.00 0.0000 
Coke 0.00 0.00 0.0000 0.00 0.00 0.0000 
Steam Coal 4.38 3.78 -0.0057 0.00 0.00 0.0000 
Coke Oven Gas 0.00 0.00 0.0000 0.00 0.00 0.0000 
Other Petroleum 0.50 0.43 -0.0057 0.00 0.00 0.0000 

Note: 1994 existing equipment UECs based on Martin et al. (1999); 1994 new equipment UECs based on an assumed 6-stage 
preheater, pre-calciner kiln. 2020 existing equipment UECs based on TPCs that result from comparing the 1994 baseline to the 
cost-effective savings identified in Martin et al. (1999) using a 15% discount rate. 2020 new equipment UECs based on TPCs 
that result from comparing the 1994 baseline to that of a modern preheater, pre-calciner kiln using best available technologies 
(Cembureau, 1997). 
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 STEEL - Historical Trends 

Economic Trends 
Value of output in the U.S. steel industry declined at —0.6% per year between 1970 and 1994, falling from 
$100B in 1970 to $85B in 1994. Economic output in the steel industry hit a peak of $128B in 1974 
before dropping off dramatically over the next decade, hitting a low of $62B in 1983. Production 
recovered during the next decade, increasing at 3.0% per year between 1983 and 199410. 

Production and Technology Trends 
Steel production in the U.S. has fluctuated dramatically since 1970, when production was 131.5 million 
tons. Production peaked at 150 million tons in 1973 and fluctuated between 110 and 145 million tons 
until it crashed to 75 million tons in 1982 as a result of a dramatic number of integrated mill closures. 
Since 1982, production has grown slowly, with two major declines in 1985-86 and 1991. In 1996, 
production reached 105 million tons (AISI, various years). Between 1970 and 1997, steel production grew 
at an average annual rate of —0.7%. However, there has been steady growth since 1982, averaging 2.5% 
per year through 1997, but slowing to 1.3% per year between 1990 and 1997. 

Primary steel production using open hearth furnaces dropped from 48 million tons in 1970 to 6 million 
tons in 1982 and was completely phased out by 1992. Primary steel production using a basic oxygen 
furnace fluctuated between 45 and 83 million tons over the period, with a 1997 production level of 61.1 
million tons or 56% of total steel production. Electric arc furnace steel production has more than doubled, 
growing from 20 million tons in 1970 to 47.5 million tons in 1997 (44% of total steel production). The 
share of EAF production grew an average of about 4% per year between 1970 and 1997 (AISI, various 
years). 

Continuous casting grew significantly between 1970 and 1997, jumping from 5 million tons (3.8% of 
total production) in 1970 to 103 million tons (95%) in 1997. During the same period, ingot casting 
dropped from 127 to 5.7 million tons (OECD, World Steel Trade; AISI, 1997). 

The steel industry produces a wide variety of products including blooms, slabs, billets, sheets, wire rods, 
rails, bars, pipe, tubing, plates, and strip. These products are rolled after the crude steel has been cast and 
can be grouped into those that require only hot rolling and those that also require cold rolling. Rolling of 
the cast steel begins in the hot rolling mill where the steel is heated and passed through heavy roller 
sections reducing the thickness of the steel. Hot rolling typically consumes 4.6 MBtu/ton of steel (Worrell 
et al., 1999a). The sheets may be further reduced in thickness by cold rolling. Finishing is the final 
production step, and may include different processes such as annealing, pickling, and surface treatment. 
Cold rolling and finishing add 1.5 MBtu/ton to the rolling energy use (Worrell et al., 1999a). 

In 1980, 67.6 million tons of crude steel were hot rolled in the U.S. By 1997, this value had jumped to 
105.9 million tons. Cold rolling followed a similar trend, starting at 29.2 million tons in 1980 and 
increasing to 41.7 million tons in 1997. The share of cold rolled steel fluctuated between 27% and 30% 
during this period and in 1997 was 28% (AISI, various years). 

There were 142 operating steel plants in the U.S. in 1997. At that time, there were 14 integrated steel 
companies operating 20 integrated steel mills with a total of 40 blast furnaces (I&SM, 1997a). These mills 
are concentrated in the Great Lakes region, near supplies of coal and iron ore and near key customers 
such as the automobile manufacturers. The blast furnaces in these mills range in age accounting for 

10 Value of output is for ISIC 371 (iron and steel) adjusted with value of shipments deflators for SIC 3312 (steel 
works, blast furnaces (including coke ovens), and rolling mills). The AEO99 model uses value of output for SIC 331 
(steel works, blast furnaces, and rolling and finishing mills), and 332 (iron and steel foundries). 
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furnace rebuilds from 2 to 67 years, with an average age of 29 years. Production rates per plant vary 
between 0.5 and 3.1 million metric tons (Mt) per year. Total production of U.S. blast furnaces in 1997 
was slightly over 54 Mt (I&SM, 1997a). 

Secondary steel mills are located throughout the U.S, with some concentration in the South, near 
waterways for shipping and in areas with lower-cost electricity and labor (U.S. DOE, EIA, 1996; Hogan, 
1987). In 1997 there were 85 secondary steel companies operating 122 minimills with 226 EAFs. These 
facilities are spread throughout 35 states, with the largest number of plants in Pennsylvania, Ohio, and 
Texas. The electric arc furnaces at these mills range in age from 0 (just starting production in 1997) to 74 
years, with an average age of 24 years. Total annual nominal capacity listed in 1994 was 50.4 Mt and the 
average power consumption is 480 kWh/t (436 kWh/short ton) (I&SM, 1997b). Between 1995 and 1997 
an additional 12 Mt of electric arc furnace capacity was built. 

Energy Consumption Trends 
Final energy use for the iron and steel industry (SIC 331,332) steel fluctuated significantly between 1958 
and 1994, starting at 2.4 quads (2.6 quads primary energy) in 1958, climbing to 3.7 quads (4.2 quads 
primary energy) in 1973, dropping to 1.8 quads (2.1 quads primary energy) in 1982, and remaining level 
at 1.8 quads of final energy (2.3 quads primary energy) in 1994. Overall, energy consumption declined at 
—0.8% (-0.4% for primary energy) per year between 1958 and 1994, though after a decline between 1973 
and 1982, final energy consumption increased at 0.3% per year between 1982 and 1994 (0.6% for primary 
energy). Between 1958 and 1994 the share of coal and coke used as energy sources dropped from about 
75% to 57% of total fuels, followed by a drop in the share of oil from 10% to 3%. The share of natural 
gas used in the industry increased from 10% to 28%. The share of electricity increased from 4% to 11% 
during the same period, in large part due to increased secondary steel production. 

Physical energy intensity of U.S. steel production, defined as primary energy use for SIC 331 and 332 per 
metric ton of steel produced, dropped 27%, from 30.6 MBtu/ton to 22.2 MBtu/ton, between 1958 and 
1994.11 Decomposition analyses indicate that about two-thirds of the decrease between 1980 and 1991 
was due to efficiency improvements, while the remainder was due to structural changes (Worrell et al., 
1997a). 

11 Energy consumption values from 1991 through 1994 include SIC 3312 (blast furnaces and steel mills) 3313 
(electrometallurgical products) and 3321 (gray and ductile iron foundries) in order to better match historical 
aggregate data. Due to limited coverage in the U.S. DOE, EIA Manufacturing Energy Consumption Survey data for 
1985 through 1990 reflect energy use for SIC 3312 only, and therefore may be roughly 5-8% lower than energy use 
for the more aggregate SIC 331-332. 
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STEEL - AEO99 Reference Case 

Economic Trends 
Value of output in the AEO99 model is much lower in magnitude than the historical figures, though the 
difference in this case could be definitional. Value of output rises from $64B in 1994 to $81B in 2020, at 
0.9% per year. This trend seems to match the short-term (post-1982) growth in the steel industry, as 
opposed to the long-term decline in value of output growth. 

Production and Technology Trends 
AEO99 provides production data for 1994 to 2020. Historical values in AEO99 are about 5% lower than 
AISI values for 1994 through 1997. AOE99 forecasts average annual growth in steel production of 0.9% 
between 1996 and 2020. BOF steel production is forecast to drop from 61% of total steel production in 
1994 to 54% in 2020 while EAF steel production grows from 39% to 46% over the same period in 
AEO99. AEO99 and AISI data agree on the share of continuous casting in 1994 (89.5%), but diverge 
from there, with AOE99 and AISI showing the share of continuous casting in 1997 to be 91.1% and 
94.8%, respectively. AOE99 projects that the share of continuous casting continues to increase to 96.4% 
in 2020. AEO99 projects that the share of cold rolled products will remain a constant 27% from 1994 to 
2020. AEO 99 retirement rates (percent) for iron and steel are 1.0 (100 years) for blast furnace and basic 
steel products (blast furnace/basic oxygen furnace), 1.5 (67 years) for basic steel products (electric arc 
furnace) and coke ovens, and 2.9 (35 years) for other steel. 

Energy Consumption Trends 
Both final and primary energy consumption remain essentially static between 1994 and 2020, final energy 
decreasing at —0.07% per year, while primary energy decreases at —0.03% per year. Due to a production 
increase of 1.0% per year, final energy intensity declines at —1.1% per year, while primary energy 
intensity declines at -—1.0% per year. Table A-31 provides the NEMS AEO99 input values for existing 
and new equipment for 1994 and 2020. In NEMS, energy use in buildings is set as energy use per 
employee, and only reacts to changes in number of employees in an industry, ignoring changes in 
building energy use, stock turnover of buildings, and also the potential impact of programs like Energy 
Star Buildings and Green Lights. 
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Table A-31 NEMS Baseline Inputs for Existing and New Equipment for Steel Production 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Process Fuel MBtu/ton MBtu/ton MBtu/ton MBtu/ton 
Cold Rolled Electricity 0.79 0.71 -0.0040 0.66 0.56 -0.0065 

Fuels 3.11 2.59 -0.0071 2.61 1.94 -0.0113 
Hot Rolled Electricity 0.35 0.30 -0.0061 0.18 0.16 -0.0041 

Fuels 2.02 1.53 -0.0106 1.01 0.84 -0.0072 
Ingot Electricity 0.30 0.30 0.0000 0.30 0.30 0.0000 

Fuels 1.78 1.75 -0.0132 1.69 1.69 0.0000 
CC Electricity 0.09 0.09 0.0000 0.09 0.09 0.0000 

Fuels 0.31 0.31 0.0000 0.31 0.31 0.0000 
BF/OH Electricity 0.11 0.11 0.0000 0.11 0.11 0.0000 

Fuels 7.12 7.12 0.0000 7.12 7.12 0.0000 
BF/BOF Electricity 0.20 0.19 -0.0016 0.20 0.18 -0.0034 

Nat.Gas 1.41 1.61 0.0050 1.41 2.36 0.0200 
Other Fuels 12.96 12.15 -0.0025 12.96 11.45 -0.0047 

EAF Electricity 1.59 1.54 -0.0013 1.53 1.45 -0.0020 
Fuels 0.58 0.54 -0.0023 0.55 0.50 -0.0035 

Coke Electricity 0.10 0.10 -0.0016 0.08 0.08 -0.0005 
Fuels 42.87 39.93 -0.0027 38.08 37.45 -0.0006 

STEEL - Business-As-Usual Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the business-as-usual scenario. 

Production and Technology Trends 
Production, process share, casting, and product trends remain the same as AEO99 under the business-as­
usual scenario. BF/BOF retirement rates are adjusted to 1.5% per year (for a lifetime of 67 years), EAF 
and coke oven turnover rates are adjusted to 1.8% per year (for a lifetime of 56 years), and other steel 
retirement rate is adjusted to 2.9% per year (for a lifetime of 34 years). 

Energy Consumption Trends 
Unit energy consumption (UEC) values for existing equipment in 1994 were derived from a recent study 
energy use in the U.S. steel sector (Worrell et al., 1999a). UECs for new equipment in 1994 were 
calculated for a U.S. energy price-based new plant based on UECs reported for the ECOTECH case in a 
recent report of the International Iron and Steel Institute (IISI, 1998). We call this plant U.S. 
ECOTECH . Table A-32 provides the modified UECs based on Worrell et al. (1999a) and IISI (1998) 
(discussed above). We projected 2020 UECs using the Technology Possibility Curves (TPCs) in NEMS 
AEO99 for both existing and new equipment. Buildings energy use remains the same as AEO99 under the 
business-as-usual scenario. 
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Table A-32 Business-As-Usual Inputs for Existing and New Equipment for Steel Production 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Process Fuel MBtu/ton MBtu/ton MBtu/ton MBtu/ton % 
Cold Rolled Electricity 0.40 0.36 -0.0040 0.29 0.24 -0.0065 
Cold Rolled Fuels 1.18 0.98 -0.0071 1.08 0.80 -1.0013 
Hot Rolled Electricity 0.61 0.52 -0.0061 0.31 0.28 -0.0041 
Hot Rolled Fuels 2.80 2.12 -0.0106 1.27 1.05 -0.0072 
Ingot Electricity 0.51 0.51 0.0000 0.00 0.00 0.000 
Ingot Fuels 1.21 0.86 -0.0132 0.00 0.00 0.0000 
CC Electricity 0.09 0.09 0.0000 0.04 0.04 0.0000 
CC Fuels 0.03 0.03 0.0000 0.04 0.04 0.0000 
BF/OH Electricity 0.00 0.00 0.0000 0.00 0.00 0.0000 
BF/OH Fuels 0.00 0.00 0.0000 0.00 0.00 0.0000 
BF/BOF Electricity 0.16 0.15 -0.0016 0.20 0.18 -0.0034 
BF/BOF Nat.Gas 1.92 2.19 0.0050 0.00 0.00 0.0200 
BF/BOF Other Fuels 10.15 9.51 -0.0025 9.17 8.10 -0.0047 
EAF Electricity 1.48 1.44 -0.0013 1.27 1.21 -0.0020 
EAF Fuels 0.15 0.14 -0.0023 0.46 0.42 -0.0035 
Coke Electricity 0.11 0.11 -0.0016 0.29 0.29 -0.0005 
Coke Fuels 40.63 37.85 -0.0027 39.99 39.33 -0.0006 

Note: 1994 existing equipment UECs based on Worrell et al. (1999); 1994 new equipment UECs based on U.S. 
ECOTECH plant, a modified version of the ECOTECH plant (IISI, 1998). 2020 existing and new equipment UECs 
derived using NEMS AEO99 TPCs. 

STEEL — Policies and Programs 

Energy policies and programs are important drivers for energy efficiency improvements in the industrial 
sector. However, the NEMS framework does not allow direct modeling of most energy efficiency 
policies. Although evaluations of industrial energy efficiency policies are not always available, we have 
estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad (e.g. 
Martin et al., 1998) as well as the information presented in Appendix B-2. 

In most sectors we assume that voluntary sector agreements are used as a way to set energy efficiency 
improvement targets. These voluntary agreements are augmented by a number of policies and programs 
designed to provide support to each sector in achieving the targets because many instruments are 
complimentary in formulating an industrial energy efficiency policy (U.S. DOE, 1996a). Under the 
voluntary agreement framework, we envision that a group of industries (e.g. through an association) will 
negotiate a specified target with the government. Experience with sector agreements in Europe and Japan 
has shown that annual industry-wide energy efficiency improvements between 0.6% and 1.5% per year 
are feasible (IEA, 1997a; Stein and Strobel, 1997). In the U.S., the primary aluminum industry and EPA 
have negotiated an agreement to reduce PFC emissions by 40% by 2000, while other sector agreements 
exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
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recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. 

The policies and programs that can provide support in achieving energy efficiency improvement targets 
under a voluntary agreement in the steel sector include demonstration programs, assessment programs, 
Challenge programs, ENERGY STAR buildings and Green Lights, state programs, state implementation 
plans, R&D programs, ESCO/utility programs, ENERGY STAR and Climate Wise programs, pollution 
prevention programs, tax incentives for energy managers, tax rebates for specific industrial technologies, 
investment tax credits for CHP systems, and a CO2 cap and trade system. Steel is one of OIT s Industries 
of the Future, and has also gone through some radical changes that will affect the future energy 
consumption and efficiency of this sector. New energy-efficient mini-mills have changed the structure of 
the steel industry, and this trend is likely to continue. In the advanced scenario we assume that increased 
recycling programs and efforts would further increase this trend compared to the baseline and moderate 
scenario. R&D efforts under IOF and by industry will help to develop new processes like smelt reduction 
and near net shape casting, which will profoundly change the energy intensity of new plants. This has 
been modeled by changing the annual energy improvement rates of new plants. Many of the other 
programs will influence the energy efficiency improvement rate in the steel industry, including programs 
like extended Motor and Steam Challenge, cogeneration initiatives, tax rebates for specific industrial 
equipment (e.g. smelt reduction, near net shape casting, scrap preheating), state activities including public 
benefit programs (especially for EAFs), and the industry may also benefit from environmental programs 
like the Clean Air Partnership to find integrated energy efficient opportunities. For example, the 
Challenge programs aim to contribute to market transformation and use specific goals, e.g. a 10% 
reduction in electricity use by motors by 2002 and a reduction in energy use in steam systems with 20% 
by 2010. The steel industry is also a large source of CO and PM emissions. Costs of air pollution 
reduction may vary depending on the way that states implement the Clean Air Act State Implementation 
Plans. Using energy-efficient technologies, air pollution levels would be reduced at a net benefit 
compared to using end-of-pipe technologies. Assessments have shown that CO2 emissions could be 
reduced by 0.2% to 3% per percent-point reduction of NOx emissions (STAPPA/ALAPCO, 1999) due to 
energy savings. 

STEEL - Moderate Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the moderate scenario. 

Production and Technology Trends 
Production, process share, casting, and product trends remain the same as AEO99 under the moderate 
scenario. BF/BOF retirement rates are adjusted to 1.5% per year (for a lifetime of 67 years), EAF and 
coke oven turnover rates are adjusted to 1.8% per year (for a lifetime of 56 years), and other steel 
retirement rate is adjusted to 2.9% per year (for a lifetime of 34 years). 

Energy Consumption Trends 
For existing equipment in the moderate scenario, we used the adjusted UECs defined by the 1994 baseline 
calculations in Worrell et al. (1999). To derive the 2020 savings, we calculated the TPCs that result from 
comparing this adjusted 1994 baseline to the cost-effective savings identified in Worrell et al. (1999) 
using a 30% discount rate. Table A-33 provides information on the 1994 UECs, the cost-effective UECs 
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using a 30% discount rate, and the resulting average annual growth rate (TPCs) assuming all cost-
effective technologies are implemented by 2020. The cost-effective UECs using 30% discount rate are 
derived from the savings associated with implementation of the following retrofit technologies and 
measures: 
•	 Cold rolling: automated monitoring and targeting system 
•	 Hot rolling: process control in hot strip mill; recuperative burners; controlling oxygen levels and 

VSDs on combustion air fans; energy-efficient drives in the rolling mill; 20% thin slab casting 
•	 Casting: efficient ladle preheating 
•	 Blast furnace/basic oxygen furnace: injection of natural gas to 14 kg/thm; pulverized coal injection to 

130 kg/thm; hot blast stove automation; improved blast furnace control systems; pulverized coal 
injection to 225 kg/thm; recovery of blast furnace gas; preventative maintenance; energy monitoring 
and management system 

•	 EAF: oxyfuel burners; scrap preheating, post combustion — shaft furnace (FUCHS); bottom 
stirring/stirring gas injection; improved process control (neural networks); DC-Arc furnace; scrap 
preheating — Tunnel furnace (CONSTEEL); preventative maintenance; energy monitoring and 
management system 

•	 Coke: programmed heating 

For 1994 new equipment UECs in the moderate scenario, we used the U.S. ECOTECH case described 
above (IISI, 1998). To derive the 2020 savings, we calculated the TPCs that result from comparing the 
1994 U.S. ECOTECH new plant to the energy used by a hypothetical plant that uses (describe 
ALLTECH), called the ALLTECH plant in IISI (1998). Table A-33 provides information on the 1994 
new plant UECs, the 2020 new plant UECs, and the resulting average annual growth rates. 

Boiler energy efficiency increases at a rate of 0.2% per year for fossil fuels and 0.1% per year for biomass 
and waste in this scenario (CIBO, 1997; Einstein et al., 1999). Energy efficiency of industrial buildings in 
this sector improves at the same rate as that of commercial buildings under the moderate scenario. 
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Table A-33 Moderate Scenario Inputs for Existing and New Equipment for Steel Production 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Process Fuel MBtu/ton MBtu/ton MBtu/ton MBtu/ton 
Cold Rolled Electricity 0.40 0.35 -0.0055 0.29 0.28 -0.0013 
Cold Rolled Fuels 1.18 1.18 0.0000 1.08 0.73 -0.0150 
Hot Rolled Electricity 0.61 0.60 -0.0002 0.31 0.24 -0.oo98 
Hot Rolled Fuels 2.80 1.87 -0.0153 1.27 0.71 -0.0221 
Ingot Electricity 0.51 0.51 0.0000 0.00 0.00 0.0000 
Ingot Fuels 1.21 1.21 0.0000 0.00 0.00 0.0000 
CC Electricity 0.09 0.09 0.0000 0.04 0.02 -0.0263 
CC Fuels 0.03 0.03 -0.0111 0.04 0.03 -0.0110 
BF/OH Electricity 0.00 0.00 0.0000 0.00 0.00 0.0000 
BF/OH Fuels 0.00 0.00 0.0000 0.00 0.00 0.0000 
BF/BOF Electricity 0.16 0.14 -0.0053 0.20 0.11 -0.0227 
BF/BOF Nat.Gas 1.92 1.92 0.0000 0.00 0.00 0.0000 
BF/BOF Other Fuels 10.15 8.53 -0.0067 9.17 8.25 -0.0041 
EAF Electricity 1.48 1.19 -0.0086 1.27 0.96 -0.0107 
EAF Fuels 0.15 0.17 0.0056 0.46 0.40 -0.0054 
Coke Electricity 0.11 0.11 0.0000 0.29 0.10 -0.0401 
Coke Fuels 40.63 40.17 -0.0004 39.90 37.26 -0.0026 

Note: 1994 existing equipment UECs based on Worrell et al. (1999); 1994 new equipment UECs based on U.S. 
ECOTECH plant, a modified version of the ECOTECH plant (IISI, 1998). 2020 existing equipment UECs based on 
TPCs that result from comparing the 1994 baseline to the cost-effective savings identified in Worrell et al. (1999) 
using a 30% discount rate. 2020 new equipment UECs based on TPCs that result from comparing the U.S. 
ECOTECH plant to the ALLTECH plant (IISI, 1998). 

STEEL - Advanced Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the moderate scenario. 

Production and Technology Trends 
Production and product trends remain the same as AEO99 under the advanced scenario. The share of 
EAFs increased to 55% by 2020 (vs. 46% in AEO99). Continuous casting will increase to 99% in 2010 
under the advanced scenario. BF/BOF retirement rates are adjusted to 1.5% per year (for a lifetime of 67 
years), EAF and coke oven turnover rates are adjusted to 1.8% per year (for a lifetime of 56 years), and 
other steel retirement rate is adjusted to 2.9% per year (for a lifetime of 34 years). 

Energy Consumption Trends 
For existing equipment in the advanced scenario, we used the adjusted UECs defined by the 1994 
baseline calculations in Worrell et al. (1999). To derive the 2020 savings, we calculated the TPCs that 
result from comparing this adjusted 1994 baseline to the cost-effective savings identified in Worrell et al. 
(1999) using a 15% discount rate. Table A-34 provides information on the 1994 UECs, the cost-effective 
UECs using a 15% discount rate, and the resulting average annual growth rate (TPCs) assuming all cost-
effective technologies are implemented by 2020. The cost-effective UECs using 15% discount rate are 
derived from the savings associated with implementation of the following retrofit technologies and 
measures: 

• Cold rolling: automated monitoring and targeting system; heat recovery on the annealing line 
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•	 Hot rolling: process control in hot strip mill; recuperative burners; controlling oxygen levels and 
VSDs on combustion air fans; energy-efficient drives in the rolling mill; hot charging; 20% thin slab 
casting 

•	 Casting: efficient ladle preheating 
•	 Blast furnace/basic oxygen furnace: injection of natural gas to 14 kg/thm; pulverized coal injection to 

130 kg/thm; hot blast stove automation; improved blast furnace control systems; pulverized coal 
injection to 225 kg/thm; recovery of blast furnace gas; preventative maintenance; energy monitoring 
and management system 

•	 EAF: oxyfuel burners; scrap preheating, post combustion — shaft furnace (FUCHS); bottom 
stirring/stirring gas injection; improved process control (neural networks); DC-Arc furnace; scrap 
preheating — Tunnel furnace (CONSTEEL); preventative maintenance; energy monitoring and 
management system; twin shell DC with scrap preheating; fluegas monitoring and control; 
transformer efficiency — UHP transformers 

•	 Coke: programmed heating 

For 1994 new equipment UECs in the advanced scenario, we used the U.S. ECOTECH case described 
above (IISI, 1998). To derive the 2020 savings, we calculated the TPCs that result from comparing the 
1994 U.S. ECOTECH new plant to the energy used by a hypothetical plant that uses (describe 
ALLTECH), as well as smelting reduction and near net shape casting, that we call the ALLTECH­
SM/NNSC plant (IISI, 1998). Table A-34 provides information on the 1994 new plant UECs, the 2020 
new plant UECs, and the resulting average annual growth rates. 

In addition, boiler energy efficiency improves at a rate of 0.2% per year for oil and renewables and 0.3% 
per year for gas and coal (CIBO, 1997; Einstein et al., 1999). Energy efficiency in buildings in this sector 
is assumed to improve at the same rate as commercial buildings under the advanced scenario. 
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Table A-34 Advanced Scenario Inputs for Existing and New Equipment for Steel Production 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Process Fuel MBtu/ton MBtu/ton MBtu/ton MBtu/ton % 
Cold Rolled Electricity 0.40 0.34 -0.0058 0.29 0.28 -0.0013 
Cold Rolled Fuels 1.18 1.10 -0.0025 1.08 0.73 -0.0150 
Hot Rolled Electricity 0.61 0.60 -0.0002 0.31 0.10 -0.0426 
Hot Rolled Fuels 2.80 1.78 -0.0173 1.27 0.05 -0.1170 
Ingot Electricity 0.51 0.51 0.0000 0.00 0.00 0.0000 
Ingot Fuels 1.21 1.21 0.0000 0.00 0.00 0.0000 
CC Electricity 0.09 0.09 0.0000 0.04 0.02 -0.0263 
CC Fuels 0.03 0.03 -0.0111 0.04 0.03 -0.0110 
BF/OH Electricity 0.00 0.00 0.0000 0.00 0.00 0.0000 
BF/OH Fuels 0.00 0.00 0.0000 0.00 0.00 0.0000 
BF/BOF Electricity 0.16 0.14 -0.0053 0.20 0.25 0.0086 
BF/BOF Nat.Gas 1.92 1.92 0.0000 0.00 0.00 0.0000 
BF/BOF Other Fuels 10.15 8.53 -0.0067 9.17 9.32 0.0006 
EAF Electricity 1.48 1.14 -0.0102 1.27 0.96 -0.0107 
EAF Fuels 0.15 0.17 0.0056 0.46 0.40 -0.0054 
Coke Electricity 0.11 0.11 0.0000 0.29 0.01 -0.1215 
Coke Fuels 40.63 40.17 -0.0004 39.90 0.01 -0.2731 

Note: 1994 existing equipment UECs based on Worrell et al. (1999); 1994 new equipment UECs based on U.S. 
ECOTECH plant, a modified version of the ECOTECH plant (IISI, 1998). 2020 existing equipment UECs based on 
TPCs that result from comparing the 1994 baseline to the cost-effective savings identified in Worrell et al. (1999) 
using a 15% discount rate. 2020 new equipment UECs based on TPCs that result from comparing the U.S. 
ECOTECH plant to the ALLTECH-SM/NNSC plant (IISI, 1998). 

ALUMINUM - Historical Trends 

Economic Trends 
Economic growth, measured here with value of shipments, increased at 2.8% between 1958 and 199412. 
Growth was uneven over this period, rising 56% between 1971 and 1973, and then falling 28% between 
1979 and 1982. There was little net growth between 1973 and 1994, with value of shipments increasing 
at 0.08% per year. 

Production and Technology Trends 
Total U.S. production has grown from 4.8 Mtons in 1970 to 7.2 Mtons in 1995, or equivalent to an annual 
growth of 1.7% per year. U.S. aluminum demand has grown at a faster rate of 2.5%/year. The demand 
growth has been met by increased recycling of aluminum (see below) and increased imports (OIT, 1997). 
Primary aluminum production decreased slightly from 4.0 Mtons in 1970 to 3.9 Mtons in 1996, resulting 
in an annual average growth rate decrease of —0.03%. While primary, secondary, and total aluminum 
production varied considerably, both secondary and total aluminum increased production between 1970 
and 1995, while primary aluminum ended the period with no net change in production. 

Aluminum is produced by two processes: primary smelting and secondary production. Primary smelting 
is very electricity intensive consuming around 15 MWh/tonne aluminum, while secondary production 
only consumes fuel to re-melt the aluminum scrap, consuming about 5% of the primary energy 
consumption of primary aluminum. Secondary production has increased from 21% in 1970 to 49% in 

12 Value of output data is not available for SIC 3334 and 3353. Value of shipments data, which is value of output 
plus or minus the change in stocks, is available for both these aluminum subsectors. 

Appendix A-2 A-2.72 Industry 



                                                            

1995 of total U.S. production (OIT, 1997). Primary aluminum production has decreased since 1991, while 
imports of primary aluminum have increased. This trend is expected to continue (EPA, 1998). 

Secondary production is not modeled in NEMS, so we concentrate on primary aluminum smelting (ADL, 
1998). NEMS does include aluminum semi-fabrication, and excludes alumina refining.13 In NEMS capital 
stock turnover is estimated at 2.1%/year. We will maintain this stock turnover rate in the baseline and 
moderate scenario (EIA, 1998). In the advanced scenario a small increase of stock turnover may be 
expected, due to increasing electricity prices. We assume a small acceleration to 2.3%/year. 

Energy Consumption Trends 
Two analyses of time series data from the Manufacturing Energy Consumption Survey were used to 
develop final and primary energy estimates. In the first series, final energy consumption stays the same, 
314 TBtu in both 1991 and 1994, while the second analysis shows final energy consumption dropping 
from 312 TBtu in 1991 to 274 TBtu in 1994. The two series  estimates vary in primary energy 
consumption as well. The first (ERNST) series shows primary energy consumption falling 10% between 
1991 and 1994, at a rate of —3.2% per year, while the second shows primary energy consumption 
decreasing 15% between 1991 and 1994, at —5.2% per year. Series 1 shows primary energy consumption 
falling from 660 TBtu in 1991 to 600 TBtu in 1994, while Series 2 offers a decline from 850 TBtu in 
1985 to 730 TBtu in 1994. On average, the sector defined as SIC 3334 contributed about 80% of final 
and primary energy, while the sector classified as SIC 3353 contributed roughly 20%. Electricity is the 
dominant fuel in electricity production, averaging about 90% of total energy consumption. 

Primary energy intensity increased between 1991 and 1994. Series 1 showed an increase of 4.2% per 
year (13% overall) between 1991 and 1994, while Series 2 showed an increase of 2.1% per year (6% 
overall) during the same time span.. The primary energy intensity of Series 1 rose from at 145 MBtu/ton 
in 1991 to 164 MBtu/ton in 1994, while Series 2 listed primary energy intensity at 187 MBtu/ton in 1991 
and 200 MBtu/ton in 1994. Production decreased more quickly (-7.1% per year between 1991 and 1994) 
than did energy consumption during this time span, resulting in an increasing energy intensity. 

Figure A-9. Historical and Projected Physical Primary Energy Intensities 
(MBtu/ton) in U.S. Primary Aluminum 
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13 Future decline in U.S. primary production may result in reduced energy demand for alumina manufacturing, 
which is not accounted for in NEMS. 
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 ALUMINUM - AEO99 Reference Case and Business-As-Usual 

Economic Trends 
Value of output is projected to rise at 0.2% per year between 1994 and 2020, a trend comparable to the 
growth in value of shipments between 1972 and 1994. 

Production and Technology Trends 
AEO99 shows a low production growth of approximately 0.2% per year. NEMS only models primary 
aluminum smelting and semi-fabrication (SIC 3353). In the business-as-usual scenario we do not assume 
increased recycling, so we follow the AEO 99 baseline. 

Retirement rates for aluminum industry in NEMS are set at 2.1% per year. We adjust these rates to 2.3% 
per year for a lifetime of 43 years. 

Energy Consumption Trends 
The NEMS AEO99 model shows both final and primary energy intensity decreasing slightly between 
1994 and 2020. Final energy decreases from 49.1 MBtu/ton in 1994 to 47.0 MBtu/ton in 2020, at —0.2% 
per year, while primary energy intensity decreases from 123 MBtu/ton in 1994 to 114 MBtu in 2020, at 
—0.3% per year. While both the final and primary energy intensity estimates are lower than historical 
values, the trends are similar in scale. 

Table A-35 provides the NEMS AEO99 input values for existing and new equipment for 1994 and 2020. 
The new plant UECs and TPCs for existing and new plants are based on AEO99 as well. 

We have followed the AEO99 baseline assumptions for the building component of the baseline. Unit 
energy consumption (UEC) values for existing equipment in 1994 are taken from the existing NEMS 
AEO99 input files. UECs for new equipment in 1994 were estimated on the basis of existing smelters in 
various parts of the world. Energy use in buildings is very small compared to the energy use in the 
production process. NEMS estimates final energy consumption for the building component at 7.1 Trillion 
Btu, or approximately 3% of total (modeled) final energy consumption in the aluminum industry. 

Table A-35. NEMS Baseline Inputs for Existing and New Equipment for Aluminum Production 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Process Fuel MBtu/ton MBtu/ton MBtu/ton MBtu/ton 

Smelting Electricity 37.488 35.587 -0.20 28.491 27.046 -0.20 
Natural gas 13.067 11.928 -0.35 5.433 4.959 -0.35 
Steam coal 0.000 0.000 -0.35 0.000 0.000 -0.35 
Dist. Oil 0.025 0.023 -0.35 0.000 0.000 -0.35 
LPG 0.000 0.000 -0.35 0.000 0.000 -0.35 
Other 
petroleum 

0.000 0.000 -0.35 0.000 0.000 -0.35 
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ALUMINUM — Policies and Programs 

Energy policies and programs are important drivers for energy efficiency improvements in the industrial 
sector. However, the NEMS framework does not allow direct modeling of most energy efficiency 
policies. Although evaluations of industrial energy efficiency policies are not always available, we have 
estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad (e.g. 
Martin et al., 1998) as well as the information presented in Appendix B-2. 

In most sectors we assume that voluntary sector agreements are used as a way to set energy efficiency 
improvement targets. These voluntary agreements are augmented by a number of policies and programs 
designed to provide support to each sector in achieving the targets because many instruments are 
complimentary in formulating an industrial energy efficiency policy (U.S. DOE, 1996a). Under the 
voluntary agreement framework, we envision that a group of industries (e.g. through an association) will 
negotiate a specified target with the government. Experience with sector agreements in Europe and Japan 
has shown that annual industry-wide energy efficiency improvements between 0.6% and 1.5% per year 
are feasible (IEA, 1997a; Stein and Strobel, 1997). In the U.S., the primary aluminum industry and EPA 
have negotiated an agreement to reduce PFC emissions by 40% by 2000, while other sector agreements 
exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. 

The policies and programs that can provide support in achieving energy efficiency improvement targets 
under a voluntary agreement in the aluminum sector include demonstration programs, assessment 
programs, Challenge programs, ENERGY STAR buildings and Green Lights, state programs, state 
implementation plans, R&D programs, ENERGY STAR and Climate Wise programs, pollution 
prevention programs, tax incentives for energy managers, tax rebates for specific industrial technologies, 
investment tax credits for CHP systems, and a CO2 cap and trade system. In the CEF-NEMS, the 
aluminum industry includes primary production and shaping of aluminum production, but excludes 
secondary production. Primary aluminum production is highly concentrated in a small group of 
companies and is responsible for the vast majority of the energy use in this sector. The primary aluminum 
industry already has a voluntary agreement with EPA to reduce PFC emissions (see above). It is not 
expected that new aluminum smelters will be built in the U.S. However, the energy consumption of a new 
plant is modeled in the CEF-NEMS model, based on modern processes in commercial operation. Energy 
efficiency improvement will mainly be achieved through retrofit of existing plants. Programs like Motor 
Challenge, assessments (for smaller aluminum-shaping industries), R&D, Climate Wise, credits for 
energy managers, as well as increased recycling efforts, will improve energy efficiency in this sector. 
Pollution prevention programs contribute to energy and cost savings through reduced material use. 
Carbon emission reductions in 1997 was estimated at 5.2 milllion tonnes carbon, or roughly equivalent to 
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annual energy savings of 0.2 Quads throughout industry. Although cans are already recycled for a large 
share, increased recycling is feasible for cans and other aluminum products. This has been modeled as a 
reduction in primary production. R&D activities under the Industries of the Future program are assisting 
in the development of inert anodes which may lead to energy savings in the aluminum (and anode-
producing) industry. OIT is the prime agent for government support R&D in energy efficiency. The 
character of such programs makes it difficult to estimate the actual energy savings due to the program 
itself. However, estimates can and have been made for the technologies supported by OIT programs (U.S. 
DOE-OIT, 1998). Based on these assessments the current portfolio is expected to contribute to annual 
energy savings of 3.1 Quads by 2020 (U.S. DOE-OIT, 1999) through development and implementation of 
new energy-efficient industrial technologies. Expanded R&D programs will increase these savings. 

ALUMINUM - Moderate Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the moderate scenario. 

Production and Technology Trends 
Production and process share trends remain the same as AEO99 under the moderate scenario. Capital 
stock retirement rates are the same as those applied in the business-as-usual scenario. 

Energy Consumption Trends 
For existing equipment in the moderate scenario, we used the UECs defined in AEO99. The TPC for 
existing equipment is estimated on the basis of retrofitting existing cells and potentials for efficiency 
improvement (EPA, 1998) reducing power consumption to 13.6 MWh/tonne. The TPC for fuel use has 
been slightly accelerated, using modern furnace technology and (recuperative, submerged) burners. 

New plant UECs are based on current Hall-Heroult cells using 13.2 MWh (Ravier, 1986). The TPC has 
been adapted to reflect technologies currently under demonstration in Norway, which can reduce specific 
electricity consumption to approximately 12 MWh/tonne. 

Boiler energy efficiency increases at a rate of 0.2% per year for fossil fuels and 0.1% per year for biomass 
and waste in this scenario (CIBO, 1997; Einstein et al., 1999). Energy efficiency of industrial buildings in 
this sector improves at the same rate as that of commercial buildings under the moderate scenario. 

Table A-36. Moderate Scenario Inputs for Existing and New Equipment
 for Aluminum Production 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Process Name Fuel Name MBtu/ton MBtu/ton % MBtu/ton MBtu/ton % 

Smelting Electricity 37.488 30.90 -0.74 28.491 28.07 -0.25 
Natural gas 13.067 11.77 -0.40 5.433 4.959 -0.35 
Steam coal 0.000 0.00 -0.40 0.000 0.000 -0.35 
Dist. Oil 0.025 0.02 -0.40 0.000 0.000 -0.35 
LPG 0.000 0.00 -0.40 0.000 0.000 -0.35 
Other 
petroleum 

0.000 0.00 -0.40 0.000 0.000 -0.35 
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ALUMINUM - Advanced Scenario 

Economic Trends 
Economic trends remain the same as AEO99 under the advanced scenario. 

Production and Technology Trends 
Production trends have been slightly reduced (by 0.05% per year) to reflect increased recycling (based on 
EPA, 1998). However, this can not be modeled in the NEMS model. Therefore, the UEC inputs (see 
below) have been changed to reflect the increased recycling. Capital stock retirement rates are the same as 
those applied in the business-as-usual scenario. 

Energy Consumption Trends 
The UECs of existing and new equipment are adapted to reflect increased recycling. The 2020 UEC is 
reduced by 2% to reflect increased recycling trend that will reduce primary aluminum production growth 
from 0.20%/year to 0.15%/year. 

For existing equipment in the moderate scenario, we used the UECs defined in AEO99. The TPC for 
existing equipment is estimated on the basis of retrofitting existing cells and potentials for efficiency 
improvement (EPA, 1998) reducing power consumption to 13.6 MWh/tonne. The TPC for fuel use has 
been slightly accelerated, using modern furnace technology and (recuperative, submerged) burners. 

New plant UECs are based on current Hall-Heroult cells using heat recovery equipment reducing power 
consumption to 12 MWh ). The TPC has been adapted to reflect successful development of technologies 
currently under development, such as inert anodes, and bi-polar cell designs (Jarret, 1987; EPA, 1998; 
IOF,1998). 

In addition, boiler energy efficiency improves at a rate of 0.2% per year for oil and renewables and 0.3% 
per year for gas and coal (CIBO, 1997; Einstein et al., 1999). Energy efficiency in buildings in this sector 
is assumed to improve at the same rate as commercial buildings under the advanced scenario. 

Table A-37. Advanced Scenario Inputs for Existing and New Equipment for Aluminum
 
Production
 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Process Fuel MBtu/ton MBtu/ton MBtu/ton MBtu/ton 

Smelting Electricity 37.488 28.57 -1.12 28.491 26.35 -0.38 
Natural gas 13.067 11.47 -0.58 5.433 4.90 -0.48 
Steam coal 0.000 0.00 -0.58 0.000 0.000 -0.48 
Dist. Oil 0.025 0.02 -0.58 0.000 0.000 -0.48 
LPG 0.000 0.00 -0.58 0.000 0.000 -0.48 
Other 
petroleum 

0.000 0.00 -0.58 0.000 0.000 -0.48 
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 METALS-BASED DURABLES — Historical Trends 

The metals-based durables (also called fabricated metal products) sector is made up of products from 5 
sectors (ISIC 34 through 38). These are: fabricated metal products (ISIC 34), machinery, except electrical 
(ISIC 35), electric and electronic equipment (ISIC 36), transportation equipment (ISIC 37), and 
instruments and related products (ISIC 38). 

Economic Trends 
Value of output in the metals-based durables sector grew from $735B (1987$) in 1977 to $1645B in 
1997. Value of output increased in the metals-based durables sector at 4.1% per year between 1977 and 
1997. The rate has been increasing in recent years, as the AAGR grew at 5.6% per year in the 15-year 
period 1982-1997, and 5.5% per year between 1987 and 1997. The transport equipment subsector 
dominated the metals-based durables sector s economic production in the 1970s, contributing a 40% share 
of total value of output while the other sub-sectors contributed between 6% and 19% of value of output. 
The production distribution has changed over time. Electrical machinery and non-electrical machinery 
contributed the highest proportion of value of output in 1997, 28% each, while transport equipment has 
fallen to 24% and the other subsectors contribute between 8% and 11%. Electrical machinery (SIC 36), 
by itself, contributed 9.5% of total industrial value-of output in 1994 (14% in 1997), while consuming 
only 2% of its energy. 

Energy Consumption Trends 
Primary energy consumption increased at an average of 2.4% per year between 1985 and 1994. Primary 
energy use is much higher than final energy consumption in the metals-based durables sector due to the 
high fuel share of electricity (39% in 1994). 

Historical economic energy intensity for the metals-based durables sector (primary energy/value of 
output) declined on average —0.86% per year between 1985 and 1994. As noted above, energy 
consumption has increased consistently, but the sector s economic growth has outpaced the energy 
consumption, resulting in a decreasing UEC. 

Figure A-10. Historical and Projected Economic Energy Intensities 
(KBtu/U.S.$) for U.S. Metals-Based Durables 
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METALS-BASED DURABLES - AEO99 Reference Case and Business-As-Usual Scenario 

Economic Trends 
Value of output is projected to grow at an average of 3.2% per year between 1994 and 2020. While this is 
comparable to historical trends (4.1%), growth actually slows in the future, with an AAGR of 2.3% 
between 2010 and 2020. 

Production and Technology Trends 
Stock turnover rate for production equipment in the metals-based durables industry is 1.5% per year, 
equivalent to a lifetime of 67 years. We adjust this rate to 1.9% per year for a lifetime of 53 years. 

Energy Consumption Trends 
Primary energy consumption is projected to increase at 2.4% per year over the 26-year period 1994 to 
2020, with growth slowing over time (2.0% per year from 2005-2020, 1.6% per year from 2010-2020). 
Primary energy use is much higher than final energy consumption in the metals-based durables sector due 
to the high fuel share of electricity (41% in 2020). 

Economic energy intensity (KBtu/value of output) is projected to decline at an average rate of —0.78% per 
year between 1994 and 2020 in the AEO99 reference case, declining from 2.0 KBtu/U.S.$ in 1994 to 1.6 
KBtu/U.S.$ in 2020. 

Table A-38 provides the NEMS baseline inputs for existing and new equipment in 1994 and 2020. In 
NEMS, energy use in buildings is given as energy use per employee, and only reacts to a change in the 
number of employees in an industry, ignoring changes in building energy use, stock turnover of buildings, 
and the potential impact of programs aimed towards buildings. In the baseline scenario we use the AEO­
99 assumptions. 

Table A-38. NEMS Baseline Inputs for Existing and New Equipment for Metals-Based Durables 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs TPC 

1994 
UECs 

2020 
UECs TPC 

Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Electricity 
Natural gas 
Steam coal 
Residual oil 
Distillate oil 
LPGs 
Steam 
Biomass-wood 

0.2626 
0.2528 
0.0047 
0.0029 
0.0109 
0.0056 
0.3983 
0.0009 

0.2599 
0.2393 
0.0042 
0.0028 
0.0105 
0.0054 
0.3841 
0.0009 

-0.0004 
-0.0021 
-0.0040 
-0.0014 
-0.0014 
-0.0014 
-0.0014 
-0.0014 

0.2495 
0.2401 
0.0044 
0.0027 
0.0103 
0.0053 
0.3784 
0.0009 

0.2443 
0.2153 
0.0036 
0.0026 
0.0096 
0.0049 
0.3518 
0.0009 

-0.0008 
-0.0042 
-0.0080 
-0.0028 
-0.0028 
-0.0028 
-0.0028 
-0.0028 

Note: We only depict the UECs for region 1 in the NEMS model. The UECs vary between the regions, but the TPCs 
are exactly similar for each region. 

METALS-BASED DURABLES — Policies and Programs 

Energy policies and programs are important drivers for energy efficiency improvements in the industrial 
sector. However, the NEMS framework does not allow direct modeling of most energy efficiency 
policies. Although evaluations of industrial energy efficiency policies are not always available, we have 
estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad (e.g. 
Martin et al., 1998) as well as the information presented in Appendix B-2. 
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In most sectors we assume that voluntary sector agreements are used as a way to set energy efficiency 
improvement targets. These voluntary agreements are augmented by a number of policies and programs 
designed to provide support to each sector in achieving the targets because many instruments are 
complimentary in formulating an industrial energy efficiency policy (U.S. DOE, 1996a). Under the 
voluntary agreement framework, we envision that a group of industries (e.g. through an association) will 
negotiate a specified target with the government. Experience with sector agreements in Europe and Japan 
has shown that annual industry-wide energy efficiency improvements between 0.6% and 1.5% per year 
are feasible (IEA, 1997a; Stein and Strobel, 1997). In the U.S., the primary aluminum industry and EPA 
have negotiated an agreement to reduce PFC emissions by 40% by 2000, while other sector agreements 
exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. 

The policies and programs that can provide support in achieving energy efficiency improvement targets 
under a voluntary agreement in the metals-based durables sector include demonstration programs, 
assessment programs, Challenge programs, ENERGY STAR buildings and Green Lights, state programs, 
state implementation plans, R&D programs, ESCO/utility programs, ENERGY STAR and Climate Wise 
programs, tax incentives for energy managers, tax rebates for specific industrial technologies, investment 
tax credits for CHP systems, and a CO2 cap and trade system. The metals-based durables industry is an 
extremely varied industry, not only with respect to products but also the different company sizes (from 
small casters with a few personnel to the world s largest companies) and varying organizational 
structures. This requires the use of a multitude of policy instruments to improve energy efficiency, such as 
assessment programs, Challenge programs, Energy Star programs, labeling and standard programs, state 
efforts and public benefit programs, RD&D, cogeneration policies, as well as pollution prevention and 
other environmental programs. 

ENERGY STAR buildings are likely to have a large impact in this sector because a relatively large share 
of energy in these industries is used for building applications. Many industries in this sector already 
participate in this program and could further improve their performance, while many smaller companies 
do not yet participate. ENERGY STAR labeling for office equipment and Green Lights are important 
programs for this sector. With 1,400 companies currently participating in the Green Lights program, the 
annual energy savings are estimated at 4.8 GWh (Lupinacci-Rausch, 1999). Other than the EPACT 
efficiency standards for motors, standards are less common for industrial equipment. EPACT standards 
result in savings of over 7 GWh per year. Newly proposed standards (CEE) are estimated to save another 
4 GWh/year (Scheihing et al., 1998). State programs can have several forms and may include elements 
such as development, demonstration or dissemination. Using the estimated the average cost-effectiveness, 
as given by Quinn and Reed (1997), we estimate annual energy savings at 0.6 quads at current funding 

Appendix A-2 A-2.80 Industry 



levels. Expanding state programs will achieve higher levels of energy savings in many different 
industries. 

METALS-BASED DURABLES - Moderate Scenario 

Economic Trends 
Economic trends remain the same as AOE99 under the moderate scenario. 

Production and Technology Trends 
Production and process share trends remain the same as AEO99 under the moderate scenario. Capital 
stock retirement rates are the same as those applied in the business-as-usual scenario. 

Energy Consumption Trends 
Table A-39 provides the moderate scenario inputs for existing and new equipment in 1994 and 2020. The 
energy efficiency improvement rates, both for existing and new equipment, have been increased by 50% 
in the moderate scenario, compared to the BAU scenario. This reflects the expansion of policy programs 
like the IACs. The metals-based durables industries were the largest participant in the IAC program, and 
the expansion is expected to improve the implementation rate of suggested measures. 

Boiler energy efficiency increases at a rate of 0.2% per year for fossil fuels and 0.1% per year for biomass 
and waste in this scenario (CIBO, 1997; Einstein et al., 1999). Energy efficiency of industrial buildings in 
this sector improves at the same rate as that of commercial buildings under the moderate scenario. 

Table A-39 Moderate Scenario Inputs for Existing and New Equipment
 for Metals-Based Durables 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Electricity 
Natural gas 
Steam coal 
Residual oil 
Distillate oil 
LPGs 
Steam 
Biomass-wood 

0.2626 
0.2528 
0.0047 
0.0029 
0.0109 
0.0056 
0.3983 
0.0009 

0.2585 
0.2329 
0.0040 
0.0027 
0.0103 
0.0053 
0.3771 
0.0009 

-0.0006 
-0.0032 
-0.0060 
-0.0021 
-0.0021 
-0.0021 
-0.0021 
-0.0021 

0.2495 
0.2401 
0.0044 
0.0027 
0.0103 
0.0053 
0.3784 
0.0009 

0.2418 
0.2037 
0.0032 
0.0024 
0.0092 
0.0048 
0.3392 
0.0009 

-0.0012 
-0.0063 
-0.0120 
-0.0042 
-0.0042 
-0.0042 
-0.0042 
-0.0042 

Note: We only depicted the UECs for region 1 in the NEMS model. The UECs vary between the regions, but the 
TPCs are exactly similar for each region. 

METALS-BASED DURABLES - Advanced Scenario 

Economic Trends 
Economic trends remain the same as AOE99 under the advanced scenario. 

Production and Technology Trends 
Production and process share trends remain the same as AEO99 under the advanced scenario. Capital 
stock retirement rates are the same as those applied in the business-as-usual scenario. 

Energy Consumption Trends 
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Table A-40 provides the advanced scenario inputs for existing and new equipment in 1994 and 2020. The 
energy efficiency improvement rates, both for existing and new equipment, have been doubled in the 
advanced scenario, compared to the BAU scenario. This reflects the expansion of policy programs like 
the IACs, and the effects of voluntary agreements with the larger companies in this sector. The metals-
based durables industries were the largest participant in the IAC program, and the expansion is expected 
to improve the implementation rate of suggested measures. 

In addition, boiler energy efficiency improves at a rate of 0.2% per year for oil and renewables and 0.3% 
per year for gas and coal (CIBO, 1997; Einstein et al., 1999). Energy efficiency in buildings in this sector 
is assumed to improve at the same rate as commercial buildings under the advanced scenario. 

Table A-40. Advanced Scenario Inputs for Existing and New Equipment 
for Metals-Based Durables 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Fuel MBtu/$ MBtu/$ MBtu/$ MBtu/$ 
Electricity 
Natural gas 
Steam coal 
Residual oil 
Distillate oil 
LPGs 
Steam 
Biomass-wood 

0.2626 
0.2528 
0.0047 
0.0029 
0.0109 
0.0056 
0.3983 
0.0009 

0.2572 
0.2266 
0.0038 
0.0027 
0.0101 
0.0052 
0.3703 
0.0009 

-0.0008 
-0.0042 
-0.0080 
-0.0028 
-0.0028 
-0.0028 
-0.0028 
-0.0028 

0.2495 
0.2401 
0.0044 
0.0027 
0.0103 
0.0053 
0.3784 
0.0009 

0.2393 
0.1928 
0.0029 
0.0023 
0.0089 
0.0046 
0.3270 
0.0009 

-0.0016 
-0.0084 
-0.0160 
-0.0056 
-0.0056 
-0.0056 
-0.0056 
-0.0056 

Note: We only depicted the UECs for region 1 in the NEMS model. The UECs vary between the regions, but the 
TPCs are exactly similar for each region. 

OTHER MANUFACTURING - Historical Trends 

Economic Trends 
The Other Manufacturing  category discussed herein encompasses an array of industries. We define the 
sector as SICs 21 through 25, 27, 30, 31, 39 and those portions of SICs 28, 29, 32, and 33 not examined in 
the AEO forecast. Value of output in the Other Manufacturing  sector increased from $610B in 1977 to 
$830B in 1994, at an annual average rate of 1.8% per year. While there have been slight dips, the increase 
has been reasonably steady. 

Energy Consumption Trends 
The level of decomposition required to accurately report on Other Manufacturing  is only available in 
the 1994 and 1997 national Manufacturing Energy Consumption Surveys. Final energy consumption 
increased from 2240 TBtu in 1991 to 2430 TBtu in 1994, at 2.8% per year, for an overall increase of 9%. 
Primary energy consumption grew from 3490 TBtu in 1991 to 3910 TBtu in 1994, at 3.9% per year, for 
an overall increase of 12%. The dominant fuels in the Other Manufacturing  sector are natural gas, 
which held a 42% share in 1994, and electricity, which held a 27% share in 1994, up from 25% in 1991. 

Unit energy consumption decreased slightly between 1991 and 1994. While both final (2.8% per year) 
and primary (3.9% per year) energy consumption increased over that span, value of output grew more 
rapidly (4.1% per year between 1991 and 1994), resulting in a decreasing final (-1.3% per year) and 
primary (-0.2% per year) energy intensity. 
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Fig. A-11 Historical and Projected Economic Energy Intensities 
(KBtu/U.S.$) in U.S. Other Manufacturing 
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OTHER MANUFACTURING - AEO99 Reference Case and Business-As-Usual Scenario 

Economic Trends 
Value of output for the Other Manufacturing  sector in the AEO99 model increases at 1.6% per year 
between 1994 and 2020, from $800B in 1994 to $1190B in 2020. The long-term growth rate and 
crossover year (1994) are similar in magnitude to STAN/BEA and MECS data. 

Production and Technology Trends 
The retirement rate of capital stock in all non-manufacturing subsectors is set at 2.3% per year in NEMS 
AOE99, for an average lifetime of 43 years. We adjust this to a rate of 2.5% per year for an average 
lifetime of 40 years. 

Energy Consumption Trends 
Final energy consumption increases at 1.5% per year between 1994 and 2020, from 2740 TBtu in 1994 to 
4000 TBtu in 2020. Primary energy consumption increases at 1.3% per year over this time span, from 
4220 TBtu in 1994 to 5860 TBtu in 2020. Fuel share is dominated by natural gas (47% in 1994) and 
electricity (25% in 1994). Value of output increases at a greater rate than energy consumption between 
1994 and 2020, thus both final (-0.1% per year) and primary (-0.3% per year) energy intensity decrease 
during this period. Table A-41 provides the NEMS baseline inputs for existing and new equipment in 
1994 and 2020. 

In NEMS, energy use in buildings is given as energy use per employee, and only reacts to a change in the 
number of employees in an industry, ignoring changes in building energy use, stock turnover of buildings, 
and the potential impact of programs aimed towards buildings. In the baseline scenario we use the AEO99 
assumptions. 
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Table A-41 NEMS Baseline Inputs for Existing and New Equipment for Other Manufacturing 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Fuel MBtu/$ MBtu/$ % MBtu/$ MBtu/$ % 
Electricity 0.4251 0.4207 -0.0004 0.4038 0.3955 -0.0008 
Natural Gas 0.4952 0.4688 -0.0021 0.4704 0.4217 -0.0042 
Residual Oil 0.0323 0.0311 -0.0014 0.0307 0.0285 -0.0028 
Distillate Oil 0.0097 0.0094 -0.0014 0.0092 0.0086 -0.0028 
LPG 0.0152 0.0147 -0.0014 0.0145 0.0134 -0.0028 
Steam Coal 0.0336 0.0303 -0.004 0.0319 0.0259 -0.008 
Other Petroleum 0 0 -0.0014 0 0 -0.0028 
Steam 0.44 0.4243 -0.0014 0.418 0.3886 -0.0028 
Biomass-Wood 0.0452 0.0452 0 0.0407 0.0407 0 
Electricity 0.6073 0.601 -0.0004 0.5769 0.565 -0.0008 
Natural Gas 0.8361 0.7916 -0.0021 0.7943 0.7119 -0.0042 
Residual Oil 0.0105 0.0101 -0.0014 0.01 0.0093 -0.0028 
Distillate Oil 0.014 0.0135 -0.0014 0.0133 0.0124 -0.0028 
LPG 0.0324 0.0312 -0.0014 0.0307 0.0286 -0.0028 
Steam Coal 0.0068 0.0062 -0.004 0.0065 0.0053 -0.008 
Other Petroleum 0 0 -0.0014 0 0 -0.0028 
Steam 0.4717 0.4548 -0.0014 0.4481 0.4166 -0.0028 
Biomass-Wood 0.1787 0.1787 0 0.1787 0.1787 0 
Electricity 1.0307 1.02 -0.0004 0.9792 0.959 -0.0008 
Natural Gas 1.0069 0.9533 -0.0021 0.9565 0.8574 -0.0042 
Residual Oil 0.0503 0.0485 -0.0014 0.0477 0.0444 -0.0028 
Distillate Oil 0.0174 0.0168 -0.0014 0.0166 0.0154 -0.0028 
LPG 0.2426 0.2339 -0.0014 0.2305 0.2142 -0.0028 
Steam Coal 0.0263 0.0237 -0.004 0.025 0.0203 -0.008 
Other Petroleum 0 0 -0.0014 0 0 -0.0028 
Steam 1.3555 1.307 -0.0014 1.2877 1.1972 -0.0028 
Biomass-Wood 0.4894 0.4894 0 0.4894 0.4894 0 
Electricity 0.5362 0.5307 -0.0004 0.5094 0.4989 -0.0008 
Natural Gas 0.4911 0.465 -0.0021 0.4665 0.4182 -0.0042 
Residual Oil 0.0634 0.0611 -0.0014 0.0602 0.056 -0.0028 
Distillate Oil 0.0057 0.0055 -0.0014 0.0054 0.005 -0.0028 
LPG 0.0003 0.0003 -0.0014 0.0003 0.0003 -0.0028 
Steam Coal 0.0025 0.0023 -0.0040 0.0024 0.002 -0.0080 
Other Petroleum 0 0 -0.0014 0 0 -0.0028 
Steam 1.3353 1.2875 -0.0014 1.2685 1.1793 -0.0028 
Biomass-Wood 0.7177 0.7177 0 0.7177 0.7177 0 

OTHER MANUFACTURING — Policies and Programs 

Energy policies and programs are important drivers for energy efficiency improvements in the industrial 
sector. However, the NEMS framework does not allow direct modeling of most energy efficiency 
policies. Although evaluations of industrial energy efficiency policies are not always available, we have 
estimated the impacts of such policies on the basis of evaluated programs in the U.S. and abroad (e.g. 
Martin et al., 1998) as well as the information presented in Appendix B-2. In most sectors we assume that 
voluntary sector agreements are used as a way to set energy efficiency improvement targets. Due to the 
wide variety companies within the other manufacturing  sector, various voluntary agreements will have 
to be developed for specific sub-sectors (e.g. textiles). These voluntary agreements are augmented by a 
number of policies and programs designed to provide support to each sector in achieving the targets 
because many instruments are complimentary in formulating an industrial energy efficiency policy (U.S. 
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DOE, 1996a). Under the voluntary agreement framework, we envision that a group of industries (e.g. 
through an association) will negotiate a specified target with the government. Experience with sector 
agreements in Europe and Japan has shown that annual industry-wide energy efficiency improvements 
between 0.6% and 1.5% per year are feasible (IEA, 1997a; Stein and Strobel, 1997). In the U.S., the 
primary aluminum industry and EPA have negotiated an agreement to reduce PFC emissions by 40% by 
2000, while other sector agreements exist with the natural gas industry. 

As described in Appendix B-2, we evaluated approximately 20 policies and programs that focus on 
improving energy efficiency in the industrial sector and that we assume will be used in conjunction with 
voluntary industrial sector agreements to provide further support to the industries which have set energy 
efficiency improvement targets. These various policies and programs can be directed at specific industrial 
subsectors or at cross-cutting technologies and measures. These various policies and programs influence 
energy use in many different ways. Some provide information or incentives for improving existing 
equipment while others focus on new equipment. Some focus on improving material efficiency and 
recycling, others promote increase boiler efficiency and use of cogeneration. Table A-2 shows how we 
changed various CEF-NEMS modeling parameters to reflect the expected impact of a policy or program 
in a specific industrial subsector, i.e. efficiency improvement rate of existing and new equipment, 
improved efficiency of boilers, improved efficiency in industrial buildings, and increased penetration of 
cogeneration. Some of the impacts have first been evaluated with different models before implementation 
in CEF-NEMS. Appendix B-2 provides further details regarding how we envision these policies and 
programs will be expanded under the moderate and advanced scenarios. 

The policies and programs that can provide support in achieving energy efficiency improvement targets 
under a voluntary agreement in the other manufacturing sector include demonstration programs, 
assessment programs, Challenge programs, ENERGY STAR buildings and Green Lights, state programs, 
state implementation plans, ESCO/utility programs, ENERGY STAR and Climate Wise programs, tax 
incentives for energy managers, investment tax credits for CHP systems, and a CO2 cap and trade system. 
This subsector includes a wide variety of many light industries. The variation makes it essential to use a 
wide variety of instruments. The ENERGY STAR buildings program is likely to have a large impact in 
this sector, as a relatively large part of energy in these industries is used for buildings. Many industries in 
this sector already participate and could further improve their performance, while many smaller 
companies do not yet participate. ENERGY STAR labeling for office equipment and Green Lights are 
also important programs. With 1,400 companies currently participating in the Green Lights program, the 
annual energy savings are estimated at 4.8 GWh (Lupinacci-Rausch, 1999). Other EPACT standards for 
motors result in savings of over 7 GWh per year. Proposed standards (CEE) are estimated to save another 
4 GWh/year (Scheihing et al., 1998). State programs may include development, demonstration or 
dissemination. Using the average cost-effectiveness, we estimate annual energy savings at 0.6 Quads at 
current funding levels (Quinn and Reed, 1997). Expanding state programs will achieve higher levels of 
energy savings in many different industries. 

OTHER MANUFACTURING - Moderate Scenario 

Economic Trends 
Economic trends remain the same as AOE99 under the moderate scenario. 

Production and Technology Trends 
Production and process share trends remain the same as AEO99 under the moderate scenario. Capital 
stock retirement rates are the same as those applied in the business-as-usual scenario. 
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Energy Consumption Trends 
Table A-42 provides the moderate scenario inputs for existing and new equipment in 1994 and 2020. The 
energy efficiency improvement rates, both for existing and new equipment, have been increased by 50% 
in the moderate scenario, compared to the BAU scenario. 

Boiler energy efficiency increases at a rate of 0.2% per year for fossil fuels and 0.1% per year for biomass 
and waste in this scenario (CIBO, 1997; Einstein et al., 1999). Energy efficiency of industrial buildings in 
this sector improves at the same rate as that of commercial buildings under the moderate scenario. 

Table A-42 Moderate Scenario Inputs for Existing and New Equipment in Other Manufacturing 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Fuel MBtu/$ MBtu/$ % MBtu/$ MBtu/$ % 
Electricity 0.4251 0.4185 -0.0006 0.4038 0.3914 -0.0012 
Natural Gas 0.4952 0.4562 -0.00315 0.4704 0.3991 -0.0063 
Residual Oil 0.0323 0.0306 -0.0021 0.0307 0.0275 -0.0042 
Distillate Oil 0.0097 0.0092 -0.0021 0.0092 0.0082 -0.0042 
LPG 0.0152 0.0144 -0.0021 0.0145 0.0130 -0.0042 
Steam Coal 0.0336 0.0287 -0.006 0.0319 0.0233 -0.012 
Other Petroleum 0 0.0000 -0.0021 0 0.0000 -0.0042 
Steam 0.44 0.4166 -0.0021 0.418 0.3747 -0.0042 
Biomass-Wood 0.0452 0.0452 0 0.0407 0.0407 0 
Electricity 0.6073 0.5979 -0.0006 0.5769 0.5592 -0.0012 
Natural Gas 0.8361 0.7703 -0.00315 0.7943 0.6739 -0.0063 
Residual Oil 0.0105 0.0099 -0.0021 0.01 0.0090 -0.0042 
Distillate Oil 0.014 0.0133 -0.0021 0.0133 0.0119 -0.0042 
LPG 0.0324 0.0307 -0.0021 0.0307 0.0275 -0.0042 
Steam Coal 0.0068 0.0058 -0.006 0.0065 0.0047 -0.012 
Other Petroleum 0 0.0000 -0.0021 0 0.0000 -0.0042 
Steam 0.4717 0.4466 -0.0021 0.4481 0.4017 -0.0042 
Biomass-Wood 0.1787 0.1787 0 0.1787 0.1787 0 
Electricity 1.0307 1.0147 -0.0006 0.9792 0.9491 -0.0012 
Natural Gas 1.0069 0.9276 -0.00315 0.9565 0.8116 -0.0063 
Residual Oil 0.0503 0.0476 -0.0021 0.0477 0.0428 -0.0042 
Distillate Oil 0.0174 0.0165 -0.0021 0.0166 0.0149 -0.0042 
LPG 0.2426 0.2297 -0.0021 0.2305 0.2066 -0.0042 
Steam Coal 0.0263 0.0225 -0.006 0.025 0.0183 -0.012 
Other Petroleum 0 0.0000 -0.0021 0 0.0000 -0.0042 
Steam 1.3555 1.2834 -0.0021 1.2877 1.1542 -0.0042 
Biomass-Wood 0.4894 0.4894 0 0.4894 0.4894 0 
Electricity 0.5362 0.5279 -0.0006 0.5094 0.4937 -0.0012 
Natural Gas 0.4911 0.4524 -0.00315 0.4665 0.3958 -0.0063 
Residual Oil 0.0634 0.0600 -0.0021 0.0602 0.0540 -0.0042 
Distillate Oil 0.0057 0.0054 -0.0021 0.0054 0.0048 -0.0042 
LPG 0.0003 0.0003 -0.0021 0.0003 0.0003 -0.0042 
Steam Coal 0.0025 0.0021 -0.0060 0.0024 0.0018 -0.0120 
Other Petroleum 0 0.0000 -0.0021 0 0.0000 -0.0042 
Steam 1.3353 1.2643 -0.0021 1.2685 1.1370 -0.0042 
Biomass-Wood 0.7177 0.7177 0 0.7177 0.7177 0 
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OTHER MANUFACTURING - Advanced Scenario 

Economic Trends 
Economic trends remain the same as AOE99 under the advanced scenario. 

Production and Technology Trends 
Production and process share trends remain the same as AEO99 under the advanced scenario. Capital 
stock retirement rates are the same as those applied in the business-as-usual scenario. 

Energy Consumption Trends 
Table A-43 provides the advanced scenario inputs for existing and new equipment in 1994 and 2020. The 
energy efficiency improvement rates, both for existing and new equipment, have been doubled in the 
advanced scenario, compared to the BAU scenario. 

In addition, boiler energy efficiency improves at a rate of 0.2% per year for oil and renewables and 0.3% 
per year for gas and coal (CIBO, 1997; Einstein et al., 1999). Energy efficiency in buildings in this sector 
is assumed to improve at the same rate as commercial buildings under the advanced scenario. 
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Table A-43 Advanced Scenario Inputs for Existing and New Equipment in Other Manufacturing 

Existing Equipment New Equipment 
1994 
UECs 

2020 
UECs 

TPC 1994 
UECs 

2020 
UECs 

TPC 

Fuel MBtu/$ MBtu/$ % MBtu/$ MBtu/$ % 
Electricity 0.4251 0.4163 -0.0008 0.4038 0.3873 -0.0016 
Natural Gas 0.4952 0.4439 -0.0042 0.4704 0.3778 -0.0084 
Residual Oil 0.0323 0.0300 -0.0028 0.0307 0.0265 -0.0056 
Distillate Oil 0.0097 0.0090 -0.0028 0.0092 0.0080 -0.0056 
LPG 0.0152 0.0141 -0.0028 0.0145 0.0125 -0.0056 
Steam Coal 0.0336 0.0273 -0.008 0.0319 0.0210 -0.016 
Other Petroleum 0 0.0000 -0.0028 0 0.0000 -0.0056 
Steam 0.44 0.4091 -0.0028 0.418 0.3612 -0.0056 
Biomass-Wood 0.0452 0.0452 0 0.0407 0.0407 0 
Electricity 0.6073 0.5948 -0.0008 0.5769 0.5534 -0.0016 
Natural Gas 0.8361 0.7494 -0.0042 0.7943 0.6379 -0.0084 
Residual Oil 0.0105 0.0098 -0.0028 0.01 0.0086 -0.0056 
Distillate Oil 0.014 0.0130 -0.0028 0.0133 0.0115 -0.0056 
LPG 0.0324 0.0301 -0.0028 0.0307 0.0265 -0.0056 
Steam Coal 0.0068 0.0055 -0.008 0.0065 0.0043 -0.016 
Other Petroleum 0 0.0000 -0.0028 0 0.0000 -0.0056 
Steam 0.4717 0.4385 -0.0028 0.4481 0.3872 -0.0056 
Biomass-Wood 0.1787 0.1787 0 0.1787 0.1787 0 
Electricity 1.0307 1.0095 -0.0008 0.9792 0.9393 -0.0016 
Natural Gas 1.0069 0.9025 -0.0042 0.9565 0.7681 -0.0084 
Residual Oil 0.0503 0.0468 -0.0028 0.0477 0.0412 -0.0056 
Distillate Oil 0.0174 0.0162 -0.0028 0.0166 0.0143 -0.0056 
LPG 0.2426 0.2255 -0.0028 0.2305 0.1992 -0.0056 
Steam Coal 0.0263 0.0213 -0.008 0.025 0.0164 -0.016 
Other Petroleum 0 0.0000 -0.0028 0 0.0000 -0.0056 
Steam 1.3555 1.2602 -0.0028 1.2877 1.1128 -0.0056 
Biomass-Wood 0.4894 0.4894 0 0.4894 0.4894 0 
Electricity 0.5362 0.5252 -0.0008 0.5094 0.4886 -0.0016 
Natural Gas 0.4911 0.4402 -0.0042 0.4665 0.3746 -0.0084 
Residual Oil 0.0634 0.0589 -0.0028 0.0602 0.0520 -0.0056 
Distillate Oil 0.0057 0.0053 -0.0028 0.0054 0.0047 -0.0056 
LPG 0.0003 0.0003 -0.0028 0.0003 0.0003 -0.0056 
Steam Coal 0.0025 0.0020 -0.0080 0.0024 0.0016 -0.0160 
Other Petroleum 0 0.0000 -0.0028 0 0.0000 -0.0056 
Steam 1.3353 1.2414 -0.0028 1.2685 1.0962 -0.0056 
Biomass-Wood 0.7177 0.7177 0 0.7177 0.7177 0 
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Appendix A-3 

ALTERATIONS TO NEMS FOR TRANSPORTATION SECTOR POLICIES 

The NEMS Transportation Sector Model comprises two FORTRAN programs. The TRANF program 
includes subroutines handling light duty highway vehicles, non-highway modes and miscellaneous uses 
of transportation fuels. The TRANFRT program represents heavy truck energy demand. Most data input 
is handled via two spreadsheets: (1) TRNINPUT.WK1 contains most of the input data for the TRANF 
program, and (2) CFFUEL.WK1 contains all of the input data for the TRANFRT model. Much of the 
data required by the Alternative Fuel Vehicle Model is contained within the TRANF code. Thus, to 
change prices, fuel economy, acceleration performance, etc. of alternative fuel vehicles requires changing 
and recompiling TRANF. Changes were also made to other parts of the TRANF code dealing with the 
AFV Model, as explained below. In the course of constructing the Moderate and Advanced Scenarios 
changes were made to all four components except TRANFRT. 

In order to represent policies for promoting cellulosic ethanol as a blending stock for gasoline, it was 
necessary to make changes to portions of the refinery model code. Changes were made to the REFINE.F 
and to the REFETH.F files. 

A-3.1 CHANGES TO REFINERY MODEL 

To represent policies promoting the production of cellulosic ethanol for use in blending with gasoline, the 
CHGETHN subroutine located in the REFINE.F file, and the CELLETH subroutine in the REFETH.F file 
were modified. 

To reflect loan subsidies or guarantees for ethanol plant construction, three lines of code in the CELLETH 
subroutine which add risk premiums to the cost of capital for cellulosic ethanol plants by means of the 
variable CAPRSK were nullified by setting CAPRSK=1.0 for all years. 

In the AEO99 Reference Case, it is assumed that the cost of producing cellulosic ethanol will decline 
exponentially to 20% below current levels by the year 2020. The rate of decline was increased to achieve 
a 50% reduction by 2020 in the moderate and advanced cases, to simulate greater success in R&D. This 
was accomplished by changing the value of the variable PCTRD from 0.01057 to 0.03406. 

Finally, in the AEO99 Reference Case the expansion of cellulosic ethanol capacity is limited to 250 
million gallons per year from 2005 to 2020. This is accomplished by a factor in the equation for 
WQETOH which is set to 5. This means that the maximum amount of cellulosic ethanol that could be 
produced in 2020 is 3.75 billion gallons. The maximum annual expansion factor was changed to 650 
million gallons capacity per year by setting the factor formerly equal to 5 to 13, so that total capacity 
could reach almost 10 billion gallons by 2020. To be consistent, the value of the variable M was set to 13 
in all cases. 

A-3.2 CHANGES TO TRANF.FORT 

TRANF contains most of the code for the Transportation Sector model and numerous changes were made 
to represent the suites of policies comprising the moderate and advanced scenarios. 
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A-3.2.1 Subroutine TPRI 

For the advanced scenario only, a Pay-at-the-Pump (PATP) variabilization policy was simulated by 
adding a surcharge to all motor fuels. Since there is no net increase in expenditures on transportation, and 
since there is no convenient way to represent the reduction in insurance costs within the NEMS model, it 
is appropriate that this surcharge be recognized only within the Transportation Sector model and not be 
transmitted to any other modules. 

The design of the PATP fee used here is quite simple. For the year 2003 to 2012, a surcharge of $2.00 
per million BTU in 1987$ ($2.70/MMBtu in 1997 $, or $0.34 per gallon of gasoline equivalent energy) is 
added to the price of all motor fuels. From 2013 on the surcharge is increased in one large step to 
$3.00/MMBtu in 1987$ ($4.06/MMBtu in 1997$ or $0.51 per gallon of gasoline equivalent energy) to 
roughly correct for the increasing efficiency of the light-duty vehicle fleet. 

Modification of the code was made in the subroutine TPRI, which is intended for implementing an ad 
valorem tax on motor fuels. Five lines of code that initialize a variable called TAX to 1.0 were 
commented out. Then six lines were added to set the value of tax to 0 through 2002, at 2.0 from 2003 to 
2012, and to 3.0 from 2013 to 2020. Finally the sixteen lines of code in which TAX was multiplied times 
the price (in 1987 $) of each fuel were changed so that it is added, as described above. 

A-3.2.2 Changes to the Fuel Cell Subroutines and Related Data 

Three subroutines, FCMCALC, FCHCALC, and FCGCALC, predict the cost and energy efficiency of 
methanol, hydrogen and gasoline fuel cell vehicles respectively. In each of these subroutines, two 
equations predict the variable, FUELCELL, which is the incremental cost of a fuel cell vehicle. In 
addition, the subroutines make use of a variable, FUELCELL$COST, which is input data representing the 
cost of each type of fuel cell stack in dollars per kilowatt. In the NEMS AEO99 version this variable is 
set to 9999 through 2004. In 2005 it is set to 650 for methanol, 450 for hydrogen and 750 for gasoline; it 
then declines to one-tenth those values by 2020. 

The two equations predicting the incremental cost of the fuel cell vehicle were replaced by a single 
equation whose parameters were taken from a recent analysis of future fuel cell costs by Directed 
Technologies (1998). The equation is comprised of five components: 

1. Fuel cell stack cost 
2. Electric motor cost 
3. Reformer cost 
4. Hydrogen tank cost 
5. Internal combustion engine/transmission credit 

The cost equations are identical for each fuel cell type, except for a coefficient representing the kilowatts 
required per ton of vehicle weight. This variable, which is represented in the equation below by A, takes 
on the values 58 for methanol, 53 for hydrogen, and 60 for gasoline. The new fuel cell cost equation is as 
follows: 

FUELCELL(ICL,IGP,YEAR,IFT) = 1.75*(FUELCELL$COST(YEAR,IFT)* 
& ((1073 + 21.97*A*WEIGHT(ICL,IGP,YEAR,1)/2200) ! Stack Cost 
& + 260 + 8.26*A*WEIGHT(ICL,IGP,YEAR,1)/2200 !Motor Cost 
& + 100 + 10*A*WEIGHT(ICL,IGP,YEAR,1)/2200) ! Reformer Cost 
& + 15.3*A*WEIGHT(ICL,IGP,YEAR,1)/2200 ! Hydrogen Tank 
& - 600 — 20*75*WEIGHT(ICL,IGP,YEAR,1)/2200) ! ICE Credit 
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Note that the line labeled Hydrogen Tank  is included only for the hydrogen fuel cell vehicle.  In the 
case of the hydrogen vehicle that line replaces the line labeled Reformer Cost , which is not used. 

A key difference between the Directed Technologies study cost estimates and the equation above is the 
1.75 overhead factor we apply to the net change in vehicle costs. 

The variable FUELCELL$COST no longer represents fuel cell stack costs in dollars per kilowatt. Instead 
it is an index of cost that represents the decline in fuel cell system costs with time. When 
FUELCELL$COST = 1.0, then the cost of fuel cell vehicles corresponds to the cost estimates derived 
from the Directed Technologies study. This variable is still set to 9999 through 2004, however, beginning 
in 2005 it takes on the value 2.0 and declines thereafter at a rate described by the following equation: 

ke− at 

FUELCELL COST I IFT ) = . e −$ ( , 2 0  

This equation implies that cost decline exponentially with time, but that the rate of decline is itself 
declining exponentially. The rate of decrease in costs begins at a rate of (k*100)% per year, but this rate 
declines by (a*100)% per year. This is intended to simulate a period of rapid learning immediately 
following introduction of the new technology that slows as the technology becomes mature. In the 
Advanced Scenario, the parameters of the cost index equation are set to k = -0.15 and a = -0.05. As a 
result, FUELCELL$COST decreases from 2.0 in 2005 to 1.12 by 2010, 0.81 in 2015 and 0.69 in 2020. In 
the Moderate scenario the following parameters are used in the cost index equation: k = -0.11, a = -0.05. 
The data for FUELCELL$COST were changed in the Block Data section of TRANF to reflect the new 
definitions of this variable. 

A-3.2.3 Block Data 

Much of the basic input data for the Alternative Fuel Vehicle Module is contained within the FORTRAN 
code of TRANF, in a BLOCK DATA segment. Key variables describing alternative fuel vehicles in 
BLOCK DATA include: 

1. Performance differences, 
2. Range differences, 
3. Fuel economy differences, 
4. Weight differences, 
5. Low and high production volume price differences, 
6. Time trajectories for the cost of key technologies such as batteries and fuel cells, 
7. Applicabilities of AFV technologies to vehicle classes. 

Modifications were made to some data in all of these categories in the process of creating the Moderate 
and Advanced scenarios. The specific changes are highlighted in Table A-3.1. The changes are described 
in general in the sections describing policy implementation in the respective scenarios. 

A-3.2.4 AFV Model Equations 

The AFV Module subroutine TALT1 determines the share of, (1) conventional gasoline, (2) alternative 
fuel, and (3) TDI Diesel vehicles. It contains a variable labeled CALIB, which is set equal to 1 for 
conventional gasoline vehicles and 0 for the other two categories. CALIB is then added to weighted sum 
of attributes for each vehicle type before predicting the shares of each technology. The effect of this is to 
significantly increase the share of gasoline vehicles versus the other two types. In the scenarios, CALIB 
was set to zero for all three-vehicle types. 
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In the TALT1 subroutine, several variables describe vehicle range: (1) RNG1 = vehicle range in miles, 
(2) DR2501 is a dummy variable equal to one if the vehicle s range is >250 miles, and zero otherwise, (3) 
DR2001 is another discontinuous variable which is set equal to one if the vehicle s range is greater than 
200 miles, and (4) RGT2501 is the excess of range over 250 miles, in miles. In the AEO99 version, 
several of these variables were set equal to 0 for gasoline and diesel vehicles: (1) for the TDI diesel, 
DR2001 prior to 2003, DR2001 and RNG1 after 2003; and (2) RNG1, DR2001, and RGT2501 for all 
years. We restored these variables to all equations. However, since we set the coefficients of all but the 
range variable RNG1 equal to zero in TRNINPUT.WK1, most of these changes had no effect. 

In subroutine TATTRIB, we discovered and confirmed with Duc Lee of EIA that two lines of code were 
missing. These lines resent an index variable to technologies 14 and 15, which are unused  and TDI 
Diesel , respectively.  Although we don t know what effect the failure to reset these indices had on the 
AEO99 case, both ORNL and EIA agreed that it was appropriate to add these lines to the code. 

A-3.3 CHANGES TO TRNINPUT.WK1 

Numerous changes were made to this basic data input file to describe new technologies, advance the 
introduction of technologies already included in the AEO99 and modify parameters describing consumer 
acceptance of technologies. In general, these changes are described in the sections dealing with the 
implementation of the policy scenarios. Details are provided below and copies of the spreadsheets 
themselves are available on request. 

Three adjustments were made to update the AEO99 technology data. First, the cost of gasoline direct 
injection engines was reduced to $200 for 4-cylinder and $300 for 6-cylinder versions in accordance with 
the most recent data available on market prices for these technologies. Second the fuel economy benefit 
was adjusted downward to 12% from 17%, to reflect the most recent estimates of fuel economy benefits 
obtainable in the U.S., given tier II U.S. emissions standards. Third, the cost of a gasoline hybrid vehicle 
was reduced. In order to scale the cost of hybrid vehicles by vehicle class, the cost is specified in 
proportion to vehicle weight. The AEO99 specifies a cost of $75*(0.05) per pound of vehicle weight. 
For a 3,000 lb. vehicle this implies a retail price increase of $11,250. In the moderate case we reduced 
this to $30*(0.05)/lb., which implies a mark-up of $4,500 for a 3,000 lb. vehicle, more in line with the 
recent evidence concerning Toyota s Prius hybrid. 

A-3.3.1 Technology Introduction 

In both cases, policies are implemented to accelerate the introduction of new technologies. These include 
increased investments in R&D, golden carrot awards for technological achievements in energy efficiency 
and pollution reduction, and voluntary and mandatory fuel economy standards. The impacts of these 
policies were simulated by reducing the time to market introduction by 30% in the moderate case and 
40% in the advanced scenario. However, no introduction times prior to 2003 were changed because of 
the lead time required for government to implement policies and for manufacturers to alter product plans. 
In general, introduction times for light trucks lag those of passenger cars by several years. In the 
advanced scenario, light truck technology introduction dates were set equal to those of passenger cars. 

The formula used to advance technology introduction dates in the Moderate case was, 

New Date = ((Old Date) - 1999)*0.7 + 1999 

Dates were rounded to the nearest year later than 2003. For the advanced case, the formula was, 

New Date = ((Old Date - 1999)*0.6 + 1999 
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In addition, technology introduction dates for light trucks were set equal to those of passenger cars in the 
advanced scenario. 

A-3.3.2 	 Changes in Horsepower and Weight 

Two changes were made to the TRNINPUT spreadsheet to slow down future increases in horsepower and 
weight in response to a shift in emphasis towards cleaner vehicles. First, the technology list contains an 
item labeled Increased Size/WT  which represents the historical trend of increasing weight for both 
passenger cars and light trucks. Between 1992 and 1998, the average weight of a new passenger car 
increased by 6% and that of a light truck by 8%. The AEO99 version of this variable allows for a 
gradual, continued increase in weight to a total of 20% for passenger cars and 30% for light trucks. These 
would produce 13.3% and 20% reductions in MPG, respectively. In the moderate case, the total increase 
in weight for both passenger cars and light trucks was limited to 10%, for a 6.7% reduction in MPG. In 
the Advanced case, the increase was capped at the 1998 values of 6% and 8%, for cars and trucks, 
respectively. 

The NEMS model contains an equation to predict the change in vehicle performance (measured by the 
ratio of horsepower to weight) over time, as a function of income, fuel prices, vehicle prices and fuel 
economy. In the NEMS AEO99 Reference Case, the average horsepower of passenger cars and light 
trucks increases 48% and 43%, respectively, from 1999 to 2020. For each vehicle class, a multiplier is 
specified in the TRNINPUT.WK1 file to express the relative importance of performance to vehicles in 
that class. The multiplier scales the projected typical  increase to obtain the percent increase for 
vehicles in the class. Values in the AEO99 Reference Case were reset for the Moderate Scenario as 
follows. All were set to 1.0 except for domestic and imported sports and luxury cars, which were set to 
2.0. For the Advanced Scenario, these factors were reduced to reflect a greater emphasis by 
manufacturers and consumers on environment and therefore a reduction of the rate of increase of vehicle 
performance. All vehicle classes were set to 0.5 except for domestic and imported sports and luxury cars, 
which were set to 1.0. 

A-3.3.3 	 Market Shares 

Base year and maximum potential market shares must be specified for each technology. In the Moderate 
Scenario two changes were made to the AEO99 market shares. First, values were added for the two new 
materials substitution technologies. For applicable vehicle classes, the base penetration was set at 0 and 
the maximum at 100. Second, the maximum potential market penetrations for gasoline direct injection 
(GDI) engines were increased, In the Moderate Scenario, the maximum potential market penetrations of 
GDI engines were doubled versus the AEO99 Reference Case. For example, the maximum penetrations 
of 15% for 4-cylinder GDI and 15% for 6-cylinder GDI in the AEO99 case were increased to 30% and 
30% in both the Moderate and Advanced Scenarios. In the Advanced Scenario, the maximum market 
share of the gasoline hybrid was increased from 50% to 66%. 

A-3.3.4 	 Light-Duty Vehicle Fuel Economy Technologies 

Only two new technologies were added to the AEO99 version of TRNINPUT.WK1: 

1.	 Materials substitution VI representing a 25% weight reduction versus baseline vehicles at 
a cost of $1.25/lb, available in the year 2007 for passenger cars, 2009 for light trucks. 

2.	 Materials Substitution VII, a 30% weight reduction at $1.50/lb, available in 2010 for cars, 
2012 for light trucks. 

Numerous modifications were made to the characteristics of technologies already present. 
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For these two technologies, the technology notes matrix was modified to require that Materials 
Substitution VI supersedes Materials Substitutions V, IV, III, II, and I, and that Materials Substitution VII 
supersedes VI, as well as all of the others. 

A-3.3.5 Valuation of Fuel Economy Technology 

The Transportation Sector Model estimates the value to the consumer of increased fuel economy as the 
discounted present value of future fuel savings. In the AEO99, the fuel savings are counted for only the 
first four years and are discounted at a real annual rate of 8%. This assumption was retained for the 
Moderate Scenario. In the Advanced Scenario it was assumed that fuel savings are discounted over a 12 
year vehicle life at a real annual rate of 15%. The higher discount rate reflects the fact that money 
invested in vehicle fuel economy technology can be expected to depreciate at approximately the same rate 
as the value of the vehicle (about 10% per year). Still the second method of discounting assigns a much 
higher value to future fuel savings, about 45% greater. 

A-3.3.6 CEF Study Changes to AFV Model Coefficients 

The NEMS Transportation Sector Alternative Fuels and Vehicles Module relies for calibration on 
estimates of consumers  valuation of various vehicle attributes that have been derived from stated 
preference surveys conducted in California, and for the United States as a whole. The estimates derived 
from these surveys have been supplemented by several adjustments apparently made in order to insure 
that AFV module s estimates corresponded more closely with historical AFV market shares.  These 
changes included adding a calibration constant to increase the share of conventional gasoline vehicles, 
and zeroing out certain variables describing range from the calculations for certain AFV types. While 
stated preference surveys can be very valuable in eliciting consumers  preferences for new commodities 
for which there is no historical record of revealed preference, they suffer from several well-known 
shortcomings. Most significant among these are the tendency for respondents to underestimate their true 
sensitivity to market prices, and the inability of respondents to consistently make trade-offs among a large 
number of attributes. The former leads to much lower price elasticities than obtained using revealed 
preference data. The latter leads to inconsistent valuation of attributes. Since neither of these properties 
is acceptable in a model used for policy analysis or technology forecasting, the CEF study employed an 
alternative approach. 

The CEF study has made extensive changes to the NEMS AFV model coefficients in order to make them 
more consistent with the assumptions of the Fuel Economy Module, to impose logical consistency among 
the parameters of the MNL model itself. Our approach is to deduce coefficient values using basic 
economic principles whenever that is possible, and to use consensus values from the econometric 
literature when it is not. Whereas in NEMS, some vehicle choice parameters vary by vehicle size class 
and vehicle type (passenger car versus light truck), the CEF study takes a simplified approach, using one 
set of parameters for all vehicle types. As noted below, some parameters would be expected to vary with 
vehicle characteristics while others would not. Correctly implementing these variations would have 
required changes to the NEMS model that are beyond the scope of our study. We believe that the 
simplified approach will still produce reasonable estimates. 

The formulation of the NEMS AFV model is well suited to the deductive estimation of coefficients. The 
NEMS AFV model uses an approximation to a nested multinomial (MNL) logit model to predict market 
shares of conventional and alternative fuel vehicles. Shares of alternative fuel vehicles are estimated 
based on a measure of the expected utility, Uj , of each vehicle type, j. Utility is represented by a 
weighted sum of relevant vehicle attributes, xij . The weights, ai , are the marginal utilities of each 
attribute. One of the attributes is the retail price, Pj , of the vehicle type. The weight for price is therefore 
the marginal utility of $1 of cost, present value, or the negative of $1 of income. Thus, if we can deduce 
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the marginal, present value, Vi , of a 1-unit change in variable i, we can calculate its coefficient, ai , by 
multiplying by the coefficient of vehicle price, aP . 

a = −V a  i i P (1) 

Equation (1) is used extensively below in translating deduced values for attributes into MNL model 
coefficients. 

Price Elasticity. The most important coefficient in a vehicle choice model is the coefficient of purchase 
price. In effect, the price coefficient serves as a scaling factor for all other variables in the model. In a 
multinomial logit model, the price elasticity of market share, , is not constant, but depends on the 
current market share, s, and on the price level, P as follows: = bP(1-s). Thus, price elasticity will 
approach a maximum as s nears 0 and approach 0 as s nears 1. For this reason, price elasticities of 
different models should be compared at constant price and market share. The NEMS AFV model price 
coefficients range from -0.000041 for mid-size cars to -0.000113 for small vans, with most coefficients in 
the vicinity of -0.00007. At an average vehicle price of $15,000 and a market share of 50%, the price 
elasticity would be about -0.5. This is lower even than the overall price elasticity of demand for 
automobiles, which is generally agreed to be approximately -1.0 (e.g., Kleit, 1990; McCarthy, 1996). 

In theory, the demand for types of vehicles should be much more price elastic than the demand for 
vehicles as a whole. Empirical evidence supports economic theory on this point. Greene (1986) 
estimated a price elasticity of -10 for the choice between gasoline and diesel engine options on the same 
carline at a 50% market share. A survey of a dozen econometric studies of vehicle choice produced a 
consensus price elasticity estimate of -2.8 at 50% market share (Greene, 1994). Lave and Train s (1979) 
seminal study of automobile choice implies a price elasticity of -3 at 50% share. Recent studies have 
confirmed that choices among makes and models of cars are highly price elastic. Bordley (1993) 
concluded that while price elasticities of demand for car classes (e.g., compact, midsize, luxury) ranged 
from -1.7 to -3.4, average elasticities for carlines within segments ranged from -2.4 to -4.7. Berry, 
Levinsohn and Pakes (1995) estimated price elasticities of 1990 carlines ranging from -3.1 to -6.7. 

A key question is whether choice among alternative fuel vehicles is more or less elastic than choice 
among carlines. Greene s (1986) revealed preference study suggests that when the choice is between 
gasoline and diesel engines for an otherwise identical carline, the choice is more elastic, about -10. 
Greene s (1998) stated preference study of the value of fuel availability implied a price elasticity of about 
-50 for vehicles described as identical except for the ability of an engine to use a different fuel. This 
would seem to be an upper bound on elasticity. On the other hand, the choice between very different 
AFVs, such as a flex-fuel gasoline-alcohol vehicle and a battery-electric vehicle, should be less price 
elastic because of significant other design differences between the vehicles. This point implies that the 
current nesting of the AFV choices in NEMS is inappropriate, because it groups choices of very different 
price sensitivity, whereas in theory it should group vehicles with similar price sensitivity in the same nest. 
Restructuring the AFV model, however, is beyond the scope of the CEF study. Thus, the question is, on 
average, what price elasticity is most appropriate in the context of the NEMS AFV model as it is currently 
structured? 

It seems clear that the current price sensitivity is far too small, perhaps by an order of magnitude. A price 
coefficient of -0.0005 implies and elasticity of -3.75 at $15,000 and 50% market share. This is smaller 
than the elasticities suggested by Greene s analyses, but those analyses compared otherwise nearly 
identical vehicles. It is more in line with the estimates for choices among carlines. Given the current 
structure of the NEMS AFV model, some choices (e.g., between an FFV and a conventional gasoline 
vehicle) might be similar to choices among engine options for a given carline, while others might be more 
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similar to choices across carlines (e.g., the choice between a fuel cell hybrid and a direct-injection diesel). 
There is no clear answer. We choose the value of -0.0005 for the CEF study because it seems much more 
consistent with the majority of the literature on this subject and with the types of choices being made, in 
general. 

The Value of Range. If one assumes that the value of increased range is the value of avoided refueling 
time, then the proper representation of range and an estimate of its coefficient can be readily deduced. 
Range, R, is defined as the typical (not maximum) distance a vehicle travels between refuelings. If the 
typical driver uses 80% of a tank full before refueling, then range is tank size (S, in gallons), times 0.8, 
times average miles per gallon, MPG ( R = (0.8 § S) § MPG ). 

Total refueling cost per year, is equal to the miles driven per year, M, divided by range (which gives the 
number of refuelings), multiplied by the time required per refueling, T (in hours), and by the value of 
time, w (in $/hour). The present value of refueling cost will be the discounted sum of costs over the 
vehicle s lifetime.  However, if we assume that range is constant over a vehicle s life, then the value of 
range is equal to a constant divided by R. 

L wTMl 1 L wTMl 1
VR = 

l 
= 

l 
= K 

l=1 R(1+ r) R l=1 (1+ r) R (2) 

If the discounting were computed continuously by integration, the result would be the same. Also, even if 
the value of time and the amount of time for refueling were to change over time, the value (or cost) of 
refueling would still equal a constant divided by R, so long as R remains constant over time. The inverse 
relationship between range and total refueling cost is illustrated in Figure A-3.1, assuming a large 
passenger car with EPA-rated MPG of 25, a 15.5 gallon tank, 10 minutes per refueling and time valued at 
$10 per hour. A factor of 0.85 is used to estimate on-road MPG from the EPA rating. 

The present value of range will be a function of both fuel economy and vehicle tank size. To compute a 
typical value, we use the average EPA MPG of a new passenger car sold in the U.S. in 1998, 28.7 MPG, 
and a tank size of 15.5 gallons. This gives a nominal range of 445 miles, but after discounting MPG by 
15% for in-use fuel economy performance and discounting the tank size by 20% to account for 
maintaining a reserve at refueling, a more practical range of 302 miles is estimated. Several additional 
assumptions are required to compute the present value of refueling costs. In the Advanced Scenario, we 
assume a 12-year vehicle life, a discount rate of 8%, that a new car travels 15,640 miles, decreasing at an 
average rate of 6.7% per year over its life. This results in a total value for K (representing the value of a 
1-unit change in 1/R) of $143,000. This would be, in theory, the value of increasing range from 1 mile to 
never having to refuel over the life of the car. Of course, half of that value would accrue in increasing 
range from 1 to 2 miles. The coefficient of range is equal to K times the coefficient of vehicle retail price. 
If we take the price coefficient to be b = -0.0005, then the coefficient of the inverse of range is -71.5. 

Value of Home Refueling. The value of home refueling should be related to the cost of refueling, in 
general. To the extent that home refueling is faster or more convenient, it should reduce the overall cost 
of refueling. In other words, the value of home refueling is the value of not having to refuel 
conventionally, minus the cost of home refueling. A particularly simple approach is to assume that the 
time cost of home refueling is a certain fraction, f, of that of conventional, retail station refueling, and that 
h percent of refueling is done at home. 

Appendix A-3 A-3.8 Transportation 



Value of Increased Range 
25 MPG Vehicle 

$0 

$200 

$400 

$600 

$800 

$1,000 

$1,200 

$1,400 

$1,600 

0 200 400 600 800 

Range in Miles 

Present Value Cost of Refueling 

The value of home refueling is thus,

V = − h −V ) = −  )hV  (1 ) (  ( 1H r r (3) 

From equation (2) it is clear that the value of range, Vr , depends on the effective vehicle range, R. For a 
conventional gasoline vehicle with an effective range of about 300 miles, the present value of refueling 
costs given the discounting assumptions used above, is $473. For an battery electric vehicle with an 
effective range of 80 miles, the present value of refueling costs would be $1789, even assuming a 10 
minute refueling time. Assuming longer refueling times would increase costs proportionately. Clearly, 
the value of home refueling will be far greater for an EV than for any other type of conventional or 
alternative fuel vehicle because of its much higher refueling costs. 

Given assumptions for f and h, the value of home refueling can be calculated. Assuming that it would 
require two minutes to set up and disconnect home refueling for the EV, and that home refueling was 
possible 50% of the time, its value would be $715. Since the dummy variable coefficient equals the total 
value multiplied by the price coefficient, b, the dummy variable for EV home refueling would be 0.358. 
Since this dummy applies only to battery electric vehicles in the AFV module, this is the only coefficient 
needed. 

Maintenance Cost. The AFV module represents maintenance costs by an exogenously specified annual 
dollar expenditure for each vehicle type. If consumers are economically rational, then they will respond 
equally to a dollar increase in the present value of maintenance costs and a dollar increase in the retail 
price of a vehicle. Thus, the coefficient for annual maintenance expenditures should equal the coefficient 
for retail price, multiplied by the ratio of the present value of maintenance costs to annual maintenance 
costs. If we assume that annual maintenance costs are constant over a vehicle s life, as the AFV module 
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implicitly does, then the present value ratio will be the sum of the discounting factors over the vehicle s 
lifetime, L.

L 1
M 

VM l=1 (1+ r)l L 1 = = 
M M l=1 (1+ r) l 

(4) 

Given the discounting assumptions used above, equation (4) is equal to 5.491. Thus, the coefficient of 
maintenance cost should be -0.0005§5.491 = -0.275. Note that the value of this coefficient is not 
dependent on other vehicle attributes, but only on the discount rate and retail price coefficient. 

Fuel Cost per Mile. Similar to maintenance costs, fuel costs can also be viewed as a stream of payments 
extending over the vehicle s lifetime.  Its coefficient can therefore be derived from that of vehicle price by 
assuming that a dollar of discounted present value of future fuel costs would have the same effect as a 
dollar of vehicle price. The fuel cost coefficient can be related to the coefficient of vehicle price through 
a discounting of future fuel costs. However, the relationship between the fuel cost coefficient and the 
retail price coefficient is more complex and is dependent on the vehicle s fuel economy.  It also depends 
on the consumer s expectation about the number of miles the vehicle will be driven in future years, mt , 
and the future price of fuel, Pt . More precisely, the present value of future fuel costs is given by equation 
(5). 

L M P  −P L MlVF = l l  = t 

l=1 MPG l (1+ r) l MPG l 1 (1+ r)l 
= 

ℵ 
(5) 

If it can be assumed that MPG will remain roughly constant over a vehicle s lifetime and if consumers 
can be assumed to have static expectations about future fuel prices, then the value of fuel costs equals the 
current fuel cost per mile times discounted future vehicle miles of travel. Thus, the coefficient for fuel 
cost per mile is equal to discounted miles times the retail price coefficient, b. Using the same 
assumptions for vehicle usage and discounting as in equation (2), the number of discounted miles is equal 
to 58,875. Multiplying by b = -0.0005, and dividing by 100 to convert to cents gives fuel cost (in cents) 
per mile of -0.429. Note that the value of this coefficient does not depend on the current price of fuel, or 
on the fuel economy of the vehicle in question, since these are accounted for in the fuel cost per mile 
variable. 

Multi-fuel Capability. The value of the ability to use more than one fuel is the most difficult value to 
deduce because it depends on so many unknown factors. The simplest economic value of multi-fuel 
capability would be the value of the option to buy the cheapest fuel at any given time. If the prices of 
fuels are not perfectly correlated, then having a choice among two or more fuels should enable the 
motorist to achieve a lower overall fuel cost. Greene (1994) simulated the value of this option using 
historical data on prices of petroleum fuels and natural gas, and obtained option values for M85, E85, 
CNG and LPG ranging from 0.1 cents to 2.6 cents per gallon. These values depend on the expected price 
differences among the fuels, the variability of prices and the correlations among prices over time.  In 
general, the value increases the smaller the expected price differences, the larger the variability of prices, 
and the less correlated the prices are. 
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If we assume an option value of $0.02 per gallon (toward the high end of Greene s range), then the 
expected value per mile for a 28.7 MPG vehicle would be 0.07 cents per mile.  Multiplying by the fuel 
cost per mile coefficient produces a dummy coefficient of 0.0299 for the multi-fuel option, a relatively 
small component and probably negligible. However, the value of a multi-fuel option will also strongly 
depend on the availability of alternative fuels. In effect, the cost of obtaining the alternative would be 
subtracted from the value. In no case would the value be negative, however, since purchasing a 
conventional fuel is still an option. Because the value of this dummy variable appears to be negligible, no 
correction is made for fuel availability. 

Luggage Space. The value of luggage space is gleaned from other studies. Greene (1994) cited three 
studies that had reported values for luggage space ranging from $92 to $670 (1990 $) per cubic foot. 
Greene discounted these estimates, noting that Greene and Liu had found a range of estimates for interior 
volume of $32 to $192 per cubic foot. They argued that luggage space should be valued at less than 
passenger space and chose a value of $31. Donndelinger and Cooke (1997) take issue with Greene s 
reasoning, arguing that the marginal values of interior room and luggage room should be the same when 
competition between the two spaces is optimally balanced. They suggest a best estimate of $150 (1990 
$). This argument assumes that the production functions for luggage space and interior volume are the 
same, because if the cost of producing luggage space differed from that of producing interior volume, 
then there is no reason why the marginal costs should be equal in the optimal design. Optimal design 
requires that the marginal cost of producing another unit of luggage space equal its marginal utility to the 
consumer, and the same for interior space. We think it is likely that the cost function for producing 
luggage space differs from that for interior space and suspect that the marginal utilities differ as well. 
However, given that the preponderance of the empirical evidence is much closer to Donndelinger and 
Cooke s estimate of $150, we will use their value, which translates into a coefficient of 0.05. 

Acceleration Performance. Estimates for the value of performance based on consumer survey data vary 
even more widely than those for luggage space. Greene and Liu (1988) settled on a value of $450 (1990 
$) per 10% increase in horsepower to weight ratio. Greene (1994) chose $25 per 1% increase, arguing 
that the marginal utility of performance should decrease with increasing performance. McConville and 
Cooke (1996) found that consumers  valuation of performance seemed to correlate with the log of the 
acceleration force. Donndenlinger and Cooke (1997) report an estimate of $270 (1997$) for a 10% 
reduction in acceleration time from 0-60 mpg. This would be $225 in 1990 $. The NEMS model variable 
is 0-30 mph acceleration time, however, we assume an equivalent value for a 10 percent reduction. Given 
that a typical 0-30 mph acceleration time is about 3.5 seconds, $225-$250/0.35 seconds, gives a range of 
value of $643-$714 per second. We will use $700/second, which translates into a coefficient of -0.35. 

Top Speed. There appear to be no estimates of the value of top speed other than that in the NEMS model 
equations and supporting studies. We therefore use the value of $44 per mile per hour implied by the 
NEMS model parameters for midsize vehicles. This translates into a coefficient of 0.022. 

Fuel Availability. Lack of availability of fuel is probably the most salient feature of alternative fuel 
vehicles, at least until they achieve market success and develop a widespread fuel retailing network. 
There are few empirical studies of the value of fuel availability. Surveys of diesel vehicle owners 
suggested that at station densities of 10% to 20%, fuel availability went from a major concern to a minor 
one (Sperling and Kitamura, 1986; Sperling and Kurani, 1987). The California stated preference surveys 
on which the NEMS model coefficients are partially based, suggest very high values for fuel availability, 
in the tens of thousands of dollars per vehicle for full versus negligible fuel availability (Brownstone, 
1995). A recent nationwide stated preference survey, focused exclusively on fuel availability and 
alternative fuel choice concluded that an increase from 1% to 100% availability was worth $1,000 to 
$3,500 to motorists, depending on the context of the choice and functional form used to represent value as 
a function of percent of stations offering the fuel (Greene, 1998). We use here a value of $3,000 for full 
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versus 0% fuel availability, more consistent with Greene s recent study.  This is implemented in NEMS 
as a quadratic function of the fraction of stations, s, offering the fuel, as shown in equation (6).

V = 3 0. s − 15  . s2 
f 

(7) 

This function has a maximum of 1.5 (with a dollar value of $3,000) at s = 1.0 and a value of zero at s = 0, 
as shown in Figure A-3.2. 
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Comparison of Original NEMS Model Coefficients and CEF Study Alternatives. The implied values 
of vehicle attributes for the NEMS AFV model coefficients and for the CEF alternatives are compared in 
Table A-3.2. Basic data on vehicle use, fuel economy and discount rates used in calculating the 
coefficients are shown in Table A-3.3. The NEMS coefficients apply to a compact automobile, but are 
not very different for other vehicle classes. In the 1999 NEMS AFV model, coefficients of price, fuel 
cost and range vary by vehicle class, while coefficients for other variables do not. The CEF coefficients 
do not vary by vehicle class. The CEF coefficients, however, do vary by scenario, because assumptions 
about discounting fuel economy and other future costs and benefits vary. In particular, the moderate 
scenario uses much higher discount rates and thus places lower values on fuel economy, maintenance 
costs, etc. 

Some implied values are very different, while others are similar. Values for acceleration and maintenance 
costs are quite similar, and values for top speed are the same by assumption. The value of fuel economy 
is twice as large in the NEMS AFV model than for the CEF alternative. The CEF version puts three times 
as much emphasis on luggage space, but values fuel availability and home refueling far less. The implied 
value of fuel availability (100% v. 0%) is the difference between the linear and squared coefficients. This 
would be roughly $20,000 (or the full value of the vehicle) for the NEMS AFV coefficients, and $3,000 
for the CEF alternative. The NEMS AFV model, however contains three other range variables which the 
CEF alternative zeroes out. The NEMS AFV model puts a very large negative value on the ability to use 
more than one fuel, while the CEF alternative gives it a small positive value. These imply, among other 
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Table A-3.2  Vehicle Choice Model Coefficients: Comparison of Original NEMS Transportation Sector AFV Model
 
Values and CEF Study Values, Advanced Scenario
 

Original NEMS Model CEF Modified 
Coefficients Coefficients 

NEMS 
Name of NEMS Value 1990 CEF 

Variable Description Variable Units Coefficient $ Value 1990$ CEF Coefficient 
Vehicle Price PSPR 1990 $ -0.000068 -$1.00 -$1.00 -0.0005 
Fuel Cost FLCOST cents / mile -0.1121 -$1,648.53 -$858.75 -0.429 
Range (for only Evs in AFV) VRNG miles 0.00474 $69.71 -$143,125.76 -71.56 
Top Speed TPSD mph 0.00304 $44.71 $44.00 0.022 
Acceleration ACCL seconds 0­ -0.062 -$911.76 -$700.00 -0.35 

30mph 
Range Ratio >250 miles DR250 ratio 0.166 $2,441.18 $0.00 0 
200 mi< Range Ratio <400mi DR200 ratio 1.23 $18,088.24 $0.00 0 
Multifuel Capability MFUEL dummy -0.58 -$8,529.41 $2.99 0.00150 
Home Refueling for Evs HFUEL dummy 0.186 $2,735.29 $189.26 0.0946 
Maintenance Cost MAINT annual 1990 $ -0.0005 -$7.35 -$5.49 -0.00275 
Luggage Space LUGG ratio to conv. 0.00335 $49.26 $150.00 0.075 
Fuel Availability BETAF fraction 2.96 $43,529.41 $6,000.00 3 

A 
Fuel Availability^2 BETAF fraction^2 -1.63 -$23,970.59 -$3,000.00 -1.5 

A2 
Range>250 RGT250 miles -0.0059 -$86.76 $0.00 0 

things, a large benefit of $18,000 for being in the conventional vehicle range of 200 to 400 miles, and a 
negative value for miles above 250. The implied values of the variable VRNG shown in table 1 are not 
comparable between the two formulations. In the NEMS AFV model VRNG applies only for battery 
electric vehicles. In the CEF alternative it applies to all vehicles, but appears as 1/range. Thus, the value 
of $140,000 is the value of a nearly infinite range versus a range of 1 mile. The value of 400 versus 80 
miles of range, for example, would be 1% of that, or $1,400. 

Table A-3.3  Basic Data for AFV Model Coefficient 
Calculations 

Vehicle 
Annual miles of use Base Lifetime Fuel Price 

MPG 
15640 28.7 12  $ 1.15 
Annual decrease in vehicle In-use Discount Combined 
use. mpg Rate Rate 

factor 
0.067 0.85 0.08 14.7% 
Annual Fuel Cost Total Fuel PV Fuel Check Calc.

Cost Cost
 
$ 627  $ 7,520 $3,441  $ 3,441
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A-3.3.7 Year of Availability 

Several changes were made to the commercial availability assumptions for alternative fuel vehicles. 
These describe the year in which 50% of the demand for a type of AFV can be met by manufacturers. 
The year given is used as the midpoint of an S-shaped market penetration curve. Table A-3.4 compares 
the 50% year assumptions for the BAU, Moderate, Advanced scenarios and the Fuel Cell Success 
sensitivity case. 

Table A-3.4 Year of Availability Assumptions for Alternative Fuel Vehicles 

Moderate Advanced Fuel Cell 
BAU Scenario Scenario Scenario Success Case 

Gasoline ICE Vehicles 1960 1960 1960 1960 
TDI Diesel ICE 2009 2010 2006 2006 
Methanol-Flex Fuel ICE 1997 2003 2003 2003 
Methanol ICE 2005 2010 2006 2006 
Ethanol-Flex Fuel ICE 1997 2003 2003 2003 
Ethanol ICE 2005 2010 2006 2006 
Electric Vehicle 1997 2009 2009 2009 
Electric-Diesel Hybrid 2005 2005 2005 2005 
CNG ICE 1996 2010 2006 2006 
CNG Bi-fuel 1998 2000 2000 2000 
LPG ICE 2006 2010 2006 2006 
LPG Bi-fuel 1998 2000 2000 2000 
Fuel Cell Gasoline 2010 2010 2010 2005 
Fuel Cell Methanol 2010 2010 2010 2005 
Fuel Cell Hydrogen 2010 2010 2010 2005 

A-3.3.8 Fuel Availability 

The NEMS model input requires estimates of fuel availability for each of eight fuels by nine regions 
through 2020. The only change made to the AEO99 Reference Case in the Moderate Scenario was to 
decrease the availability of diesel fuel from 100% in 2020 to 50%. In the AEO99, diesel fuel availability 
is set to 1.0 (100%) throughout. In the Moderate Scenario it begins at 0.2 (20%) from 1990 to 2005. 
After 2005, diesel availability increases by 2 to 3 points per year to reach 50% by 2020. This assumption 
is uniform across regions. This change, which corresponds more closely to the current availability of 
diesel fuel, was considered to be necessitated by other changes in the AFV model coefficients described 
above. 

In the advanced case, due to the much greater advances assumed to occur in fuel cell vehicle technology, 
availability of methanol and hydrogen were also increased to 50% in every region by the year 2020. 
Hydrogen fuel availability is 2% by 2005, increases to 20% by 2015 and 50% by 2020. Methanol 
availability increases from 2% in 2000 to 31% by 2010 and 50% by 2020. These assumptions are 
maintained across all regions. In the Fuel Cell Success sensitivity case, the availability of hydrogen fuel 
was increased gradually to reach 1.0 in the year 2020. 

For reference, in the AEO99, the year 2020 availability of other alternative fuels varies across regions as 
follows: 

Appendix A-3 A-3.14 Transportation 



 
 
 
 

1. Ethanol: from 10% to 98% 
2. CNG: from 10% to 49% 
3. LPG: from 10% to 49% 
4. Electricity: 100% 

A-3.3.9 Maintenance Costs 

In the Fuel Cell Success sensitivity case, maintenance costs for methanol and gasoline fuel cell vehicles 
were set equal to those of conventional gasoline vehicles. Maintenance costs for hydrogen FCVs were set 
at 75% of conventional gasoline vehicles. 

A-3.3.10 Luggage Space 

In the Fuel Cell Success sensitivity case, luggage space for fuel cell vehicles was set equal to that for 
conventional gasoline vehicles. 

A-3.4. TRUCK FREIGHT MODULE 

No changes were made to the computer code of the Truck Freight Model. 

A.3.5 CHANGES TO CFFFUEL.WK1 

Technology inputs to the Freight Truck Module are contained in the spreadsheet CFFUEL.WK1. The 
AEO99 lists six new technologies introduced after the base year of the model, 1992. Of these, four have 
already been introduced, the last in 1997. This leaves two future technologies, the turbo-compound diesel 
introduced in 2010 and the Low-Emission 55" diesel engine (LE-55).  The LE-55 diesel is listed, but not 
actually introduced in the AEO99 forecast, since its introduction year is set to 9999. 

Several changes to the technology list were made in the Moderate Scenario. First, the LE-55 engine is 
introduced in 2010. Next, the turbo-compound engine is deleted and replaced by materials substitution to 
reduce vehicle empty weight, introduced in 2005. Trigger prices for the technologies were reduced to just 
below the lowest price in the AEO99 forecast, so that they will enter the market in the specified 
introduction year and penetrate according to the model s s-shaped curve.  The prices for Diesel, gasoline, 
LPG and CNG, in 1987 dollars are $5, $6, $8, and $5 per million Btu, respectively. Parameters of the 
market penetration curves were not changed, the turbo-compound diesel curve was used for material 
substitution. The maximum market share for the LE-55 engine was set to 1.0 for both medium and heavy 
diesel trucks and 0 for all other fuel types and weight classes. 

A few changes were made to the assumed percent fuel economy improvements for technologies. First, 
since Improved Tires and Lubricants  supersedes Radial Tires , and since both have 5% efficiency 
gains, the net effect of introducing the improved technology would be zero. Hence, the improvement for 
Improved Tires and Lubricants  is set to 10% so that there will be a net 5% benefit. The benefit of 
Electronic Transmission Controls  was set to 5% for medium duty vehicles and 3% for heavy duty 

vehicles. Similarly, the impact of Advanced Drag Reduction  was increased to reflect the fact that it 
supersedes Aerodynamic Features .  It was increased to 7% for medium duty vehicles to give a net 
benefit of 2%, and to 18% for heavy vehicles to give a net benefit of 5%. Likewise, the LE-55" engine 
supersedes the Fuel Economy Engine .  Its benefit is set at 26% for medium diesel trucks, for a net 
benefit of 19%, and at 34% for heavy diesel trucks for a net benefit of 21%. 

In the Advanced Scenario, a hybrid truck technology is introduced in 2005. The hybrid truck is 
applicable to all fuel types and both truck sizes, but the maximum market shares are set at 0.25 for heavy 
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diesel trucks, 1.0 for all types of gasoline trucks, and 0 otherwise. Time to 99% market penetration is set 
to 20 years, and a price variation parameter of 0.75 is chosen, the same as for the LE-55 engine. Fuel 
economy benefits for the hybrid are set at 25% for diesels and 45% for gasoline engines. 

In addition, the LE-55 is advanced to 2005. The only change in fuel economy benefits is for the medium 
diesel application of the LE-55 engine, which is raised by 2%. 

A-3.5.1 Air Travel Module 

No changes were made to the computer code of the Air Travel Model. 

A-3.5.2 Rail and Marine Module 

No changes were made to the computer code of the Rail and Marine Models. 
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Appendix B-1: Policy pathways
 

This appendix contains write-ups of specific policies in addition to detailed policy 
penetration tables. 

Policy Penetrations 

Tables B-1.1.mod through B-1.4.adv give details on our assumptions about the 
penetrations of each of the various policies we consider. Residential HVAC is treated 
separately, because of its complexity.  The tables for residential HVAC are first, followed 
by residential non-HVAC, followed by those for the commercial sector. Penetrations of 
policies affecting residential HVAC end-uses are described in Tables B-1.1.mod and B-
1.1.adv (for homes built before 2000) and in Tables B-1.2.mod and B-1.2.adv (for new 
homes). Penetrations of policies affecting residential non-HVAC end-uses are described 
in Tables B-1.3.mod and B-1.3.adv. All commercial building end-use penetrations are 
described in Tables B-1.4.mod and B-1.4.adv. 

Care should be taken in interpreting the policy penetrations, as they are defined 
differently for different end-uses and, in the case of residential HVAC end-uses, for 
different home vintages. Also, because different policies affect the same market segment, 
it was often necessary to adjust penetrations or savings in order to avoid double-counting 
the energy savings. In particular, we had to address the effect on existing programs, such 
as ENERGY STAR, when new equipment standards come into effect. We adopted the 
practice of attributing energy savings to mandatory programs, such as standards and 
building energy codes, before calculating savings for other policies. When the savings for 
a policy are affected by a standard or code, we essentially analyze the policy as several 
different policies according to the baseline that applies (e.g., year 2000 new equipment, 
2004 standard, 2010 standard, etc.). Guides to interpreting the policy penetrations are 
provided in the pages preceding Table B-1.1.mod, Table B-1.3.mod, and Table B-
1.4.mod, for residential HVAC, residential non-HVAC and commercial end-uses, 
respectively. Further details can be found in the notes of each table. 
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Index to the Tables in Appendix B-1 

Table 
Number Title of Table 

B-1.1.mod Existing Residential Buildings Moderate Case Market Penetrations for HVAC Equipment Programs 
B-1.1.adv Existing Residential Buildings Advanced Case Market Penetrations for HVAC Equipment Programs 
B-1.2.mod New Residential Building HVAC End Use Moderate Case Market Penetrations 
B-1.2.adv New Residential Building HVAC End Use Advanced Case Market Penetrations 
B-1.3mod Residential non-HVAC policy penetration rates, moderate case 
B-1.3adv Residential non-HVAC policy penetration rates, advanced case 
B-1.4mod Commercial policy penetration rates, moderate case 
B-1.4adv Commercial policy penetration rates, advanced case 
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Introduction to the Residential HVAC Program Penetration Tables 
(Tables B-1.1.mod – B-1.2.adv) 

Penetrations of the various policies considered in this analysis for the residential building 
HVAC (space heating and cooling) end uses are presented in Tables B-1.1.mod, B-
1.1.adv, B-1.2.mod, and B-1.2.adv. Residential buildings were divided into “new” and 
“existing” categories1 for purposes of this analysis. Penetrations of policies affecting 
existing home HVAC end uses are presented in Tables B-1.1.mod (Moderate case) and 
B-1.1.adv (Advanced case). New home HVAC end use policy penetrations are presented 
in Tables B-1.2.mod (Moderate case) and B-1.2.adv (Advanced case). Only the 
residential heating and cooling end uses are included in these tables. See Tables B-
1.3.mod through B-1.4.adv for penetrations of the policies affecting residential non-
HVAC end uses and commercial buildings. 

Assumptions and sources of the penetration forecasts are documented in the footnotes of 
each table. 

Avoiding Double Counting 

Because different policies affect the same market segment, it was often necessary to 
adjust penetrations or savings to avoid double-counting the energy savings. We adopted 
the practice of attributing energy savings to mandatory programs, such as standards and 
building energy codes, before calculating savings for other policies. When the savings for 
a policy are affected by a standard or code, we essentially analyze the policy as several 
different policies according to the baseline that applies (e.g., year 2000 new equipment, 
2006 standard, etc.). 

Existing Homes 

The existing home penetrations for each policy are presented by end use and equipment 
type. The existing home penetrations are assumed to apply to all house types (single­
family, multifamily, and manufactured homes). In some cases, policies were assumed to 
apply to only a subset of homes (e.g., single-family homes in the South) because the 
policy was most cost-effective in those situations. See Tables C-1.2.mod and C-1.2.adv in 
Appendix C-1 for further details. 

The existing residential building HVAC penetrations in these tables are only for 
programs that affect HVAC equipment replacements. We did not address policies to 
improve the shell of existing residential buildings in this analysis. The program 
penetration in each year is the number of equipment replacements due to the program, as 

1 “New” homes are defined as all homes built during the forecast period (2000-2020), including homes that 
were built to replace existing homes that decayed during that period. “Existing” homes are defined as all 
homes that were built prior to the year 2000. The stock of new and existing homes decreases over time, due 
to natural decay. The decay rate is 0.4% per annum, from the NEMS model. All house types (single-family, 
multifamily, and manufactured homes) are included in the analysis. 
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a percent of all the equipment replacements in the stock of homes built before 20002 that 
would occur naturally in that year. The policy penetrations include only those 
replacements that are over and above the frozen efficiency penetration in 2000 of 
replacement equipment of given (i.e., program) efficiency. For example, condensing gas 
furnaces already have a substantial (around 25%) market penetration, so we reduced the 
maximum policy penetration of ENERGY STAR condensing gas furnaces by the amount 
of penetration of that technology in the frozen efficiency case. 

New Homes 

The new home penetrations for each policy are presented by house type. The penetrations 
apply to all fuel and equipment types equally. Some policies, such as Building America, 
only apply to single-family homes. Other policies, such as ENERGY STAR New Homes, 
officially apply to all house types, but the penetration of ENERGY STAR single-family 
homes is likely to be much greater than that of ENERGY STAR multifamily homes, so 
we analyzed the penetrations of each house type separately for the ENERGY STAR 
program. The new home tax credit applies only to single-family and manufactured 
homes. We assumed the program penetration for each of these house types would be the 
same. The NAECA standards for HVAC equipment are included in the new home 
analysis, just as they are in the existing home analysis, but are not shown in the new 
home tables. See the existing home penetration tables for documentation of the NAECA 
standards that occur during the forecast period. 

New residential building HVAC program penetrations are defined as the percent of all 
homes of the specified house type built in each year that were affected by the program. 
We used annual housing starts by house type and equipment type from the CEF-NEMS 
reference case in this analysis. 

Mandatory programs, such as building codes and NAECA standards, were assumed to be 
implemented first, before any implementation of the non-mandatory programs. Energy 
savings due to the non-mandatory programs were reduced by the savings due to the 
mandatory programs (i.e., energy saved by a voluntary program was calculated using a 
new baseline energy consumption in each year that accounts for the implementation of 
the mandatory programs). We arbitrarily chose to have building codes implemented first, 
followed by the NAECA standards. 

The penetrations of non-mandatory programs (all programs except NAECA standards 
and building codes) are assumed to be independent of other non-mandatory programs. 
That is, each new home affected by a non-mandatory program is attributed to only that 
program, not to any others. Thus, even though a Building America home by definition 
qualifies as an ENERGY STAR home, it is not counted as an ENERGY STAR home in 
the penetrations. This is because we have already taken into account the relationship 
between programs in forecasting penetration rates and have attributed the penetrations 
accordingly between the various programs. 

2 and still standing in that year 
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All of the non-mandatory policies for new homes are whole-house policies (that is, they 
affect both building shell and HVAC equipment). Policies that target only the HVAC 
equipment, such as the Treasury Department's equipment tax credits and the ENERGY 
STAR HVAC equipment program, were applied only to existing homes, not to new 
homes. This was primarily a decision based on ease of accounting, however, we believe it 
is a reasonable assumption. An ENERGY STAR new home may or may not contain 
ENERGY STAR-labeled HVAC equipment, but if it does, we attribute it to the efforts of 
the Homes program rather than to the HVAC program. A homebuilder may install 
equipment that meets the ENERGY STAR or tax credit requirements, but we preferred to 
allocate the penetration of these programs entirely to existing homes. In the case of 
existing homes, the homeowner has a financial interest in the utility bill savings (as 
opposed to the homebuilder, who may or may not receive a higher profit from the 
installation of the costlier high-efficiency equipment). We assumed that builders looking 
for a greater profit would be more likely to participate in a whole-house program (such as 
ENERGY STAR new homes, the new home tax credit, or Building America), which 
would allow them to market the whole house as being more energy-efficient, rather than 
providing just an equipment upgrade. An ENERGY STAR home also may be easier for 
the builder to sell because it qualifies for lower mortgage interest rates. 
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Table B-1.1.mod: Existing Residential Buildings Moderate Case Market Penetrations for HVAC Equipment Programs 

Equipment1 Annual Penetration Rate2 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
End Use Pol icy Notes 

Electric Heating 
Resistance Utility or other program 3 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

ASHP See programs listed 
under Electric Cooling 

Electric Cooling 

CAC, ASHP NAECA Standard 2006 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

CAC, ASHP Tax Credit (10%) 5 4.0% 8.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

CAC, ASHP Tax Credit (20%) 5 0.5% 1.4% 2.7% 3.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

CAC ENERGY STAR HVAC, 6 3.5% 4.3% 5.1% 6.0% 6.8% 7.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
before 2006 Standard 

CAC ENERGY STAR HVAC, 6 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 1.9% 3.3% 4.7% 6.1% 7.5% 8.9% 10.3% 11.6% 13.0% 14.4% 15.8% 17.2% 18.6% 20.0% 
after 2006 Standard 

ASHP ENERGY STAR HVAC, 6 3.5% 4.3% 5.1% 6.0% 6.8% 7.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
before 2006 Standard 

ASHP ENERGY STAR HVAC, 6 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 1.9% 3.3% 4.7% 6.1% 7.5% 8.9% 10.3% 11.6% 13.0% 14.4% 15.8% 17.2% 18.6% 20.0% 
after 2006 Standard 

RAC NAECA Standard 2001 7 0.0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
RAC NAECA Standard 2010 8 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
RAC ENERGY STAR HVAC, 9 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

before 2001 Standard 
RAC ENERGY STAR HVAC, 9 0.0% 1.0% 2.0% 3.0% 4.0% 5.0% 6.0% 7.0% 8.0% 9.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

before 2010 Standard 
RAC ENERGY STAR HVAC, 9 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 2.0% 3.0% 4.0% 5.0% 6.0% 7.0% 8.0% 9.0% 10.0% 10.0% 

after 2010 Standard 
Electric Cooling -- Sum of all program penetrations except NAECA standards 

CAC 1 0 8.0% 13.7% 7.9% 9.1% 6.8% 7.6% 0.5% 1.9% 3.3% 4.7% 6.1% 7.5% 8.9% 10.3% 11.6% 13.0% 14.4% 15.8% 17.2% 18.6% 20.0% 
ASHP 1 0 8.0% 13.7% 7.9% 9.1% 6.8% 7.6% 0.5% 1.9% 3.3% 4.7% 6.1% 7.5% 8.9% 10.3% 11.6% 13.0% 14.4% 15.8% 17.2% 18.6% 20.0% 
RAC 1 0 1.0% 1.0% 2.0% 3.0% 4.0% 5.0% 6.0% 7.0% 8.0% 9.0% 1.0% 2.0% 3.0% 4.0% 5.0% 6.0% 7.0% 8.0% 9.0% 10.0% 10.0% 

Gas Heating 
GFRN ENERGY STAR HVAC 11, 15 3.5% 3.8% 4.2% 4.6% 4.9% 5.3% 5.7% 6.1% 6.4% 6.8% 7.2% 7.5% 7.9% 8.3% 8.6% 9.0% 9.4% 9.7% 10.1% 10.5% 10.9% 

GBLR ENERGY STAR HVAC 12, 15 3.5% 3.9% 4.3% 4.8% 5.2% 5.6% 6.0% 6.5% 6.9% 7.3% 7.8% 8.2% 8.6% 9.1% 9.5% 9.9% 10.3% 10.8% 11.2% 11.6% 12.1% 

Oil Heating 

OFRN ENERGY STAR HVAC 13, 15 3.5% 4.2% 5.0% 5.7% 6.4% 7.2% 7.9% 8.7% 9.4% 10.2% 10.9% 11.7% 12.4% 13.1% 13.9% 14.6% 15.4% 16.1% 16.9% 17.6% 18.4% 

OBLR ENERGY STAR HVAC 14, 15 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 

Notes 
1 Equipment codes: CAC-central air conditioner; ASHP-electric air source heat pump; GFRN-gas central furnace; OFRN-oil central furnace; OBLR-oil boiler; GBLR-gas boiler; RAC-room air conditioner; 


Resistance-electric furnace or other electric non-heat pump heating equipment.
 
2 Penetration rates in this table are only for existing home programs that affect HVAC equipment. We did not address programs affecting shell improvements in existing residential buildings. 

The penetration rate in the table is the percent of all naturally-occurring replacements of the specified HVAC equipment in the stock of homes built before 2000 (i.e., in "existing homes") that is due to 
the program in each year. The program penetration rates only include replacements that are over and above the frozen efficiency penetration in 2000 of replacement equipment equal to the program efficiency. 
Program penetration rates apply to all house types. 

3 We assume in the moderate case that there are no programs offering rebates or other incentives for existing homes to switch from electric furnace with CAC to an electric heat pump. 
4 A new heat pump and CAC standard analysis has been completed but is pending approval. We assume that it will be finalized sometime in the year 2000 and the new standards will take effect on January 1, 2006.

 We assume the new standards will be 12 SEER for central air conditioners and 7.4 HSPF/12 SEER for heat pumps. 
5 Valid dates and efficiencies are from the latest Treasury Department proposals (US DOT (1999)). Penetration rates for the 10% credit are based in part on the fact that in 1997, 16% of purchases were at the 

12 SEER level (Richey 1999), and half of those purchases (8%) would be likely to take the tax credit for the 13.5 SEER rather than buy 12 SEER. We assume that the 8% penetration would only be achieved 
in the last year of the program (2001). Penetration in the first year of the program is assumed to be half of the final year penetration. Penetration rates for the 20% tax credit are based on Richey and 
Koomey (1998). The penetration forecast for the 20% tax credit in the last two years of our four-year program is assumed to be 50% of the estimated penetration in years three and four of a five-year, 
20% tax credit program for HPs and CACs of 15 SEER efficiency. For the first two years of the program, we assumed significantly smaller penetrations than 50% of Richey and Koomey's year 1-2 estimates, 
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Moderate 

Table B-1.1.mod Notes, continued 

in order to give the program time to ramp up. Penetrations of the CAC and heat pump tax credit programs are assumed to be identical. 
6 ENERGY STAR CAC and heat pump penetrations are based on the latest EPA ENERGY STAR program penetration forecast (LBNL spreadsheets dated June 1999, US EPA 1999c). In the first year only, we assumed the 

penetration would be the same as the EPA forecast. We assumed that, by 2005, a penetration equal to 50% of the EPA program penetration forecast for 2005 could be achieved in the Moderate case. For both 
2000 and 2005, the ENERGY STAR HVAC program penetration was used; it is distinct from (i.e., in addition to) the penetration of ENERGY STAR equipment due to the ENERGY STAR New Homes Program. 
The penetration forecast between 2000 and 2005 is a linear interpolation. The EPA forecast was only used up to 2006, when we assume that a new NAECA standard takes effect and that the ENERGY STAR 
level is increased to 14 SEER (see Table C-1.1.mod). Program penetration rates for 2006-2020 are LBNL estimates. 

7 A new NAECA standard for RACs has been passed and will take effect on October 1, 2000. In the CEF-NEMS reference case, this standard is assumed to begin on January 1, 2001. We assumed a start date of 
Jan 1, 2001 in the Moderate and Advanced cases in order to be consistent with the reference case. 

8 We assume the NAECA standard for RACs will be updated and a new standard set at 10.5 EER (on average over all sizes). We assume the new standard will take effect on January 1, 2010. 
9 We assume that the ENERGY STAR program continues to increase its efficiency requirements for RAC in response to new NAECA standards. Thus, we included 3 levels of ENERGY STAR RAC to reflect the 3 levels of 

NAECA standards in effect during the forecast period: current, valid in 2000; the Oct 1, 2000 standard (which we account for starting in 2001); and the projected 2010 standard. See Table C-1.1.mod for the 
ENERGY STAR RAC efficiency level assumptions. The ENERGY STAR room A/C program is administered by DOE, but we did not use the DOE forecast because it assumes a flat penetration rate (15% of sales), and 
only one efficiency level, over the forecast period. The RAC penetration rates in the table are LBNL estimates. 

1 0 Sum of the penetration rates for all programs that affect the electric cooling end use, with the exception of NAECA standards. The programs that are included in the sum are: tax credits, utility/other programs,
 
and the ENERGY STAR HVAC program.
 

1 1 ENERGY STAR gas furnace maximum achievable penetration (over and above the frozen efficiency penetration of 90 AFUE gas furnace replacements) in the Moderate case is assumed to be half of the maximum 

penetration in the Advanced case (see Table B-1.1.adv for details). The maximum penetration is assumed to be achieved in 2020. The penetration in 2000 is assumed to be the same as in the Advanced case.
 
Penetrations between 2000 and 2020 were linearly interpolated.
 

1 2 ENERGY STAR gas boiler maximum achievable penetration (over and above the frozen efficiency penetration of 86 AFUE gas boiler replacements) in the Moderate case is assumed to be half of the maximum 

penetration in the Advanced case. The penetration forecast from 2000 through 2005 is assumed to be half of the Advanced case penetrations in those years. See Table B-1.1.adv for details. 

Penetrations from 2006 through 2019 are LBNL estimates. The maximum achievable penetration is assumed to be achieved only in 2020.
 

1 3 ENERGY STAR oil furnace maximum achievable penetration (over and above the frozen efficiency penetration of 90 AFUE oil furnace replacements) in the Moderate case is assumed to be half of the maximum 

penetration in the Advanced case (see Table B-1.1.adv for details). The maximum penetration is assumed to be achieved in 2020. The penetration in 2000 is assumed to be the same as in the Advanced case.
 
Penetrations between 2000 and 2020 were linearly interpolated.
 

1 4 ENERGY STAR oil boiler penetration (over and above the frozen efficiency penetration of 86 AFUE oil boiler replacements) is assumed to be flat during the forecast period. The EPA forecast for ENERGY STAR 

oil boilers is 10% from 2000-2010 (see Table B-1.1.adv for details), which we assumed would continue out to 2020 in the Moderate case. 


1 5 We assume that the NAECA standards for furnaces and boilers will not be updated during the forecast period. While it may be cost-effective in most applications to improve the NAECA standard AFUE for gas 

furnaces from 78 to 80, the frozen efficiency in 2000 for gas furnaces is already well above 80 AFUE, so that a future NAECA standard of 80 AFUE would have no effect on this analysis. Efficiencies
 
over 80 AFUE tend to require modifications in replacement applications that make them generally not cost-effective except in colder climates, therefore we assumed it was unlikely that a NAECA standard 

above 80 AFUE would occur during the forecast period. 
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Table B-1.1.adv: Existing Residential Buildings Advanced Case Market Penetrations for HVAC Equipment Programs 

Equipment1 Annual Penetration Rate2 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
End Use Pol icy Notes 

Electric Heating 
Resistance Utility or other program 3 1.0% 1.6% 2.2% 2.8% 3.5% 4.1% 4.7% 5.3% 5.9% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 6.5% 

ASHP See programs listed 
under Electric Cooling 

Electric Cooling 

CAC, ASHP NAECA Standard 2006 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

CAC, ASHP Tax Credit (10%) 5 4.0% 8.0% 12.0% 16.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

CAC, ASHP Tax Credit (20%) 5 1.0% 3.5% 7.8% 8.6% 9.3% 10.0% 10.6% 11.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

CAC ENERGY STAR HVAC, 6 3.5% 5.6% 7.4% 9.8% 12.5% 15.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
before 2006 Standard 

CAC ENERGY STAR HVAC, 6 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 3.8% 6.6% 9.4% 12.1% 14.9% 17.7% 20.5% 23.3% 26.1% 28.9% 31.6% 34.4% 37.2% 40.0% 
after 2006 Standard 

ASHP ENERGY STAR HVAC, 7 3.5% 5.6% 7.4% 9.8% 12.4% 12.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
before 2006 Standard 

ASHP ENERGY STAR HVAC, 7 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 3.8% 6.6% 9.4% 12.1% 14.9% 17.7% 20.5% 23.3% 26.1% 28.9% 31.6% 34.4% 37.2% 40.0% 
after 2006 Standard 

RAC NAECA Standard 2001 8 0.0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
RAC NAECA Standard 2010 9 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
RAC ENERGY STAR HVAC, 1 0 2.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

before 2001 Standard 
RAC ENERGY STAR HVAC, 1 0 0.0% 2.4% 3.9% 5.2% 6.9% 8.8% 10.7% 13.1% 16.1% 19.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

before 2010 Standard 
RAC ENERGY STAR HVAC, 1 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 3.9% 5.2% 6.9% 8.8% 10.7% 13.1% 16.1% 19.0% 21.4% 23.1% 

after 2010 Standard 
Electric Cooling -- Sum of all program penetrations except NAECA standards 

CAC 1 1 8.5% 17.1% 27.2% 34.4% 21.8% 25.3% 11.6% 14.9% 6.6% 9.4% 12.1% 14.9% 17.7% 20.5% 23.3% 26.1% 28.9% 31.6% 34.4% 37.2% 40.0% 
ASHP 1 1 8.5% 17.1% 27.2% 34.4% 21.7% 22.4% 11.6% 14.9% 6.6% 9.4% 12.1% 14.9% 17.7% 20.5% 23.3% 26.1% 28.9% 31.6% 34.4% 37.2% 40.0% 
RAC 1 1 2.4% 2.4% 3.9% 5.2% 6.9% 8.8% 10.7% 13.1% 16.1% 19.0% 2.4% 3.9% 5.2% 6.9% 8.8% 10.7% 13.1% 16.1% 19.0% 21.4% 23.1% 

Gas Heating 
GFRN ENERGY STAR HVAC 12, 16 3.5% 5.6% 7.4% 9.8% 12.5% 15.3% 18.8% 21.7% 21.7% 21.7% 21.7% 21.7% 21.7% 21.7% 21.7% 21.7% 21.7% 21.7% 21.7% 21.7% 21.7% 

GBLR ENERGY STAR HVAC 13, 16 3.5% 5.6% 7.4% 9.8% 12.5% 15.3% 18.8% 23.0% 23.1% 23.2% 23.3% 23.4% 23.4% 23.5% 23.6% 23.7% 23.8% 23.9% 24.0% 24.0% 24.1% 

Oil Heating 

OFRN ENERGY STAR HVAC 14, 16 3.5% 5.6% 7.4% 9.8% 12.5% 15.3% 18.8% 23.0% 27.1% 30.6% 33.0% 33.4% 33.8% 34.1% 34.5% 34.9% 35.2% 35.6% 36.0% 36.3% 36.7% 

OBLR ENERGY STAR HVAC 15, 16 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.1% 10.2% 10.4% 10.5% 10.6% 10.7% 10.8% 10.9% 11.1% 11.2% 

Notes 
1 Equipment codes: CAC-central air conditioner; ASHP-electric air source heat pump; GFRN-gas central furnace; OFRN-oil central furnace; OBLR-oil boiler; GBLR-gas boiler; RAC-room air conditioner; 

Resistance-electric furnace or other electric non-heat pump heating equipment. 
2 Penetration rates in this table are only for existing home programs that affect HVAC equipment. We did not address programs affecting shell improvements in existing residential buildings. The penetration rate 

in the table is the percent of all naturally-occurring replacements of the specified HVAC equipment in the stock of homes built before 2000 (i.e., in "existing homes") that is due to the program in each year. 
The program penetration rates only include replacements that are over and above the frozen efficiency penetration in 2000 of replacement equipment equal to the program efficiency. Program penetration rates 
apply to all house types. 

3 We assume in the advanced case that programs funded by lines charges will offer rebates or other incentives for existing homes to switch from electric furnace with CAC to an electric heat pump. We evaluated two 
heat pump efficiencies: the year 2000 frozen efficiency (valid from 2000-2005), and the new NAECA standard of 2006 (from 2006-2020). Penetrations are LBNL estimates based on the following assumptions: 
-  It is cost-effective to replace the electric resistance heater and CAC with a heat pump in single-family and manufactured homes, in 80% of such cases in the south and 20% of such cases

    in the north. The cost-effectiveness in the north is less because heat pumps are less efficient and can have operating problems in colder climates. We also assume that it is only cost-effective to 

    replace electric resistance heaters with heat pumps if the home already has a CAC (because duct work is already present in those cases, eliminating the high cost of adding duct work).
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Table B-1.1.adv Notes, continued

 - For multifamily homes, we assume it is cost-effective to replace the electric resistance heater and CAC with a heat pump in 30% of such cases in the south, and only 5% in the north. The percentages are lower for 
    multifamily because fewer units are owner-occupied and/or have occupant paying their own utilities, both criteria which were used to determine the cost-effectiveness of switching to a heat pump.
 -Percent of homes with CAC by region and house type are from the a query of the 1990 RECS electronic database (US DOE 1993a).

 - Percent of multifamily units that are owner-occupied and/or have occupant paying their own utilities is from the 1993 RECS survey (US DOE 1995a, Table 3.3a, p.42).
 - We assumed a maximum achievable penetration of 6.5%, which is 25% of the amount we calculated based on the cost-effectiveness assumptions listed above. The ramp-up from 1% in 2000 to the 

6.5% level in 2009 is linear. We assume that the maximum level is reached in 2009 and stays constant out to 2020. 


-  The program penetration in each year is applied to all existing homes with electric resistance heaters that retire naturally in that year. We assume that the central air conditioner will retire naturally at 
     the same time as the electric heating unit. This assumes that the CAC and the heater were originally installed at the same time, and since the average lifetime of an electric heater is almost exactly twice that 
of a CAC 

(23.5 years and 12 years, respectively, from an input file used by the NEMS model), when the heater retires, the CAC will retire also (or be very close to retirement). Thus we assume that we incur 
no additional cost due to an earl

y retirement of the CAC unit. 
4 We assume that the NAECA standards for central air conditioners and electric heat pumps will be updated to 12 SEER, and the new standard will take effect on January 1, 2006. 
5 Tax credit penetrations for electric air source heat pumps and central air conditioners are assumed to be the same. The number of years that the tax credit program operates is assumed to be twice as much 

as the latest Treasury Department proposal (US DOT (1999)); i.e., the 10% tax credit level would apply for 4 years, not 2, and the 20% tax credit would apply for 8 years, not 4. 
The advanced scenario tax credit penetration rates for the 20% rebate (15 SEER) equipment was interpolated from the results of an LBNL analysis of tax rebates (Richey and Koomey (1998)). We used results 
for a 20% rebate on a 15 SEER residential heat pump, lasting either 5 years or 10 years, and interpolated the resulting penetration rate forecasts to estimate an 8 year tax credit. However, we only used the last 
6 years of this interpolated forecast; we assume significantly lower penetration rates than Richey and Koomey in the first two years of the program in order to allow time for the program to ramp up. We used 
Richey and Koomey's heat pump results to estimate the penetration of both heat pumps and CAC, because the CAC results were almost identical to the HP results. Tax credit penetration rates for the 13.5 SEER, 
10% rebate were estimated based on discussion with Cooper Richey of LBNL (Richey and Koomey 1998 did not evaluate the 13.5 SEER efficiency case). Penetration rates for the 13.5 SEER program are based in 
part on the fact that in 1997, 16% of units sold were at the 12 SEER level (Richey 1999). We assumed that in the last year of the program, all of those purchasers (16%) would be likely to take the tax credit 
for the 13.5 SEER rather than buy 12 SEER. The penetration is assumed to increase quickly over the 4 years of the program, from 4% in the first year to 16% in the last year. 

6 ENERGY STAR CAC penetrations from 2000 through 2005 are 100% of the latest EPA ENERGY STAR program penetration forecast for CAC (LBNL spreadsheets dated June 1999, US EPA 1999c). 

The ENERGY STAR HVAC program penetration was used; it is distinct from (i.e., in addition to) the penetration of ENERGY STAR equipment due to the ENERGY STAR New Homes program. EPA's ENERGY STAR 

HVAC program penetrations were only used up to 2006. In 2006, we assume a new NAECA standard takes effect and the ENERGY STAR level for CACs increases to 14 SEER (see Table C-1.1.adv). Program 

penetrations from 2006-2020 are LBNL estimates.
 

7 ENERGY STAR heat pump penetrations from 2000 through 2003 are 100% of the latest EPA ENERGY STAR program penetration forecast (LBNL spreadsheets dated June 1999, US EPA 1999c). 
The ENERGY STAR HVAC program penetration was used; it is distinct from (i.e., in addition to) the penetration of ENERGY STAR equipment due to the ENERGY STAR New Homes program. 
We assume that the ENERGY STAR heat pumps are only cost-effective in 12.4% of all existing homes (see Table C-1.2.adv for more details), and that the maximum cost-effective penetration is reached by 2004 
and stays at this level through 2005. In 2006, we assume a new NAECA standard takes effect and the ENERGY STAR levels for heat pumps and CACs increase to 14 SEER (as described in Table C-1.1.adv). Program 
penetrations from 2006-2020 are LBNL estimates. 

8 A new NAECA standard for RACs has been passed and will take effect on October 1, 2000. In the CEF-NEMS reference case, this standard is assumed to begin on January 1, 2001. We assumed a start date of 

Jan 1, 2001 in the Moderate and Advanced cases in order to be consistent with the reference case. 


9 We assume the NAECA standard for RACs will be updated and a new standard set at 10.5 EER (on average over all sizes). We assume the new standard would take effect on January 1, 2010.
 
1 0 We assume that the ENERGY STAR program continues to increase its efficiency requirements for RAC in response to new NAECA standards. Thus, we included 3 levels of ENERGY STAR RAC to reflect the 3 levels of 

NAECA standards in effect during the forecast period: current, valid in 2000; the Oct 1, 2000 standard (which we account for in 2001); and the projected 2010 standard. See Table C-1.1.adv for assumptions about 
the ENERGY STAR RAC efficiency levels. The ENERGY STAR room A/C program is administered by DOE, but we did not use the DOE forecast because it assumes a flat penetration rate (15% of sales), and only 
one efficiency level, over the forecast period. The RAC penetrations in the table are LBNL estimates. 

1 1 Sum of the penetration rates for all programs that affect the electric cooling end use, with the exception of NAECA standards. The programs that are included in the sum are: tax credits, utility/other programs,
 
and the ENERGY STAR HVAC program.
 

1 2 The ENERGY STAR gas furnace efficiency level of 90 AFUE is assumed to be cost-effective only in single-family homes in colder climates (defined as climates with more than 4000 heating degree days (base 65F)).  
We estimated the percent of all existing homes with gas furnaces that are single-family and located in climate zones with > 4000 HDD to be 45.7%, from a query of the 1990 RECS survey electronic database 
(US DOE 1993a). From this number, we subtracted the percent of all gas furnace replacements in 1999 that were of efficiency 90 AFUE or higher (24% -- see Note below). We assume that 
all of the 90 AFUE or higher efficiency gas furnace replacements in the CEF-NEMS reference case in 2000 were installed in single-family homes in cold climates. Thus, the maximum feasible penetration for the 
ENERGY STAR HVAC program, as a percent of all house types, is 45.7% - 24%, or 21.7%. This is in addition to the 24% of replacements that are assumed in the frozen efficiency (CEF-NEMS reference) case, which 
we do not include, nor should we include, in the policy case. Our penetration forecast from 2000-2006 is 100% of the latest EPA ENERGY STAR program  penetration forecast (LBNL 
spreadsheets dated June 1999, US EPA 1999c). The EPA forecast that we used includes only shipments due to the ENERGY STAR HVAC program (it does not include shipments due to the ENERGY STAR New Homes 
program). In 2007, EPA's ENERGY STAR HVAC program forecast exceeds the maximum feasible level of 21.7%, so we assumed that the maximum achievable penetration would be achieved in 
2007 and remain at that level through 2020. 
Note: An input file to the NEMS model provides shipment data for gas furnace replacements at 4 different efficiency levels. 90 AFUE was not one of the four efficiency levels, so we used data for the two 
efficiency levels nearest to 90 (88 AFUE and 96 AFUE). In the CEF-NEMS reference case, 70.4% of all gas furnace replacements of efficiency 88 AFUE or higher had efficiency of 88 AFUE, and the remaining 29.6% 
had efficiency of 96 AFUE. The shipment-weighted average efficiency for replacement units is thus (0.704*88+0.296*96), or 90.4 AFUE. 24% of all 1999 gas furnace replacements had an AFUE of 88 or 
higher in the CEF-NEMS reference case. Since the shipment-weighted average is close to 90 AFUE, we used 24% as our estimate of the percent of all replacements that would qualify for ENERGY STAR in the 
frozen efficiency case. This number is consistent with the latest EPA ENERGY STAR program penetration forecast (LBNL spreadsheets dated June 1999, US EPA 1999c), which assumes that 26% of all 
90 AFUE or higher efficiency gas furnace shipments in 1999 were not due to the ENERGY STAR HVAC program. 
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Table B-1.1.adv Notes, continued 

Another source (Suozzo 1998, p. 51) assumes the current market share of ENERGY STAR furnaces is 25%. No other shipment data by efficiency level were available. 
1 3 The ENERGY STAR gas boiler efficiency level of 86 AFUE is assumed to be cost-effective only in some single- and multi-family homes in colder climates (defined as climates with more than 4000 heating 

degree days (base 65F)). The percent of all existing homes with gas boilers that are single-family and located in climate zones with > 4000 HDD is 34.0%, from a query of the 1990 RECS survey electronic database 
(US DOE 1993a). Also, from the same database, the percent of all existing homes with gas boilers that are multifamily and have over 4000 HDD is 49.3%. We assume in the Advanced case that the ENERGY STAR gas 
boiler program will be able to capture a maximum of 1/3 of the cold-climate multifamily annual replacements and 2/3 of the cold-climate single-family annual replacements. Thus, the maximum percent of 
feasible applications is (1/3)*49.3+(2/3)*34.0%, or 39.1%. From this number, we subtracted our estimate of the current market share of ENERGY STAR gas boilers in cold climates (15%, see note below) to 
obtain our maximum penetration rate of 24.1%, which we assume will be achieved in 2020. Our penetration forecast from 2000-2007 is 100% of the latest EPA ENERGY STAR program  penetration forecast 
(US EPA 1999c). This forecast includes only shipments due to the ENERGY STAR HVAC program (it does not include shipments due to the ENERGY STAR New Homes program). In 2008, EPA's 
ENERGY STAR HVAC program forecast exceeds the maximum feasible penetration, therefore we could not use the forecast after 2007. The penetrations between 2007 and 2020 were linearly interpolated. 
Note: An input file used by the NEMS model provides shipment data for gas boiler replacements at 3 different efficiency levels. The closest NEMS efficiencies to the ENERGY STAR efficiency of 86 AFUE were 80 AFUE 
and 95 AFUE. The replacement market penetration of gas boilers in 1999 is 9.7% for 95 AFUE and 19% for 80 AFUE in the CEF-NEMS reference case. The market penetration of 86 AFUE gas boilers in the 
latest EPA ENERGY STAR program penetration forecast (LBNL spreadsheets dated June 1999, US EPA 1999c) is 2.9% in 1999. We chose to use the higher of the two estimates (CEF-NEMS), and 
roughly interpolated between the two closest NEMS efficiency levels to obtain our estimate that 86 AFUE units have a market penetration of 15% in 1999 in the reference case. No other shipment data by 
efficiency level were available. 

1 4 The ENERGY STAR oil furnace efficiency level of 90 AFUE is assumed to be cost-effective only in single-family homes in colder climates (defined as climates with more than 4000 heating degree days (base 65F)).  

(It may be cost-effective in multifamily homes in colder climates, but less than 6% of oil furnaces in climates with more than 4000 HDD are found in multifamily buildings (US DOE 1993a), so we ignored this.)
 
The percent of all existing homes with oil furnaces that are single-family and located in climate zones with > 4000 HDD is 59.5%, from a query of the 1990 RECS survey electronic database 

(US DOE 1993a). From this number, we subtracted the percent of all oil furnace replacements in 1999 that were of efficiency 90 AFUE or higher (2.9% -- see Note below). We assume in the Advanced case
 
that the ENERGY STAR oil furnace program will be able to capture a maximum of 2/3 of the cold-climate single-family replacements in each year. Thus, the maximum feasible penetration for the ENERGY STAR 

program, as a percent of all house types, is (2/3)*59.5% - 2.9%, or 36.7%. Our penetration forecast from 2000-2010 is 100% of the latest EPA ENERGY STAR program penetration forecast 

(US EPA 1999c). This forecast includes only shipments due to the ENERGY STAR HVAC program (it does not include shipments due to the ENERGY STAR New Homes program). 

The EPA forecast was only available out to 2010. After 2010, we assumed a linear increase in penetration up to the maximum penetration, which we assumed would be achieved in 2020. 

Note: The current market penetration of ENERGY STAR oil furnaces is 2.9% in 1999, from the latest EPA ENERGY STAR program penetration forecast (LBNL spreadsheets dated June 1999, US EPA 1999c).
 
We assume that all of the ENERGY STAR oil furnace replacements in 1999 were installed in single-family homes in cold climates, thus we subtract the full 2.9% from our feasible penetration. Shipments of 90 AFUE
 
or higher efficiency oil furnaces were not available in the CEF-NEMS model. The CEF-NEMS reference case assumes there are no oil furnaces above 87 AFUE. No other shipment data by efficiency were available.
 

1 5 The ENERGY STAR oil boiler efficiency level of 86 AFUE is assumed to be cost-effective only in some single- and multi-family homes in colder climates (defined as climates with more than 4000 heating 
degree days (base 65F)). The percent of all existing homes with oil boilers that are single-family and located in climate zones with > 4000 HDD is 52.4%, from a query of the 1990 RECS survey electronic database 
(US DOE 1993a). Also, from the same database, the percent of all existing homes with oil boilers that are multifamily and have over 4000 HDD is 27.8%. We assume in the Advanced case that the ENERGY STAR gas 
boiler program will be able to capture a maximum of 1/3 of the cold-climate multifamily annual replacements and 2/3 of the cold-climate single-family annual replacements. Thus, the maximum percent of 
feasible applications is (1/3)*27.8+(2/3)*52.4%, or 44.2%. From this number, we subtracted our estimate of the current market share of ENERGY STAR gas boilers in cold climates (33%, see note below) to 
obtain our maximum penetration rate of 11.2%. Our penetration forecast from 2000-2010 is 100% of the latest EPA ENERGY STAR program penetration forecast (US EPA 1999c). This forecast includes only 
shipments due to the ENERGY STAR HVAC program (it does not include shipments due to the ENERGY STAR New Homes program). The EPA forecast was only available out to 2010. 
After 2010, we assumed a linear increase in penetration up to the maximum penetration, which we assumed would be achieved in 2020. 
Note: An input file to the NEMS model provides shipments of oil boiler replacements at 3 different efficiency levels. The closest NEMS efficiencies to the ENERGY STAR efficiency of 86 AFUE were 80 AFUE 
and 95 AFUE. The replacement market penetration of oil boilers in 1999 is 11.2% for 95 AFUE and 19.2% for 80 AFUE in the CEF-NEMS reference case. This is a total of 30.4% of replacements that have an 
efficiency of 80 or higher, with a shipment-weighted efficiency of 85.5, which is very near the ENERGY STAR level. The market penetration of 86 AFUE oil boilers in the latest EPA ENERGY STAR program 
penetration forecast (LBNL spreadsheets dated June 1999, US EPA 1999c) is 33% in 1999. This is close to the penetration in the CEF-NEMS reference case. To be conservative, we chose to use the higher of 
the two estimates (33%), and we assumed that all of the 1999 replacements were in cold climates, so we subtract the full 33% from our maximum feasible penetration estimate. No other shipment data 
by efficiency level were available. 

1 6 We assume that the NAECA standards for furnaces and boilers will not be updated during the forecast period. While it may be cost-effective in most applications to improve the NAECA standard AFUE for gas 

furnaces from 78 to 80, the frozen efficiency in 2000 for gas furnaces is already well above 80 AFUE, so that a future NAECA standard of 80 AFUE would have no effect on this analysis. Efficiencies
 
over 80 AFUE tend to require modifications in replacement applications that make them generally not cost-effective except in colder climates, therefore we assumed it was unlikely that a NAECA standard 

above 80 AFUE would occur during the forecast period. 
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Table B-1.2.mod: New Residential Building HVAC End Use Moderate Case Market Penetrations 

Program Annual Penetration Rate2 

Name 
House Notes 

Effic. Level Type1 2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013  2014  2015  2016  2017  2018  2019  2020  
Mandatory Programs 

SF, MF, MH 3, 4 26.5% 27.0% 27.4% 27.7% 28.0% 28.1% 28.2% 28.3% 28.4% 28.4% 28.9% 29.7% 30.5% 31.2% 32.0% 32.8% 33.6% 34.4% 35.2% 36.0% 36.8% 

Building Code 

Building Code 1993 or 1995 MEC 

SF, MF, MH 3, 5 6.2% 6.3% 6.4% 6.7% 7.0% 7.5% 8.0% 8.5% 9.0% 9.5% 9.6% 9.9% 10.2% 10.4% 10.7% 10.9% 11.2% 11.5% 11.7% 12.0% 12.3% 

Building Code 

1998 IECC 

SF, MF, MH 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%future IECC 3, 6 

Voluntary Programs (not including R &D effect) 1 2  

Building 
America 

30%-50% better 
than 1993 MEC 

SF 7 0.1% 0.1% 0.2% 0.4% 0.6% 0.9% 1.4% 1.4% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.9% 1.9% 1.9% 2.1% 2.3% 2.5% 

ENERGY STAR 
New Homes 

ENERGY STAR 
New Homes 

ENERGY STAR 
New Homes 

30% better than 
1993 MEC 

30% better than 
1993 MEC 

30% better than 
1993 MEC 

SF 

MH 

MF 

9 

1 0 

1 1 

1.1% 

0.1% 

0.0% 

2.0% 

0.6% 

0.0% 

2.9% 

1.1% 

0.0% 

3.8% 

1.6% 

0.0% 

4.7% 

2.1% 

0.0% 

5.4% 

2.4% 

0.0% 

6.0% 

2.6% 

0.0% 

6.3% 

2.7% 

0.4% 

6.3% 

2.7% 

0.7% 

6.3% 

2.7% 

1.1% 

6.3% 

2.7% 

1.2% 

6.3% 

2.7% 

1.3% 

6.4% 

2.7% 

1.3% 

6.7% 

2.7% 

1.4% 

7.3% 

2.9% 

1.5% 

7.7% 

3.0% 

1.5% 

8.8% 

3.5% 

1.5% 

9.9% 

3.9% 

1.9% 

10.8% 

4.4% 

2.0% 

11.6% 

4.6% 

2.2% 

12.5% 

5.0% 

2.5% 

Tax Credit for new homes 
Tax Credit 

(new homes) 
30% better than 

1998 IECC 
SF, MH 8 0.73% 0.89% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 

Tax Credit 
(new homes) 

40% better than 
1998 IECC 

SF, MH 8 0.20% 0.24% 1.23% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 

Tax Credit 
(new homes) 

50% better than 
1998 IECC 

SF, MH 8 0.05% 0.06% 0.31% 1.99% 2.66% 0.13% 0.13% 0.13% 0.13% 0.13% 0.13% 0.13% 0.13% 0.13% 0.13% 0.13% 0.13% 0.13% 0.13% 0.13% 0.13% 

Sum of Voluntary and Tax Credit P
Single-Family -
Manfuactured -

Multifamily -

rograms 
SF  
MH 
MF  

1 3  
1 3 
1 3  

2.2% 
1.1% 
0.0% 

3.3% 
1.8% 
0.0% 

4.7% 
2.7% 
0.0% 

6.3% 
3.7% 
0.0% 

8.1% 
4.8% 
0.0% 

6.5% 
2.6% 
0.0% 

7.6% 
2.9% 
0.0% 

8.0% 
3.0% 
0.4% 

8.4% 
3.0% 
0.7% 

8.4% 
2.9% 
1.1% 

8.4% 
2.9% 
1.2% 

8.3% 
2.9% 
1.3% 

8.5% 
2.9% 
1.3% 

8.8% 
2.9% 
1.4% 

9.4% 
3.1% 
1.5% 

9.8% 
3.2% 
1.5% 

10.9% 
3.7% 
1.5% 

12.1% 
4.1% 
1.9% 

13.1% 
4.6% 
2.0% 

14.1% 
4.8% 
2.2% 

15.2% 
5.2% 
2.5% 

Increased R&D Funding for Whole-House Measures 1 4  

0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.5% 0.8% 1.5% 1.7% 1.9% 3.5% 4.2% 4.9% 5.6% 6.3% 7.0% 7.7% 8.2% 9.0% 10.0% 
America 
Building 30%-50% better SF 1 5 

than 1993 MEC 

0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.5% 1.0% 1.9% 2.8% 4.2% 5.5% 6.6% 7.8% 8.7% 9.8% 10.2% 10.6% 11.2% 11.9% 12.5% 
New Homes 

ENERGY STAR 30% better than SF 1 6 
1993 MEC 

ENERGY STAR 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.4% 0.8% 1.3% 1.8% 2.3% 2.8% 3.3% 3.8% 4.1% 4.5% 4.5% 4.6% 4.6% 4.9% 5.0% 
New Homes 

30% better than MH 1 6 
1993 MEC 

ENERGY STAR 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.5% 0.8% 1.1% 1.3% 1.7% 2.0% 2.0% 2.2% 2.4% 2.5% 
New Homes 

30% better than MF 1 6 
1993 MEC 

Notes 
1 Program penetration rates apply only to the house type(s) specified. SF=Single-family, MF=Multi-family, MH=Manufactured Home. 
2 Annual penetration rate is the percent of new homes of specified house type built in each year that were affected by the program. Building codes are a mandatory program, thus they were assumed to be 

implemented first, before any voluntary program implementation. Energy savings due to the voluntary programs were reduced by the savings due to the mandatory programs (i.e., energy saved by a 
voluntary program was calculated using a new baseline energy consumption in each year that accounts for the implementation of the mandatory programs). 
Voluntary program penetration rates are independent of other voluntary programs, i.e., each new home affected by a voluntary program is assumed to be affected by only one program. So, even though 
a Building America home by definition qualifies as an ENERGY STAR home, it was not counted as an ENERGY STAR home in the penetration rates. This is because we have already taken into account the 
relationship between programs in forecasting penetration rates and have attributed the penetrations accordingly between programs. 
Programs that target HVAC equipment only, such as the Treasury Department's equipment tax credits and the ENERGY STAR HVAC equipment program, were included only in the existing home analysis, not in the new home 
analysis. Builders are responsible for choosing the equipment efficiency in a new home, and we assumed that builders would be more likely to participate in a whole-house program (such as ENERGY STAR new homes, the 
tax credit for new homes, or Building America) so they can market the whole house as being more energy-efficient, rather than providing just an equipment upgrade. Homeowners, however, were assumed to be much more 
likely than builders to participate in equipment programs because they will reap the benefits of the additional cost every month in the form of lower utility bills. 

3 We estimated that the current percentage of all housing starts in the U.S. that are affected by a building code having a stringency equal to the 1993 Model Energy Code (MEC) or higher to be 47%. This was 

based on the current state-level adoption of codes from the Building Codes Assistance Project (BCAP 1999). States and localities that have currently adopted standards lower than the 1993 MEC were 

ignored since these codes are not much more stringent than current construction practices. States and jurisdictions that have developed their own codes that are more stringent than the 1995 MEC were 

assumed to be equivalent to the 1998 IECC. We weighted the state-level code penetrations by the privately-owned housing starts by state in 1997 from the US Bureau of the Census (1997).
 
We used the 47% penetration as our base case level, and forecasted increased adoption of 1993 MEC or better codes such that by 2010, 55% of all housing starts 
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Table B.1.2.mod Notes, continued 

would be subject to such codes, increasing to 70% of housing starts in 2020, in the Moderate case. Additionally, we assumed that the enforcement of building codes was only 70% on average - i.e., 30% of 
homes in states or jurisdictions that require these codes will get away with not building to code requirements. The complete penetration forecast from 2000-2020 is shown below. 

Forecasted Annual Penetration Rate of Building Codes equivalent to 1993 MEC or better (Moderate Case) 
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Not including enforcement 47% 48% 48% 49% 50% 51% 52% 53% 53% 54% 55% 57% 58% 60% 61% 63% 64% 66% 67% 69% 70% 
Including 70% enforcement rate 33% 33% 34% 34% 35% 36% 36% 37% 37% 38% 39% 40% 41% 42% 43% 44% 45% 46% 47% 48% 49% 

The penetration forecast of 1993 MEC or better codes was attributed to the 3 different code levels (1993/1995 MEC, 1998 IECC, and future IECC) as shown in the following table. Source: LBNL assumptions. 
In the Moderate case, we assume the IECC code will not be updated during the forecast period. 

Building Code Level 
Estimated Percent of Housing Starts Subject to 1993 MEC or Better Codes by Building Code Level (Moderate Case) 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
1993 or 1995 MEC 81% 81% 81% 81% 80% 79% 78% 77% 76% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 

1998 IECC 19% 19% 19% 20% 20% 21% 22% 23% 24% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 
Future IECC 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

The final penetration rates shown in Table B-1.2.mod were calculated by multiplying the "Including 70% enforcement rate" forecast by the 'Estimated percent of housing starts subject to 1993 MEC or 
better codes by building code level". For example, the forecasted penetration of the 1998 IECC code in 2009 is 38% * 25% = 9.5%. 

4 Penetration forecast of percent of all housetypes subject to either the 1993 or 1995 version of the CABO Model Energy Code. 1993 and 1995 MEC are for the most part identical in the areas that 
affect energy consumption. For simplicity, we aggregated these two codes. 

5 Penetration forecast of percent of all housetypes subject to the 1998 International Code Council's International�Energy Conservation Code (IECC). 
6 Penetration forecast of percent of all housetypes subject to a future, substantial update, of the International Code Council's International�Energy Conservation Code (IECC). In the Moderate case, we assume the 

IECC code will not be updated during the forecast period. 
7	 Building America program penetration rates from 2000-2010 were assumed to be 50% of DOE's official penetration forecast (Anderson 1999). The DOE forecasted penetration was higher in 2009 than in 2010, and we 

were unable to obtain a reason from DOE for this anomaly, so we reduced the 2009 penetration rate in order to make the forecast more smooth. The forecast shown assumes current levels of R&D funding. We assume there will 
be an increase in R&D funding for whole-house efficiency measures which will increase the penetration of homes built to the Building America efficiency level; we assume this will start to have an effect on the market in 2005. 
The additional penetration due to increases in R&D funding is shown separately in this table (see Note 14). The total penetration in 2005-2010 is still 50% of the DOE forecast, however it has been divided up between R&D 
and the DOE program (based on LBNL estimates). The penetration forecast from 2011-2020 is based on LBNL estimates. (DOE did not forecast beyond 2010.) 

8 The forecasted total tax credit penetration for new homes (for all tax credit levels) was based on the U.S. Treasury Department forecast of the total number of homes in the program (Auten 1999). 
The program was assumed to apply only to single-family and manufactured housing starts based on discussion with the Treasury Department. We assumed in the Moderate case that 50% of the Treasury 
Department forecast could be achieved (the penetration forecast in the table above include the 50% achievability factor). 
Additionally, we assumed that the tax credit program would contribute to a small amount of market transformation. That is, we assume that some builders would continue to build homes to the tax credit 
levels after the program ends, due to demand established in part by the program. We account for this residual effect of the program by assuming that all tax credit program levels would have a constant residual 
penetration rate from the end of each program out to 2020. The residual rate was assumed to be 5% of the penetration rate achieved in the final year of each level of the program. Thus, the residual 
penetration of the 40% better than IECC level is 5% of the forecasted penetration rate in 2002 (1.2%), or 0.06%. The residual penetrations vary by program efficiency level. 
The Treasury Department's forecast of total number of homes in the program were estimated by LBNL to be apportioned to the program's three efficiency levels (30% more efficient than the 1998 IECC, 
40% more efficient than the 1998 IECC, and 50% more efficient than the 1998 IECC), as shown in the table below. These assumptions apply to the Moderate and Advanced cases. 

Program Program Efficiency Level 
Year(s) 30% > 40% > 50% > 

2000, 2001 75% 20% 5% 
2002  - 80% 20% 

2003, 2004 - - 100% 
The program, as proposed by the Treasury Department, consists of three efficiency levels, all based on the 1998 IECC code. The program offers the three levels during different time periods. The levels are: 

30% better than IECC, available only in 2000 and 2001; 40% better than IECC, available for three years from 2000 through 2002; and 50% better than IECC, available for 5 years (from 2000 through 

2004). Program years and efficiency levels are from the U.S. Treasury Department proposals (US DOT 1999). For the years in which more than one program level is available, we estimated the 

percent of homes built to each level. For example, in the first two years of the program (when program participants can choose from all three efficiency levels), we assumed that 75% of homes in the 

program would be built to the 30% better than IECC level, 20% to the 40% better than IECC level, and the remaining 5% to the 50% better than IECC level.
 

9 The penetration forecast for single-family ENERGY STAR new homes in the Moderate case is assumed to be considerably lower than EPA's forecast. EPA forecasts that, by 2012, 75% of all new single family starts will comply 
with the current ENERGY STAR new home program requirements and be attributable to the ENERGY STAR program (in EPA's forecast, an additional 25% of new homes in 2012 would comply with the ENERGY STAR requirements, 
but should be attributed to programs other than ENERGY STAR). For the Moderate case, we assume a lower penetration forecast. We assume that 25% of 
new single-family homes will comply with current ENERGY STAR requirements by 2020. We assume that half of this penetration (12.5% out of 25%) will be attributable to the ENERGY STAR program and the other half will 
be attributable to the increased R&D funding. The increased R&D funding program forecast is shown separately in the table (see Note 16). 

1 0 The ENERGY STAR manufactured home forecast is based on LBNL estimates. (No EPA forecast was available.) By 2020, we assume that 10% of all new manufactured homes will comply with the current ENERGY STAR guidelines, 
but only half of the 10% penetration may be attributed to the EPA ENERGY STAR program. The remaining half is assumed to occur because of a program which increases R&D funding for whole-house efficiency measures. 
The increased R&D funding program penetration forecast is shown separately in the table. See Notes 14 and 16 for more information on the R&D funding program. 
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1 1 The ENERGY STAR program applies to all single-family and manufactured homes, but to multifamily homes only if the unit is in a building 3 stories high or less and the unit is individually heated and cooled. 
LBNL estimated from a combination of C-25 (U.S. Bureau of the Census 1998) and 1993 RECS data (US DOE 1995a) that 50% of multifamily units built each year would qualify for the ENERGY STAR program under the current 
guidelines (see "Note: " below for the derivation of this number). Our penetration forecast for ENERGY STAR multifamily units is based on LBNL estimates (no EPA forecast is available for multifamily). We assumed that by 2020, 
9.8% of eligible new multifamily homes would be built to ENERGY STAR requirements, and that this penetration would be achieved only through a combination of the EPA program and increased R&D funding. Since we assume that 
only 50% of all new MF units would be eligible for the ENERGY STAR program, the penetration in 2020 is actually 4.9%, as a percent of all new multifamily units. We assumed that half of the penetration in 
2020 (2.45% out of the 4.9% total) would be attributed to the ENERGY STAR program, while the other half would be attributable to the increased funding for R&D. See note 16 for more information 
about the increased R&D funding program, whose forecast is shown separately in this table. 

Note: From the C-25 data, we obtained the number of multifamily housing starts in 1997 that were condos or apartments (the C-25 data set only has this information for buildings that have 5 or more units, but we 

assumed the relative percentage of condo vs apartment units applied equally to all buildings regardless of number of units). Also from the C-25 data, we obtained the percent of apartment unit starts in 1997 for which the 

electricity or gas bills were not included in the rent. We assumed that if the utility bill was not included in the rent, then the units were individually metered, thus individually heated and cooled.
 
The C-25 data did not include metering information for condominium units, so we assumed that 95% of fuel-heated and 95% of electric-heated condominium units are individually metered. In addition,
 
we assumed that 90% of new condominium units and 50% of new apartment units are in buildings of 3 stories or less (no data on this was available in C-25 or RECS). The C-25 for 1997 new multifamily units estimates 

that 45% of new multifamily units are fuel-heated and 55% are electric-heated (US Bureau of the Census 1998). We calculated our eligibility estimate of 50% by putting together all of this information.
 

1 2 These are the penetration rates due to the ENERGY STAR and Building America programs, assuming current R&D funding levels. They do not include additional penetrations for these programs which were attributed to 
increased levels of funding for R&D (see Note 14). 

1 3 This is the sum of the voluntary and tax credit program penetrations in the Moderate case. The following programs are summed: tax credits, ENERGY STAR new homes, and Building America. Penetrations are presented by house 
type. Additional penetrations due to increased levels of R&D funding (see Note 14) were not included. 

1 4 In the Moderate Case, we assume there is a 50% increase in R&D funding for new home efficiency improvements over current funding levels. We assume that the increased funding begins to have an effect in the year 2005. 
We assume that the funding increase will bring down the incremental costs (see Table C-1.4.mod) and, as a consequence, increase the penetration rates of new homes that meet the ENERGY STAR and Building America efficiency 
levels above what the penetrations would have been without increased R&D funding. We assume that increased R&D funding will not affect building code penetration levels because building code efficiency levels are 
too low to be significantly affected by R&D. While we recognize that increased R&D funding is likely to increase the penetration of new home tax credits, we did not include this in our analysis. 
Here we show the additional penetration rate for the ENERGY STAR and Building America programs that is attributable to the increase in R&D funding but not directly to the program. 

1 5 This is the penetration rate for the Building America program that is due solely to a 50% increase in R&D funding for whole-house efficiency measures over current funding levels. The penetration forecast is an LBNL estimate. 
Increased R&D funding is assumed to have an effect on the market starting in the year 2005. 

1 6 This is the penetration forecast for the ENERGY STAR new home program that is due solely to a 50% increase in R&D funding for whole-house efficiency measures over current funding levels. The penetration forecasts are LBNL 
estimates. Increased R&D funding is assumed to have an effect on the single-family and manufactured housing markets starting in 2005, and starting in 2010 for multifamily homes. (The ENERGY STAR multifamily home 
program is assumed to start in 2007 in the Moderate case; we assume a lag time of 3 years before the increase in R&D funding will begin to affect the ENERGY STAR multifamily homes.) 
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Table B-1.2.adv: New Residential Building HVAC End Use Advanced Case Market Penetrations 

Program Annual Penetration Rate2 

Name 
House Notes 

Effic. Level Type1 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Mandatory Programs 

SF, MF, MH 3, 4 26.5% 27.3% 27.8% 28.4% 28.8% 29.1% 29.1% 29.0% 28.9% 29.2% 28.5% 28.1% 27.7% 27.1% 26.4% 25.7% 24.9% 24.0% 23.0% 21.9% 20.7% 

Building Code 

Building Code 1993 or 1995 MEC 

SF, MF, MH 3, 5 6.2% 6.3% 6.7% 7.1% 7.6% 8.2% 9.2% 10.2% 11.2% 11.5% 11.8% 12.2% 12.5% 12.9% 13.3% 13.7% 14.1% 14.5% 14.9% 15.3% 15.7% 

Building Code 

1998 IECC 

SF, MF, MH 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 1.7% 3.1% 4.6% 6.2% 7.8% 9.6% 11.4% 13.3% 15.3% 17.4% 19.6%future IECC 3, 6 

Voluntary Programs (not including R &D effect) 1 2  

Building 
America 

30%-50% better 
than 1993 MEC 

SF 7 0.1% 0.2% 0.3% 0.7% 1.0% 1.4% 2.4% 2.4% 2.9% 2.9% 2.9% 3.5% 3.5% 3.7% 3.9% 4.0% 4.2% 4.9% 4.9% 5.0% 5.0% 

ENERGY STAR 
New Homes 

30% better than 
1993 MEC 

SF 

ENERGY STAR 
New Homes 

30% better than 
1993 MEC 

MH 

ENERGY STAR 
New Homes 

30% better than 
1993 MEC 

MF 

9 

1 0 

1 1 

2.3% 

0.3% 

0.0% 

2.7% 

3.3% 

0.0% 

3.3% 

6.2% 

0.0% 

4.0% 

9.2% 

0.0% 

5.4% 

12.2% 

0.0% 

6.1% 

14.9% 

0.1% 

7.2% 9.7% 12.4% 15.0% 15.0% 

17.6% 20.1% 21.1% 22.0% 22.0% 

0.2% 1.1% 1.7% 2.1% 2.3% 

16.0% 

22.0% 

2.4% 

17.0% 

22.0% 

3.0% 

19.0% 

22.0% 

3.4% 

22.0% 

22.0% 

3.6% 

24.5% 

22.0% 

3.9% 

27.0% 

23.5% 

4.4% 

29.9% 

25.0% 

4.8% 

32.3% 

26.5% 

5.2% 

34.9% 

28.2% 

5.8% 

37.5% 

30.0% 

6.3% 

Tax Credit for new homes 
Tax Credit 

(new homes) 
30% better than 

1998 IECC 
SF, MH 

Tax Credit 
(new homes) 

40% better than 
1998 IECC 

SF, MH 

Tax Credit 
(new homes) 

50% better than 
1998 IECC 

SF, MH 

8 

8 

8 

1.17% 

0.31% 

0.08% 

1.43% 

0.38% 

0.10% 

1.84% 

0.49% 

0.12% 

2.39% 

0.64% 

0.16% 

0.12% 

3.41% 

0.85% 

0.12% 

4.69% 

1.17% 

0.12% 0.12% 0.12% 0.12% 0.12% 

0.23% 0.23% 0.23% 0.23% 0.23% 

7.80% 8.15% 9.18% 10.25% 0.51% 

0.12% 

0.23% 

0.51% 

0.12% 

0.23% 

0.51% 

0.12% 

0.23% 

0.51% 

0.12% 

0.23% 

0.51% 

0.12% 

0.23% 

0.51% 

0.12% 

0.23% 

0.51% 

0.12% 

0.23% 

0.51% 

0.12% 

0.23% 

0.51% 

0.12% 

0.23% 

0.51% 

0.12% 

0.23% 

0.51% 

Sum of Voluntary and Tax Credit Programs 
Single-Family - SF  
Manfuactured - MH 

Multifamily - MF  

1 3  
1 3 
1 3  

3.9% 
1.9% 
0.0% 

4.8% 
5.2% 
0.0% 

6.1% 
8.7% 
0.0% 

7.9% 
12.4% 
0.0% 

10.8% 
16.6% 
0.0% 

13.5% 
20.8% 
0.1% 

17.8% 20.6% 24.8% 28.5% 18.7% 
25.8% 28.6% 30.6% 32.6% 22.9% 
0.2% 1.1% 1.7% 2.1% 2.3% 

20.4% 
22.9% 
2.4% 

21.4% 
22.9% 
3.0% 

23.5% 
22.9% 
3.4% 

26.8% 
22.9% 
3.6% 

29.3% 
22.9% 
3.9% 

32.1% 
24.4% 
4.4% 

35.7% 
25.9% 
4.8% 

38.0% 
27.4% 
5.2% 

40.8% 
29.1% 
5.8% 

43.4% 
30.9% 
6.3% 

Increased R&D Funding for Whole-House Measures 1 4  

0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.6% 1.1% 2.4% 2.7% 3.1% 5.0% 6.1% 7.1% 8.0% 9.1% 10.0% 10.4% 11.6% 13.0% 15.0% 
America 
Building 30%-50% better SF 1 5 

than 1993 MEC 

0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 0.8% 1.3% 2.6% 5.0% 10.0% 14.0% 18.0% 21.0% 23.0% 25.5% 28.0% 30.1% 32.7% 35.1% 37.5% 
New Homes 

ENERGY STAR 30% better than SF 1 6 
1993 MEC 

ENERGY STAR 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.5% 1.0% 3.0% 5.0% 8.0% 11.0% 14.0% 17.0% 20.0% 23.0% 24.5% 26.0% 27.5% 28.8% 30.0% 
New Homes 

30% better than MH 1 6 
1993 MEC 

ENERGY STAR 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.7% 1.4% 2.2% 2.4% 2.9% 3.5% 4.1% 4.5% 5.0% 5.4% 5.7% 6.3% 
New Homes 

30% better than MF 1 6 
1993 MEC 

Notes 
1 Program penetration rates apply only to the house type(s) specified. SF=Single-family, MF=Multi-family, MH=Manufactured Home. 
2 Annual penetration rate is the percent of new homes of specified house type built in each year that were affected by the program. Building codes are a mandatory program, thus they were assumed to be 

implemented first, before any voluntary program implementation. Energy savings due to the voluntary programs were reduced by the savings due to the mandatory programs (i.e., energy saved by a 
voluntary program was calculated using a new baseline energy consumption in each year that accounts for the implementation of the mandatory programs). 
Voluntary program penetration rates are independent of other voluntary programs, i.e., each new home affected by a voluntary program is assumed to be affected by only one program. So, even though 
a Building America home by definition qualifies as an ENERGY STAR home, it was not counted as an ENERGY STAR home in the penetration rates. This is because we have already taken into account the 
relationship between programs in forecasting penetration rates and have attributed the penetrations accordingly between programs. 
Programs that target HVAC equipment only, such as the Treasury Department's equipment tax credits and the ENERGY STAR HVAC equipment program, were included only in the existing home analysis, not in the new home 
analysis. Builders are responsible for choosing the equipment efficiency in a new home, and we assumed that builders would be more likely to participate in a whole-house program (such as ENERGY STAR new homes, the 
tax credit for new homes, or Building America) so they can market the whole house as being more energy-efficient, rather than providing just an equipment upgrade. Homeowners, however, were assumed to be much more 
likely than builders to participate in equipment programs because they will reap the benefits of the additional cost every month in the form of lower utility bills. 

3 We estimated that the current percentage of all housing starts in the U.S. that are affected by a building code having a stringency equal to the 1993 Model Energy Code (MEC) or higher to be 47%. This was 

based on the current state-level adoption of codes from the Building Codes Assistance Project (BCAP 1999). States and localities that have currently adopted standards lower than the 1993 MEC were 

ignored since these codes are not much more stringent than current construction practices. States and jurisdictions that have developed their own codes that are more stringent than the 1995 MEC were 

assumed to be equivalent to the 1998 IECC. We weighted the state-level code penetrations by the privately-owned housing starts by state in 1997 from the US Bureau of the Census (1997).
 
We used the 47% penetration as our base case level, and forecasted increased adoption of 1993 MEC or better codes such that by 2010, 60% of all housing starts 


would be subject to such codes, increasing to 80% of housing starts in 2020, in the Advanced case. Additionally, we assumed that the enforcement of building codes was only 70% on average - i.e., 30% of 
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Table B.1.2.adv Notes, continued 

homes in states or jurisdictions that require these codes will get away with not building to code requirements. The complete penetration forecast from 2000-2020 is shown below. 
Forecasted Annual Penetration Rate of Building Codes equivalent to 1993 MEC or better (Advanced Case) 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Not including enforcement 47% 48% 49% 51% 52% 53% 55% 56% 57% 59% 60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 

Including 70% enforcement rate 33% 34% 35% 35% 36% 37% 38% 39% 40% 41% 42% 43% 45% 46% 48% 49% 50% 52% 53% 55% 56% 

The penetration forecast of 1993 MEC or better codes was attributed to the 3 different code levels (1993/1995 MEC, 1998 IECC, and future IECC) as shown in the following table. Source: LBNL assumptions. 
In the Advanced case, we assume the IECC code will be updated sometime before 2009 but will begin to be adopted by some states and jurisdictions in 2009. 

Building Code Level 
Estimated Percent of Housing Starts Subject to 1993 MEC or Better Codes by Building Code Level (Advanced Case) 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
1993 or 1995 MEC 81% 81% 81% 80% 79% 78% 76% 74% 72% 71% 68% 65% 62% 59% 56% 52% 49% 46% 43% 40% 37% 

1998 IECC 19% 19% 20% 20% 21% 22% 24% 26% 28% 28% 28% 28% 28% 28% 28% 28% 28% 28% 28% 28% 28% 
Future IECC 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 4% 7% 10% 13% 16% 20% 23% 26% 29% 32% 35% 

The final penetration rates shown in Table B-1.2.adv were calculated by multiplying the "Including 70% enforcement rate" forecast by the 'Estimated percent of housing starts subject to 1993 MEC or 
better codes by building code level". For example, the forecasted penetration of the 1998 IECC code in 2009 is 41% * 28% = 11.5%. 

4 Penetration forecast of percent of all housetypes subject to either the 1993 or 1995 version of the CABO Model Energy Code. 1993 and 1995 MEC are for the most part identical in the areas that 
affect energy consumption. For simplicity, we aggregated these two codes. 

5 Penetration forecast of percent of all housetypes subject to the 1998 International Code Council's International�Energy Conservation Code (IECC). 
6 Penetration forecast of percent of all housetypes subject to a future, substantial update, of the International Code Council's International�Energy Conservation Code (IECC). In the Advanced case, we assume the 

IECC code will be updated sometime before 2009 but will begin to be adopted by some states and jurisdictions in 2009. 
7	 Building America program penetration rates from 2000-2010 were assumed to be 80% of DOE's official penetration forecast (Anderson 1999). The DOE forecasted penetration was higher in 2009 than in 2010, and we 

were unable to obtain a reason from DOE for this anomaly, so we reduced the 2009 penetration rate in order to make the forecast more smooth. The forecast shown assumes current levels of R&D funding. We assume there will 
be an increase in R&D funding for whole-house efficiency measures which will increase the penetration of homes built to the Building America efficiency level; we assume this will start to have an effect on the market in 2005. 
The additional penetration due to increases in R&D funding is shown separately in this table (see Note 14). The total penetration between 2005 and 2010 is still 80% of the DOE forecast, however it has been divided up between 
R&D and the DOE program (based on LBNL estimates). The penetration forecast from 2011-2020 is based on LBNL estimates. (DOE did not forecast beyond 2010.) 

8 The forecasted total tax credit penetration for new homes (for all tax credit levels) is based on the U.S. Treasury Department forecast of the total number of homes in the program (Auten 1999). 
The program was assumed to apply only to single-family and manufactured housing starts based on discussion with the Treasury Department. We assumed in the Advanced case that 80% of the Treasury 
Department forecast could be achieved (the penetration forecast in the table above include the 80% achievability factor). 
Additionally, we assumed that the tax credit program would contribute to a small amount of market transformation. That is, we assume that some builders would continue to build homes to the tax credit 
levels after the program ends, due to demand established in part by the program. We account for this residual effect of the program by assuming that all tax credit program levels would have a constant residual 
penetration rate from the end of each program out to 2020. The residual rate was assumed to be 5% of the penetration rate achieved in the final year of each level of the program. Thus, the residual 
penetration of the 40% better than IECC level is 5% of the forecasted penetration rate in 2005 (4.7%), or 0.2%. The residual penetrations vary by program efficiency level. 
The Treasury Department's forecast of total number of homes in the program were estimated by LBNL to be apportioned to the program's three efficiency levels (30% more efficient than the 1998 IECC, 
40% more efficient than the 1998 IECC, and 50% more efficient than the 1998 IECC), as shown in the table below. These assumptions apply to the Moderate and Advanced cases. 

Program Program Efficiency Level 
Year(s) 30% > 40% > 50% > 

2000-2003 75% 20% 5% 
2004-2005 - 80% 20% 
2006-2009 - - 100% 

The program, as proposed by the Treasury Department, consists of three efficiency levels, all based on the 1998 IECC code. The program offers the three levels during different time periods. The levels are: 
30% better than IECC, available only in 2000 and 2001; 40% better than IECC, available for three years from 2000 through 2002; and 50% better than IECC, available for 5 years (from 2000 through 
2004). Program years and efficiency levels are from the U.S. Treasury Department proposals (US DOT 1999). For the Advanced case, we assumed that the Treasury Department would extend the program years beyond the 
current proposal. We assumed the program efficiency levels would remain the same as in the current proposal. We doubled the number of years of each tax credit level, so that level 1 is offered from 2000 through 2003, 
level 2 from 2000 through 2005, and level 3 from 2000 through 2009. For the years in which more than one program level is available, we estimated the percent of homes built to each level. For example, in the 
first four years of the program (when program participants can choose from all three efficiency levels), we assumed that 75% of homes in the program would be built to the 30% better than IECC level, 20% to the 
40% better than IECC level, and the remaining 5% to the 50% better than IECC level. 

9 The penetration forecast for single-family ENERGY STAR new homes in the Advanced case is loosely based on EPA's forecast. EPA forecasts that, by 2012, 75% of all new single family starts will comply with the current 
ENERGY STAR new home program requirements and be attributable to the ENERGY STAR program (in EPA's forecast, an additional 25% of new homes in 2012 would comply with the ENERGY STAR requirements, but 
should be attributed to programs other than ENERGY STAR). In the Advanced case, we assume that the 75% penetration level will be reached, but in 2020, not 2012, 
and only with the help of additional R&D funding (which we assume begins to have an effect in 2005 - see Note 14). We assume that the total penetration of 75% in 
2020 is due to a combination of the EPA program and to the increased R&D funding. We estimate that half of the 75% penetration in 2020 is attributable to the EPA program alone (i.e., in the absence of increased R&D funding) 
and the remaining half is attributable to the increased R&D funding. The increased R&D funding penetration is shown separately in the table. We used EPA's penetration forecast for the year 2000 as a starting point; 
the rest of the forecast is based on LBNL estimates. 

1 0 The ENERGY STAR manufactured home forecast is based on LBNL estimates. (No EPA forecast was available.) By 2020, we assume that 60% of all new manufactured homes will comply with the current ENERGY STAR 
guidelines, but that only half of the 60% penetration may be attributed to the EPA ENERGY STAR program. The remaining half is assumed to occur because of a program which increases R&D funding for whole-house 
efficiency measures. See Notes 14 and 16 for more information on the increased R&D funding program. 
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RES HVAC 
Advanced 

Table B.1.2.adv Notes, continued 

1 1 The ENERGY STAR program applies to all single-family and manufactured homes, but to multifamily buildings only if the building is under 4 stories and the unit is individually heated and cooled. 
LBNL estimated from a combination of C-25 (U.S. Bureau of the Census 1998) and 1993 RECS data (US DOE 1995a) that 50% of multifamily units built each year would qualify for the ENERGY STAR program under 
the current guidelines (see "Note: " below for the derivation of this number). Our penetration forecast for ENERGY STAR multifamily units is based on LBNL estimates (no EPA forecast is available for multifamily). 
We assumed that by 2020, 25% of eligible new multifamily homes would be built to ENERGY STAR requirements, and that this penetration would be achieved only through a combination of the EPA program and 
increased R&D funding. Since we assume that only 50% of all new MF units would be eligible for the ENERGY STAR program, the penetration in 2020 is actually 12.5%, as a percent of all new multifamily units. 
We assumed that half of the penetration in 2020 (6.25% out of the 12.5% total) would be attributed to the ENERGY STAR program, and the other half would be attributable 
to the increased funding for R&D. See note 16 for more information on the R&D forecast for multifamily homes. 

Note: From the C-25 data, we obtained the number of multifamily housing starts in 1997 that were condos or apartments (the C-25 data set only has this information for buildings that have 5 or more units, but we 

assumed the relative percentage of condo vs apartment units applied equally to all buildings regardless of number of units). Also from the C-25 data, we obtained the percent of apartment unit starts in 1997 for which the 

electricity or gas bills were not included in the rent. We assumed that if the utility bill was not included in the rent, then the units were individually metered, thus individually heated and cooled.
 
The C-25 data did not include metering information for condominium units, so we assumed that 95% of fuel-heated and 95% of electric-heated condominium units are individually metered. In addition,
 
we assumed that 90% of new condominium units and 50% of new apartment units are in buildings of 3 stories or less (no data on this was available in C-25 or RECS). The C-25 for 1997 new multifamily units estimates 

that 45% of new multifamily units are fuel-heated and 55% are electric-heated (US Bureau of the Census 1998). We calculated our eligibility estimate of 50% by putting together all of this information.
 

1 2 These are the penetration rates due to the ENERGY STAR and Building America programs, assuming current R&D funding levels. They do not include additional penetrations for these programs which were attributed to 
increased levels of funding for R&D (see Note 14). 

1 3 This is the sum of the voluntary and tax credit program penetrations in the Advanced case. The following programs are summed: tax credits, ENERGY STAR new homes, and Building America. Penetrations are presented 
by house type. Additional penetrations due to increased levels of R&D funding (see Note 14) were not included. 

1 4 In the Advanced Case, we assume there is a 100% increase in R&D funding for new home efficiency improvements over current funding levels. We assume that the increased funding begins to have an effect in the year 2005. 
We assume that the funding increase will bring down the incremental costs (see Table C-1.4.adv) and, as a consequence, increase the penetration rates of new homes that meet the ENERGY STAR and Building America 
efficiency levels above what the penetrations would have been without increased R&D funding. We assume that increased R&D funding will not affect building code penetration levels because building code efficiency levels are 
too low to be significantly affected by R&D. While we recognize that increased R&D funding is likely to increase the penetration of new home tax credits, we did not include this in our analysis. 
Here we show the additional penetration rate for the ENERGY STAR and Building America programs that is attributable to the increase in R&D funding but not directly to the program. 

1 5 This is the penetration rate for the Building America program that is due solely to a 100% increase in R&D funding for whole-house efficiency measures over current funding levels. The penetration forecast is an LBNL 
estimate. Increased R&D funding is assumed to have an effect on the market starting in the year 2005. 

1 6 This is the penetration forecast for the ENERGY STAR new home program that is due solely to a 100% increase in R&D funding for whole-house efficiency measures over current funding levels. The penetration forecasts are 
LBNL estimates. Increased R&D funding is assumed to have an effect on the single-family and manufactured housing markets starting in 2005, and starting in 2008 for multifamily homes. (The ENERGY STAR multifamily home 
program is assumed to start in 2005 in the Advanced case; we assume a lag time of 3 years before the increase in R&D funding will begin to affect the ENERGY STAR multifamily homes.) 
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Introduction to the Residential non-HVAC Penetration Tables 
(Tables B-1.3mod and B-1.3adv) 

Penetration of the various policies considered in this analysis for residential non-HVAC end uses 
are presented in Tables B-1.3mod and B-1.3adv (moderate and advanced case assumptions, 
respectively. Policies are listed by end-use, so the same policy may appear several times (e.g. 
clothes washer standards appear under electric water heating, clothes washer machine energy and 
gas water heating). 

Penetrations 

The penetrations presented in Table B-1.3mod, B-1.3adv for the various polices are not 
necessarily what the reader would assume, and care should be taken in interpreting and especially 
in comparing them. The most intuitive way to think about penetrations is as a percent of 
shipments: eight percent of refrigerators sold in 2000 are ENERGY STAR refrigerators sold due 
to the ENERGY STAR program. In some cases, however, we segmented the market to target only 
high-use applications. In these cases, the percent of energy affected could be much higher than 
the percent of units affected. Since ultimately it was the percent of energy affected that interested 
us, we present here the penetration in terms of percent of energy. 

This problem arose with the residential lighting end-use. Our policies were based on compact 
fluorescent lamp technology, and because of their high first cost they are not cost effective in 
very low use fixtures. Furthermore, lighting fixture use is highly skewed—a large percentage of 
lighting energy is concentrated in a small percentage of fixtures (Vorsatz, et al 1997). Many 
fixtures (often those in closets, attics, etc.) are used rarely or only briefly. We assumed that CFL 
lamps and CFL fixtures would be used in cost effective (i.e. high use) applications and would 
therefore affect a disproportionate share of lighting energy compared to replacing an average 
lamp or fixture. For the Energy Star fixtures program we looked at the percent of energy 
consumed by fixtures used 3 or more hours per day (cost effective applications) and made a 
judgement about what fraction of that energy might be affected by the program. The penetrations 
shown in Table B-1.3 (mod and adv) should be read as percent of lighting energy for all lighting 
policies. For more information on how the lighting market was segmented in the analysis, see the 
introduction to tables C-1.6mod and C-1.6adv. 

Several policies affecting water heating apply to only new buildings (ENERGY STAR Homes, 
Building America and whole-house tax credits). These penetrations should be read as percent of 
new homes built. New and existing homes are accounted for separately in our model; savings 
from these programs are applied to energy in new homes only. 

Percent of End-Use Energy Affected 

In order to accurately calculate the effect of a policy in a given year, we had to calculate the 
percent of end-use energy affected by a policy in that year. To do this we first calculated the 
percent of the stock affected by the policy using our shipment penetrations, product lifetimes and 
a simple retirement function. In cases where the technology affected by the policy coincided with 
the end-use, such as clothes washer motors, this was sufficient to describe the percent of energy 
affected. When the technology was different from the end-use, it was necessary to perform an 
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additional transformation. We describe this process for several end-uses below. More information 
is provided in the footnotes to each table. 

Electric water heating presented particular problems. Water heating energy is affected by 
measures affecting water heaters (electric water heater standards, Energy Star heat pump water 
heaters), and also by measures affecting water use (Energy Star dishwashers, clothes washer 
standards). To analyze a clothes washer policy, we cannot simply look at the policy penetration 
with respect to clothes washers. We are really interested in the percent of water heaters affected 
by the clothes washer policy. Since only 81% of homes have clothes washers, we use this factor 
to weight the stock penetration of high efficiency clothes washers. So if 48% of the clothes 
washer stock in 2010 are horizontal axis washers due to standards, 39% (= 81%*48%) of electric 
water heating homes are affected by that policy. To calculate the percent of water heating energy 
saved by the policy, we multiply the percent of electric water heating homes affected by the 
percent of household water heating energy saved by a horizontal axis washer. 

As noted above, several policies affecting water heating apply to only new buildings (ENERGY 
STAR Homes, Building America and whole-house tax credits). The percent of end-use energy 
affected applies only to energy use in homes built after 2000. 

Avoiding Double-Counting 

In many cases multiple policies affect the same end use. To avoid double counting, we had to 
establish rules for how savings would be divided between policies. Mandatory programs, such as 
equipment standards, were given primacy. Standards are assumed to affect 100% of a certain type 
of equipment and are credited with the full savings of moving from a baseline unit to a unit just 
meeting the standard. Any non-mandatory policy is considered to be in addition to standards (if 
any). Savings are calculated relative to the standard in place. If a non-mandatory policy affects 
40% of an equipment type and saves 15% of the energy of a baseline unit, but standards are in 
place that effect 100% of equipment and save 10% over a baseline unit, the non-mandatory 
program is credited with saving 5% of baseline energy on 40% of the equipment. A single non-
mandatory policy may therefore have multiple baselines if standards are updated once or more 
while the policy is in place. Because the energy savings change when the baseline changes, we 
treat each policy/baseline combination separately in our analysis. The penetrations for each 
policy/baseline combination are listed separately in these tables. 
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RES Non-H VAC 
Moderate 

Table B-1.3mod. Residential Buildings Moderate Case Market Penetrations--Non-HVAC 

Fuel End- Policy 
Use 

Notes  Baseline
1 Shipment penetration, except where otherwise noted2 

2000 2001 2002 2003 2004 2005 2010 2015 2020 2010 2020 
Energy Affected3 

% of Frozen 
Efficiency End-Use 

Electric 
Water heating 

ENERGY STAR CW 4 2000 new EWH/2000 new CW 18.4% 22.4% 26.3% 30.3% 0.0% 0.0% 0.0% 0.0% 0.0% 5.4% 0.4% 
ENERGY STAR CW 4 2000 new EWH/2004 CW Std 0.0% 0.0% 0.0% 0.0% 33.1% 36.0% 0.0% 0.0% 0.0% 6.0% 2.4% 
ENERGY STAR DW 5 2000 new EWH/2000 new DW 5.0% 6.7% 8.3% 10.0% 11.7% 13.3% 21.5% 29.0% 35.0% 6.1% 15.2% 
ENERGY STAR HPWH 6 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 1.0% 1.2% 2.0% 5.5% 9.0% 1.0% 5.6% 
ENERGY STAR Homes 7 2000 new EWH 0.7% 1.4% 2.0% 2.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.6% 0.3% 
ENERGY STAR Homes 7 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 3.2% 3.8% 6.7% 9.8% 12.5% 3.1% 6.5% 
Building America 8 2000 new EWH 0.0% 0.1% 0.1% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Building America 8 2004 std EWH 0.0% 0.0% 0.0% 0.0% 0.4% 0.6% 2.0% 3.8% 4.8% 0.8% 2.3% 
Whole House Tax Credit I 9 2000 new EWH 0.6% 0.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 
Whole House Tax Credit I 9 2004 std EWH 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Whole House Tax Credit II 9 2000 new EWH 0.2% 0.7% 1.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.1% 
Whole House Tax Credit II 9 2004 std EWH 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 
Whole House Tax Credit III 9 2000 new EWH 0.0% 0.0% 0.2% 1.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.1% 
Whole House Tax Credit III 9 2004 std EWH 0.0% 0.0% 0.0% 0.0% 2.1% 0.1% 0.1% 0.1% 0.1% 0.3% 0.2% 
ENERGY STAR Homes R&D 10 2004 std EWH 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 1.7% 3.6% 0.0% 1.0% 
Building America R&D 11 2004 std EWH 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.6% 1.5% 0.0% 0.4% 
2004 EWH Std 12 2000 new EWH 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 66.7% 100% 
CW 2004 standard 13 2000 new EWH/2000 new CW 0.0% 0.0% 0.0% 0.0% 100% 100% 0.0% 0.0% 0.0% 16.7% 6.6% 
CW 2007 Horiz. Axis Std 14 2000 new EWH/2000 new CW 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 22.3% 72.9% 
Utility HPWH 15 2000 new EWH 0.0% 0.0% 0.2% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Utility HPWH 15 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 0.4% 0.5% 1.5% 2.0% 2.0% 0.6% 1.9% 
Tax Credit HPWH 16 2000 new EWH 0.0% 0.0% 0.1% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Tax Credit HPWH 16 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 0.7% 0.8% 0.9% 0.8% 0.8% 0.6% 1.2% 
HPWH R&D 17 2004 standard EWH 0.0% 0.0% 0.0% 1.4% 1.6% 3.0% 3.0% 3.0% 3.0% 2.0% 4.1% 

Refrigeration 
2001 Refrigerator Std 18 2000 new Refrigerator 0.0% 100% 100% 100% 100% 100% 100% 100% 100% 51.3% 93.1% 
Utility Rebate 19 2000 new Refrigerator 10.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 0.2% 
Utility Rebate 19 2001 standard Refrigerator 0.0% 5.8% 6.5% 7.3% 8.0% 8.8% 12.5% 16.3% 20.0% 4.7% 12.5% 
ENERGY STAR Refrig. 20 2000 new Refrigerator 8.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 0.2% 
ENERGY STAR Refrig. 20 2001 standard Refrigerator 0.0% 4.8% 5.6% 6.4% 7.2% 8.0% 12.0% 16.0% 20.0% 4.3% 12.1% 

Cooking 21 NA NA NA NA NA NA NA NA NA NA NA 
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Table B-1.3mod (continued). Residential Buildings Moderate Case Market Penetrations--Non-HVAC 

Fuel End- Policy 
Use 

Notes  Baseline
1 Shipment penetration, except where otherwise noted2 

2000 2001 2002 2003 2004 2005 2010 2015 2020 2010 2020 

Efficiency End-Use 

Energy Affected3 

% of Frozen 

Electric 
Clothes Dryers 22 NA NA NA NA NA NA NA NA NA NA NA 
Freezers 

2001 Std 23 2000 new freezer 0.0% 100% 100% 100% 100% 100% 100% 100% 100% 51.3% 93.1% 
Lighting

 torchieres 
R&D--CFL Torchiere 24 300 W Halogen torchiere 3.0% 5.3% 7.7% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 
E* Res Ltg Fixture Prog 25 300 W Halogen torchiere 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 6.5% 13.3% 20.0% 3.4% 16.8% 
CFL R&D--Fixtures Effect 

other 

26 300 W Halogen torchiere 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.7% 2.3% 3.0% 0.3% 2.7%

E* Res Ltg Fixture Prog 27 Fixtures uses >3 hrs/day 10.0% 11.5% 12.9% 14.4% 15.9% 17.4% 24.8% 32.2% 39.6% 15.5% 31.1% 
CFL R&D--Fixtures Effect 28 Fixtures used 2-3 hrs/day 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.5% 3.2% 4.0% 0.2% 2.8% 
Mini-HID lamps R&D 29 100 W inc. lamp used 1500 hrs/yr 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 5.0% 10.0% 0.1% 4.2% 

Clothes Washers 
ENERGY STAR CW 30 2000 new CW 7.0% 8.5% 10.0% 11.5% 0.0% 0.0% 0.0% 0.0% 0.0% 2.5% 0.2% 
ENERGY STAR CW 30 2004 CW interim stds 0.0% 0.0% 0.0% 0.0% 12.6% 13.7% 0.0% 0.0% 0.0% 2.8% 1.1% 
CW 2004 standard 31 2000 new CW 0.0% 0.0% 0.0% 0.0% 100% 100% 0.0% 0.0% 0.0% 20.7% 8.1% 
CW 2007 Horiz. Axis Std 32 2000 new CW 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 27.6% 90.1% 

Dishwashers 33 NA NA NA NA NA NA NA NA NA NA NA 
Color Televisions 

ENERGY STAR TVs 34 2000 new TV 20.0% 25.0% 30.0% 35.0% 40.0% 45.0% 66.4% 73.2% 80.0% 41.4% 72.2% 
Personal Computers 35 NA NA NA NA NA NA NA NA NA NA NA 
Furnace Fans 36 NA NA NA NA NA NA NA NA NA NA NA 
Other Uses

 coils 

motors Ceiling Fans 
Pool Pumps 

electronics ENERGY STAR VCR 
ENERGY STAR Audio 
ENERGY STAR Settop 
ENERGY STAR Telephony 

37 

38 
39 

40 
41 
42 
43 

NA NA NA NA NA NA NA NA NA 

0.0% 3.0% 4.9% 6.8% 8.7% 10.6% 20.0% 22.5% 25.0% 
0.0% 3.0% 3.8% 4.6% 5.3% 6.1% 10.0% 11.5% 13.0% 

10.0% 14.0% 18.0% 22.0% 26.0% 30.0% 50.0% 62.5% 75.0% 
5.0% 10.0% 10.6% 11.1% 11.7% 12.2% 15.0% 27.5% 40.0% 
3.0% 6.4% 9.8% 13.2% 16.6% 20.0% 30.0% 50.0% 70.0% 
5.0% 7.5% 10.0% 12.5% 15.0% 17.5% 30.0% 50.0% 70.0% 

NA NA

1.2% 3.3% 
1.3% 1.9%

3.9% 8.6% 
2.6% 6.2% 
4.2% 11.4% 
1.5% 4.0% 
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Table B-1.3mod (continued). Residential Buildings Moderate Case Market Penetrations--Non-HVAC 

Fuel End- Policy 
Use 

Notes  Baseline
1 Shipment penetration, except where otherwise noted2 

2000 2001 2002 2003 2004 2005 2010 2015 2020 2010 2020 
Energy Affected3 

% of Frozen 
Efficiency End-Use 

Electric 
Other Uses

 electronics 
ENERGY STAR MWave 44 0.0% 5.0% 7.2% 9.4% 11.7% 13.9% 25.0% 37.5% 50.0% 2.1% 6.1% 

Gas 
Water heating 

ENERGY STAR CW 45 2000 new GWH/2000 new CW 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
ENERGY STAR CW 45 2000 new GWH/2004 CW std 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
ENERGY STAR DW 46 2000 new GWH/2000 new DW 5.0% 6.7% 8.3% 10.0% 11.7% 13.3% 21.5% 29.0% 35.0% 6.1% 15.2% 
ENERGY STAR Homes 7 2000 new GWH 0.7% 1.3% 2.0% 2.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 0.3% 
ENERGY STAR Homes 7 2004 GWH Std 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Building America 8 2000 new GWH, E* home 0.0% 0.1% 0.1% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Building America 8 2004 GWH Std, E* home 0.0% 0.0% 0.0% 0.0% 0.4% 0.7% 2.1% 4.2% 5.4% 1.0% 2.5% 
Whole House Tax Credit I 9 2000 new GWH, E* home 0.6% 0.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 
Whole House Tax Credit I 9 2004 GWH Std, E* home 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Whole House Tax Credit II 9 2000 new GWH, E* home 0.2% 0.7% 1.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.1% 
Whole House Tax Credit II 9 2004 GWH Std, E* home 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 
Whole House Tax Credit III 9 2000 new GWH, E* home 0.0% 0.0% 0.2% 1.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.1% 
Whole House Tax Credit III 9 2004 GWH Std, E* home 0.0% 0.0% 0.0% 0.0% 2.1% 0.1% 0.1% 0.1% 0.1% 0.2% 0.2% 
GWH Std 47 2000 new GWH 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 48.3% 98.3% 
CW Std Stage 1 48 2004 GWH Std/2000 new CW 0.0% 0.0% 0.0% 0.0% 100% 100% 0.0% 0.0% 0.0% 16.7% 6.6% 
CW 2007 Horiz. Axis Std 49 2004 GWH Std/2000 new CW 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 22.3% 72.9% 
Tax Cr for 0.65 EF NGWH 50 2000 new GWH 1.4% 2.4% 0.8% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.0% 
Tax Cr for 0.65 EF NGWH 50 2004 GWH Std 0.0% 0.0% 0.0% 0.0% 0.4% 0.4% 0.4% 0.4% 0.4% 0.2% 0.4% 
Tax Cr for 0.80 EF NGWH 51 2000 new GWH 0.2% 0.4% 0.6% 0.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 
Tax Cr for 0.80 EF NGWH 51 2004 GWH Std 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Cooking 52 NA NA NA NA NA NA NA NA NA NA NA 
Clothes Dryers 53 NA NA NA NA NA NA NA NA NA NA NA 
Other Uses 54 NA NA NA NA NA NA NA NA NA NA NA 
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Notes to Table B-1.3mod 
Residential Buildings Moderate Case Market Penetrations--Non-HVAC 

1 Because different policies affect the same market segment, it was often necessary to adjust penetrations or savings in order to avoid double
 
counting. In particular, we had to address the effect on existing programs, such as ENERGY STAR, when new equipment standards come into effect.
 
We adopted the practice of attributing savings to mandatory programs, such as standards, before calculating savings for other policies. When the
 
savings for a policy are affected by a standard, we essentially analyze the policy as several different policies according to the baseline that applies
 
(year 2000 new equipment, 2004 standard, 2010 standard). For example, the ENERGY STAR Homes program appears twice under electric water
 
heating. The first appearance lists "2000 new EWH" as the baseline, indicating that the baseline water heating UEC is for a typical new electric water
 
heater in year 2000. The second entry lists "2004 standard EWH" as the baseline indicating that the savings corresponding to these penetrations 

ere calculated relative to the new electric water heating standard in 2004.
 

2 For most products, penetrations are the percent of a product shipped affected by a policy (e.g. the percent of clothes washers shipped that are
 
ENERGY STAR). In the case of new homes programs (ENERGY STAR Homes, Building America, and whole-house tax credits) the penetrations
 
given are the percent of new homes built to the criteria of the program.
 

3 Because the goal of this analysis was to measure to what extent a policy affects energy in a given end-use, we report the percent of frozen efficiency
 
end-use energy affected by a policy rather than the stock penetration of a particular technology. In many cases the stock penetration is the same as
 
the percent of energy affected. However, consider the electric water heating end-use: It is affected by policies affecting water heaters (e.g. water
 
heater standards), water use (e.g. clothes washers), and homes (e.g. Building America). The stock penetration of horizontal axis clothes washers,
 
by itself, says little about what impact the policy will ultimately have on electric water heating. We therefore weight the stock penetrations
 
for clothes washers by the percent of homes with clothes washers (80.9%, Koomey et al 1999b). This weighted value gives the percent of frozen-

efficiency water heater energy affected by the policy. In the case of new homes programs (ENERGY STAR Homes, Building America, and whole-

house tax credits) this value represents only the percent of energy use in new homes affected by the policy. 


4 ENERGY STAR clothes washers are assumed to be horizontal axis or equivalent efficiency (hereafter "horizontal axis"). Market penetration of
 
ENERGY STAR clothes washers is expected to increase from 7% in 2000 to 12% in 2003 and 14.8% in 2006 (percent of clothes washer sales).
 
Because horizontal axis washers, at current market prices, are cost effective in electric water heater homes but not in gas water heating homes, we
 
assume that all ENERGY STAR washers sold are installed in electric water heating homes. We divided the market share of ENERGY STAR clothes
 
washers (percent of clothes washer sales) by 38% (% of homes with electric water heating, Koomey et al, 1994) to get the penetration of clothes
 
washers with respect to electric water heating homes. The ENERGY STAR program is assumed to be discontinued when a horizontal axis standard
 
goes into effect in 2007. To obtain the percent of frozen efficiency electric water heating energy affected in 2010 and 2020, we weighted the stock
 
penetration of ENERGY STAR clothes washers by the percent of homes that have a clothes washer (80.9%, Koomey et al, 1999b). 


5 Shipment penetrations increase from 5% of dishwasher sales in 2000 to 20% in 2009 and 35% in 2020. To obtain the percent of frozen efficiency
 
water heating energy affected, stock penetrations were weighted by the percent of homes with dishwashers (57%, Koomey et al., 1999b). 


6 Although no program currently exists, we speculate that in 2004 DOE will introduce an ENERGY STAR water heater program to promote heat pump
 
water heaters. Penetration levels were developed jointly with penetrations of HPWH due to utility programs, tax credits, and R&D. Target
 
penetrations for all programs together were 0.2% in 2002, 5% in 2010 and 15% in 2020 (LBNL/PNNL analysis). The ENERGY STAR program is
 
assumed to begin in 2004, and penetrations are assumed to increase to 2% in 2010 and 9% in 2020.
 

7 Penetration for ENERGY STAR Homes were taken from the HVAC analysis. Please see Table B-1.2mod for more information. Note that these 

Carrie A Webber
Appendix B-1                                                                                                                  B-1.22                                                                                                        Buildings



RES Non-HVAC 
Moderate 

Notes to Table B-1.3mod (continued) 
penetrations apply to new homes only and the penetrations are therefore not comparable to programs affecting existing homes. 

8 Penetration for Building America were taken from the HVAC analysis. Please see Table B-1.2mod for more information. Note that these penetrations 
apply to new homes only and the penetrations are therefore not comparable to programs affecting existing homes. 

9 Penetration for whole house tax credits were taken from the HVAC analysis. Please see Table B-1.2mod for more information. Note that these 
penetrations apply to new homes only and the penetrations are therefore not comparable to programs affecting existing homes. 

10 The ENERGY STAR Homes program is expected to have an R&D effect as production methods improve. Penetrations for ENERGY STAR Homes 
R&D should be regarded as incremental to the ENERGY STAR Homes program. These penetrations were taken from the HVAC analysis. Please see 
Table B-1.2mod for more information. Note that these penetrations apply to new homes only and the penetrations are therefore not comparable to 
programs affecting existing homes. 

11 The Building America program is expected to have an R&D effect as production methods improve and new techniques are developed. Penetrations 
for Building America R&D should be regarded as incremental to the ENERGY STAR Homes program. These penetrations were taken from the 
HVAC analysis. Please see Table B-1.2mod for more information. Note that these penetrations apply to new homes only and the penetrations are 
therefore not comparable to programs affecting existing homes. 

12 The electric water heater standard is tightened in 2004 to reduce standby losses. Penetrations are assumed to be 100% from 2004 onward. 
13 Clothes washer standards are expected to be tightened starting in 2004. Because a horizontal axis standard remains controversial, for the moderate 

case we assume that DOE will set an interim standard. We assume this interim standard goes into effect in 2004 and is replaced by a horizontal axis 
standard in 2007. We assume 100% market penetration for standards. To obtain the percent of frozen efficiency electric water heating energy 
affected in 2010 and 2020, we weighted the stock penetration of horizontal-axis clothes washers by the percent of homes that have a clothes 
washer (80.9%, Koomey et al, 1999b). 

14 We expect that DOE will eventually succeed in finalizing a horizontal axis clothes washer standard. This standard is assumed to go into effect in 
2007 in the moderate case. We assume 100% market penetration for standards. To obtain the percent of frozen efficiency electric water heating 
energy affected in 2010 and 2020, we weighted the stock penetration by the percent of homes with clothes washers (80.9%, Koomey et al., 1999b). 

15 Utilities promote the use of heat pump water heaters through the use of rebates and informational campaigns. Penetration levels were developed 
jointly with penetrations of HPWH due to the ENERGY STAR water heater program, tax credits for heat pump water heaters, and R&D. Target 
penetrations for all programs were 0.2% in 2002, 5% in 2010 and 15% in 2020 (LBNL/PNNL analysis). Utility program penetrations are assumed to 
increase to 2% by 2014 and remain flat thereafter. Rebates are assumed to be equal to 5% of the purchase price. We assume that funds for these 
incentives come from "lines charges" created as the utility system is restructured (we assume half of regions adopt lines charges). 

16 Tax credits for heat pump water heaters in the moderate case are assumed to be for 20 percent of the purchase price and last from December 31, 
1999, until January 1, 2004 (US DOT, 1999). Market penetration trends were adapted from Richey and Koomey (1998), but their forecast was 
determined to be too aggressive (LBNL/PNNL analysis indicated that manufacturers would not be able to ramp up production quickly). 
Penetrations were developed jointly with penetrations of HPWHs due to the ENERGY STAR water heater program, utility programs and R&D. 
Target penetrations for all programs were 0.2% in 2002, 5% in 2010 and 15% in 2020 (LBNL/PNNL analysis).The forecast includes market 
transformation effects which persist beyond the end of the tax credit. 

17 We expect that government-funded R&D will reduce the cost of heat pump water heaters. In the moderate case, we assume that R&D will reduce the 
incremental cost of heat pump water heaters by 50% by 2010. R&D was analyzed jointly with tax credits, ENERGY STAR, and utility rebate programs 
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(we assume negligible baseline penetrations of HPWHs). Target penetrations for all programs were 0.2% in 2002, 5% in 2010 and 15% in 2020 
(LBNL/PNNL analysis). The penetration for HPWHs ramps up from 0% in 2002 to 3% in 2005 and remains flat thereafter. 

18 New refrigerator standards are scheduled to come into effect in 2001. The 2001 standards are assumed to affect 100% of shipments. 
19 Market penetrations for refrigerator utility programs are initially 10% but drop to 6% when the 2001 standard comes in (because the efficiency 

requirement for the utility rebate becomes more stringent). Penetration increases to 20% by 2020. Rebates are assumed to be equal to the full 
incremental cost. We assume that funds for these incentives come from "lines charges" created as the utility system is restructured (we assume 
half of regions adopt lines charges). 

20 Each time the standard is tightened the ENERGY STAR criterion is also, so we assume the market penetration of ENERGY STAR units (sales) falls 
each time the standard is tightened. Market penetrations are initially 8% but drop to 5% when the 2001 standard comes in, then increase to 20% 
by 2020. 

21 No policies were considered for electric cooking equipment. 
22 No policies were considered for electric clothes dryers. 
23 New freezer standards are scheduled to come into effect in 2001. The 2001 standards are assumed to have 100% market penetration. 
24 Compact fluorescent torchieres were developed at Lawrence Berkeley National Laboratory as replacement for low-efficiency halogen torchieres. 

Since then, CFL torchieres have become widely available at retailers and costs have fallen significantly. Because of their higher costs, we expect 
the market penetration to top out at 10% in the absence of any other programs. 

25 Because CFL torchieres qualify under the ENERGY STAR fixtures program, we expect there to be continued efforts to promote the technology. 
We expect the market penetration of these fixtures due to the ENERGY STAR fixtures program to increase to 40% of torchieres sold by 2020. 

26 Government-funded R&D is expected to decrease the cost of CFLs by 10% by 2010. This will reduce the cost of CFL torchieres, since we assume 
that the fixtures are sold with a ballast. Lower equipment costs will increase the effectiveness of other CFL programs, including ENERGY STAR 
fixtures. We assume that R&D will increase market penetration by 10%. We therefore multiply by 0.1 the total penetration of CFL torchieres due 
to LBNL's development of the technology and ENERGY STAR's promotional efforts to obtain the additional penetration due to R&D. 

27 Because compact fluorescent lamps are not generally effective in low use fixtures, the ENERGY STAR Fixtures Program is assumed to target 
high-use fixtures (>3 hrs per day). These fixtures account for 62% of lighting energy (Wenzel et al, 1997). Our penetrations here therefore 
represent percent of lighting energy rather than percent of units shipped. To estimate market penetration for the moderate case, we asked what 
percent of fixtures are very high use (>6 hours per day). Forty percent of total lighting energy is used by fixtures used 6 or more hours per day. 
We used 40% as our estimated penetration of ENERGY STAR Fixtures in 2020 in the moderate case, up from 10% of lighting energy in 2000. Note 
that although we used the energy use of very high use fixtures as a benchmark, we do not literally expect to capture 100% of the very high use 
market (the energy savings used are for all cost-effective applications). Rather, we expect that some fraction of new fixture sales, representing 40% 
of energy use in new fixtures in the reference case, will be replaced by ENERGY STAR fixtures. 

28 Government-funded R&D is expected to decrease the cost of CFLs by 25% by 2010. This will reduce the cost of CFL fixtures, since we assume 
that the fixtures are sold with a ballast. Lower equipment costs expand the range of applications where CFL fixtures are cost effective--that is, they 
can be used in lower use areas. We assume that R&D will increase market penetration by 10%. We therefore multiply by 0.1 the total penetration 
of CFL fixtures due to ENERGY STAR to obtain the additional penetration due to R&D. 

29 Government-funded R&D is expected to make mini-HIDs a viable replacement for incandescent lamps. Nadel et al. (1998) indicate that 21% of 
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Notes to Table B-1.3mod (continued) 
lighting applications are feasible for the technology. For the advanced case, we assume 1% penetration in 2010, 5% in 2015, and 10% in 2020, with 
penetrations increasing linearly between these points (LBNL/PNNL estimate). 

30 ENERGY STAR clothes washers are assumed to be horizontal axis or equivalent efficiency. Market penetration of ENERGY STAR clothes washers 
is expected to increase to 12% of clothes washer sales by the time standards come into effect in 2004. The ENERGY STAR program is assumed to 
be discontinued when a horizontal axis standard goes into effect in 2007. Note that this end-use category includes only clothes washer machine 
energy, not total clothes washing energy, which as usually reported includes water heating energy and may include dryer energy. The shipment 
penetration used for this end-use is the same underlying penetration used for clothes washers in the electric water heating end-use (see note 4). 
In this case, the end-use, clothes washers, corresponds to the technology affected by the policy, so it is not necessary to weight the stock 
penetration by the percent of homes with clothes washers to obtain the percent of end-use energy affected. 

31 Clothes washer standards are expected to be tightened starting in 2004. Because a horizontal axis standard remains controversial, for the moderate 
case we assume that DOE will set an interim standard. We assume 100% market penetration for standards. Note that this is the same underlying 
penetration used for clothes washers in the electric water heating end-use (see note 13). In this case, the end-use, clothes washers, corresponds 
to the technology affected by the policy, so it is not necessary to weight the penetration by the percent of homes with clothes washers to obtain 
the percent of end-use energy affected. 

32 We expect that DOE will eventually succeed in finalizing a horizontal axis clothes washer standard. This standard is assumed to go into effect in 
2007 in the moderate case. We assume 100% market penetration for standards. Note that this end-use category includes only clothes washer 
machine energy, not total clothes washing energy, which as usually reported includes water heating energy and may include dryer energy. Water 
heating and dryer energy due to clothes washers is reported separately under the water heating and clothes dryer end-uses. The shipment 
penetration used for this end-use is the same underlying penetration used for clothes washers in the electric water heating end-use (see note 14). 
In this case, the end-use, clothes washers, corresponds to the technology affected by the policy, so it is not necessary to weight the penetration 
by the percent of homes with clothes washers to obtain the percent of end-use energy affected. 

33 No policies were considered for dishwasher motors. 
34 Market penetration of ENERGY STAR TVs is assumed to grow from 20% in 2000 to 80% in 2020. The program is assumed to continue 

throughout the period with no changes to efficiency requirements. 
35 No policies were considered for personal computers. The ENERGY STAR computer program was assumed to be fully included in AEO99. 
36 No policies were considered for furnace fans. 
37 No policies were considered for miscellaneous heating coils. 
38 The Florida Solar Energy Center with AeroVironment developed an innovative ceiling fan blade design. The technology has been licensed to a 

manufacturer and a modified design (Su and Zambrano 1999) is expected to be on the market sometime in 2000 (FSEC 1999). We projected that
 
the design could capture 20% of the ceiling fan market by 2010 and 25% by 2020. To obtain the percent of frozen efficiency miscellaneous
 
motor energy affected, we weighted the stock penetration by the percent of miscellaneous motor energy attributable to ceiling fans, which
 
we estimate to be 16.8% based on data from Sanchez et al. (1998).
 

39 Pool pumps were targeted because they make up a fairly large share of miscellaneous motor energy. For analytical purposes, the program was 
conceived of as an ENERGY STAR-type voluntary program. Market penetration is expected to increase to 10% of pool pumps in 2010 and 13% 
in 2020. To obtain the percent of frozen efficiency miscellaneous motor energy affected, we weighted the stock penetration by the percent of 
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miscellaneous motor energy attributable to pool pumps, which we estimate to be 15.5% based on data from Sanchez et al. (1998). 

40 Market penetration of ENERGY STAR VCRs is assumed to grow from 10% in 2000 to 50% in 2010 and 75% in 2020. VCR stock penetrations were 
weighted by the share of miscellaneous electronics energy attributable to VCRs (14% based on data from Sanchez et al 1998) to obtain the percent 
of frozen efficiency miscellaneous electronics energy affected by the policy in 2010 and 2020. 

41 Market penetration of ENERGY STAR units is assumed to grow from 5% in 2000 to 15% in 2010 and 40% in 2020. Audio equipment stock 
penetrations were weighted by the share of miscellaneous electronics energy attributable to audio equipment(19.7% based on data from Sanchez 
et al, 1998) to obtain the percent of frozen efficiency miscellaneous electronics energy affected by the policy in 2010 and 2020. 

42 We assume that EPA will launch a settop box program (for cable boxes and satellite receivers) in 2000. Market penetration of ENERGY STAR 
devices is assumed to increase from 3% in 2000 to 30% in 2010 and 70% in 2020. Settop Box stock penetrations were weighted by the share of the 
miscellaneous electronics energy attributable to settop boxes (22.7% based on data from Sanchez et al, 1998) to obtain the percent of frozen 
efficiency miscellaneous electronics energy affected by the policy in 2010 and 2020. 

43 We assume that EPA will launch a telephony program (for cordless phones, answering machines, etc.) in 2000. Market penetration of ENERGY 
STAR devices is assumed to increase from 5% in 2000 to 30% in 2010 and 70% in 2020. Telephony stock penetrations were weighted by the share 
of miscellaneous electronics energy attributable to telephony (7.3% based on data from Sanchez et al, 1998) to obtain the percent of frozen 
efficiency miscellaneous electronics energy affected by the policy in 2010 and 2020. 

44 We assume that EPA will launch a microwave oven program in 2001. Market penetration of ENERGY STAR devices is assumed to increase from 5% 
in 2001 to 25% in 2010 and 50% in 2020. Microwave stock penetrations were weighted by the share of miscellaneous electronics energy attributable 
to microwaves (17.4% based on data from Sanchez et al, 1998) to obtain the percent of frozen efficiency miscellaneous electronics energy affected 
by policy. 

45 ENERGY STAR clothes washers are not cost effective at current market prices in gas water heating homes. We therefore assume zero penetration. 
46 Penetration of ENERGY STAR dishwashers increases to 20% of dishwasher sales in 2010 when dishwasher standards come in. Stock penetrations 

were multiplied by the percent of homes with dishwashers (57%, Koomey et al., 1999b) to obtain the percent of frozen efficiency gas water heating 
energy affected by the policy in 2010 and 2020. 

47 The market penetrations for a gas water heater standard are assumed to be 100% from 2004 through the end of the analysis period. 
48 Clothes washer standards are expected to be tightened starting in 2004. Because a horizontal axis standard remains controversial, in the moderate 

case we assume that DOE will set an interim standard. We assume 100% market penetration for standards. To obtain the percent of frozen 
efficiency gas water heating energy affected by this measure, we weighted the clothes washer stock penetration by the percent of homes with 
clothes washers (80.9%, Koomey et al., 1999b). 

49 We expect that DOE will eventually succeed in finalizing a horizontal axis clothes washer standard. This standard is assumed to go into effect in 
2007 in the moderate case. We assume 100% market penetration for standards. To obtain the percent of frozen efficiency gas water heating energy 
affected by the policy we weighted the stock penetration of horizontal-axis washers by the percent of homes with clothes washers (Koomey 
et al., 1994). 

50 Tax credits for 0.65 EF gas water heaters are assumed to be for 10 percent of the purchase price for the period December 31, 1999 to January 1, 2002 
(US DOT, 1999). Market penetrations were adapted from Richey and Koomey (1998). 

51 Tax credits for 0.80 EF gas water heaters in the moderate case are assumed to be for 20 percent of the purchase price and last from December 31, 
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1999 through January 1, 2004. These water heaters are quite expensive and are cost effective only in homes that use a great deal of hot water--more
 
than three times the hot water use of the average home. Based on an LBNL analysis of hot water use data, we concluded that such homes
 
comprise less than 0.4% of all homes and account for 1.4% of total hot water use. We take the share of total hot water use as a proxy for the share
 
of gas water heating energy and estimate that the penetration of the tax credit program might affect half of cost effective homes. When the new
 
gas water heating standard, 0.62 EF, becomes effective in 2004, the consumer choice is now between a 0.62 EF water heater and a 0.80 water heater-­
which is not as cost effective an invesment as choosing an 0.80 EF over an 0.56 EF water heater (our baseline efficiency). The market segment
 
for which the investment in an 0.80 EF water heater is cost effective becomes even smaller under the standard. Penetrations are reduced still
 
further to reflect the smaller market segment. Penetrations persist beyond the expiration of the actual tax credit due to market transformation.
 

52 No policies were considered for gas cooking. 
53 No policies were considered for gas clothes dryers. 
54 No policies were considered for gas other uses. 
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Table B-1.3adv. Residential Buildings Advanced Case Market Penetrations--Non-HVAC 

Fuel End­
Policy Use 

Notes
 Baseline

1 Shipment penetration, except where otherwise noted2 

2000 2001 2002 2003 2004 2005 2010 2015 2020 2010 2020 
Energy Affected3 

% of Frozen 
Efficiency End-Use 

Electric 
Water heating 

ENERGY STAR CW 4 2000 new EWH/2000 new CW 18.4% 22.4% 26.3% 30.3% 0.0% 0.0% 0.0% 0.0% 0.0% 5.4% 0.4% 
ENERGY STAR DW 5 2000 new EWH/2000 new DW 5.0% 6.7% 8.3% 10.0% 11.7% 13.3% 0.0% 0.0% 0.0% 5.2% 1.9% 
ENERGY STAR HPWH 6 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 0.2% 0.5% 1.8% 8.4% 15.0% 0.7% 8.6% 
ENERGY STAR Homes 7 2000 new EWH 0.0% 1.5% 2.3% 3.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.6% 0.3% 
ENERGY STAR Homes 7 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 4.1% 5.4% 16.5% 21.4% 26.8% 5.7% 13.8% 
Building America 8 2000 new EWH 0.1% 0.1% 0.2% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 
Building America 8 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 0.6% 1.0% 3.2% 5.8% 6.1% 1.3% 3.3% 
Whole House Tax Cr. I 9 2000 new EWH 0.9% 1.1% 1.5% 1.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 0.3% 
Whole House Tax Cr. I 9 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 
Whole House Tax Cr. II 9 2000 new EWH 0.3% 0.3% 0.4% 0.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 
Whole House Tax Cr. II 9 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 2.7% 3.6% 0.2% 0.2% 0.1% 0.6% 0.4% 
Whole House Tax Cr. III 9 2000 new EWH 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Whole House Tax Cr. III 9 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 0.7% 0.9% 0.4% 0.3% 0.3% 2.5% 1.5% 
ENERGY STAR Homes R&D 10 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.7% 13.4% 19.6% 0.2% 6.5% 
Building America R&D 11 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.9% 2.9% 0.0% 0.8% 
2004 EWH Std 12 2000 new EWH 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 66.7% 100% 
CW Horizontal Axis Std 13 2000 new EWH/2000 new CW 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 39.1% 79.5% 
DW Standard 14 2000 new EWH/2000 new DW 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 4.2% 45.6% 
Utiltiy HPWH 15 2000 new EWH 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Utility HPWH 15 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 0.7% 4.5% 8.0% 0.2% 4.7% 
Tax Credit HPWH 16 2000 new EWH 0.0% 0.0% 0.1% 0.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 
Tax Credit HPWH 16 2004 standard EWH 0.0% 0.0% 0.0% 0.0% 1.4% 1.6% 1.9% 1.7% 1.7% 1.2% 1.7% 
HPWH R&D 17 2004 standard EWH 0.0% 0.0% 0.0% 1.1% 1.7% 3.0% 6.0% 6.0% 6.0% 2.8% 5.9% 
Util. Fuel Switching Prog. 18 0.3% 0.4% 0.5% 0.5% 0.6% 0.7% 1.1% 1.0% 0.9% 0.8% 1.7% 

Refrigeration 
2001 Refrigerator Std 19 2000 new Refrigerator 0.0% 100% 100% 100% 100% 100% 0.0% 0.0% 0.0% 46.2% 36.7% 
Utility Rebate 20 2000 new Refrigerator 10.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 0.2% 
Utility Rebate 20 2001 standard Refrigerator 0.0% 5.8% 6.5% 7.3% 8.0% 8.8% 0.0% 0.0% 0.0% 4.0% 3.4% 
ENERGY STAR Refrig. 21 2000 new Refrigerator 8.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 0.2% 
ENERGY STAR Refrig. 21 2001 standard Refrigerator 0.0% 4.8% 5.6% 6.4% 7.2% 8.0% 0.0% 0.0% 0.0% 3.7% 3.1% 
ENERGY STAR Refrig. 21 2010 standard Refrigerator 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
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Table B-1.3adv (continued). Residential Buildings Advanced Case Market Penetrations--Non-HVAC 

Fuel End­
Policy Use 

Notes
 Baseline

1 Shipment penetration, except where otherwise noted2 

2000 2001 2002 2003 2004 2005 2010 2015 2020 2010 2020 

Efficiency End-Use 

Energy Affected3 

% of Frozen 

Electric 
Refrigeration 

NAECA Std 2010 22 2000 new Refrigerator 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 5.1% 56.4% 
Cooking 

Util. Fuel Switching Prog. 23 1.1% 1.5% 2.0% 2.4% 2.8% 3.2% 5.1% 4.8% 4.5% 1.8% 4.3% 
Clothes Dryers 

Util. Fuel Switching Prog. 24 1.8% 2.5% 3.2% 3.9% 4.6% 5.3% 8.3% 7.7% 7.1% 3.3% 7.8% 
Freezers 

2001 Freezer Standard 
2010 Freezer Standard 

25 
26 

2000 new freezer 
2000 new freezer 

0.0% 100% 100% 100% 100% 100% 0.0% 0.0% 0.0% 
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 

46.2% 36.7% 
5.1% 56.4% 

Lighting

 torchieres 
R&D--CFL Torchiere 27 300 W Halogen torchiere 3.0% 5.3% 7.7% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 
E* Res Ltg Fixture Prog 28 300 W Halogen torchiere 0.0% 0.0% 0.0% 0.1% 2.4% 4.8% 16.5% 28.3% 40.0% 11.0% 34.5% 
CFL R&D--Fixtures Effect 

other 

29 300 W Halogen torchiere 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 4.0% 5.7% 7.5% 0.7% 6.7%

E* Res Ltg Fixture Prog 30 Fixtures uses >3 hrs/day 10.0% 12.9% 15.9% 18.9% 21.8% 24.8% 39.6% 50.8% 62.0% 22.2% 49.0% 
CFL R&D--Fixtures Effect 31 Fixtures used 1-3 hrs/day 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.9% 7.6% 9.3% 0.5% 6.7% 
Mini-HID lamps R&D 32 100 W inc. lamp used 1500 hrs/yr 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 5.0% 10.0% 20.0% 1.3% 9.5% 

Clothes Washers 
ENERGY STAR CW 
CW Horiz. Axis Std 

33 
34 

2000 new CW 
2000 new CW 

7.0% 8.5% 10.0% 11.5% 0.0% 0.0% 0.0% 0.0% 0.0% 
0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 

2.5% 0.2% 
48.3% 98.3% 

Dishwashers 35 NA NA NA NA NA NA NA NA NA NA NA 
Color Televisions 

ENERGY STAR TVs 36 2000 new TV 20.0% 25.0% 30.0% 35.0% 40.0% 45.0% 0.0% 0.0% 0.0% 35.6% 6.2% 
TV Standards 37 2000 new TV 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 8.7% 89.7% 
Global 1 Watt 38 2010 TV stds 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 70.0% 85.0% 85.0% 6.1% 74.4% 

Personal Computers 39 NA NA NA NA NA NA NA NA NA NA NA 
Furnace Fans 40 NA NA NA NA NA NA NA NA NA NA NA 
Other Uses

 coils 41 NA NA NA NA NA NA NA NA NA NA NA 
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Table B-1.3adv (continued). Residential Buildings Advanced Case Market Penetrations--Non-HVAC 

Fuel End­
Policy Use 

Notes
 Baseline

1 Shipment penetration, except where otherwise noted2 

2000 2001 2002 2003 2004 2005 2010 2015 2020 2010 2020 
Energy Affected3 

% of Frozen 
Efficiency End-Use 

Electric 
Other Uses

 motors 
Global 1 W 38 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 35.0% 60.0% 85.0% 0.2% 2.6% 
Ceiling Fans 42 0.0% 3.0% 4.9% 6.8% 8.7% 10.6% 20.0% 22.5% 25.0% 1.2% 3.3% 
Pool Pumps 

electronics 

43 0.0% 3.0% 3.8% 4.6% 5.3% 6.1% 10.0% 11.5% 13.0% 1.3% 1.9%

ENERGY STAR VCR 44 10.0% 14.0% 18.0% 22.0% 26.0% 30.0% 0.0% 0.0% 0.0% 3.3% 0.6% 
ENERGY STAR Audio 45 5.0% 6.0% 7.0% 8.0% 9.0% 10.0% 0.0% 0.0% 0.0% 1.9% 0.0% 
ENERGY STAR Settop 46 3.0% 5.8% 8.6% 11.3% 14.1% 16.9% 0.0% 0.0% 0.0% 3.2% 0.3% 
E STAR Telephony 47 5.0% 7.6% 10.1% 12.7% 15.2% 17.8% 0.0% 0.0% 0.0% 1.2% 0.0% 
ENERGY STAR MWave 48 0.0% 5.0% 7.3% 9.5% 11.8% 14.0% 0.0% 0.0% 0.0% 1.7% 0.5% 
Global 1 W 38 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 35.0% 60.0% 85.0% 4.2% 62.3% 

Gas 
Water heating 

ENERGY STAR CW 49 2000 new GWH/2000 new CW 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
ENERGY STAR DW 50 2000 new GWH/2000 new DW 5.0% 6.7% 8.3% 10.0% 11.7% 13.3% 0.0% 0.0% 0.0% 5.2% 1.9% 
ENERGY STAR Homes 7 2000 new GWH 0.0% 1.4% 2.2% 3.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 0.3% 
ENERGY STAR Homes 7 2004 GWH Std 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Building America 8 2000 new GWH 0.1% 0.1% 0.2% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 
Building America 8 2004 GWH Std 0.0% 0.0% 0.0% 0.0% 0.6% 1.1% 3.3% 6.7% 8.1% 1.5% 3.9% 
Whole House Tax Cr. I 9 2000 new GWH 0.9% 1.1% 1.4% 1.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 0.2% 
Whole House Tax Cr. I 9 2004 GWH Std 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 
Whole House Tax Cr. II 9 2000 new GWH 0.2% 0.3% 0.4% 0.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 
Whole House Tax Cr. II 9 2004 GWH Std 0.0% 0.0% 0.0% 0.0% 2.7% 3.7% 0.2% 0.2% 0.2% 0.7% 0.4% 
Whole House Tax Cr. III 9 2000 new GWH 0.1% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Whole House Tax Cr. III 9 2004 GWH Std 0.0% 0.0% 0.0% 0.0% 0.7% 0.9% 0.4% 0.4% 0.4% 2.9% 1.7% 
GWH Std 51 2000 new GWH 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 48.3% 98.3% 
CW Horizontal Axis Std 52 2004 GWH Std/2000 new CW 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 39.1% 79.5% 
DW Standard 53 2004 GWH Std 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 4.2% 45.6% 
Tax Cr for 0.65 EF NGWH 54 2000 new GWH 1.4% 2.4% 0.8% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.0% 
Tax Cr for 0.65 EF NGWH 54 2004 GWH Std 0.0% 0.0% 0.0% 0.0% 0.4% 0.4% 0.4% 0.4% 0.4% 0.2% 0.4% 
Tax Cr for 0.80 EF NGWH 55 2000 new GWH 0.3% 0.5% 0.7% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.0% 
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Table B-1.3adv (continued). Residential Buildings Advanced Case Market Penetrations--Non-HVAC 
% of Frozen 

Efficiency End-Use 

Fuel End­
Policy Use 

Notes
 Baseline

1 Shipment penetration, except where otherwise noted2 

2000 2001 2002 2003 2004 2005 2010 2015 2020 2010 2020 
Energy Affected3 

Gas 
Water Heating 

Tax Cr for 0.80 EF NGWH 55 2004 GWH Std 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.0% 0.0% 0.1% 0.1% 
Cooking 56 NA NA NA NA NA NA NA NA NA NA NA 
Clothes Dryers 57 NA NA NA NA NA NA NA NA NA NA NA 
Other Uses 58 NA NA NA NA NA NA NA NA NA NA NA 
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Notes to Table B-1.3adv 
Residential Buildings Advanced Case Market Penetrations--Non-HVAC 

1 Because different policies affect the same market segment, it was often necessary to adjust penetrations or savings in order to avoid double counting. 
In particular, we had to address the effect on existing programs, such as ENERGY STAR, when new equipment standards come into effect. We adopted 
the practice of attributing savings to mandatory programs, such as standards, before calculating savings for other policies. When the savings for a 
policy are affected by a standard, we essentially analyze the policy as several different policies according to the baseline that applies (year 2000 
new equipment, 2004 standard, 2010 standard). For example, the ENERGY STAR Homes program appears twice under electric water heating. The 
first appearance lists "2000 new EWH" as the baseline, indicating that the baseline water heating UEC is for a typical new electric water heater in 
year 2000. The second entry lists "2004 standard EWH" as the baseline indicating that the savings corresponding to these penetrations were 
calculated relative to the new electric water heating standard in 2004. 

2 For most products, penetrations are the percent of a product shipped affected by a policy (e.g. the percent of clothes washers shipped that are 
ENERGY STAR). In the case of new homes programs (ENERGY STAR Homes, Building America, and whole-house tax credits) the penetrations 
given are the percent of new homes built to the criteria of the program. For fuel-switching programs, the penetration is the percent of homes that 
replace an electric appliance with a gas one. 

3 Because the goal of this analysis was to measure to what extent a policy affects energy in a given end-use, we report the percent of frozen efficiency 
end-use energy affected by a policy rather than the stock penetration of a particular technology. In many cases the stock penetration is the same as 
the percent of energy affected. However, consider the electric water heating end-use: It is affected by policies affecting water heaters (e.g. water heater 
standards), water use (e.g. clothes washers), and homes (e.g. Building America). The stock penetration of horizontal axis clothes washers, by itself, 
says little about what impact the policy will ultimately have on electric water heating. We therefore weight the stock penetrations for clothes 
washers by the percent of homes with clothes washers (80.9%, Koomey et al 1999b). This weighted value gives the percent of frozen-efficiency 
water heater energy affected by the policy. In the case of new homes programs (ENERGY STAR Homes, Building America, and whole-house tax 
credits) this value represents only the percent of energy use in new homes affected by the policy. 

4 ENERGY STAR clothes washers are assumed to be horizontal axis or equivalent efficiency (hereafter "horizontal axis"). Market penetration of ENERGY 
STAR clothes washers is expected to increase from 7% of clothes washers sold in 2000 to 12% by the time a horizontal axis standard come into effect in 
2004. Because horizontal axis washers, at current market prices, are cost effective in electric water heater homes but not in gas water heating homes, we 
assume that all ENERGY STAR washers sold are installed in electric water heating homes. We divided the market share of ENERGY STAR clothes 
washers (percent of clothes washer sales) by 38% (% of homes with electric water heating, Koomey et al, 1994) to get the penetration of clothes 
washers with respect to electric water heating homes. The ENERGY STAR program is assumed to be discontinued when a horizontal axis standard 
goes into effect in 2007. To obtain the percent of frozen efficiency electric water heating energy affected in 2010 and 2020, we weighted the stock 
penetration of ENERGY STAR clothes washers by the percent of homes that have a clothes washer (80.9%, Koomey et al, 1999b). 

5 Shipment penetrations of ENERGY STAR dishwashers increase to 20% of dishwasher sales in 2009 (dishwasher standards are tightened in 2010). To 
obtain the percent of frozen efficiency water heating energy affected, stock penetrations were weighted by the percent of homes with dishwashers 
(57%, Koomey et al., 1999b). 

6 Although no program currently exists, we speculate that in 2004 DOE will introduce an ENERGY STAR water heater program to promote heat pump 
water heaters. Penetration levels were developed jointly with penetrations of HPWH due to utility program, tax credits and R&D. Target penetrations 
for all programs together were 0.2% in 2002, 5% in 2005, 10% in 2010 and 30% in 2020 (LBNL/PNNL analysis). Penetrations are assumed to increase 
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Notes to Table B-1.3adv (continued) 
from 0.2% in 2004 to 1.8% in 2010 and 15% in 2020. 

7 Penetration for ENERGY STAR Homes were taken from the HVAC analysis. Please see Table B-1.2adv for more information. Note that these 
penetrations apply to new homes only and the penetrations are therefore not comparable to programs affecting existing homes. 

8 Penetration for Building America were taken from the HVAC analysis. Please see Table B-1.2adv for more information. Note that these penetrations 
apply to new homes only and the penetrations are therefore not comparable to programs affecting existing homes. 

9 Penetration for whole house tax credits were taken from the HVAC analysis. Please see Table B-1.2adv for more information. Note that these 
penetrations apply to new homes only and the penetrations are therefore not comparable to programs affecting existing homes. 

10 The ENERGY STAR Homes program is expected to have an R&D effect as production methods improve. Penetrations for ENERGY STAR Homes R&D 
should be regarded as incremental to the ENERGY STAR Homes program. These penetrations were taken from the HVAC analysis. Please see 
Table B-1.2adv for more information. Note that these penetrations apply to new homes only and the penetrations are therefore not comparable to 
programs affecting existing homes. 

11 The Building America program is expected to have an R&D effect as production methods improve and new techniques are developed. Penetrations for 
Building America R&D should be regarded as incremental to the ENERGY STAR Homes program. These penetrations were taken from the HVAC 
analysis. Please see Table B-1.2adv for more information. Note that these penetrations apply to new homes only and the penetrations are therefore 
not comparable to programs affecting existing homes. 

12 Electric water heater standard tightened to reduce standby losses. Penetrations are assumed to be 100% from 2004 onward. 
13 We expect that DOE will eventually succeed in finalizing a horizontal axis clothes washer standard. This standard is assumed to go into effect in 2004 in 

the advanced case. We assume 100% market penetration for standards. To obtain the percent of frozen efficiency water heating energy affected by the 
policy we weighted the stock penetration of horizontal-axis clothes washers by the percent of homes with clothes washers (80.9%, Koomey et al., 1999b). 

14 We assume that new dishwasher standards will go into effect in 2010. We assume 100% market penetration for standards. To obtain the percent of frozen 
efficiency water heating energy affected, stock penetrations were weighted by the percent of homes with dishwashers (57%, Koomey et al, 1999b). 

15 Utilities promote the use of heat pump water heaters through the use of rebates and informational campaigns. Penetration levels were developed jointly 
with penetrations of HPWH due to the ENERGY STAR water heater program, tax credits for heat pump water heaters and R&D. Target penetrations for 
all programs were 0.2% in 2002, 5% in 2005, 10% in 2010 and 30% in 2020 (LBNL/PNNL analysis). Utility program penetrations are assumed to 
increase from 0.05% in 2003 to 8% in 2018 and remain flat thereafter. Rebates are assumed to be equal to 10% of the purchase price. We assume that 
the funds for these incentives come from "lines charges" created as the U.S. utility system is restructured (we assume half of regions adopt lines charges). 

16 Tax credits for heat pump water heaters in the advanced case are assumed to be for 10 percent of the purchase price and last for 10 years. Market 
penetration trends were adapted from Richey and Koomey (1998), but their forecast was determined to be too aggressive (LBNL/PNNL analysis 
indicated that manufacturers would not be able to ramp up production quickly). Penetrations were developed jointly with penetrations of HPWHs 
due to the ENERGY STAR water heater program, utility programs and R&D. Target penetrations for all programs were 0.2% in 2002, 5% in 2005, 
10% in 2010 and 30% in 2020 (LBNL/PNNL analysis). The forecast includes market transformation effects which persist beyond the end of the 
tax credit. 

17 Investment in research and development is expected to reduce the cost of heat pump water heaters. Lower costs will increase effectiveness of other 
HPWH policies. We assume the cost reduction will result in a 10% increase in market penetration. We therefore sum the penetration of heat pump 
water heaters due to other programs (ENERGY STAR, utility programs and tax credits) and multiply by 0.1 to obtain the additional penetration due to 
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Notes to Table B-1.3adv (continued) 
R&D. We expect that government-funded R&D will reduce the cost of heat pump water heaters. In the advanced case, we assume that R&D will reduce 
the incremental cost of heat pump water heaters by 50% by 2005. R&D was analyzed jointly with tax credits, ENERGY STAR, and utility rebate programs 
(we assume negligible baseline penetrations of HPWHs). Target penetrations for all programs were 0.2% in 2002, 5% in 2005, 10% in 2010 and 30% 
in 2020 (LBNL/PNNL analysis). The penetration for HPWHs ramps up from 0% in 2002 to 6% in 2010 and remains flat thereafter. 

18 Utility fuel switching programs are assumed to be structured as an educational and marketing plan directed at all utility customers. The program 
penetration is assumed to increase to 25% by 2010, then level off. Since only 5 percent of customers are considered eligible for fuel switching (those 
with gas heat but electric water heaters, Koomey et al 1991), the program penetration is multiplied by the percent of eligible homes to get the percent of 
eligible customers affected. 

19 Penetration for the 2001 refrigerator standard is assumed to be 100% until new standards go into effect in 2010. 
20 Market penetrations for utility refrigerator programs are initially 10% but drop to 6% when the 2001 standard comes in (because the efficiency 

requirement for the utility rebate becomes more stringent). Penetration increases to 12% by 2009. After the refrigerator standard is tightened in 
2010, we assume that utility rebate programs will be dropped. Rebates are assumed to be equal to the full incremental cost. We assume that the 
funds for these incentives come from "lines charges" created as the U.S. utility system is restructured (we assume half of regions adopt lines charges). 

21 Each time the standard is tightened the ENERGY STAR criterion is also, so we assume the market penetration of ENERGY STAR units (sales) falls each 
time the standard is tightened. Market penetrations are initially 8% but drop to 5% when the 2001 standard comes in, then increase to 11% by 2009. 
With the arrival of new refrigerator standards in 2010, we assume that penetration of ENERGY STAR devices will fall to zero (the ENERGY STAR 
criterion, adjusted relative to the 2010 standard, is less than our estimate of the technical potential energy use for refrigerators). 

22 We assume that NAECA standards for refrigerators will be tightened again in 2010. Market penetrations for standards are assumed to be 100%. 
23 Utility fuel switching programs for cooking equipment are assumed to be structured as an educational and marketing plan directed at all utility 

customers. The program penetration is assumed to increase to 25% by 2010, then level off. Since only 22 percent of customers are considered 
eligible for fuel switching (those with gas heat but electric ranges, Koomey et al 1991), the program penetration is multiplied by the percent of 
eligible homes to get the percent of eligible customers affected. The effect of the policy on the percent of eligible homes is taken into account. 

24 Utility fuel switching programs for clothes dryers are assumed to be structured as an educational and marketing plan directed at all utility customers. 
The program penetration is assumed to increase to 25% by 2010, then level off. Since only 36 percent of customers are considered eligible for fuel 
switching (those with gas heat but electric dryers, Koomey et al 1991), the program penetration is multiplied by the percent of eligible homes to get 
the percent of eligible customers affected. The effect of the policy on the percent of eligible homes is taken into account. 

25 The 2001 freezer standards are assumed to have 100% market penetration until new standards go into effect in 2010. 
26 We assume that NAECA standards for freezers will be tightened again in 2010. Market penetrations for standards are assumed to be 100%. 
27 Compact fluorescent torchieres were developed at Lawrence Berkeley National Laboratory as replacement for low-efficiency halogen torchieres. 

Because of their higher costs, we expect the market penetration to top out at 10% in the absence of any other programs. 
28 Because CFL torchieres qualify under the ENERGY STAR fixtures program, we expect there to be continued efforts to promote the technology. We 

expect the market penetration of these fixtures due to the ENERGY STAR fixtures program to increase to 40% of torchieres sold by 2020. 
29 Government-funded R&D is expected to decrease the cost of CFLs by 40% by 2010. This will reduce the cost of CFL torchieres, since we assume 

that the fixtures are sold will a ballast. Lower equipment costs will increase the effectiveness of other CFL programs, including ENERGY STAR 
fixtures. We assume that R&D will increase market penetration by 15%. We therefore multiply by 0.15 the total penetration of CFL torchieres 
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Notes to Table B-1.3adv (continued) 
due to LBNL's development of the technology and ENERGY STAR's promotional efforts to obtain the additional penetration due to R&D. 

30 Because compact fluorescent lamps are not generally effective in low use fixtures, the ENERGY STAR Fixtures Program is assumed to target high-use 
fixtures (>3 hrs per day in the advanced case). Our penetrations here therefore represent percent of lighting energy rather than percent of units shipped. 
Fixtures used 6 or more hours per day account for 40% of total lighting energy and fixtures used 3 or more hours per day account for 62% (Wenzel et al, 
1997). ENERGY STAR fixtures are expected to capture the market for high-use fixtures by 2020. We assume that the penetration will increase from 10% 
of lighting energy in 2000 to 40% in 2010 and 62% in 2020. 

31 Government-funded R&D is expected to decrease the cost of CFLs by 20% by 2010. This will reduce the cost of CFL fixtures, since we assume that the 
fixtures are sold with a ballast. Lower equipment costs expand the range of applications where CFL fixtures are cost effective. We assume that R&D will 
increase market penetration by 15%. We therefore multiply the total penetration of CFL fixtures due to ENERGY STAR by 15% to obtain the additional 
penetration due to R&D. 

32 Government-funded R&D is expected to make mini-HIDs a viable replacement for incandescent lamps. Nadel et al. (1998) indicate that 21% of 
lighting applications are feasible for the technology. For the advanced case, we assume 1% penetration in 2005, 5% in 2010, 10% in 2015, and 20% in 
2020, with penetrations increasing linearly between these points (LBNL/PNNL estimate). 

33 ENERGY STAR clothes washers are assumed to be horizontal axis or equivalent efficiency. Market penetration of ENERGY STAR clothes washers is 
expected to increase to 12% of clothes washer sales by the time a horizontal axis standard come into effect in 2004. The ENERGY STAR program is 
assumed to be discontinued when the horizontal axis standard goes into effect. Note that this end-use category includes only clothes washer machine 
energy, not total clothes washing energy, which as usually reported includes water heating energy and may include dryer energy. The shipments 
penetration used for this end-use is the same underlying penetration used for clothes washers in the electric water heating end-use (see note 4). In 
this case, the end-use, clothes washers, corresponds to the technology affected by the policy, so it is not necessary to weight the penetration by the 
percent of homes with clothes washers to obtain the percent of end-use energy affected. 

34 We expect that DOE will eventually succeed in finalizing a horizontal axis clothes washer standard. This standard is assumed to go into effect in
 
2004 in the advanced case, and we assume 100% market penetration for thereafter. Note that this end-use category includes only clothes washer
 
machine energy, not total clothes washing energy, which as usually reported includes water heating energy and may include dryer energy. Water
 
heating and dryer energy due to clothes washers is reported separately under the water heating and clothes dryer end-uses. The shipment
 
penetration used for this end-use is the same underlying penetration used for clothes washers in the electric water heating end-use (see note 13).
 
In this case, the end-use, clothes washers, corresponds to the technology affected by the policy, so it is not necessary to weight the penetration
 
by the percent of homes with clothes washers to obtain the percent of end-use energy affected.
 

35 No policies were considered for dishwasher motors. 
36 Market penetration of ENERGY STAR TVs is assumed to grow from 20% in 2000 to 65% in 2009. The ENERGY STAR program is assumed to be 

extended with no change in the ENERGY STAR criterion energy consumption until 2010, when we assume the global one-watt initiative 
takes its place. 

37 For the advanced case, we assume that DOE will issue television standards in 2010. Market penetrations for standards are assumed to be 100%. 
38 The "global one-watt" initiative  is an idea for reducing leaking electricity that has garnered international interest. Although the structure of such a plan 

is a matter for speculation, we can nonetheless calculate the effect of such a program. Many products would be affected including televisions, most 
miscellaneous electronics and some miscellaneous motors (such as those with electronic controls or battery chargers). The 2010 penetration assumed 
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Notes to Table B-1.3adv (continued) 
for electronics and motors is 35%; for TVs it is 70%. For all products we expect penetration to increase to 85% of the market by 2020. Because the policy 
applies to only a subset of the miscellaneous motors and miscellaneous electronics end-uses, it was necessary to weight the stock penetration by the 
percent of each end-use attributable to "leaking" electricity. For miscellaneous electronics, we estimate the share of energy attributable to devices that 
leak at 92% based on data from Sanchez et al (1998). The percent of miscellaneous motor energy attributable to devices that leak is only 3.9%, also 
based on data from Sanchez, et al (1998). We assume that all TVs leak, therefore the global one-watt initiative applies to the entire end-use and no 
weighting was necessary. 

39 No policies were considered for personal computers. The ENERGY STAR computer program was assumed to be fully included in AEO99. 
40 No policies were considered for furnace fans. 
41 No policies were considered for miscellaneous heating coils. 
42 The Florida Solar Energy Center with AeroVironment developed an innovative ceiling fan blade design. The technology has been licensed to a 

manufacturer and a modified design (Su and Zambrano 1999) is expected to be on the market sometime in 2000 (FSEC 1999). We projected that 
market penetration of the design could increase from 3% of the ceiling fan market in 2001 to 20% in 2010 and 25% by 2020. To obtain the percent of 
frozen efficiency miscellaneous motor energy affected, we weighted the stock penetration by the percent of miscellaneous motor energy attributable 
to ceiling fans, which we estimate to be 16.8% based on data from Sanchez et al. (1998). 

43 Pool pumps were targeted because they make up a fairly large share of miscellaneous motor energy. For analytical purposes, the program was conceived 
of as an ENERGY STAR-type voluntary program. Market penetration is expected to increase from 3% in 2001 to 10% of pool pumps in 2010 and 13% in 
2020. To obtain the percent of frozen efficiency miscellaneous motor energy affected, we weighted the stock penetration by the percent of miscellaneous 
motor energy attributable to pool pumps, which we estimate to be 15.5% based on data from Sanchez et al. (1998). 

44 Market penetration of ENERGY STAR VCRs is assumed to grow from 10% in 2000 to 46% in 2009. VCR stock penetrations were weighted by the share 
of miscellaneous electronics energy attributable to VCRs (14% based on data from Sanchez et al, 1998) to obtain the percent of miscellaneous 
electronics energy affected in 2010 and 2020. The ENERGY STAR program is assumed to end in 2010 with the arrival of the global one-watt initiative. 

45 Market penetration of ENERGY STAR audio equipment is assumed to grow from 5% in 2000 to 14% in 2009. Audio equipment stock penetrations were 
weighted by the share of miscellaneous electronics energy attributable to audio equipment (19.7% based on data from Sanchez et al, 1998) to obtain the 
percent of frozen efficiency miscellaneous electronics energy affected by the policy in 2010 and 2020. The ENERGY STAR program is assumed to end in 
2010 with the arrival of the global one-watt initiative. 

46 We assume that EPA will launch a settop box program (for cable boxes and satellite receivers) in 2000. Market penetration of ENERGY STAR devices is 
assumed to increase from 3% in 2000 to 28% in 2009. Settop Box stock penetrations were weighted by the share of the miscellaneous electronics energy 
attributable to settop boxes (22.7% based on data from Sanchez et al, 1998) to obtain the percent of frozen efficiency miscellaneous electronics energy 
affected in 2010 and 2020. The ENERGY STAR program is assumed to end in 2010 with the arrival of the global one-watt initiative. 

47 We assume that EPA will launch a telephony program (for cordless phones, answering machines, etc.) in 2000. Market penetration of ENERGY STAR 
devices is assumed to increase from 5% in 2000 to 28% in 2009. Telephony stock penetrations were weighted by the share of miscellaneous electronics 
energy attributable to telephony (7.3% based on data from Sanchez et al, 1998) to obtain the percent of frozen efficiency miscellaneous electronics energy 
affected in 2010 and 2020. The ENERGY STAR program is assumed to end in 2010 with the arrival of the global one-watt initiative. 

48 We assume that EPA will launch a microwave oven program in 2001. Market penetration of ENERGY STAR devices is assumed to increase from 5% in 
2001 to 23% in 2009. Microwave stock penetrations were weighted by the share of miscellaneous electronics energy attributable to microwaves (17.4% 
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Notes to Table B-1.3adv (continued) 
based on data from Sanchez et al, 1998) to obtain the percent of frozen efficiency miscellaneous electronics energy affected by the policy in 2010 and 
2020. The ENERGY STAR program is assumed to end in 2010 with the arrival of the global one-watt initiative.
 

49 ENERGY STAR clothes washers are not cost effective at current market prices in gas water heating homes. We therefore assume zero penetration.
 
50 Penetrations of ENERGY STAR dishwashers increase to 20% of dishwasher sales in 2009. Stock penetrations were multiplied by the percent of homes
 

with dishwashers (57%, Koomey et al., 1999b) to obtain the percent of frozen efficiency gas water heating energy affected by the policy in 2010 and 
2020. The ENERGY STAR program is assumed to be discontinued when a new dishwasher standard goes into effect in 2010.
 

51 Market penetrations for gas water heater standards are assumed to be 100% from 2004 through the end of the analysis period.
 
52 We expect that DOE will eventually succeed in finalizing a horizontal axis clothes washer standard. This standard is assumed to go into effect in 2004 in
 

the advanced case. We assume 100% market penetration for standards. To obtain the percent of frozen efficiency gas water heating energy affected by
 
the policy, we weighted the stock penetration by the percent of homes with clothes washers (80.9%, Koomey et al., 1999b).
 

53 We assume that new dishwasher standards will go into effect in 2010. We assume 100% market penetration for standards. The stock penetration is
 
weighted by the percent of homes with dishwashers (57%, Koomey et al 1999b) to obtain the percent of frozen efficiency gas water heating energy
 
affected by the policy.
 

54 Tax credits for 0.65 EF gas water heaters are assumed to be for 10 percent of the purchase price for the period December 31, 1999 to January 1, 2002
 
(US DOT, 1999). Market penetrations were adapted from Richey and Koomey (1998).
 

55 Tax credits for 0.80 EF gas water heaters in the advanced case are assumed to be for 10 percent of the purchase price and last for 10 years. These water
 
heaters are quite expensive and are cost effective only in homes that use a great deal of hot water--more than three times the hot water use of the average
 
home. Based on an LBNL analysis of hot water use data, we concluded that such homes comprise less than 0.4% of all homes and account for 1.4% of 

total hot water use. Under the new 2004 standards the pool of cost effective applications is even smaller, at 0.12% of homes and 0.5% of water use. We
 
take the share of total hot water use as a proxy for the share of gas water heating energy and estimate that the penetration of the tax credit program
 
might affect 100% of cost effective homes after a ramp up period. Penetrations persist beyond the end of the actual tax credit due to a market
 
transformation effect.
 

56 No policies were considered for gas cooking equipment.
 
57 No policies were considered for gas clothes dryers.
 
58 No policies were considered for gas other uses.
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Introduction to the Commercial Penetration Tables (Tables B-1.4mod and B-1.4adv) 

Penetration of the various policies considered in this analysis for commercial end uses are 
presented in Tables B-1.4mod and B-1.4adv (moderate and advanced case assumptions, 
respectively). Policies are listed by end-use, so the same policy may appear several times. For 
example, the ENERGY STAR Buildings/Rebuild America programs (which we lump together in 
assessing their effects) affect gas and electric heating, cooling, and water heating as well as 
electric ventilation and lighting. Whole building R&D (commercial sector) is assumed to affect 
both new and existing buildings. In the context of this analysis, “existing buildings” refers to 
those built in 1999 or before (“pre-2000”) and “new buildings” are those built in 2000 or later 
(“post-1999”). Since we assume higher penetrations for new buildings, we present “whole 
building R&D-existing buildings” and “whole buildings R&D-new buildings” as if they were 
separate policies. 

Penetrations for ENERGY STAR Buildings/Rebuild America and whole building R&D for 
existing buildings are expressed as a percent of existing commercial floorspace. Penetrations for 
whole building R&D for new buildings are expressed as a percent of buildings constructed in 
each year (the percent of energy affected in 2010 and 2020 applies to energy use in all post-1999 
buildings). All other penetrations should be interpreted as the percent of end-use energy affected 
by a policy. 

In many cases multiple policies affect the same end use. To avoid double counting, we had to 
establish rules for how savings would be divided between policies. Mandatory programs, such as 
equipment standards, were given primacy. Standards are assumed to affect 100% of a certain type 
of equipment and are credited with the full savings of moving from a baseline unit to a unit just 
meeting the standard. Any non-mandatory policy is considered to be on top of standards (if any). 
Savings are calculated relative to the standard in place. If a non-mandatory policy affects 40% of 
an equipment type and saves 15% of the energy of a baseline unit, but standards are in place that 
effect 100% of equipment and save 10% over a baseline unit, the non-mandatory program is 
credited with saving 5% of baseline energy on 40% of the equipment. A single non-mandatory 
policy may therefore have multiple baselines if standards are updated once or more while the 
policy is in place. Because the energy savings change when the baseline changes, we treat each 
policy/baseline combination separately in our analysis. The penetrations for each policy/baseline 
combination are listed separately in these tables. 
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Table B-1.4mod. Commercial Building Moderate Case Market Penetrations 
Policy by Fuel and End-Use Notes  Penetration

1 % of Frozen Effi­

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2015 2020 2010 2020 
Energy Affected2 

ciency End-Use 

Electric 
Space heating 

Energy Star Bldgs/Rebuild America 3 0.5% 0.6% 0.7% 0.8% 0.8% 0.7% 0.7% 0.6% 0.6% 0.5% 0.5% 0.5% 0.3% 7.0% 8.9% 
Whole Bldg R&D-existing bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.6% 0.6% 2.2% 9.2% 
Whole Bldg R&D-new bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 4.0% 8.0% 10% 12% 14% 20% 20% 4.4% 10.8% 
Commercial Bldg Codes 5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 8.0% 12% 0.2% 3.5% 

Space cooling 
Energy Star Bldgs pre 2005 AC std 3 0.5% 0.7% 0.8% 0.8% 0.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 4.3% 4.3% 
Energy Star Bldgs w/ 2005 AC std 3 0.0% 0.0% 0.0% 0.0% 0.0% 0.8% 0.7% 0.7% 0.7% 0.6% 0.6% 0.6% 0.3% 3.9% 7.0% 
2005 Comm'l Pkgd AC Stds 6 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 100% 100% 100% 15.5% 37.4% 
Whole Bldg R&D-existing bldgs w/ 2005 AC std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.6% 0.6% 2.2% 9.2% 
Whole Bldg R&D-new bldgs w/ 2005 AC std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 4.0% 8.0% 10% 12% 14% 20% 20% 4.4% 10.8% 
Commercial Bldg Codes w/ 2005 AC std 5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 8.0% 12% 0.2% 3.5% 

Water heating 
Utility HPWH 7 0.0% 0.3% 0.6% 0.9% 1.2% 1.5% 1.8% 2.1% 2.4% 2.7% 3.0% 4.5% 6.0% 1.1% 3.7% 
Energy Star Bldgs/Rebuild America 3 0.5% 0.7% 0.8% 0.8% 0.8% 0.8% 0.7% 0.7% 0.7% 0.6% 0.6% 0.6% 0.3% 7.9% 10.1% 
Whole Bldg R&D-existing bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.6% 0.6% 2.2% 9.2% 
Whole Bldg R&D-new bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 4.0% 8.0% 10% 12% 14% 20% 20% 4.4% 10.8% 
Commercial Bldg Codes 5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 8.0% 12% 0.2% 3.5% 

Ventilation 
Energy Star Bldgs/Rebuild America 3 0.5% 0.7% 0.8% 0.8% 0.8% 0.8% 0.7% 0.7% 0.7% 0.6% 0.6% 0.6% 0.3% 7.7% 10.0% 
Whole Bldg R&D-existing bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.6% 0.6% 2.2% 9.2% 
Whole Bldg R&D-new bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 4.0% 8.0% 10% 12% 14% 20% 20% 4.4% 10.8% 
Commercial Bldg Codes 5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 8.0% 12% 0.2% 3.5% 

Cooking NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Lighting 

E* Bldgs/Rebuild America pre 2004 ballast std 3 1.0% 1.2% 1.2% 1.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.8% 0.0% 
E* Bldgs/Rebuild America w/ 2004 ballast std 3 0.0% 0.0% 0.0% 0.0% 1.3% 1.3% 1.2% 1.2% 1.3% 1.3% 1.2% 1.2% 0.7% 7.8% 20.4% 
2004 Ballast Standards 8 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 53.8% 100% 
Whole Bldg R&D-existing bldgs w/ ballast std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.6% 0.6% 2.2% 9.2% 
Whole Bldg R&D-new bldgs w/ ballast std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 4.0% 8.0% 10% 12% 14% 20% 20% 4.4% 10.8% 
Commercial Bldg Codes w/ ballast std 5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 8.0% 12% 0.2% 3.5% 
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Table B-1.4mod (continued). Commercial Building Moderate Case Market Penetrations 
Policy by Fuel and End-Use Notes  Penetration

1 % of Frozen Effi­
ciency End-Use 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2015 2020 2010 2020 
Energy Affected2 

Electric 
Refrigeration 

E* Beverage Merchandisers 9 0.0% 0.0% 0.0% 5.0% 7.9% 11% 14% 16% 19% 22% 25% 28% 30% 0.3% 1.0% 
E* Vending Machines 10 0.0% 0.0% 0.0% 5.0% 7.9% 11% 14% 16% 19% 22% 25% 28% 30% 0.8% 2.6% 
Energy Star Ice Machines 11 0.0% 0.0% 0.0% 5.0% 7.9% 11% 14% 16% 19% 22% 25% 28% 30% 0.6% 2.0% 

Office equip.-PCs NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Office equip.-non-PCs NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Other Uses

 Miscellaneous 
Energy Star Exit Signs 12 5.0% 11% 16% 22% 27% 33% 38% 44% 49% 55% 60% 70% 80% 3.7% 7.9% 
Energy Star Transformers 13 9.0% 12% 15% 18% 21% 25% 28% 31% 34% 37% 40% 48% 55% 2.2% 6.0% 
Energy Star Traffic Lights 14 0.0% 0% 0% 10% 17% 24% 31% 39% 46% 53% 60% 70% 80% 1.0% 2.7%

 District Services NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

 Adjust to SEDs NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Gas 

Space heating 
Energy Star Bldgs/Rebuild America 3 0.5% 0.6% 0.7% 0.8% 0.8% 0.7% 0.7% 0.6% 0.6% 0.5% 0.5% 0.5% 0.3% 7.0% 8.9% 
Whole Bldg R&D-existing bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.6% 0.6% 2.2% 9.2% 
Whole Bldg R&D-new bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 4.0% 8.0% 10% 12% 14% 20% 20% 4.4% 10.8% 
Commercial Bldg Codes 5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 8.0% 12% 0.2% 3.5% 

Space cooling 
Energy Star Bldgs/Rebuild America 3 0.5% 0.7% 0.8% 0.8% 0.9% 0.8% 0.7% 0.7% 0.7% 0.6% 0.6% 0.6% 0.3% 8.2% 11.3% 
Whole Bldg R&D-existing bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.6% 0.6% 2.2% 9.2% 
Whole Bldg R&D-new bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 4.0% 8.0% 10% 12% 14% 20% 20% 4.4% 10.8% 
Commercial Bldg Codes 5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 8.0% 12% 0.2% 3.5% 

Water heating 
Energy Star Bldgs/Rebuild America 3 0.5% 0.7% 0.8% 0.8% 0.8% 0.8% 0.7% 0.7% 0.7% 0.6% 0.6% 0.6% 0.3% 7.9% 10.1% 
Whole Bldg R&D-existing bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.6% 0.6% 2.2% 9.2% 
Whole Bldg R&D-new bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 4.0% 8.0% 10% 12% 14% 20% 20% 4.4% 10.8% 
Commercial Bldg Codes 5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 8.0% 12% 0.2% 3.5% 

Cooking NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Carrie A Webber
Appendix B-1                                                                                                                      B-1.40                                                                                                            Buildings



COM 
Moderate 

Table B-1.4mod (continued). Commercial Building Moderate Case Market Penetrations 
Policy by Fuel and End-Use Notes  Penetration

1 % of Frozen Effi­
ciency End-Use 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2015 2020 2010 2020 
Energy Affected2 

Gas 
Other Uses

 Misc NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

 District Services NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

 Cogen NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

 Adjust to SEDS NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
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Notes to Table B-1.4mod 
Commercial Building Moderate Case Market Penetrations 

1 For equipment, shipment penetrations are reported (the percent of units shipped that are high efficiency due to the policy). For whole buildings programs 
affecting existing buildings, the penetration for each end-use represents the percent of the floorstock existing in 2000 still existing in any year affected by 
efficiency improvements to that end-use each year. For whole building programs affecting new building, the penetration represents the percent of buildings 
built in that year affected by the policy. 

2 Because the goal of this analysis was to measure to what extent a policy affects energy in a given end-use, we report the percent of end-use energy affected 
by a policy rather than the stock penetration of a particular technology (the stock penetration is calculated as cumulative shipment penetration less 
retirements). In many cases the stock penetration is the same as the percent of energy affected. However, consider the commercial refrigeration end-use: 
It is affected by policies affecting ice makers, refrigerated vending machines and beverage merchandisers. The stock penetration of high efficiency ice 
makers, by itself, says little about what impact the policy will have on commercial refrigeration as a whole. We therefore weight the stock 
penetration calculated for ice makers by the percent of commercial refrigeration due to ice makers (10% from Westphalen et al, 1996). This weighted 
value gives the percent of frozen-efficiency refrigeration energy affected by the policy. For programs affecting existing buildings only, this percentage 
applies only to energy in buildings built in 1999 or earlier. For programs affecting new buildings only, this percentage applies only to buildings built in 
2000 or later. For a discussion of how the frozen efficiency baseline is used in the analysis, see Appendix D. 

3 We analyze ENERGY STAR Buildings and Rebuild America jointly because the programs are complementary and similar in effect. Penetrations for 
heating, cooling, water heating, ventilation and lighting penetrations are derived from EPA forecasts of ENERGY STAR Building program participation (the 
EPA forecasts participation by phase of program, so some aggregation was performed to obtain savings by end-use). Penetrations represent the percent of 
total commercial floorspace that joined the ENERGY STAR Building Program in that year. For the moderate case, EPA's penetration estimates were reduced 
by 30%. Penetrations were reduced further because we attributed part of the ENERGY STAR Building penetration estimates to whole building R&D. 

4 Whole building R&D programs are assumed to affect commercial construction practices as well as make other whole building policies less expensive and 
therefore increase their penetrations. In our analysis the only program affected by R&D is ENERGY STAR Buildings/Rebuild America. The penetration for 
the R&D program includes buildings built to ENERGY STAR efficiency levels attributable to a decrease in investment costs due to the R&D program or to 
changes in construction practices due to the R&D program. We assumed these R&D programs would affect a fraction of new (post-1999) buildings, 
increasing from 0% in 2004 to 20% in 2013 and remaining flat thereafter. A fraction of existing (pre-2000) buildings would also be converted each year, 
increasing from 0% in 2004 to 0.6% in 2010. Note that penetrations apply only to the market segment indicated; e.g. whole buildings R&D-new buildings 
penetrations are with respect to new (post-1999) buildings only. 

5 Commercial building codes are expected to be adopted by 3% of regions beginning in 2010, increasing to 10% in 2015 and 15% in 2020. The code 
enforcement rate is assumed to be 80% (this is somewhat higher than for residential building codes because there is assumed to be greater oversight, 
both internal and external, for commercial buildings). Penetrations are with respect to new buildings only. The ASHRAE 90.1-1999 revision is not analyzed 
here because its effect, largely restricted to lighting, was already captured in the analysis by ballast efficiency standards 

6 Commercial packaged a/c standards are assumed to affect 100% of commercial packaged a/c sold beginning in 2005. To calculate the percent of frozen 
efficiency electric cooling energy affected by standards, we calculated the stock penetrations for each policy in 2010 and 2020 and weighted them  by the 
share of total electric cooling energy attributable to devices affected by the standard (40% from Suozzo and Nadel, 1998). 

7 Suozzo and Nadel (1998) estimate that heat pump water heaters would be feasible in 12% of  commercial water heating applications. Our penetrations
 
assume that half of those feasible applications might be achievable by 2020.
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Notes to Table B-1.4mod (continued) 
8 Ballast standard penetration is assumed to be 100% from 2004 onward. 
9 We assume that the market penetration for ENERGY STAR beverage merchandisers will grow from 5% of beverage merchandisers in 2003 to 25% in 2010 

and 30% in 2020. To obtain the percent of frozen efficiency commercial refrigeration energy affected, stock penetrations were weighted by the beverage 
merchandiser share of commercial refrigeration energy (5%) from Westphalen et al (1996). 

10 We assume that the market penetration for ENERGY STAR vending machines will grow from 5% of refrigerated vending machines in 2003 to 25% in 2010 
and 30% in 2020. To obtain the percent of frozen efficiency commercial refrigeration energy affected, stock penetrations were weighted by the vending 
machine share of commercial refrigeration energy (13%) from Westphalen et al. (1996). 

11 We assume that the market penetration for ENERGY STAR ice machines will grow from 5% of ice machines in 2003 to 25% in 2010 and 30% in 2020. To 
obtain the percent of frozen efficiency commercial refrigeration energy affected, stock penetrations were weighted by the ice machine share of commercial 
refrigeration energy (10%) from Westphalen et al. (1996). 

12 Penetrations of ENERGY STAR exit signs increase from 5% in 2000 to 60% in 2010 and 80% in 2020. Penetrations apply to the approximately 75% of the 
market that is incandescent (Suozzo and Nadel 1998). To obtain the percent of frozen efficiency miscellaneous commercial electricity affected, stock 
penetrations were weighted by the incandescent exit sign share of commercial miscellaneous electricity (11%,based on stock and energy consumption 
data from Suozzo and Nadel, 1998). 

13 The ENERGY STAR commercial and industrial transformer program aims to reduce transformer losses in commercial buildings. Because transformer data is 
reported by transformer type (low or medium voltage and dry type or liquid immersed) rather than by sector, we had to make some assumptions in order to 
determine commercial transformer energy use and shipments data. Electric League of the Pacific Northwest et al. (1998) report that low voltage equipment 
dominates the commercial sector, medium voltage equipment dominates the industrial sector, and almost all low voltage transformers are dry-type. We 
therefore used total low-voltage sales (from EPA's transformer program) as a proxy for commercial sales in estimating the stock of commercial transformers. 
EPA's estimates of energy savings assume an increase in efficiency from 95% to 98%. Suozzo and Nadel (1998), however, estimate that baseline transformer 
efficiency is 97.3%. In personal communication, Margaret Suozzo indicated that she felt EPA's 95% efficiency baseline was too low. We therefore used 
the efficiency estimates in Suozzo and Nadel with the average rating, average load factor and hours per year from EPA's transformer analysis (45 kVA, 
35% and 8760 hours per year, respectively) to estimate baseline and ENERGY STAR transformer energy losses. EPA's ENERGY STAR transformer analysis 
projects market penetrations to grow to 60% by 2012 and remain flat thereafter. We assume a somewhat more modest growth, with penetrations increasing 
from 9% in 2000 to 40% in 2010 and 55% in 2020. The percent of commercial miscellaneous electricity that is due to transformer losses was calculated using 
our estimate of transformer unit energy losses with estimates of the current stock of commercial transformers. To obtain the percent of frozen efficiency 
miscellaneous commercial electricity affected, stock penetrations of ENERGY STAR transformers were weighted by the transformer loss share of 
miscellaneous electricity (24% based on above loss and load assumptions and a stock of 6 million transformers, estimated from EPA sales data). 

14 The ENERGY STAR traffic lights program is proposed to promote the replacement of incandescent traffic lights with LED traffic lights. This is currently
 
highly cost effective for red traffic lights, but less so for green and yellow lights because they have shorter duty cycles and green and yellow LEDs are
 
more expensive than red. We assume that penetrations will grow from 10% in 2003 to 60% in 2010 to 80% in 2020. To estimate the percent of total
 
commercial electricity that goes to traffic lights, we estimated total traffic light energy consumption using energy consumption and an estimate of the
 
number of signalized intersections in the U.S. from Suozzo and Nadel (1998). To obtain the percent of frozen efficiency miscellaneous commercial
 
electricity affected, stock penetrations of ENERGY STAR traffic lights were weighted by the traffic signal share of miscellaneous electricity (4%, based
 
on stock and energy consumption data from Suozzo and Nadel, 1998).
 

Carrie A Webber
Appendix B-1                                                                                                                      B-1.43                                                                                                            Buildings



COM 
Advanced 

Table B-1.4adv. Commercial Building Advanced Case Market Penetrations 
Policy by Fuel and End-Use Notes Penetration1 % of Frozen Effi­

ciency End-Use 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2015 2020 2010 2020 
Energy Affected2 

Electric 
Space heating 

Energy Star Bldgs/Rebuild America 3 0.7% 0.8% 1.0% 1.1% 1.1% 1.1% 1.0% 0.8% 0.7% 0.6% 0.5% 0.6% 0.2% 9.6% 12.1% 
Whole Building R&D-existing bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.3% 0.5% 0.7% 0.9% 1.0% 1.0% 1.0% 3.6% 15.3% 
Whole Building R&D-new bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 6.0% 12% 15% 18% 21% 30% 30% 6.6% 16.2% 
Commercial Building Codes 5 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 3.5% 4.6% 5.8% 6.9% 8.0% 12% 16% 2.8% 6.8% 

Space cooling 
Energy Star Bldgs pre 2005 AC std 3 0.7% 0.9% 1.1% 1.2% 1.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 6.1% 6.1% 
Energy Star Bldgs w/ 2005 AC std 3 0.0% 0.0% 0.0% 0.0% 0.0% 1.2% 1.1% 1.0% 0.8% 0.7% 0.0% 0.0% 0.0% 4.9% 7.1% 
Energy Star Bldgs w/ 2010 AC std 3 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.7% 0.7% 0.3% 0.3% 1.7% 
2005 Commercial Packaged AC Stds 6 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 0.0% 0.0% 0.0% 12.9% 9.0% 
2010 Commercial Packaged AC Stds 6 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 2.6% 28.4% 
Whole Bldg R&D-existg bldgs w/ 2005 AC std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.3% 0.5% 0.7% 0.9% 0.0% 0.0% 0.0% 2.5% 2.5% 
Whole Bldg R&D-existg bldgs w/ 2010 AC std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 1.0% 1.0% 1.0% 12.7% 
Whole Bldg R&D-new bldgs w/ 2005 AC std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 6.0% 12% 15% 18% 0.0% 0.0% 0.0% 4.6% 2.6% 
Whole Bldg R&D-new bldgs w/ 2010 AC std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 21% 30% 30% 1.9% 13.6% 
Commercial Building Codes w/ 2005 AC std 5 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 3.5% 4.6% 5.8% 6.9% 0.0% 0.0% 0.0% 2.1% 1.2% 
Commercial Building Codes w/ 2010 AC std 5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 8.0% 12% 16% 0.7% 5.6% 

Water heating 
Utility HPWH 7 0.0% 0.3% 0.6% 0.9% 1.2% 1.5% 1.8% 2.1% 2.4% 2.7% 3.0% 4.5% 6.0% 1.1% 3.7% 
Energy Star Buildings/Rebuild America 3 0.8% 1.0% 1.2% 1.3% 1.3% 1.3% 1.2% 1.1% 1.0% 0.9% 0.8% 0.9% 0.4% 11.9% 15.0% 
Whole Building R&D-existing bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.3% 0.5% 0.7% 0.9% 1.0% 1.0% 1.0% 3.6% 15.3% 
Whole Building R&D-new bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 6.0% 12% 15% 18% 21% 30% 30% 6.6% 16.2% 
Commercial Building Codes 5 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 3.5% 4.6% 5.8% 6.9% 8.0% 12% 16% 2.8% 6.8% 

Ventilation 
Energy Star Buildings/Rebuild America 3 0.7% 0.9% 1.1% 1.2% 1.2% 1.2% 1.0% 0.9% 0.8% 0.7% 0.7% 0.7% 0.3% 10.5% 12.1% 
Whole Bldg R&D-existing bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.3% 0.5% 0.7% 0.9% 1.0% 1.0% 1.0% 3.6% 15.3% 
Whole Bldg R&D-new bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 6.0% 12% 15% 18% 21% 30% 30% 6.6% 16.2% 
Commercial Building Codes 5 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 3.5% 4.6% 5.8% 6.9% 8.0% 12% 16% 2.8% 6.8% 

Cooking NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Lighting 

E* Bldgs/Rebuild America 3 1.4% 1.7% 1.8% 1.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 8.3% 0.0% 
E* Bldgs/Rebuild America w/ 2004 ballast std 3 0.0% 0.0% 0.0% 0.0% 1.8% 1.8% 1.7% 1.7% 1.7% 1.6% 1.6% 1.6% 0.8% 10.6% 26.9% 
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Table B-1.4adv (continued). Commercial Building Advanced Case Market Penetrations 
Policy by Fuel and End-Use Notes Penetration1 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2015 2020 2010 2020 

ciency End-Use 

Energy Affected2 

% of Frozen Effi-

Electric 
Lighting 

Ballast Standards 8 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 53.8% 100% 
Whole Bldg R&D-existing bldgs w/ 2004 ballast std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.3% 0.5% 0.7% 0.9% 1.0% 1.0% 1.0% 3.6% 15.3% 
Whole Bldg R&D-new bldgs w/ 2004 ballast std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 6.0% 12% 15% 18% 21% 30% 30% 6.6% 16.2% 
Commercial Building Codes w/ 2004 ballast std 5 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 3.5% 4.6% 5.8% 6.9% 8.0% 12% 16% 2.8% 6.8% 

Refrigeration 
Energy Star Bevge Merchandisers 9 0.0% 0.0% 0.0% 5.0% 7.9% 11% 14% 16% 19% 22% 25% 28% 30% 0.3% 1.0% 
Energy Star Vending Machines 10 0.0% 0.0% 0.0% 5.0% 7.9% 11% 14% 16% 19% 22% 25% 28% 30% 0.8% 2.6% 
Energy Star Ice Machines 11 0.0% 0.0% 0.0% 5.0% 7.9% 11% 14% 16% 19% 22% 25% 28% 30% 0.6% 2.0% 

Office equip.-PCs NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Office equip.-non-PCs NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Other Uses

 Miscellaneous 
Energy Star Exit Signs 
Energy Star Transformers 
Energy Star Traffic Lights 
Transformer Standards 

District Services 
Adjust to SEDs 

12 5.0% 11% 
13 9.0% 12% 
14 0.0% 0.0% 
15 0.0% 0.0% 

NA NA 
NA NA 

16% 
15% 
0.0% 
0.0% 
NA 
NA 

22% 
18% 
10% 
0.0% 
NA 
NA 

27% 33% 38% 44% 49% 55% 60% 70% 80% 
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17% 24% 31% 39% 46% 53% 60% 70% 80% 
100% 100% 100% 100% 100% 100% 100% 100% 100% 
NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA 

3.7% 7.9% 
0.4% 0.4% 
1.0% 2.7% 
5.6% 13.6%
NA NA
NA NA 

Gas 
Space heating 

Energy Star Bldgs pre 2010 furn/boiler std 3 0.7% 0.8% 1.0% 1.1% 1.1% 1.1% 1.0% 0.8% 0.7% 0.6% 0.0% 0.0% 0.0% 9.2% 1.0% 
Energy Star Bldgs w/ 2010 furn/boiler std 3 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 0.6% 0.2% 0.5% 11.1% 
2010 Gas Furnace and Boiler Stds 16 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 100% 100% 5.8% 63.9% 
Whole Bldg R&D-existing bldgs pre 2010 furn std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.3% 0.5% 0.7% 0.9% 0.0% 0.0% 0.0% 2.5% 2.5% 
Whole Bldg R&D-extg bldgs w/ 2010 furn std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 1.0% 1.0% 1.0% 12.7% 
Whole Bldg R&D-new bldgs pre 2010 furn std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 6.0% 12% 15% 18% 0.0% 0.0% 0.0% 4.6% 2.6% 
Whole Bldg R&D-new bldgs w/ 2010 furn std 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 21% 30% 30% 1.9% 13.6% 
Commercial Building Codes pre 2010 furn std 5 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 3.5% 4.6% 5.8% 6.9% 0.0% 0.0% 0.0% 2.1% 1.2% 
Commercial Building Codes w/ 2010 furn std 5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 8.0% 12% 16% 0.7% 5.6% 
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Table B-1.4adv (continued). Commercial Building Advanced Case Market Penetrations 
Policy by Fuel and End-Use Notes Penetration1 % of Frozen Effi­

ciency End-Use 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2015 2020 2010 2020 
Energy Affected2 

Gas 
Space cooling 

Energy Star Buildings/Rebuild America 3 0.7% 0.9% 1.1% 1.2% 1.2% 1.2% 1.1% 1.0% 0.8% 0.7% 0.7% 0.7% 0.3% 11.3% 14.9% 
Whole Bldg R&D-existing bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.3% 0.5% 0.7% 0.9% 1.0% 1.0% 1.0% 3.6% 15.3% 
Whole Bldg R&D-new bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 6.0% 12% 15% 18% 21% 30% 30% 6.6% 16.2% 
Commercial Building Codes 5 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 3.5% 4.6% 5.8% 6.9% 8% 12% 16% 2.8% 6.8% 

Water heating 
Energy Star Buildings/Rebuild America 3 0.8% 1.0% 1.2% 1.3% 1.3% 1.3% 1.2% 1.1% 1.0% 0.9% 0.8% 0.9% 0.4% 11.9% 15.0% 
Whole Bldg R&D-existing bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.3% 0.5% 0.7% 0.9% 1.0% 1.0% 1.0% 3.6% 15.3% 
Whole Bldg R&D-new bldgs 4 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 6.0% 12% 15% 18% 21% 30% 30% 6.6% 16.2% 
Commercial Building Codes 5 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 3.5% 4.6% 5.8% 6.9% 8% 12% 16% 2.8% 6.8% 

Cooking NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Other Uses

 Misc NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

 District Services NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

 Cogen NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

 Adjust to SEDS NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
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Notes to Table B-1.4adv 
Commercial Building Advanced Case Market Penetrations 

1 For equipment, shipment penetrations are reported (the percent of units shipped that are high efficiency due to the policy). For whole buildings programs 
affecting existing buildings, the penetration for each end-use represents the percent of the floorstock existing in 2000 still existing in any year affected by 
efficiency improvements to that end-use each year. For whole building programs affecting new building, the penetration represents the percent of buildings 
built in that year affected by the policy. 

2 Because the goal of this analysis was to measure to what extent a policy affects energy in a given end-use, we report the percent of end-use energy affected 
by a policy rather than the stock penetration of a particular technology (the stock penetration is calculated as cumulative shipment penetration less 
retirements). In many cases the stock penetration is the same as the percent of energy affected. However, consider the commercial refrigeration end-use: 
It is affected by policies affecting ice makers, refrigerated vending machines and beverage merchandisers. The stock penetration of high efficiency ice 
makers, by itself, says little about what impact the policy will have on commercial refrigeration as a whole. We therefore weight the stock 
penetration calculated for ice makers by the percent of commercial refrigeration due to ice makers (10% from Westphalen et al, 1996). This weighted 
value gives the percent of frozen-efficiency refrigeration energy affected by the policy. For programs affecting existing buildings only, this percentage 
applies only to energy in buildings built in 1999 or earlier. For programs affecting new buildings only, this percentage applies only to buildings built in 
2000 or later. For a discussion of how the frozen efficiency baseline is used in the analysis, please refer to Appendix D. 

3 We analyze ENERGY STAR Buildings and Rebuild America jointly because the programs are complementary and similar in effect. Penetrations for 
heating, cooling, water heating, ventilation and lighting penetrations are derived from EPA forecasts of ENERGY STAR Buildings program participation 
(the EPA forecasts participation by phase of program, so some aggregation was performed to obtain savings by end-use). Penetrations represent the 
percent of total commercial floorspace that joined the ENERGY STAR Building Program in that year. Penetrations were reduced from EPA's forecasts 
because we attributed part of the ENERGY STAR Building penetration estimates to whole building R&D. 

4 Whole building R&D programs are assumed to affect commercial construction practices as well as make other whole building policies less expensive and 
therefore increase their penetrations. In our analysis the only program affected by R&D is ENERGY STAR Buildings/Rebuild America. The penetration 
for the R&D program includes buildings built to ENERGY STAR efficiency levels attributable to a decrease in investment costs due to the R&D program 
or to changes in construction practices due to the R&D program. We assumed these R&D programs would affect a fraction of new (post-1999) buildings, 
increasing from 0% in 2004 to 30% in 2013 and remaining flat thereafter. A fraction of existing (pre-2000) buildings would also be converted each year, 
increasing from 0% in 2004 to 1% in 2010. Note that penetrations apply only to the market segment indicated; e.g. whole buildings R&D-new buildings 
penetrations are with respect to new (post-1999) buildings only. 

5 Commercial building codes are expected to be adopted by 3% of regions beginning in 2005, increasing to 10% in 2010 and 20% in 2020. The code
 
enforcement rate is assumed to be 80% (this is somewhat higher than for residential building codes because there is assumed to be greater oversight,
 
both internal and external, for commercial buildings). Penetrations are with respect to new buildings only. The ASHRAE 90.1-1999 revision is not
 
analyzed here because its effect, largely restricted to lighting, was already captured in the analysis by ballast efficiency standards.
 

6 The 2005 commercial packaged a/c standard is assumed to affect 100% of commercial packaged a/c sold from 2005 to 2010. The 2010 standard affects 
100% of units sold from 2010 onward. To calculate the percent of frozen efficiency electric cooling energy affected by standards, we calculated the stock 
penetrations in 2010 and 2020 for both policies and weighted them by the share of total electric cooling energy attributable to devices affected by the 
standard (40% from Suozzo and Nadel, 1998). 

7 Suozzo and Nadel (1998) estimate that heat pump water heaters would be feasible in 12% of  commercial water heating applications. Our penetrations 
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Notes to Table B-1.4adv (continued) 
assume that half of all feasible applications might be achievable by 2020. 

8 Ballast standards penetrations are assumed to be 100% from 2004 onward. 
9 Market penetrations are expected to grow from 5% of beverage merchandisers in 2003 to 25% in 2010 and 30% in 2020. To obtain the percent of frozen 

efficiency commercial refrigeration energy affected, stock penetrations were weighted by the beverage merchandiser share of commercial refrigeration 
energy (5%) from Westphalen et al. (1996). 

10 ENERGY STAR vending machine market penetration is expected to grow from 5%of vending machines in 2003 to 25% in 2010 and 30% in 2020. To obtain 
the percent of frozen efficiency commercial refrigeration energy affected, stock penetrations were weighted by the vending machine share of commercial 
refrigeration energy (13%) from Westphalen et al. (1996). 

11 ENERGY STAR ice machines market penetrations are expected to grow from 5% of ice machines in 2003 to 25% in 2010 and 30% in 2020. To obtain the 
percent of frozen efficiency commercial refrigeration energy affected, stock penetrations were weighted by the ice machine share of commercial 
refrigeration energy (10%) from Westphalen et al (1996). 

12 ENERGY STAR exit sign penetration increases from 5% in 2000 to 60% in 2010 and 80% in 2020. Penetrations apply to the approximately 75% of the 
market that is still incandescent (Suozzo and Nadel 1998). To obtain the percent of miscellaneous commercial electricity affected, stock penetrations 
were weighted by the incandescent exit sign share of commercial miscellaneous electricity (11%,based on stock and energy consumption 
data from Suozzo and Nadel, 1998). 

13 The ENERGY STAR commercial and industrial transformer program aims to reduce transformer losses in commercial buildings. Because transformer 
data is reported by transformer type (low or medium voltage and dry type or liquid immersed) rather than by sector, we had to make some assumptions 
in order to determine commercial transformer energy use and shipments data. Electric League of the Pacific Northwest et al. (1998) report that low 
voltage equipment dominates the commercial sector, medium voltage equipment dominates the industrial sector, and almost all low voltage transformers 
are dry-type. We therefore used total low-voltage sales (from EPA's transformer program) as a proxy for commercial sales in estimating the stock of 
commercial transformers. EPA's estimates of energy savings assume an increase in efficiency from 95% to 98%. Suozzo and Nadel (1998), however, 
estimate that baseline transformer efficiency is 97.3%. In personal communication, Margaret Suozzo indicated that she felt EPA's 95% efficiency 
baseline was too low. We therefore used the efficiency estimates in Suozzo and Nadel with the average rating, average load factor and hours per year 
from EPA's transformer analysis (45 kVA, 35% and 8760 hours per year, respectively) to estimate baseline and ENERGY STAR transformer energy 
losses. EPA's ENERGY STAR transformer analysis projects market penetrations to grow from 9% in 2000 to 18% in 2003. The program is assumed to 
end when dry-type transformer standards go into effect in 2004. The percent of commercial miscellaneous electricity that is due to transformer losses 
was calculated using our estimate of unit transformer losses with estimates of the current stock of commercial transformers. To obtain the percent of 
frozen efficiency miscellaneous commercial electricity, stock penetrations of ENERGY STAR transformers were weighted by the transformer loss share 
of miscellaneous commercial electricity (24% based on above loss and load assumptions and a stock of 6 million transformers, estimated from EPA 
sales data). 

14 The ENERGY STAR traffic lights program is proposed to promote the replacement of incandescent traffic lights with LED traffic lights. This is currently 
highly cost effective for red traffic lights, but less so for green and yellow lights because they have shorter duty cycles and green and yellow LEDs are 
more expensive than red. Penetrations are expected to grow from 10% of signalized intersections in 2003 to 60% in 2010 to 80% in 2020. To estimate 
the percent of total commercial electricity that goes to traffic lights, we estimated total traffic light energy consumption using unit energy consumption 
and an estimate of the number of signalized intersections in the U.S. from Suozzo and Nadel (1998). To obtain the percent of frozen efficiency 
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Notes to Table B-1.4adv (continued) 
miscellaneous commercial electricity affected, stock penetrations of ENERGY STAR traffic lights were weighted by the traffic signal share of 
miscellaneous electricity (4%, based on stock and energy consumption data from Suozzo and Nadel, 1998). 

15 Dry-type transformer standards are assumed to go into effect in 2004. Penetrations for standards are assumed to be 100% from 2004 onward. The percent 
of commercial miscellaneous affected by the standard was assumed to be the same as for ENERGY STAR transformers (see note 12). 

16 It appears unlikely that gas furnace and boiler standards will be tightened in the near term (Suozzo and Nadel, 1998). We therefore consider such standards 
only in the advanced case, and even then only in 2010. Standards are assumed to affect 100% of units sold subject to the standard from 2010 onward. To 
obtain the percent of frozen efficiency gas heating energy affected by the standard, stock penetrations are calculated for units meeting standards, which 
are then weighted by the percent of gas heating affected by the standard (Suozzo and Nadel, 1998). 
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DETAILS ON INDUSTRIAL SECTOR POLICIES
 

Category Policy/Program 

Voluntary Industrial Sector 
Agreements 

Voluntary Industrial Sector Agreements 

Voluntary Programs 

Expanded Challenge programs 
Motor Challenge and Compressed Air Challenge 
Steam Challenge 
CHP Challenge 

Expanded ENERGY STAR Buildings and Green Lights 
Expanded ENERGY STAR and Climate Wise program 
Expanded Pollution Prevention Programs 

Information Programs 
Expanded assessment programs 
Expanded labeling and procurement programs 

Investment Enabling Programs 

Expanded state programs 
State industrial energy efficiency programs 
Clean Air Partnership Fund 

Expanded ESCO/utility programs 
Standard performance contracting (public benefit charges) 

Financial incentives 
Tax incentives for energy managers 
Tax rebates for specific industrial technologies 
Investment tax credit for CHP systems 

Regulations 
Motors Standards and Certification 
SIPs/Clean Air Partnership Fund 

Research & Development 
Programs 

Expanded demonstration programs 
NICE3 

Expanded R&D programs 
Industries of the Future 
Other OIT R&D programs 

Domestic carbon dioxide emissions cap and trade system 
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Category: Voluntary Industrial Sector Agreements
 
Policy: Voluntary Industrial Sector Agreements
 

Voluntary industrial sector agreements are agreements between government and industry to facilitate 
voluntary actions with desirable social outcomes, which are encouraged by the government, to be 
undertaken by the participants, based on the participants  self-interest  (Story, 1996). A voluntary 
agreement can be formulated in various ways; two common methods are those based on specified energy 
efficiency improvement targets and those based on specific energy use or carbon emissions reduction 
commitments. Either an individual company or an industrial subsector, as represented by a party such as 
an industry association, can enter into such voluntary industrial sector agreements. 

In this study, the voluntary industrial sector agreements are defined as a commitment for an industrial 
partner to achieve a specified energy efficiency improvement potential over a defined period. The level of 
commitment, and hence specified goal, varies with the moderate and advanced scenario. The number and 
degree of supporting measures also varies with the two scenarios, where we expect the increased 
industrial commitment to be met with a similar increased support effort by the federal and state 
government. The effectiveness of voluntary agreements is still difficult to assess, due to the wide variety 
and as many are still underway. Ex-poste evaluations are therefore not yet available. We estimate the 
effect on the basis of various efforts undertaken. Voluntary industrial agreements in Japan and Germany 
are examples of self-commitments, without specific support measures provided by the government. 
Industries promised to improve energy efficiency by 0.6% to 1.5% per year in those countries (IEA, 
1997a; Stein and Strobel, 1997). As the targets are set by sub-sector, only intra-sector structural changes 
are included in the targets, while inter-sector structure changes are excluded. The voluntary industrial 
sector agreements in The Netherlands have set an efficiency improvement goal of 2% per year (Nuijen, 
1998; IEA, 1997b), excluding intra- and inter-sector structural change. Industries participating in the 
voluntary agreements in The Netherlands receive support by the government, in the form of subsidies for 
demonstration projects and other programs (Rietbergen et al., 1998). For more details on voluntary 
industrial sector agreements, see Newman (1998); Rietbergen et al., (1998); Nuijen (1998); Mazurek et al. 
(1999). 

Experience with industrial sector voluntary agreements exists in the U.S. for the abatement of CFC and 
non-CO2 GHG emissions through the EPA Environmental Stewardship programs. For example, eleven of 
twelve primary aluminum smelting industries in the U.S. have signed the Voluntary Aluminum Industrial 
Partnership (VAIP) with EPA to reduce PFC emissions from the electrolysis process by almost 40% by 
the year 2000 (U.S. EPA, 1999b). Similar programs exist with the chemical, magnesium and semi­
conductor industries, as well as voluntary methane emission abatement programs with the coal, oil and 
natural gas industry. New voluntary efforts include landfill operators and agriculture. 

Based on the literature we expect that voluntary industrial sector agreements without support measures 
are able to achieve energy efficiency improvements of 0.6% to 1.5% per year, excluding the effects of 
structural change in the economy. AEO 99 assumes energy intensity reductions of 1.0% per year, of 
which 80%, or 0.2% per year, are due to inter-sector structural change (U.S. DOE-EIA, 1998). Hence, 
voluntary industrial sector agreements can contribute between 0.4% and 1.3% per year to industrial 
efficiency improvement. Current voluntary programs in the U.S. cover many areas of industrial energy 
use. However, no comprehensive programs have been implemented yet, which have a wide coverage of 
industrial energy users, as well as a definition of commitments by industry and the (federal) government. 
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Business-As-Usual Scenario: 
Current Policy/Program: 
No comprehensive industrial voluntary agreements are assumed in the BAU scenario, beyond the existing 
programs and initiatives. 

Current Funding Level: 
No comprehensive industrial voluntary agreements are assumed in the BAU scenario, beyond the existing 
programs and initiatives. 

Business-As-Usual Scenario Assumptions: 
No comprehensive industrial voluntary agreements are assumed in the BAU scenario, beyond the existing 
programs and initiatives. 

Moderate Scenario: 
Timing and Funding Level: 
In the moderate scenario we assume the implementation of voluntary industrial sector agreements to 
reduce industrial sector energy intensity. The voluntary agreements are primarily directed to energy 
intensive industries, and are made between the government (or government agency) and mainly individual 
companies, although some sector industrial associations are expected to be active in the discussion and 
the implementation of voluntary agreements. 

Description of Program Expansion: 
The voluntary industrial sector agreements are expected to be implemented by 2003, for the period until 
2020. In the moderate scenario we assume a contribution equal to an energy efficiency improvement of 
0.5% per year over the baseline scenario. Most of the improvements will be found in the energy intensive 
sectors, and energy intensive energy users in the other sectors (e.g. sugar mills in the food industry). 

Modeled in CEF-NEMS? 
The voluntary industrial sector agreements will lead to increased TPCs in existing equipment, increased 
TPCs in new equipment, accelerated retirement rates, increased boiler efficiency, increased use of 
recycled materials, improved building energy efficiency, and increased use of cogeneration in all sectors 
in the CEF-NEMS model. 

Advanced Scenario: 
Timing and Funding Level: 
In the advanced scenario we assume the implementation of more aggressive voluntary industrial sector 
agreements to reduce it s energy intensity. The voluntary agreements will cover most industrial sub-
sectors (including mining, construction and parts of agriculture), and are made between the government 
(or government agency) and individual companies (in the energy intensive sectors), and industrial 
associations for the non-energy intensive industries, or those industries with a large number of companies. 
The voluntary industrial sector agreements are assumed to cover most of industrial energy use in the U.S. 
The energy intensive industries are expected to take part in the program in the first years of the scenario, 
followed by the other sectors throughout the period until 2005. 

Description of Program Expansion: 
The program is a significant expansion of the program defined under the moderate scenario. The 
participation of light industries, through their associations and large companies, will increase the coverage 
to about 80% of industrial energy use. The program will give investors the opportunity to time 
investments, reducing opportunity costs, and provide a flexible approach to address GHG emissions. The 
program will be evaluated in 2010 to estimate the contribution to GHG emission control. Based on 
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available experiences the program is expected to result in energy efficiency improvements of 1.0%/year 
in the advanced scenario over the baseline scenario 

Modeled in CEF-NEMS? 
The voluntary industrial sector agreements will lead to increased TPCs in existing equipment, increased 
TPCs in new equipment, accelerated retirement rates, increased boiler efficiency, increased use of 
recycled materials, improved building energy efficiency, and increased use of cogeneration in all sectors 
in the CEF-NEMS model. 
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Category: Voluntary Programs
 
Policy: Expanded Challenge Programs — Motors and Compressed Air Challenge
 

Business-As-Usual Scenario: 
Current Policy/Program: 
DOE s Motor Challenge program was created in 1993 to promote voluntary industry/government 
partnerships to improve energy efficiency, economic competitiveness, and the environment. The program 
is designed to help industry capture 2 billion kilowatt-hours per year of electricity savings by the year 
2000 (U.S. DOE, OIT, 1999) and 9 TWh/yr of electricity savings by the year 2010; these savings will 
lead to potential energy savings of 82 TWh/yr within industry (65 TWh/year manufacturing, 17 TWh/year 
non-manufacturing) (Scheihing et al., 1998). The main goal of the program is to work in partnership with 
industry to increase the market penetration of energy-efficient industrial electric motor-driven systems. 
The program focuses its resources on the key industrial sectors that are participating in DOE s Industries 
of the Future (IOF) strategy, as well as the water supply and wastewater sectors. The current Motor 
Challenge program focuses on eight energy- and waste-intensive sectors: forest products, steel, 
aluminum, metal casting, chemicals, glass, mining, and agriculture, and is targeting large plants in these 
industries (Scheihing et al., 1998). Starting in 1999, the Motor Challenge program has been expanded to 
include provision of enhanced technical assistance on steam and compressed air systems (U.S. DOE, 
1999). 

A key element in the Motor Challenge strategy is to encourage a "systems approach" to industry s 
selection, engineering, and maintenance of motors, drives, pumps, fans, and other motor-driven 
equipment (Scheihing et al., 1998). This approach seeks to increase the efficiency of electric motor 
systems by shifting the focus from individual components and functions to total system performance. 
Industry partnership activities being pursued include developing practical guidebooks for pumps, 
fans/blowers, and air compressors; developing plant application energy management guidelines; and 
supporting technology-specific design-decision tools that will provide reliable cost/performance data for 
end-users. 

The Compressed Air Challenge, initiated in 1998, is a voluntary collaboration of industrial users; 
manufacturers, distributors and their associations; facility operating personnel and their associations; 
consultants; state research and development agencies; energy efficiency organizations; and utilities (U.S. 
DOE, OIT, 1999). The program aims to stimulate industry to reduce the inefficiencies in the use of 
compressed air, achieving an overall efficiency improvement of 10% by the year 2002 
(STAPPA/ALAPCO, 1999). Compressed air is used extensively as a source of power for tools, 
equipment, and industrial processes in the chemicals, plastics, glass, pulp and paper, electricity 
generation, textiles, petroleum, machinery, and metal manufacturing industries. Compressed air systems 
are often inefficient, modified over time, frequently oversized, and poorly maintained. Optimization of 
these systems using existing technology could achieve savings of 20—50% of energy use in current 
systems. Compressed air system improvements can be achieved by eliminating air supply leaks, lowering 
air supply pressures, and properly maintaining components, supply lines, and filters. Improving system 
control strategies and operating compressors to match process demands can achieve further savings. The 
Compressed Air Challenge will develop and deliver information and training, and work to transform the 
market so that high-efficiency is the norm (U.S. DOE, OIT, 1999). 

Current Funding Level: 
The budget for Motor Challenge was $6.1M in 1998. In 1999, funding for Motors and Compressed Air 
Challenge increased to $8M, with associated administrative costs of $0.5M. The requested funding for 
2000 is $9M (U.S. DOE, 1999). 
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Business-As-Usual Scenario Assumptions: 
Under the business-as-usual scenario, we assume that funding remains at $8M per year through 2020, 
with administrative costs of $0.5M. Based on a 2010 ratio of energy savings attributed to the program to 
national energy savings of 9 TWh/82 TWh, or 11% (Scheihing et al., 1998), we assume energy savings of 
2 TWh (6.8 TBtu) in 2000, increasing to 8.3 TWh (28.2 TBtu) in 20101 and remaining at that level 
through 2020. As a result, total energy savings from this program for the 2000 to 2020 period are 139 
TWh (474 TBtu) for an average annual savings of 6.6 TWh (22.6 TBtu). 

Moderate Scenario: 
Timing and Funding Level: 
The Motor and Compressed Air Challenge program effort would be fully integrated by 2000, with an 
increased budget during the period 2000-2020. Beginning in 2000, we assume that the budget is increased 
by 50% to $12.8M/year including associated administrative costs, remaining at that level through 2020. 

Description of Program Expansion: 
Under this scenario, the Motor and Compressed Air Challenge program will assist in implementation of 
overall motor system optimization measures through increased educational efforts and technical 
assistance and providing training and tools to end users to help achieve potential savings. The program 
will increase use of adjustable speed drives (ASDs) to ~10% of all manufacturers  motor systems by 
increasing R&D funding for fundamental research (resulting in decreased costs of ASDs), offering 
financial incentives, offering rebates through utilities based on hp class ($75/hp rebate), and by promoting 
ESCOs. Under this scenario, the annual energy savings from the Motor and Compressed Air Challenge 
program is increased by 50% in 2000, growing to 12.5 TWh/year by 2010 and stabilizing at that level 
through 2020. This results in average annual savings of 10 TWh/year (34.2 TBtu/year) over the 2000­
2020 period. 

Modeled in CEF-NEMS? 
Motors are a cross-cutting technology and are present in all NEMS subsectors. Under the moderate 
scenario, we assume that the impacts are largest in the industrial sectors that the Motor Challenge 
program is currently targeting, although savings are spread throughout the manufacturing and non-
manufacturing sectors. In CEF-NEMS, expanded Motor and Compressed Air Challenge programs lead to 
improved TPCs in existing equipment, improved TPCs in new equipment, and accelerated retirement 
rates in all sectors. 

Advanced Scenario: 
Timing and Funding Level: 
The Motor and Compressed Air Challenge program effort would be fully integrated by 2000, with an 
increased budget during the period 2000-2020. Beginning in 2000, the budget increases by 100% to $17M 
/year including associated administrative costs, remaining at that level through 2020. 

Description of Program Expansion: 
Under the advanced scenario, the Motor and Compressed Air Challenge program will increase ASD use 
to 18-25% of all manufacturers  motor systems using the same policies as in the moderate scenario, 
except offering greater financial incentives and implementing penalties for non-implementation. 
Incentives will be promoted and distributed through ESCOs. In addition, overall motor system 
optimization measures will be implemented using the same policies as the moderate scenario and by 
providing attractive financial incentives or costly penalties for non-assessment and non-implementation. 
Under this scenario, the annual energy savings in 2000 are doubled to 4 TWh/year in 2000, growing to 21 

1 Based on assessment by Philip Jallouk at ORNL. 
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TWh/year by 2010 and stabilizing at that level through 2020. This results in average annual savings of 
16.4 TWh/year (56.1 TBtu/year) over the 2000-2020 period. 

Modeled in CEF-NEMS? 
Under the advanced scenario, we assume that the program is extended to cover the food, cement, 
construction, and petroleum refining industries. In CEF-NEMS, expanded Motor and Compressed Air 
Challenge programs lead to improved TPCs in existing equipment, improved TPCs in new equipment, 
and accelerated retirement rates in all sectors. 

References: 
Scheihing, P. E., Rosenberg, M., Olszewski, M., Cockrill, C. and Oliver, J. 1998. United States 
Industrial Motor-Driven Systems Market Assessment,  Industrial Energy Efficiency Policies: 
Understanding Success and Failure: Workshop Organized by International Network for Energy Demand 
Analysis in the Industrial Sector, Utrecht, The Netherlands, June 1998. Also available on the U.S. DOE, 
OIT Web Site (http://www.motor.doe.gov/docs/utrecht.shtml). 

U.S. Department of Energy, 1999. FY 2000 Congressional Budget Request: Energy Efficiency and 
Renewable Energy. (http://www.doe.gov). 

U.S. Department of Energy, Office of Industrial Technologies, 1999. Compressed Air Challenge Web 
Site, 15 March 1999 (http://www.knowpressure.org/). 

U.S. Department of Energy, Office of Industrial Technologies, 1999. OIT Motor Challenge Web Site, 15 
March 1999 (http://www.motor.doe.gov/mchal.shtml). 

Xenergy, Inc., 1998. United States Industrial Motor Systems Market Opportunities Assessment. Prepared 
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Category: Voluntary Programs
 
Policy: Expanded Challenge Programs — Steam Challenge
 

Business-As-Usual Scenario: 
Current Policy/Program: 
The Steam Challenge program, a public-private initiative launched in April of 1998, was developed by 
DOE-OIT in partnership with the Alliance to Save Energy (ASE) and leading providers of energy-
efficient steam technologies. The goal of Steam Challenge is to provide targeted information and 
technical assistance to help industrial customers retrofit, maintain, and operate their steam systems more 
efficiently and more profitably. Steam Challenge helps companies implement a systems approach in 
designing, purchasing, installing, and managing boilers, distribution systems, and steam applications. The 
program also helps identify and implement projects that will enhance safety, save money, improve 
productivity, and reduce emissions. Participation in Steam Challenge is open to steam system operators 
and managers, developers and distributors of steam systems equipment, and steam trade and membership 
organizations (U.S. DOE, OIT, 1999). 

The tools used in the program include fact sheets, brochures, checklists, guidebooks, software, and case 
studies. Steam Challenge services include demonstrations, seminars, training, workshops, conferences, 
access to steam efficiency experts, answers to steam-related questions, and referrals. A Steam Team 
will enable providers of steam products and services to provide input into the program and help promote 
"total steam system efficiency". DOE, ASE, and a technical advisory committee review all material 
before recommending it for use by industry (U.S. DOE, OIT, 1999). 

The program aims to reduce overall energy consumption in steam systems by 20% by 2010 (Hart, 1999). 
A systems approach to improving efficiency taking basic measures to improve efficiency in the 
generation, distribution, application, operation, and maintenance of systems could achieve efficiency 
improvements of 30—40% in a typical industrial plant (Jones and Jaber, 1998). 

Current Funding Level: 
Steam Challenge was funded for $300,000 in FY 1998 and $1.5 million in FY 1999 (Jones, 1999; Hart, 
1999). Funding in the near future is expected to remain fairly level (Hart, 1999). The 2000 budget request 
is for $2M (U.S. DOE, 1999). 

Business-As-Usual Scenario Assumptions: 
We assume that Steam Challenge is funded at $2M in 2000 and funding remains at this level through 
2020. Based on these assumptions, the average annual savings for this program are 5.7 TBtu per year 
between 2000 and 2020. 

Moderate Scenario: 
Timing and Funding Level: 
In the moderate scenario we assume an increased activity level for the Steam Challenge Program, 
increasing outreach, training and the development of assessment tools. Starting 2000 the annual budget is 
$2 million, and will grow to $3 million by 2002, and will be maintained at this level throughout the 
scenario period. 

Description of Program Expansion: 
Energy savings in steam use and boilers are important in the moderate scenario and we assume that Steam 
Challenge plays a catalytic role in this improvement. However, it is difficult to estimate the direct impact 
of the program. We assume that the energy savings per dollar invested in the program are similar to those 
seen in the Motor and Compressed Air Challenge program. Based on these assumptions, the average 
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annual cost of this program is $2.9M per year with associated energy savings of 7.9 TBtu per year 
between 2000 and 2020. 

Modeled in CEF-NEMS? 
Steam is used throughout the industry, with an emphasis on the pulp and paper, chemical and food 
industries, as well as petroleum refining. Steam use is modeled separately in the NEMS model, as is the 
boiler and cogeneration unit. In CEF-NEMS, expanded Steam Challenge programs lead to increased 
boiler efficiency and increased use of cogeneration in all sectors. 

Advanced Scenario: 
Timing and Funding Level: 
In the moderate scenario we assume an increased activity level for the Steam Challenge Program, 
increasing outreach, training and the development of assessment tools. Starting 2000 the annual budget is 
$2 million, and will grow to $4 million by 2002, and will be maintained at this level throughout the 
scenario period. 

Description of Program Expansion: 
In the advanced scenario, the program is expanded to include outreach to smaller boiler users, as well as 
development of automated monitoring and controls. The development of improved analytic, monitoring 
and process control tools for boilers and steam distribution will start to pay off after the year 2010, 
leading to an increased impact by 2020. As with the moderate scenario, we assume that the savings from 
this program are similar to those seen in the Motor and Compressed Air Challenge program. Based on 
these assumptions, the average annual cost of this program is $3.8M per year with associated energy 
savings of 13.0 TBtu per year between 2000 and 2020. 

Modeled in CEF-NEMS? 
Steam is used throughout the industry, with an emphasis on the pulp and paper, chemical and food 
industries, as well as petroleum refining. Steam use is modeled separately in the NEMS model, as is the 
boiler and cogeneration unit. In CEF-NEMS, expanded Steam Challenge programs lead to increased 
boiler efficiency and increased use of cogeneration in all sectors. 
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U.S. Department of Energy, Office of Industrial Technologies, 1999. Steam Challenge Web Site, 
(http://www.oit.doe.gov/steam/). 
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Category: Voluntary Programs
 
Policy: Expanded Challenge Programs — CHP Challenge and Related Activities
 

Reference Scenario: 
Current Policy/Program: 
DOE recently announced a target of doubling CHP capacity (including industrial, commercial, and 
federal facilities) in the United States by 2010, creating an additional 46 GW of capacity. The 
Department also seeks to open a national dialogue on CHP technologies to raise awareness of the energy, 
environmental, and economic benefits of CHP, and to promote innovative thinking about ways to 
accelerate the use of CHP. State and regional officials will be key participants in this CHP Challenge; 
DOE already has awarded grants for CHP efforts in California, Indiana, Vermont, and Washington. 
Future plans include a series of seminars with state officials, regional workshops, and a national CHP 
conference for policymakers and CHP practitioners to promote collaborative solutions (U.S. DOE, OIT, 
1999). Educational materials also are being prepared for state legislators and environmental groups 
(Hoffman, 1999). 

The CHP Challenge will coordinate with other government and industry programs to leverage ongoing 
activities relevant to CHP for example, by working with the Federal Energy Management Program 
(FEMP) and facilities management agencies to expand the use of CHP technologies in government 
facilities. The Challenge also will assess related DOE technology demonstrations in advanced turbines, 
fuel cells, and combustion and heat recovery equipment (U.S., DOE, OIT, 1999). The CCCTI-activities 
are described later. 

Achieving the CHP Challenge Target of 46 additional GW of CHP by 2010 would displace 
approximately 244 TWh of utility generation, yielding net energy savings of about 1280 Tbtu and 
reducing carbon emissions by about 37 MMT from current levels (Elliot, 1999). Analyses completed as 
part of this study indicate that additional market penetration of CHP in the industrial sector by 2020 will 
range from 30 to 50 GW, depending upon the timing and impact of the CHP policies discussed below. 

Current Funding Level: 
The CHP Challenge is funded for $1.0 million in FY 1999 and $1.5 million for FY 2000. Anticipated 
funding levels over the next four years are $2 million annually (Hoffman, 1999). 

Moderate Scenario: 
Timing: 
Private CHP activities have been ongoing for several years. CHP Challenge has been started in 1999, and 
is assumed to be fully operational by the year 2001. CHP Challenge and related activities over the time 
frame of the study will emphasize the following policy goals: 1) CHP financing and labeling; 
2)˚expanding the CHP and distributed generation R&D portfolio; 3)˚increasing CHP capacity in Federal 
facilities; 4) removing financial barriers to CHP development; 5)˚expedited siting and permitting for CHP 
projects; 6) removing utility barriers; and 7) reducing emissions. Together, these policies are expected to 
increase awareness of the benefits of CHP and provide the main financial stimuli for CHP development. 
The timing and content of each individual policy goal is discussed in more detail below. 

Funding Level: 
It is assumed that the funding level will increase to $3 million by the year 2001, and will be maintained at 
this level throughout the modeling period. Additional assumptions include CHP targeting of grants under 
the Clean Air Partnership Fund, expanded R&D for CHP technology development and demonstration, 
and government support of interconnection technology to reduce costs to a moderate level, as described 
below. Furthermore, while the investment tax credit requires no direct funding, it is expected to result in 
revenue loss currently estimated at over $300 million over five years. 
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Modeled in CEF-NEMS? 
Cogeneration is modeled as part of the BSC Module in NEMS. However, the current design of the model 
does not allow progressive penetration of CHP units to replace existing boilers. To overcome this 
limitation in NEMS for this study, the potential for CHP generating capacity additions has been estimated 
based on detailed modeling using a model that is better equipped to estimate development of CHP. The 
model selected for this purpose was DISPERSE, the Distributed Power Economic Rationale Selection 
model developed by the Resource Dynamics Corporation. A detailed description of the DISPERSE 
methodology is included as Attachment A2 to this memorandum. 

Detailed Description of Policy Goals 
A variety of barriers hamper the implementation of industrial CHP, making barrier removal an important 
instrument to increase implementation rate. Removal of barriers associated with each of the CHP policy 
goals is discussed below. 

CHP Financing and Labeling. Under this modeling scenario, CHP awareness is encouraged by opening a 
national dialogue that highlights the efficiency, economic and environmental benefits of CHP. An 
information dissemination program will include seminars, a national CHP conference, and educational 
materials for legislators, regulators and environmental groups. 

Additional incentives will be provided under the Clean Air Partnership Fund, reserving $100 million 
annually for 5 years for financial support of CHP projects. This financial support will be in the form of 
1)˚buying down the end-user cost of CHP project installation, 2) making available a CHP loan fund at 
market or better rates, or 3) establishing an indemnification fund for CHP projects determined to be 
economic but not able to proceed because of liability concerns. 

Government technology demonstration programs will be examined for CHP opportunities, with 
appropriate information transfer to the responsible Government office in charge of the demonstration 
program. 

Under an expanded EPA Energy Star Labeling Program, CHP/DG packaged power generation sets will 
be labeled as meeting emissions and efficiency criteria. This is expected to remove a great deal of the 
uncertainty associated with the local and state approval of certain types of power generation equipment. 

Expand CHP and Distributed Generation R&D Portfolio. CHP and distributed generation government 
technology development funding will increase by 50 percent, mostly related to market and technology 
assessments. Encouragement and acceleration of private commercialization activities will be included in 
the scope of government technology development projects. 

Increase CHP Capacity in Federal Facilities. CHP Program activities will leverage on existing 
government programs such as FEMP to encourage CHP use in government facilities. 

Remove Financial Barriers to CHP Development. This scenario contemplates the implementation of the 
8% investment tax credit included in the Administration s FY2000 Budget Proposal.  In addition, the 
CHP equipment asset life will by shortened, beginning in 2002, allowing for faster recovery of project 
equity investment (see below). 

Streamlining eligibility for tax incentives, an expedited certification process will be established for CHP 
projects meeting efficiency and heat/power share criteria for the incentives. End-user self-qualification of 
a facility for financial incentives, potentially bypassing a lengthy and potentially costly third-party or 
government certification process, will also be allowed. 
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Expedited Siting and Permitting for CHP Projects. By 2002 provide guidance to state agencies on 
establishing faster CHP permitting processes, encouraging arrival of new capacity online earlier. This 
activity will leverage on development of a handbook and conduct of workshops for states by the EPA. 
Incentives include establishment of a public benefits fund which would be available to states on a cost-
sharing basis to support the implementation of streamlined CHP siting and permitting practices. 

Remove Utility Barriers. By 2002, enactment of a national interconnection standard for CHP and other 
distributed generation projects, easing the interconnection process. Additionally, the FERC shall be 
positioned as the final arbiter for interconnection disputes. While a national interconnection standard will 
simplify the interconnection, additional government support will focus on development of advanced 
interconnection packages and technologies, leveraging on industrial R&D to realize a moderate installed 
cost of the interconnection (25 percent less than cost of the interconnection today). 

Additionally, the mandated availability of backup power at reduced cost, or allow customer shopping 
for competitively-priced backup power. 

Reduce Emissions. No activities under the Moderate Scenario. 

Advanced Scenario: 
Timing: 
In the advanced scenario, CHP Challenge efforts are expected to be doubled over the baseline scenario. It 
is assumed that this doubling will start at the beginning of the modeling period (2000-2001), and will be 
maintained throughout the period until 2020. CHP Challenge and related activities over the time frame of 
the study will emphasize the following policy goals: 1) CHP financing and labeling; 2) expanding the 
CHP and distributed generation R&D portfolio; 3)˚increasing CHP capacity in Federal facilities; 
4)˚removing financial barriers to CHP development; 5)˚expedited siting and permitting for CHP projects; 
6)˚removing utility barriers; and 7) reducing emissions. These policies, expected to increase awareness of 
the benefits of CHP and provide the main financial stimuli for CHP development, are discussed in more 
detail below. 

Funding Level: 
It is assumed that the funding level will increase to $4 million by the year 2001, and will be maintained at 
this level throughout the modeling period. This is effectively a doubling of the effort under the baseline 
scenario. Additional assumptions include expanded CHP targeting of grants under the Clean Air 
Partnership Fund, a doubling of R&D for CHP technology development and demonstration, and 
government support of interconnection technology to reduce costs to a very low level, as described below. 
The investment tax credit revenue, if extended beyond year 2003, will result in a cumulative revenue loss 
in excess of the $300 million currently estimated. 

Modeled in CEF-NEMS? 
Cogeneration is modeled as part of the BSC Module in NEMS. However, the current design of the model 
does not allow progressive penetration of CHP units to replace existing boilers. To overcome this 
limitation in NEMS for this study, the potential for CHP generating capacity additions has been estimated 
based on detailed modeling using a model that is better equipped to estimate development of CHP. The 
model selected for this purpose was DISPERSE, the Distributed Power Economic Rationale Selection 
model developed by the Resource Dynamics Corporation. A detailed description of the DISPERSE 
methodology is included as Attachment A2 to this memorandum. In the advanced scenario, a relatively 
larger penetration of small CHP systems is expected, using technology advances which improve the 
performance of microturbines, some gas turbine designs, as well as fuel cells and modern reciprocating 
engines. 
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Detailed Description of Policy Goals 
A variety of barriers hamper the implementation of industrial CHP, making barrier removal an important 
instrument to increase implementation rate. Removal of barriers associated with each of the CHP policy 
goals is discussed below. 

CHP Financing and Labeling. Under this modeling scenario, CHP awareness is encouraged by opening a 
national dialogue that highlights the efficiency, economic and environmental benefits of CHP. An 
information dissemination program will include seminars, a national CHP conference, and educational 
materials for legislators, regulators and environmental groups. 

Additional incentives will be provided under the Clean Air Partnership Fund, reserving $200 million 
annually expanding beyond 2005 for financial support of CHP projects. This financial support will be in 
the form of 1)˚buying down the end-user cost of CHP project installation, 2) making available a CHP loan 
fund at market or better rates, or 3) establishing an indemnification fund for CHP projects determined to 
be economic but not able to proceed because of liability concerns. 

Government technology demonstration programs will be examined for CHP opportunities, with 
appropriate information transfer to the responsible Government office in charge of the demonstration 
program. 

Under an expanded EPA Energy Star Labeling Program, CHP/DG packaged power generation sets will 
be labeled as meeting emissions and efficiency criteria. As a further incentive under the Advanced 
Scenario, high efficiency, low emissions packaged generation sets will be qualified as presumptive 
BACT. 

Expand CHP and Distributed Generation R&D Portfolio. CHP and distributed generation government 
technology development funding will double, focusing on increased efficiency, reliability improvement, 
and cost reduction, all at levels beyond current anticipated 2010 performance goals. 

Increase CHP Capacity in Federal Facilities. The use of CHP in government facilities will be mandated 
when technically and economically feasible, during new construction or facility upgrades. 

Remove Financial Barriers to CHP Development. In this scenario, the investment tax credits included in 
the Administration s FY2000 Budget Proposal will be extended beyond 2003, and accelerated 
depreciation allowed on the remaining basis of property (see below). 

Streamlining eligibility for tax incentives, an expedited certification process will be established for CHP 
projects meeting efficiency and heat/power share criteria for the incentives. End-user self-qualification of 
a facility for financial incentives, potentially bypassing a lengthy and potentially costly third-party or 
government certification process, will also be allowed. 

Expedited Siting and Permitting for CHP Projects. Through the Clean Air Partnership Fund, 1) increase 
state grants to encourage streamlined CHP siting and permitting, and 2) favor grants to states with 
accelerated CHP siting and permitting. The goal will be to harmonize the siting and permitting processes 
across the states to remove the uncertainty associated with widely varying requirements and procedures. 

Remove Utility Barriers. Exempt CHP projects from any exit fees and other charges applicable when 
becoming a self-generator. Allow recovery of costs associated with conversion of stranded  generation 
assets to CHP. 

Appendix B-2 B-2.13 Industry 



 

By 2002, enactment of a national interconnection standard for CHP and other distributed generation 
projects, easing the interconnection process. Additionally, the FERC shall be positioned as the final 
arbiter for interconnection disputes. While a national interconnection standard will simplify the 
interconnection, additional government support will focus on development of advanced interconnection 
packages and technologies, leveraging on industrial R&D to realize a very low installed cost of the 
interconnection (50 percent less than cost of the interconnection today). 

Additionally, the mandated availability of backup power at reduced cost, or allow customer shopping 
for competitively-priced backup power. 

Reduce Emissions. Establishment of robust Carbon Cap and Trading System, with assumed consequent 
permit price of $50 per metric ton of carbon. The CHP end-user will benefit from reduced capital cost 
and/or sales of permit credits. As an additional incentive, the allowance of a greater level of emissions 
based on the higher CHP efficiency, or the introduction of emissions per BTU input criteria (or some 
other recognition of greater efficiency levels). 
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Industrial Technologies, Office of Industrial Crosscut Technologies. 12 March 1999. 

U.S. Department of Energy, Office of Industrial Technologies, 1999. CHP Challenge Web Site, 
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Category: Voluntary Programs
 
Policy: Expanded ENERGY STAR Buildings and Green Lights
 

Business-As-Usual Scenario: 
Current Policy/Program: 
US EPA s ENERGY STAR labeling programs reduce information barriers and improve willingness to 
invest in the buildings component (especially important in light industries) of industrial energy use. 
Energy Star programs are voluntary partnerships between DOE, EPA, product manufacturers, local 
utilities, and retailers to develop and market energy-efficient products. Partners help promote energy-
efficient products by labeling with the ENERGY STAR logo, which may be used as a marketing tool, and 
educating consumers about the benefits of energy efficiency. The program covers a wide array of 
domestic appliances, home electronics, windows, lighting, office equipment (computers, monitors, 
printers, copiers, fax machines, and scanners), and heating and cooling equipment (U.S. EPA, 1999a). 
Energy Star also has programs for transformers aiming especially at utilities and small businesses. 
1600 small businesses participated in the ENERGY STAR Small Business Program in 1998 (U.S. EPA, 
1999b). Participating companies are provided with access to information on products and practices to 
improve their efficiency. EPA will continue to add products to the list of those that qualify for the 
ENERGY STAR label (U.S. EPA, 1999b). 

The Green Lights program, a voluntary pollution prevention program sponsored by EPA and part of the 
ENERGY STAR program, aims at improving the efficiency of lighting systems. Green Lights partners 
agree to install energy efficient lighting where profitable as long as lighting quality is maintained or 
improved. Nearly 1,400 companies have signed up with the Green Lights program, with partners as 
diverse as 3M, ALCOA, Chevron and Hoechst Celanese. 

Annual greenhouse gas emission reductions for these programs are estimated to be 0.00056 
MMTCE/square foot of industrial building space. In 1998, 1.44 billion square feet of industrial building 
space was included in the ENERGY STAR Buildings and Green Lights programs (Lupinacci-Rausch, 
1999). 

Current Funding Level: 
The industrial buildings portion of the ENERGY STAR Buildings program is currently funded at 
approximately $0.5M per year (Lupinacci-Rausch, 1999). 

Business-As-Usual Scenario Assumptions: 
We assume that the industrial buildings funding remains at the same level, $0.5M per year, from 2000 to 
2020. Beginning in 2000, program costs for the business-as-usual scenario are assumed to total $10.5 M 
($0.5M/year) for a total program savings (2000-2020) of 1045 TBtu or an average of 50 TBtu per year. 

Moderate Scenario: 
Timing and Funding Level: 
Under the moderate scenario, we assume that funding is increased by 50%, to $0.75 M per year, 
maintained at that level through 2020. 

Description of Program Expansion: 
Future expansion of ENERGY STAR will focus on initiatives that are more valuable to the industrial 
sector for example, providing best practices management tools to industrial facilities and, if possible, 
developing and providing benchmarking information to help industries assess and compare their energy 
usage, and ultimately save energy (Lupinacci-Rausch, 1999). We assume that industrial building 
floorspace included in the ENERGY STAR Buildings and Green Lights programs increases by 50% 
under the moderate scenario. Energy savings and carbon dioxide emissions reductions per $ invested are 
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assumed to be the same as under the business-as-usual scenario. Thus, beginning in 2000, program costs 
for the moderate scenario are assumed to total $15.8M ($0.8M/year) for a total program savings (2000­
2020) of 1567 TBtu or an average of 75 TBtu per year. 

Modeled in CEF-NEMS? 
Expanded ENERGY STAR Buildings and Green Lights Programs leads to improved building efficiency 
in CEF-NEMS in the food, paper, chemicals, glass, cement, steel, aluminum, metals-based durables, and 
other manufacturing sectors. 

Advanced Scenario: 
Timing and Funding Level: 
Under the advanced scenario, we assume that funding is increased by 100%, to $1M per year, in 2000 and 
maintained at that level through 2020. 

Description of Program Expansion: 
We assume that the best practice management tools and benchmarking information developed under the 
moderate scenario are expanded and more extensively marketed to industrial building managers. In 
addition, industrial building floorspace included in the ENERGY STAR Buildings and Green Lights 
programs increases by 100% under the advanced scenario. Energy savings and carbon dioxide emissions 
reductions per $ invested are assumed to be the same as under the business-as-usual scenario. Thus, 
beginning in 2000, program costs for the moderate scenario are assumed to total $21M ($1M/year) for a 
total program savings (2000-2020) of 2089 TBtu or an average of 100 TBtu per year. 

Modeled in CEF-NEMS? 
Expanded ENERGY STAR Buildings and Green Lights Programs leads to improved building efficiency 
in CEF-NEMS in the food, paper, chemicals, glass, cement, steel, aluminum, metals-based durables, and 
other manufacturing sectors. 

References: 
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Category: Voluntary Programs
 
Policy: Expanded ENERGY STAR and Climate Wise Programs
 

Business-As-Usual Scenario: 
Current Policy/Program: 
U.S. Environmental Protection Agency sponsors various government-industry partnership initiatives, e.g. 
ENERGY STAR and Climate Wise, designed to stimulate the voluntary reduction of greenhouse gas 
emissions among participating manufacturing companies by providing technical assistance and helping 
organizations identify the most cost-effective ways to reduce greenhouse gas emissions. Climate Wise 
works with individual partner companies that represent almost 12% of U.S. energy use and more than 
15% of U.S. manufacturing energy use (EPA, 1999a), including companies of all sizes from diverse 
industries e.g., Johnson & Johnson, Lockheed Martin, Coors, and Quad/Graphics.  In 1998, the Climate 
Wise partners identified more than 2500 actions to improve efficiency and prevent pollution, which are 
expected to reduce emissions by nearly 10 million metric tons of CO2 equivalent and to save $400 
million. By the year 2000, Climate Wise partners are expected to comprise half of the cement, 
pharmaceuticals, food processing, and steel industries (EPA, 1999a). 

Within six months of joining the program, companies submit an Action Plan that identifies specific cost-
effective energy efficiency and pollution prevention measures. Companies then quantify and report their 
energy savings and emission reduction numbers annually. In return, participants in the Climate Wise 
program receive DOE and EPA assistance in identifying actions that both save energy and reduce costs, 
have access to technical and financial assistance, and receive public recognition for their efforts (e.g., 
through signing ceremonies, media briefings, articles in business journals). Participating companies also 
are eligible for energy and waste assessment audits through the Industrial Assessment Centers; 
consultation with DOE’s national laboratories; use of regional resources through state, city, and county 
pilot programs (e.g., in California, Colorado, New Jersey, and Texas); participation in workshops; and 
participation in other programs, such as Green Lights, Waste Wi$e, and Motor Challenge (EPA, 1999b). 

Climate Wise partners represent most of the manufacturing sectors, as shown in this recent breakdown: 
cement (3%), printing (5%), pharmaceuticals (5%), lumber and paper (6%), chemicals (6%), metals (8%), 
food (16%), electrical equipment (19%), and other (32%) (U.S. EPA, 1998). 

Current Funding Level: 
EPA funding for this program (there is no direct DOE funding) was $1.5 million in FY 1998 and $1.6 
million in FY 1999. Funding levels are expected to remain stable in the near future (James, 1999). 
Estimated annual GHG emissions reductions for 1998 and 1999 are 2.0 MMTCE and 3.0 MMTCE, 
respectively (U.S. EPA, 1999c). 

Business-As-Usual Scenario Assumptions: 
We assume that funding levels remain at $1.6M per year from 2000 to 2020, with associate carbon 
savings of 3.0 MMTCE per year for a total savings of 63 MMTCE for the 2000 to 2020 period. 

Moderate Scenario: 
Timing and Funding Level: 
Under the moderate scenario, Climate Wise programs are increased by 50%, beginning in 2000 and 
maintained at that level through 2020. A doubling of the Climate Wise programs leads to an annual 
budget of $2.4M per year beginning in 2000 and continuing at that level through 2020. 

Description of Program Expansion: 
With increased funding, Climate Wise will continue its state and local government outreach program, and 
work with the private sector to develop a market for climate neutral products  whose emissions are 
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offset through domestic energy efficiency or renewable energy projects (James, 1999). Climate Wise will 
also encourage the incorporation of renewable power purchase/generation into key partners  Action Plans 
over the next five years (EPA, 1999a), develop a Green Power Initiative to help companies build demand 
for new green power sources, and work with companies to develop applications for their international 
facilities (James, 1999). We assume that the budget increase results in carbon savings attributable to this 
program, of a total of 95 MMTCE, or 4.5 MMTCE per year, for the 2000 to 2020 period. 

Modeled in CEF-NEMS? 
All of the Climate Wise partner manufacturing sectors are included in the NEMS model, although the 
mapping between the Climate Wise and NEMS subsectors is not exact. Since Climate Wise efforts are 
focused on near term GHG emissions reduction actions in these industries, we consider that this program 
contributes to the savings in both existing equipment and new plant equipment in the NEMS model. In 
the moderate scenario, we project that Climate Wise partners are expanded in the currently represented 
manufacturing sectors while additional partners are added in the steel, aluminum, and glass sectors. 
Expanded Climate Wise programs will lead to increased TPCs in existing equipment and increased TPCs 
in new equipment in the food, paper, chemicals, glass, cement, steel, aluminum, metals-based durables, 
and other manufacturing sectors in the CEF-NEMS model. 

Advanced Scenario: 
Timing and Funding Level: 
Under the advanced scenario, Climate Wise programs are doubled beginning in 2000 and maintained at 
that level through 2020. A doubling of the Climate Wise programs would lead to an annual budget of 
$3.2M per year beginning in 2000 and continuing at that level through 2020. 

Description of Program Expansion: 
In the advanced scenario, we project that Climate Wise partners are expanded in the manufacturing 
sectors beyond those in the moderate scenario while additional partners are added in the agriculture, 
construction, and mining sectors. We assume that a doubling of the budget results in equivalent increases 
in carbon savings attributable to this program, resulting in total savings of 126 MMTCE, or 6 MMTCE 
per year, for the 2000 to 2020 period. 

Modeled in CEF-NEMS? 
All of the Climate Wise partner manufacturing sectors are included in the NEMS model, although the 
mapping between the Climate Wise and NEMS subsectors is not exact. Since Climate Wise efforts are 
focused on near term GHG emissions reduction actions in these industries, we consider that this program 
contributes to the savings in both existing equipment and new plant equipment in the NEMS model. 
Expanded Climate Wise programs will lead to increased TPCs in existing equipment and increased TPCs 
in new equipment in all sectors in the CEF-NEMS model. 
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Category: Voluntary Programs
 
Policy: Expanded Pollution Prevention Programs
 

Business-As-Usual Scenario: 
Current Policy/Program: 
Although not directly aimed at energy use or GHG emissions, the WasteWi$e program may reduce 
energy use and GHG emissions through pollution prevention and increased recycling of energy intensive 
materials. The WasteWise program targets the reduction of municipal solid waste, such as corrugated 
containers, office paper, yard trimmings, packaging, and wood pallets. Participants, range from small 
local to large corporations, sign on to the program for a 3-year period and commit to waste reduction, 
establish goals, monitor progress of the activities. Building on their successes during 1997 WasteWise 
partners conserved nearly 816,000 tons of materials through waste prevention activities in 1996, 
increasing materials collected for recycling to 7,669,000 tons. Cost savings in the order of $270 million 
were achieved through avoided disposal tipping fees alone. The reduction in GHG emissions due to 
reduce material needs and waste management was estimated at 5.2 MtC in 1997 (EPA, 1998). Partners 
include a large number of manufacturing industries, from nearly all sub-sectors. In 1997 around 700 
companies and institutes were a member of the voluntary program, spread across the U.S. EPA has also 
created the Design for the Environment (DfE) Program to build on the "design for the environment" 
concept pioneered by industry. Under this program, EPA encourages businesses to incorporate 
environmental considerations into the design and redesign of products, processes, and technical and 
management systems, as well as environmentally procurement programs. Note that the Industrial 
Assessment Centers now also advise on pollution prevention as part of the auditing program (see 
expanded assessment programs). 

Current Funding Level: 
The total pollution prevention effort by EPA is funded at $25 million in FY1998 and $27 million in FY 
1999 (EPA-OCFO, 1999), which includes a variety of voluntary programs. The implementation costs for 
specific projects of the program partners are not known, and not included in the above estimate. 

Business-As-Usual Scenario Assumptions: 
We assume that funding for pollution prevention programs grows to $30M in 2000 and remains at that 
level through 2020. We further assume that 35% of the GHG emissions reductions are due to decreased 
energy use and the remainder are due to decreased use of materials. Based on these assumptions, total 
energy savings of 2780 TBtu are realized over the 2000 to 2020 period, for an average of 132 TBtu/year. 

Moderate Scenario: 
Timing and Funding Level: 
The funding level is expected to start growing by the year 2000 by $1.6 million a year until 2010 and 
remain at $43 million after 2010, resulting in average annual funding of $39.6M for the 2000 to 2020 
period. 

Description of Program Expansion: 
We assume that the funding for pollution prevention programs will increase, and that the number of 
partners will increase annually. The increased effort of the program is expected to keep pace with the 
growth over the past years, although slower than the current annual increase of number of partners by 
15%. Pollution prevention programs are assumed to achieve this fast implementation rate due to the 
embedded cost savings for industry (Pye, 1998). Pollution prevention is expected to be implemented 
throughout industry, following the current initiatives. Especially industries processing materials to 
produce products are expected to achieve reductions in materials demand by more efficient processing, 
increased diversion of wastes to recycling instead of landfilling, and process changes leading to reduced 
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processing material needs. This will lead to changing consumption and production patterns in the primary 
materials industries. Based on the increased funding, total energy savings over the 2000 to 2020 period 
grows to 3670 TBtu, for an average of 175 TBtu/year. 

Modeled in CEF-NEMS? 
Pollution prevention programs are expected to be implemented throughout industry, including energy 
intensive and small industries. The savings will lead to increased recycling rates of materials in the 
energy-intensive industries, especially in the steel, aluminum, paper and glass industries in the CEF­
NEMS model. Pollution prevention may also lead to lower material demand in the processing industries, 
but this has not been modeled due to the relative small impact yet. 

Advanced Scenario: 
Timing and Funding Level: 
The funding level is expected to start growing by the year 2000 by $1.6 million a year until 2020, and will 
achieve a total annual budget of $60 million by 2020, resulting in average annual funding of $45M in the 
2000 to 2020 period. 

Description of Program Expansion: 
We assume that the funding for pollution prevention programs will increase, and that the number of 
partners will increase annually, growing to about 1600 companies by 2020. The increased effort of the 
program is expected to keep pace with the growth over the past years. We expected an annual growth of 
40 new partners in the program. As more smaller companies will join in the future, the cost-effectiveness 
may somewhat reduce, although this may be offset by learning by doing, and enhanced information 
exchange within the program. Pollution prevention programs are assumed to achieve this fast 
implementation rate due to the embedded cost savings for industry (Pye, 1998). Pollution prevention is 
expected to be implemented throughout industry, following the current initiatives. Especially industries 
processing materials to produce products are expected to achieve reductions in materials demand by more 
efficient processing, increased diversion of wastes to recycling instead of landfilling, and process changes 
leading to reduced processing material needs. This will lead to changing consumption and production 
patterns in the primary materials industries. Based on the increased funding, total energy savings over the 
2000 to 2020 period grows to 4170 TBtu, for an average of 200 TBtu/year. 

Modeled in CEF-NEMS? 
Pollution prevention programs are expected to be implemented throughout industry, including energy 
intensive and small industries. The savings will show up as increased recycling rates of materials in the 
energy-intensive industries, especially in the steel, aluminum, paper and glass industries in the CEF­
NEMS model. Pollution prevention may also lead to lower material demand in the processing industries 
(showing up as lower production or imports of raw materials), but this has not been modeled due to the 
relative small impact yet. 
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Category: Information Programs
 
Policy: Expanded Assessment Programs
 

Business-As-Usual Scenario: 
Current Policy/Program: 
DOE-OIT s Industrial Assessment Center (IAC) program is an energy efficiency improvement initiative 
that also supports waste reduction and improvements in productivity for small and medium sized 
manufacturing firms. There are now 30 universities operating IACs across the country. Since its inception 
in 1976, these centers have performed more than 7,700 assessments and provided 53,000 
recommendations since 1976; about 42% of the suggested investments have been implemented 
(STAPPA/ALAPCO, 1999). 

The energy audits and assessments are performed by teams from engineering schools at Universities 
across the country, who help manufacturers identify opportunities to improve productivity, reduce waste, 
and save energy. The IAC recommendations, which provide for anticipated savings, implementation 
costs, and simple payback, are provided to the manufacturer at no cost and have averaged about $55,000 
in potential annual savings for each manufacturer (U.S. DOE, OIT, 1999). The IAC program also has 
produced manuals for self-assessment and auditing. IAC programs may help to reduce the information 
gaps for small and medium enterprises (SMEs) and improve their willingness to invest. 

Facilities that qualify for this service are manufacturing facilities that generate a product (SIC codes 20­
39), and meet at least three of the following criteria: 

- Fewer than 500 employees at a given plant; 
- Less than $75 million gross sales per year; 
- Maximum energy bill of $1.75 million per year; 
- No in-house energy expertise. 

Most clients of the IAC centers are currently in food processing and metals manufacturing, due to the 
higher presence of small and medium sized enterprises in these sectors. Historically, IAC assessments 
have identified the most retrofit opportunities in lighting, HVAC and building envelopes, heat recovery 
and containment, compressors, and motors in small and medium sized enterprises. The largest energy 
savings have typically been found in the food processing (SIC 20), textiles (SIC 22), and fabricated 
metals (SIC 34) industries. Significant energy savings have also been realized in the lumber and wood 
products (SIC 24), paper and allied products (SIC 26), stone, clay, and glass products (SIC 32), primary 
metals industries (SIC33), industrial machinery and equipment (SIC 35), rubber and miscellaneous 
plastics products (SIC 30), and chemicals and allied products (SIC 28). An analysis of the 3914 
assessments conducted between 1981 and 1992 showed total energy savings of 9.45 TBtu, averaging just 
under 2500 MBtu per assessment. Currently, the 30 IACs perform approximately 30 assessments annually 
(new centers only perform 15 the first year) for an average of 750 assessments per year. On average, the 
annual energy savings are calculated to be approximately 1.8 TBtu. 

Current Funding Level: 
The IAC Program receives approximately $8.2 million annually (an average of $11,000 for each of the 
750 assessments performed each year). Administrative charges associated with this program are $0.53M. 
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Business-As-Usual Scenario Assumptions: 
No substantial changes in funding levels are expected under the business-as-usual scenario (Muller, 
1999). Under the business-as-usual scenario, we assume that the current funding level and current 
program effort and associated energy savings levels remain constant between 2000 and 2020. 

Moderate Scenario: 
Timing and Funding Level: 
IAC programs will be increased in 2000, with programs remaining at the same level throughout the 
analysis period (2000-2020). Funding for the IACs increases to $14 million annually (averaging $11,000 
per assessment), with additional administrative costs of $0.89M. 

Description of Program Expansion: 
Under the moderate scenario, we assume that the number of IACs increases to 35 (allowing new centers 
to be established in under-served cities) and that, due to integration with both business schools and local 
community colleges, the number of assessments increases to approximately 36 per year per center, 
leading to 1265 assessments per year. There would also be a focus on increased follow-up with industrial 
clients to improve the rate of implementation of the IAC centers  recommendations and on the 
implementation of emerging technologies, which we estimate would increase the energy savings per 
assessment to 3000 MBtu, leading to annual energy savings of 3.8 TBtu per year. 

Modeled in CEF-NEMS? 
Energy savings from IAC assessments are accounted for in NEMS in the existing plant UECs. These 
UECs are reduced slightly in the moderate scenario to incorporate the savings that result from 
implementation of energy-saving measures identified by these assessments. The reductions are reflected 
in all subsectors, with the largest savings in the following NEMS sectors: food, metals-based durables, 
other manufacturing, glass, steel, primary aluminum, and chemicals. In CEF-NEMS, expanded 
assessment programs lead to improved TPCs in existing equipment in all sectors. 

Advanced Scenario: 
Timing and Funding Level: 
IAC programs will be increased in 2000, with programs remaining at the same level throughout the 
analysis period (2000-2020). Funding for IACs is increased to $22 million per year (averaging $11,000 
per assessment), with additional administrative costs of $1.4M. 

Description of Program Expansion: 
Under the advanced scenario, we assume that the number of IACs further increases to 50 and that the 
number of assessments increases to 40 per year per center, for a total of about 2000 audits per year. In 
addition, the work of the centers is expanded to include development of comprehensive energy plans for 
the audited industries. Developing such corporate energy plans to implement and maintain energy-
efficient practices will focus industries on sustained efforts, modeled after programs run at various 
companies. The IACs also develop workshop programs for specific industries within their region. We 
assume that each assessment will now lead to an average savings of 4000 MBtu due to the increased 
desire on the part of industries to save energy now that the cost of carbon is $50/ton. Under this scenario, 
we estimate annual energy savings of 8 TBtu/year. 

Modeled in CEF-NEMS? 
Existing plant UECs are further reduced in the advanced scenario to incorporate the savings that result 
from implementation of energy-saving measures identified by these assessments. In CEF-NEMS, 
expanded assessment programs lead to improved TPCs in existing equipment. 
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 Category: Information Programs
 
Policy: Expanded Labeling and Procurement Programs
 

Con su me r i nf o rmat io n t o e nc ou ra g e de man d fo r e nv i ro nmen t al ly be ni gn pr od u ct s, e .g. e co -lab e ll in g , is a 
s te p to war ds mo re s u st ai n ab le p r od uc t io n th a t is ta ke n i n ma n y co un t ri es . For e x ampl e , th e  Bl ue An ge l 
p ro gr am ha s b ee n in ex is t en ce s i nc e 1 97 7 in Ge rma ny , an d i s u se d fo r a wi de a rr a y of pr od uc t s. Th e Blu e 
Ang el p ro gr a m la be l s pr o du ct s l ik e u nb le ac h ed, r ec yc le d p ap e r, a s wel l a s ma ny ot he r c ommo n  p ro d uc ts 
( e.g. c o mp ut e rs, pa i nt ). Th e la b el le d p ro du c ts g e ne ra ll y h av e a l owe r en v ir on me n ta l i mp ac t t ha n c ompe ti n g 
p ro du ct s, an d o ft en re su l t in e n er gy sa vi ng s d ue to t he us e o f le ss en er g y- in te n si ve ma te ri a ls o r r ec yc l ed 
mat er ia l s. To mai nt a in o b je ct iv i ty s ta nd ar d iz ed an d in d ep en d en t pr o ce du r es a re ne ed e d. The de si g n of t h e 
t es ti ng pr oc e du re s may t a ke a c o up le of y ea r s. Co rp or at e a nd go ve rn men ta l p ro cu r emen t p ro gr a ms o f 
l ab el le d p ro d uc ts a r e al s o es ta b li sh e d as ’mar ke t -p ul l’ in st r umen ts. The fe de ra l g ov e rnme nt ha s e st ab li s he d 
p ro cu re men t p ro gr ams f or en er gy co ns u mi ng e q ui pme nt ( FEMP) . The d es c ri be d e ff or t wou l d ex pa n d th e 
p ro gr am to o t he r pr o du ct s , e.g. ce me n t fo r p ub li c c on st r uc ti o n pr oj e ct s. 

Business-As-Usual Scenario: 
Current Policy/Program: 
There are currently no federal labeling programs, other than the Energy Star program which is an example 
of labeling products for energy efficiency, that label environmentally friendly products. 

Current Funding Level: 
There are currently no federal labeling programs. Hence, current funding levels are set at zero. 

Business-As-Usual Scenario Assumptions: 
Under the business-as-usual scenario we assume that no industrial product labeling or procurement 
programs are developed and implemented other than the already existing programs and products. 

Moderate Scenario: 
Timing and Funding Level: 
We assume the development of a federal eco-labeling program in the U.S., starting in 1999 and 
implemented by the year 2002. The program may be based on the experiences in the Energy Star 
program, which would reduce the start-up time of the program. The program will be slowly expanded to 
various products. Funding is needed for testing and evaluation procedures, as well as marketing. 
Development and initial public support for a product label is estimated to cost approximately $0.5M per 
product, including technical research, meetings and negotiations, and public outreach efforts (Thigpen, 
1999). We assume this funding level for development of a label for unbleached, recycled paper. For 
cement we assume a total funding package of $2.0M, to establish a practice of performance based cement 
standards, and active information dissemination to public and private agencies, responsible for cement 
procurement and specification, on the environmental advantages of blended cements. 

Description of Program Expansion: 
In the moderate scenario, we assume labeling of recycled/non-bleached paper, as well a change in 
practice of public procurement or specification policies. In both instances energy gains are achieved, and 
show environmental advantages. Thus, beginning in 2000, program costs for the moderate scenario are 
assumed to total $2.5M ($0.1M/year) for a total program savings of 53 TBtu in 2020 or an average of 
26.4 TBtu per year for the modeled period. 

Modeled in CEF-NEMS? 
Product labeling and procurement programs lead to increased use of waste or recycled materials. This has 
been implemented in CEF-NEMS through adjusting the throughputs of the process steps that are replaced 
by the use of these materials in CEF-NEMS in the paper and cement sectors. Clinker production is 
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reduced relative to the cement production volume. In the paper industry the throughput for waste paper is 
increased, decreasing the need for virgin pulp and wood. The throughput of the bleaching is reduced. 
Product Labeling Programs lead to increased use of recycled materials (adjustments in throughputs) in 
CEF-NEMS in the paper and cement sectors. 

Advanced Scenario: 
Timing and Funding Level: 
We assume that funding level double over the moderate scenario for the 2000-2020 period. 

Description of Program Expansion: 
In the advanced scenario, labeling will be expanded to other products containing relatively large amounts 
of recycled material (e.g. glass bottles). More active marketing will increase the visibility of labeled 
products, and increase demand. The program will also include enhanced procurement policies for federal, 
state, and municipal agencies, e.g. DOT, for labeled products. Thus, beginning in 2000, program costs for 
the moderate scenario are assumed to total $5M ($0.2M/year) for a total program savings of 119 TBtu in 
2020 or an average of 59 TBtu per year for the modeled period. 

Modeled in CEF-NEMS? 
Product labeling and procurement programs lead to increased use of waste or recycled materials. This has 
been implemented in NEMS through adjusting the throughputs of the process steps that are replaced by 
the use of these materials in CEF-NEMS in the paper and cement sectors. Clinker production is reduced 
relative to the cement production volume. In the paper industry is the throughput for waste paper 
increased, decreasing the need for virgin pulp and wood. The throughput of the bleaching is reduced. 
Product Labeling Programs lead to increased use of recycled materials (adjustments in throughputs) in 
CEF-NEMS in the paper and cement sectors. 
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 Catetory: Investment Enabling Programs
 
Policy: Expanded State Programs - State Industrial Energy Efficiency Programs
 

Business-As-Usual Scenario: 
Current Policy/Program: 
Currently many states and regional bodies have local industrial innovation and competitiveness programs 
(NIMAP, 1999), of which a number specifically aim at industrial energy efficiency improvement. In this 
description we excluded utility or ESCO programs (see description under expanded ESCO/utility 
programs). The NIMAP database identified 300 regional or state programs. Successful examples of 
energy programs can be found in Iowa, New York, Wisconsin, and other states. The Energy Center of 
Wisconsin focuses on demonstration projects. The NYSERDA program in New York focuses more on 
industrial R&D, while the LoanSTAR program in Texas focuses on demonstrating energy retrofit 
technologies. The Iowa Energy center focuses on agriculture and audits. The programs are active in 
information dissemination, auditing, demonstration, and R&D of industrial technologies. Recently, OIT 
has also started an effort to expand the IOF program to the state level. States Industries of the Future 
(SIOF) has activities in 50 states in various stages of development, and focus points (depending on the 
interests of local industries). There are no estimates of evaluations of estimated energy savings in the 
industrial sector available, making an estimate of the impact difficult. Generally, OIT projects have 
shown an investment of 0.71-1.42 $/MBtu saved annually (Quinn and Reed, 1997). Assuming a total 
budget of $85M, we estimate the industrial energy savings due to state programs at 60 TBtu. Currently 
less than half of the states participate in the OIT state activities, and the levels of activities vary as well. 
For example, Louisiana with a large chemical industry does not receive any funding for state projects. 

Current Funding Level: 
The current total funding level is difficult to estimate due to the scattered character and large number of 
programs. The Energy Center in Wisconsin had an 1998 operating budget of $4.5 million, of which 12% 
was specifically spent on industrial demonstration projects and 3% on industrial R&D (ECW, 1999). 
Other states run similar programs with varying budgets and emphases. The budgets for industrial 
activities in the state activities are often not published, making an analysis difficult. The budget for OIT 
funded state programs is $82.6 million for FY 1997 (OIT, 1999). A breakdown of the funding sources is 
not given. We estimate the total state expenditures in the U.S. on industrial energy efficiency programs at 
$85 million. 

Business-As-Usual Scenario Assumptions: 
Under the business-as-usual scenario we assume that current funding levels will remain at the 1997 level, 
and that the cost-effectiveness of the savings is similar to that of OIT-funded technology projects. 
Assuming a life-time of 10 years of the investments and technology developments, every dollar spent will 
save 7 to 14 MBtu over the lifetime of the investment. By 2020 total annual savings will be 600 
TBtu/year, assuming a budget of $85 million/year. These savings exclude ripple  effects to other sectors, 
and productivity increases (Quinn and Reed, 1997). 

Moderate Scenario: 
Timing and Funding Level: 
We assume that the funding of the programs at the state level is increased to a total level of $138 million 
starting in 2000, which represents a 50% increase over the business-as-usual scenario activities 
coordinated with OIT and additional state level funding of $10 million. This funding level is maintained 
throughout the scenario period. 

Description of Program Expansion: 
We assume that the efforts at the state level will be increased over the current levels so that most state 
programs include information dissemination, audits, demonstration, and R&D components and that 30 
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states fully participate in the program. This increase is maintained at the higher level throughout the 
scenario period. Annual funding of $130 million will result in annual energy savings of 93 TBtu (or 32 
TBtu over savings in the business-as-usual scenario). This is a conservative estimate based on the cost-
effectiveness of historical OIT technology projects. This excludes ripple  effects of spin-off technologies 
to other sectors, and the costs and potential energy savings from increased productivity (Quinn and Reed, 
1997). 

Modeled in CEF-NEMS? 
The current state efforts are able to focus on industries that are not necessarily part of the IOF industries 
or the energy-intensive industries. Efforts will vary by state, based on the relative importance of the 
various industrial sub-sector in each state. States are better equipped to build relationships with light 
manufacturing industries, as well as energy-intensive industries. We expect that a relative large part of the 
savings will be achieved in the light industry sectors in NEMS (e.g. food, metal durables, other 
manufacturing, and agriculture), as well in some energy-intensive industries (e.g. aluminum, glass, steel, 
some bulk chemicals). In the CEF-NEMS model, expanded State Industrial Energy Efficiency Programs 
lead to improved TPCs in existing equipment, improved TPCs in new equipment, accelerated retirement 
rates, and increased boiler efficiency in all sectors as well as improved building energy efficiency in the 
food, paper, chemicals, glass, cement, steel, aluminum, metals-based durables, and other manufacturing 
sectors. 

Advanced Scenario: 
Timing and Funding Level: 
In the advanced scenario state programs are further expanded, aiming to be more comprehensive with 
demonstration of technologies and practices across sub-sectors, auditing, active dissemination, and 
integration with other industrial innovation and environmental policies. The state programs aim especially 
with those sectors that have less easily access to federal funding and programs. The program is expected 
to increase in activity level from the year 2000 and 50 states will now be included in the program. 

In the advanced scenario the funding for state programs is further expanded, and doubled over the 
business-as-usual funding levels. We assume that the programs coordinated with OIT are doubled to $170 
million per year, and that independent state activities are increased by 50%, reflecting a serious public 
attention for and commitment to environmental policy. These increased funding levels are independent of 
revenues from public benefit charges, which are assumed to be used for standard performance 
contracting. Some of the revenues may be used for increased R&D, and some overlap with increased state 
spending may exist. In the advanced scenario we also expect the states currently without activities to 
develop programs. Total annual budget for industrial energy efficiency is estimated at $180 million. 

Description of Program Expansion: 
Annual funding of $190 million, will result in annual energy savings of 144 TBtu. The larger sizes of the 
programs and comprehensiveness will increase the cost-effectiveness slightly, from 1.4$/MBtu to 
1.25$/MBtu. We assume that these implemented measures have an average lifetime of 10 years. The 
estimate is based on the cost-effectiveness of historical OIT technology projects. This excludes ripple 
effects of spin-off technologies to other sectors, and the costs and potential energy savings from increased 
productivity (Quinn and Reed, 1997). 

Modeled in CEF-NEMS? 
We increase the expected energy savings from state programs, especially in those sectors that have less 
access to federal programs, e.g. food, light manufacturing, agriculture and mining, and industries that 
receive relative low levels of funding in the federal IOF program, e.g. petroleum refining, forest products. 
In the CEF-NEMS model, expanded State Industrial Energy Efficiency Programs lead to improved TPCs 
in existing equipment, improved TPCs in new equipment, accelerated retirement rates, and increased 
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boiler efficiency in all sectors as well as improved building energy efficiency in the food, paper,
 
chemicals, glass, cement, steel, aluminum, metals-based durables, and other manufacturing sectors.
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Catetory: Investment Enabling Programs
 
Policy: Expanded State Programs — Clean Air Partnership Fund
 

(see also Category: Regulations)
 

Business-As-Usual Scenario: 
Current Policy/Program: 
There are various ways to comply with the provisions of the Clean Air Act. Harmonized strategies to 
reduce air pollutant emissions and GHG emissions can be developed in all sectors and in the industrial 
sector (STAPPA/ALAPCO, 1999). Air pollution control measures are developed by state and local 
regulators and are described in a so-called State Implementation Plan (SIP). A SIP contains plans for 
inventories of emissions, modeling of efforts needed to attain or maintain a specified emission level, and a 
list of control measures and regulations to adopt and enforce the control strategies. While not all pollutant 
control measures may reduce GHG emissions, many GHG emission reduction measures will reduce 
pollutant emissions, especially of those processes combusting fuels. EPA has recently announced the 
Energy Efficiency and Renewable Energy Set-Aside Guidance (EPA, 1999), which will give regulators 
guidance in reducing pollutant emissions through energy efficiency measures. 

We expect the largest impact of the SIPs in non-attainment areas. Industrial energy use in non-attainment 
areas in industrial boilers is estimated at 28% of total industrial energy use in boilers (Bailey, 1999). We 
assume the same distribution for total industrial energy use. The GHG emission reduction will depend 
strongly on the measures that are implemented to reduce pollutant emissions, and are likely to vary by 
region (STAPPA/ALAPCO, 1999). This makes it difficult to estimate the energy efficiency improvement 
and GHG emission reduction potential. 

Current Funding Level: 
Implementation of SIPs is independent of funding levels for technology procurement or development, but 
is rather a re-orientation of means to reduce pollutant emissions in a more cost-effective way, reducing 
the need for expensive add-on control equipment. Cogeneration is an example of a technology that would 
be more attractive under such a re-orientation, reducing NOx-emissions (and other emissions depending 
on the fuels used), GHG emissions and energy costs for industries. The federal government is also 
developing the Clean Air Partnership Fund  that would distribute funds to state and local regulators to 
reduce pollutant and GHG emissions in an integrated way. Current plans assume a five year program with 
funding levels of 200 M$/year. Distribution of the budget is unclear, as it depends on local initiatives and 
needs. We will assume that 25% of the budget is spend on industrial projects (assuming a total fund of 
$100 million/year). For modeling purposes we assume an annual budget of $25 million/year for industry 
for the total modeling period, of which $20 million/year is considered investment enabling  and $5 
million/year is considered regulations . 

Business-As-Usual Scenario Assumptions: 
The development and implementation of integrated pollutant reduction strategies is currently under way. 
The plans for the Clean Air Partnership Fund  are also being developed. We assume that the modified 
SIPs can be implemented starting in the year 2000, followed soon by the availability of the Fund to local 
regulators. 

Moderate Scenario: 
Timing and Funding Level: 
In the moderate scenario we assume the same timing as in the business-as-usual scenario, i.e. start of 
implementation of the measures by the year 2000. 
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The funding of the Clean Air Partnership Fund  will increase to $150 million/year, of which $37.5 
million/year is allocated to industrial projects ($30 million/year as investment enabling  and $7.5 
million/year as regulations ). 

Description of Program Expansion: 
It is expected that under this scenario integrated approaches will increase in popularity under state and 
local regulators as a cost-effective way to reduce emissions. The increased funding level will make this 
approach also more attractive for industries. Integrated approaches will also allow industries to 
demonstrate new technologies to reduce emissions, without the current dangers of non-compliance. 
Black-liquor gasification is an example of a technology that needs to demonstration, but emission 
characteristics at a commercial scale are yet to be determined. 

Modeled in CEF-NEMS? 
The energy and GHG emission reductions will strongly depend on the nature of the measures taken, and 
on the local characteristics of the industrial air pollutant emissions. Based on model calculations 
reductions in CO2 emissions may vary between 0.2% to 3% per percent reduction in NOx emissions in 
the industrial sector (STAPPA/ALAPCO, 1999). The specific emission reductions in other criteria 
pollutants (ozone, PM) depend strongly on the mix of industrial activities in the non-attainment areas. 
These are model assessments based on a very limited data set for the industrial sector. Based on the model 
analysis we assume an average energy efficiency improvement rate of 1% per percent NOx emission 
reduction, or a 1.5% reduction in CO2 emissions per percent NOx emission reduction. In the CEF-NEMS 
model, expanded Clean Air/SIPs lead to improved TPCs in existing equipment, improved TPCs in new 
equipment, accelerated retirement rates, increased boiler efficiency, and increased use of cogeneration in 
the food, paper, chemicals, glass, cement, steel, aluminum, metals-based durables, and other 
manufacturing sectors. 

Advanced Scenario: 
Timing and Funding Level: 
In the advanced scenario we assume the same timing as in the business-as-usual scenario, i.e. start of 
implementation of the measures by the year 2000. Increased funding and increased attention for 
environmental issues will enhance the effectiveness of the program, by increased emphasis on GHG 
emission reductions in achieving criteria pollutant emission reductions. The funding level of the program 
is maintained at $200 million/year, of which 25%, or $50 million/year ($40 million/year as investment 
enabling  and $10 million/year as regulations ) is spent on industrial emission reduction project 
implementation. 

Description of Program Expansion: 
Increased attention on GHG emissions will increase the attractiveness of projects that have higher GHG 
emission reduction as a co-benefit, and increased funding will be directed towards these projects. This 
will result in a stronger specific GHG emission reduction, while attaining the criteria pollutant emission 
levels in the current non-attainment areas. The specific GHG emission reduction per unit of criteria 
pollutant emission reduction depends strongly on the various criteria pollutants, the needed reduction 
level of each of the pollutants, mix of industrial activities in the non-attainment area. Hence, the results 
will vary by area (STAPPA/ALAPCO, 1999), as will the GHG emission reduction. This is even more true 
for energy savings, as it depends on the measures implemented to reduce the pollutant emissions. A 
detailed study would be needed to assess all SIPs and SIP revisions, and regional opportunities for GHG 
emission reduction, which is outside the scope of this study. The savings will mainly be achieved in the 
manufacturing sector, due to the location of these industries in non-attainment areas. 
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Modeled in CEF-NEMS? 
The increased GHG emission reduction per unit of criteria pollutant emission is expected to result in an 
energy saving of 1.2% per percent criteria pollutant emission reduction. In the CEF-NEMS model, 
expanded Clean Air/SIPs lead to improved TPCs in existing equipment, improved TPCs in new 
equipment, accelerated retirement rates, increased boiler efficiency, and increased use of cogeneration in 
the food, paper, chemicals, glass, cement, steel, aluminum, metals-based durables, and other 
manufacturing sectors. 
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Category: Investment Enabling Programs
 
Policy: Expanded ESCO/Utility Programs
 

Business-As-Usual Scenario: 
Current Policy/Program: 
Currently many utilities have reduced the size of DSM programs in order to reduce operation costs in 
light of deregulation. Currently 19 states have introduced public benefit charges (or line charges ). The 
revenue of the public benefit charge will be used to fund projects in energy efficiency, R&D, renewable 
energy sources, as well as for low income households. The public benefit charge and the spending pattern 
will vary by state (Kushler, 1998; Kushler, 1999). We assume that the revenues will mainly be used to 
expand the work of ESCOs through standard performance contracting (Eto et al., 1998). 

Current Funding Level: 
Currently 19 states have plans to enforce public benefit charges, which in total will generate over $1.4 
Billion annually (Kushler, 1999). Some of the states have allocated the funding to different uses, spending 
53% on energy efficiency and 6% on R&D. In this study we assume that 50% is spend of the revenues is 
spend on energy efficiency programs, and of this half is spend on programs in the industrial sector. This is 
equal to $350 million/year. Energy savings are difficult to estimate. A dated analysis of 58 utility DSM 
programs has shown average costs of $0.04/kWh saved (Nadel,1990). The costs and achieved savings 
vary widely. A more recent analysis of bidding programs for commercial/industrial energy savings 
showed typical costs from $0.054 to $0.08 per kWh-saved (Goldman and Kito, 1994). 

Business-As-Usual Scenario Assumptions: 
The actual energy savings that can be achieved depend strongly on the design of the program, as well as 
the cost-effectiveness of the savings. Historically, DSM program performance has varied widely, and 
depends on factors like marketing, targeting of approaches, program procedures, level of financial 
incentives, and availability of technical assistance (Nadel, 1990). The future, types and effectiveness of 
these services and programs is unclear, and the next years will show how these programs will develop 
(Nadel et al., 1997). This will also allow an improved analysis of the cost-effectiveness of the bidding 
programs. For this assessment we will use a typical cost of $0.06/kWh-saved. The ESCO programs could 
result in savings of 5.8 TWh/year in electricity or equivalent in primary fuels. The cost data are often 
inaccurate, and it is unclear what costs are included in the analysis, making a reliable estimate of 
prospective savings of ESCO bidding programs difficult. 

Moderate Scenario: 
Timing and Funding Level: 
The public benefit charges are expected to be used in 20 states by the year 2000 and expanded to 30 states 
by 2005. We assume that the public benefit charges will be maintained at a level of 3 mills/kWh 
throughout the period until 2020. This will result in a total annual funding level of $600 million for 
industrial energy efficiency programs by the year 2005. 

Description of Program Expansion: 
The actual energy savings that can be achieved depend strongly on the design of the program, as well as 
the cost-effectiveness of the savings. We assume that the typical costs in the moderate scenario will 
slightly increase to $0.065 per kWh-saved, due to increased efforts targeting small industrial consumers. 
By the year 2005 this will result in approximate power savings of 9.2 TWh/year which is then maintained 
through 2020. For the 2000 to 2020 period, total funding for this program would be $1.19B ($564M/year) 
and energy savings would be just about 4800 TBtu (230 TBtu/year). 
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Modeled in CEF-NEMS? 
The funds will mainly be used for ESCO/utility programs targeting small and medium sized enterprises. 
We expect that most of the funding will be used to generate power savings (e.g. in buildings and some in 
processes), although some will also achieve fuel savings (e.g. building retrofits, CHP), as ESCOs are 
expected to have an integrated approach to energy efficiency improvement. Expanded ESCO/utility 
programs lead to improved TPCs in existing equipment and increased use of cogeneration in the 
agriculture, mining, food, paper, chemicals, glass, cement, steel, metals-based durables, and other 
manufacturing sectors in the CEF-NEMS model. In addition, these programs lead to improved buildings 
energy efficiency in the food, paper, chemicals, glass, cement, steel, metals-based durables, and other 
manufacturing sectors. 

Advanced Scenario: 
Timing and Funding Level: 
We assume that the public benefit charges are used throughout the U.S. by 2010. Public benefit charges 
will be charged from the year 2000 for 20 states, and expanding to all U.S. electricity consumption by 
2010. The public benefit charges are assumed to be 3 mills/kWh on average. This will result in a total 
annual funding level of $350 million in 2000 for industrial energy efficiency programs. This will increase 
to over $2 billion for industrial energy efficiency projects alone (assuming that 25% is spent on industrial 
projects) by 2020. 

Description of Program Expansion: 
Higher typical costs, as it is more difficult to reach a larger group of customers. We will assume 
$0.07/kWh-saved. Energy savings increase to 28 TWh/year by 2010 and beyond. For the 2000 to 2020 
period, total funding for this program would be $30.2B ($1.4B/year) and energy savings would be just 
about 7010 TBtu (334 TBtu/year). 

Modeled in CEF-NEMS? 
The funds will mainly be used for ESCO/utility programs targeting small and medium sized enterprises. 
We expect that most of the funding will be used to generate power savings (e.g. in buildings and some in 
processes), although some will also achieve fuel savings (e.g. building retrofits, CHP), as ESCOs are 
expected to have an integrated approach to energy efficiency improvement. In the advanced scenario 
there will be a stronger emphasis on small companies, a more difficult group of industries to reach. This 
will lead to higher typical costs. Expanded ESCO/utility programs lead to improved TPCs in existing 
equipment and increased use of cogeneration in the agriculture, mining, food, paper, chemicals, glass, 
cement, steel, metals-based durables, and other manufacturing sectors in the CEF-NEMS model. In 
addition, these programs lead to improved buildings energy efficiency in the food, paper, chemicals, 
glass, cement, steel, metals-based durables, and other manufacturing sectors. 
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 Category: Investment Enabling Programs
 
Policy: Financial Incentives - Tax Incentives for Energy Managers
 

Business-As-Usual Scenario: 
Current Policy/Program: 
Programs to promote energy managers have been advocated in the U.S. as a potentially important policy 
(Elliott et al., 1996), based on the experiences in various industries (e.g Nelson, 1994). However, no 
active policy has been pursued in the U.S. Various countries have experience with such programs, 
including Korea, Japan, Thailand, Finland and Portugal (Elliott et al., 1996), as well as Denmark and 
Italy. In Italy large industrial energy consumers were required to appoint an energy manager within the 
company (Rega and Mebane, 1994). This was enforced by law in 1982, and extended to other sectors in 
1991. The energy manager was to identify energy efficiency measures, monitor energy use, and prepare 
energy reporting to the government. The energy managers were supported by regional energy centers, set 
up by the national energy agency. Evaluation of the program showed that approximately 34% of the 
suggested measures were implemented within one year. In Denmark in 1996 a policy has been introduced 
that funds employment of energy managers in small and medium sized enterprises (Elm-Larsen, 1997). 
The energy manager may either have an advisory role, or be involved with the practical aspects of energy 
use in companies. Small and medium-sized enterprises (SMEs) often have limited resources, and lack 
staff to actively assess energy efficiency opportunities (see also the U.S. IAC program). The program 
subsidies can be up to 50% of the project costs, involving at least employing one energy manager. The 
funds for the subsidy are collected through a small energy and carbon tax levied in Denmark to all energy 
users. SMEs with less than 250 employees, and with a turnover less than the equivalent of $40 Million 
can participate in the project. Based on previous experiences, the energy managers are expected to save 5­
10% of the company s energy consumption. The program could build on the experiences in the IAC 
program, and provide employment opportunities for students trained in the IAC program. 

Current Funding Level: 
No programs exist today. 

Business-As-Usual Scenario Assumptions: 
No program is implemented in the baseline scenario. 

Moderate Scenario: 
Timing and Funding Level: 
The program is assumed to start in 2000 with a pilot program, with 5 industries per state. This is assumed 
to increase to a total of 5,000 companies. The program assumes a tax rebate of 50% of the salary of an 
energy manager (e.g. $ 40,000/year per site). The funding level starts with $10 M in 2000 and is 
maintained at this level for 5 years. After 2005 the program is expected to grow to the participation level 
of 5,000 companies in 2020. Participation of 5,000 companies in 2020 will lead to a budget of $200 M by 
2020. Average annual costs are $87M for the 2000 to 2020 period. 

Description of Program Expansion: 
We assume that medium to large energy using industries will be most likely to use the tax rebate program, 
and hire and train new energy managers. Assuming average annual energy use of 60,000 MBtu per 
company or site (derived from the average energy use per site in the IAC program (IAC,1998)), and 
achieved energy savings of 7%, the total energy savings are estimated at 1.05 TBtu/year in 2000 — 2005. 
This will increase to 21 TBtu/year by 2020. 
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Modeled in CEF-NEMS? 
Tax incentives for energy managers will lead to increased TPCs in existing equipment in the agriculture, 
mining, food, paper, chemicals, glass, cement, steel, aluminum, metals-based durables, and other 
manufacturing sectors in CEF-NEMS. In addition, this program will lead to improved building energy 
efficiency in the food, paper, chemicals, glass, cement, steel, aluminum, metals-based durables, and other 
manufacturing sectors in CEF-NEMS. 

Advanced Scenario: 
Timing and Funding Level: 
The program is assumed to start in 2000 with a pilot program, with 5 industries per state. This is assumed 
to increase to a total of 5,000 companies. The program assumes a tax rebate of 50% of the salary of an 
energy manager (e.g. $ 40,000/year per site). The funding level starts with $10 M in 2000 and is 
maintained at this level for 5 years. After 2005 the program is expected to grow to the participation level 
of 10,000 companies in 2020. This will lead to a budget of $400 M by 2020. Average annual costs are 
$168 M for the 2000 to 2020 period. 

Description of Program Expansion: 
We assume that medium to large energy using industries will be most likely to use the tax rebate program, 
and hire and train new energy managers. Assuming average annual energy use of 60,000 MBtu per 
company or site, and achieved energy savings of 7%, the total energy savings are estimated at 1.05 
TBtu/year in 2000 — 2005, increasing to 42 TBtu/year by 2020. 

Modeled in CEF-NEMS? 
Tax incentives for energy managers will lead to increased TPCs in existing equipment in the agriculture, 
mining, food, paper, chemicals, glass, cement, steel, aluminum, metals-based durables, and other 
manufacturing sectors in CEF-NEMS. In addition, this program will lead to improved building energy 
efficiency in the food, paper, chemicals, glass, cement, steel, aluminum, metals-based durables, and other 
manufacturing sectors in CEF-NEMS. 
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Category: Investment Enabling Programs
 
Policy: Financial Incentives - Tax Rebates for Specific Industrial Technologies
 

Business-As-Usual Scenario: 
Current Policy/Program: 
As part of his climate change proposal, President Clinton announced support for $5 billion over 5 years in 
additional R&D efforts and tax cuts to stimulate energy efficiency and other technologies that reduce 
greenhouse gas emissions. The financial incentives and R&D expenditures would spur development and 
commercialization of advanced technologies and leverage larger private sector investments. If 
appropriated, this funding would help consumers and businesses reduce GHG emissions and bring about 
technology improvements that would benefit the economy (Geller et al., 1997).  No decision has yet been 
made about the balance of proposed spending between additional R&D expenditures and tax incentives 
(Elliott, 1999). 

Tax rebates typically are based on a share of the cost of purchasing highly efficient products and are 
intended to lower required capital recovery rates. By covering a large fraction of the incremental cost of 
technologies, they reduce commercialization risk, increase the efficiency of new purchases and accelerate 
the turnover of capital stock. Investment-based incentives can be given to individual technologies (e.g., 
insulation for steam pipes) or for implementing audits recommendations. Tax rebate programs can suffer 
from free-rider problems, but may still achieve substantial energy savings (Farla and Blok, 1998). 

Current Proposed Funding Level: 
Specific technologies that have been discussed for the tax rebate program include: 

Black liquor gasification. Black liquor gasification is a leapfrogging  technology under development for 
the pulp and paper industry. Proposed funding level: Tax credits of about $750,000,000. (Geller et al., 
1997; Elliott, 1999) 

Advanced steel-making. Direct steelmaking technologies (i.e., smelt reduction: replacing the blast furnace 
and coke ovens with a coal-based smelter and direct reduction of iron oxides) could benefit from 
accelerated deployment techniques. At least seven direct steelmaking processes are under development 
worldwide. Incentives could be paid per tonne of steel, up to a maximum amount. Proposed funding level: 
Tax credits of about $500,000,000. (Geller et al., 1997; Elliott, 1999) 

Advanced aluminum cells. Work is currently being carried out on the development of new anodes and 
cathodes for electrolytic cells for aluminum production; the advanced cells would consume less electricity 
per unit of aluminum produced, and would have lower direct emissions of carbon and other greenhouse 
gases. Financial incentives for early adopters could spur the commercialization and diffusion of these 
technologies in the United States. Proposed funding level: Tax credits of about $500,000,000. (Geller et 
al., 1997; Elliott, 1999) 

Other potential tax incentive initiatives in the industrial sector could include improved aluminum smelting 
technologies and major chemical production processes. These incentives could be made available for up 
to ten years, assuming that they are initiated in 1999 or 2000 (Elliott, 1999). 

Business-As-Usual Scenario Assumptions: 
Under the BAU-scenario we assume that the tax credit program will be approximately $1 Billion/year. 
Industrial projects (including cogeneration) are assumed to receive 25% of the tax rebates, or equivalent 
to $250 million/year. It is assumed that a select set of technologies is eligible for the tax rebate, e.g. 
industrial cogeneration, advanced control systems, black liqour gasification, near net shape casting, and 
other select advanced technologies. 
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Moderate Scenario: 
Timing and Funding Level: 
In the moderate scenario we assume that the tax rebate program as proposed by the Clinton government 
will expand from its original level of $1 billion/year to $1.5 billion/year by 2005, and remain at this level 
until 2020. 

Description of Program Expansion: 
The expanded program will be aimed at the implementation of advanced technologies. In the early years 
this will include industrial cogeneration, roller kilns, autothermal reforming, black liqour gasification, 
near net shape casting. After 2005 it will also include advanced technologies, now under demonstration or 
development, e.g. smelt reduction, advanced (catalytic) membrane applications, and impulse drying. 
Similar to cogeneration, the program is expected to give a tax rebate approximately equal to 8-10% of the 
investments. 

Modeled in CEF-NEMS? 
Tax rebates for specific industrial technologies will lead to increased TPCs in new equipment and 
accelerated retirement rates in the food, paper, chemicals, glass, cement, steel, aluminum, metals-based 
durables, and other manufacturing sectors in CEF-NEMS. 

Advanced Scenario: 
Timing and Funding Level: 
In the moderate scenario we assume that the tax rebate program as proposed by the Clinton government 
will expand from its original level of $1 billion/year to $2.0 billion/year by 2005, and remain at this level 
until 2020. 

Description of Program Expansion: 
The expanded program will be aimed at the implementation of advanced technologies. In the early years 
this will include industrial cogeneration, roller kilns, autothermal reforming, black liquor gasification, 
near net shape casting. After 2005 it will also include advanced technologies, now under demonstration or 
development, e.g. smelt reduction, advanced (catalytic) membrane applications, and impulse drying. The 
higher funding level is expected to accelerate adoption of these technologies within the analysis period of 
the study. Like for cogeneration the program is expected to give a tax rebate approximately equal to 8­
10% of the investments. 

Modeled in CEF-NEMS? 
Tax rebates for specific industrial technologies will lead to increased TPCs in new equipment and 
accelerated retirement rates in the food, paper, chemicals, glass, cement, steel, aluminum, metals-based 
durables, and other manufacturing sectors in CEF-NEMS. 
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Category: Investment Enabling Programs
 
Policy: Financial Incentives — Investment Tax Credit for Combined Heat and Power (CHP)
 

Systems
 

Business-As-Usual Scenario: 
Current Policy/Program: 
This policy would establish an 8% investment credit for qualified CHP systems with an electrical capacity 
in excess of 50 kilowatts or with a capacity to produce mechanical power in excess of 67 horsepower (or 
equivalent combination of electrical and mechanical energy capacities). A qualified CHP system would 
be required to produce at least 20 percent of its total useful energy in the form of thermal energy and at 
least 20 percent of its total useful energy in the form of electrical or mechanical power (or a combination 
thereof). 

For CHP systems with an electrical capacity of 50 megawatts (or a mechanical energy capacity in excess 
of 67,000 horsepower), the total energy efficiency of the system would have to exceed 70 percent. For 
smaller systems, the total energy efficiency would have to exceed 60 percent. For this purpose, total 
energy efficiency would be calculated as the sum of the useful electrical, thermal, and mechanical power 
produced by the system at normal operating rates, measured on a Btu basis, divided by the lower heating 
value of the primary fuel source for the system supplied. 

Current Funding Level: 
This tax credit would start in 2000 and be terminated in 2003. The program would give an 8% investment 
credit for qualifying CHP units. This funding level in this period is expected to be around $100 Million. 
In the BAU scenario we assume that the program is not extended after 2003. 

Business-As-Usual Scenario Assumptions: 
The CHP tax credit scheme is assumed to be in place from 2000 till 2003. The program is expected to 
contribute to the expansion of industrial CHP and result in estimated CO2 emission reduction of 0.15 
MtC by 2010 (EIA, 1999). 

Moderate Scenario: 
Timing and Funding Level: 
In the moderate scenario it is expected that the tax credit scheme is maintained at the 2000-2003 level, 
until 2002, followed by an accelerated depreciation scheme for qualifying CHP units. The annual costs 
are estimated at $100 Million, and assumed to result in similar energy savings as the tax credit scheme. 

Description of Program Expansion: 
The program is maintained throughout the modeled period, and is expected to contribute to the expansion 
of CHP in industry, as well as third party (merchant) producers at industrial sites. The program is 
expected to contribute to the expansion of industrial CHP. 

Modeled in CEF-NEMS? 
Investment tax credits for CHP systems will lead to increased use of cogeneration in all sectors where 
steam is used in CEF-NEMS. 

Advanced Scenario: 
Timing and Funding Level: 
In the advanced scenario it is expected that the tax credit scheme is maintained at a level of $100 Million 
for the period 2000-2020, and is augmented with a scheme for accelerated depreciation of qualifying CHP 
untis. The investment credit remains at 8% for qualifying CHP units. After 2005, higher credit levels are 
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available for advanced cogeneration systems, including advanced turbines, gas turbines for industrial 
furnaces, high efficiency systems using waste gases, and for industrial applications of fuel cells. 

Description of Program Expansion: 
The program is maintained throughout the modeled period, and is expected to contribute to the expansion 
of CHP in industry, as well as third party (merchant) producers at industrial sites. The program is 
expected to contribute to the expansion of industrial CHP. 

Modeled in CEF-NEMS? 
Investment tax credits for CHP systems will lead to increased use of cogeneration in all sectors where 
steam is used in CEF-NEMS. 
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Category: Regulations
 
Policy: Motors Standards and Certification
 

Business-As-Usual Scenario: 
Current Policy/Program: 
The 1992 Energy Policy Act (EPACT) contains standards that apply to all integral horsepower, general 
purpose, AC induction motors from 1 to 200 hp. These motors constitute 50 to 70% of all motors sold in 
the relevant horsepower classes. 

Current Funding Level: 
Implementation of the motor efficiency standards under EPACT is estimated to cost $10 million/year. 

Business-As-Usual Scenario Assumptions: 
Under the BAU scenario, we assume that EPACT is continued through 2020. Additional energy savings 
from EPACT motors regulations starting in 2000 have been estimated to be 104 TBtu/year by 2010 and 
remain at approximately that level through 2020. This results in average annual energy savings over the 
2000 to 2020 period of 77 TBtu. 

Moderate Scenario: 
Timing and Funding Level: 
Energy-efficient motor standards and certification requirements begin in 2000 and are enforced through 
2020. Annual program funding requirements are estimated to increase to about $15 million/year. 

Description of Program Expansion: 
The expanded regulations mandate upgrade of all motors to EPACT standards by 2020, extend standards 
to all motors not currently governed by EPACT, and enforce 100% compliance by 2020. In addition, 
rewind practices are improved by promoting a national repair standard (EASA-Q). Certification and 
licensing of rewind shops by 2004 is also instituted. Supplies specifications for motor purchases and 
increases energy-efficiency requirements to EPACT standards (by extending standards to all motors not 
currently governed by EPACT). 

Modeled in CEF-NEMS? 
Motors are a cross-cutting technology and are found in all industrial sectors in the CEF-NEMS model. 
Under the moderate scenario, we assume that the impacts are largest in the industrial sectors that the 
Motor Challenge program is currently targeting, although savings are spread throughout the 
manufacturing and non-manufacturing sectors. In CEF-NEMS, motors standards and certification lead to 
improved TPCs in existing equipment, improved TPCs in new equipment, and accelerated retirement 
rates in all sectors. 

Advanced Scenario: 
Timing and Funding Level: 
Energy-efficient motor standards and certification requirements begin in 2000 and are enforced through 
2020. Annual funding requirements are estimated to increase to about $25 million/year. 

Description of Program Expansion: 
The expanded regulations mandate upgrade of all motors to CEE standards by 2020, extend standards to 
all motors not currently governed by CEE and enforce 100% compliance by 2020. Improves rewind 
practices and mandates national repair standard (EASA-Q) into law by 2004. In addition, certification and 
licensing of rewind shops is mandated by 2004. 
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Modeled in CEF-NEMS? 
In CEF-NEMS, motors standards and certification lead to improved TPCs in existing equipment, 
improved TPCs in new equipment, and accelerated retirement rates in all sectors. 
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Catetory: Regulations
 
Policy: Expanded State Programs — SIPs/Clean Air Partnership Fund
 

(see also Category: Investment Enabling)
 

Business-As-Usual Scenario: 
Current Policy/Program: 
There are various ways to comply with the provisions of the Clean Air Act. Harmonized strategies to 
reduce air pollutant emissions and GHG emissions can be developed in all sectors and in the industrial 
sector (STAPPA/ALAPCO, 1999). Air pollution control measures are developed by state and local 
regulators and are described in a so-called State Implementation Plan (SIP). A SIP contains plans for 
inventories of emissions, modeling of efforts needed to attain or maintain a specified emission level, and a 
list of control measures and regulations to adopt and enforce the control strategies. While not all pollutant 
control measures may reduce GHG emissions, many GHG emission reduction measures will reduce 
pollutant emissions, especially of those processes combusting fuels. EPA has recently announced the 
Energy Efficiency and Renewable Energy Set-Aside Guidance (EPA, 1999), which will give regulators 
guidance in reducing pollutant emissions through energy efficiency measures. 

We expect the largest impact of the SIPs in non-attainment areas. Industrial energy use in non-attainment 
areas in industrial boilers is estimated at 28% of total industrial energy use in boilers (Bailey, 1999). We 
assume the same distribution for total industrial energy use. The GHG emission reduction will depend 
strongly on the measures that are implemented to reduce pollutant emissions, and are likely to vary by 
region (STAPPA/ALAPCO, 1999). This makes it difficult to estimate the energy efficiency improvement 
and GHG emission reduction potential. 

Current Funding Level: 
Implementation of SIPs is independent of funding levels for technology procurement or development, but 
is rather a re-orientation of means to reduce pollutant emissions in a more cost-effective way, reducing 
the need for expensive add-on control equipment. Cogeneration is an example of a technology that would 
be more attractive under such a re-orientation, reducing NOx-emissions (and other emissions depending 
on the fuels used), GHG emissions and energy costs for industries. The federal government is also 
developing the Clean Air Partnership Fund  that would distribute funds to state and local regulators to 
reduce pollutant and GHG emissions in an integrated way. Current plans assume a five year program with 
funding levels of 200 M$/year. Distribution of the budget is unclear, as it depends on local initiatives and 
needs. We will assume that 25% of the budget is spend on industrial projects (assuming a total fund of 
$100 million/year). For modeling purposes we assume an annual budget of $25 million/year for industry 
for the total modeling period, of which $20 million/year is considered investment enabling  and $5 
million/year is considered regulations . 

Business-As-Usual Scenario Assumptions: 
The development and implementation of integrated pollutant reduction strategies is currently under way. 
The plans for the Clean Air Partnership Fund  are also being developed. We assume that the modified 
SIPs can be implemented starting in the year 2000, followed soon by the availability of the Fund to local 
regulators. 

Moderate Scenario: 
Timing and Funding Level: 
In the moderate scenario we assume the same timing as in the business-as-usual scenario, i.e. start of 
implementation of the measures by the year 2000. 
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The funding of the Clean Air Partnership Fund  will increase to $150 million/year, of which $37.5 
million/year is allocated to industrial projects ($30 million/year as investment enabling  and $7.5 
million/year as regulations ). 

Description of Program Expansion: 
It is expected that under this scenario integrated approaches will increase in popularity under state and 
local regulators as a cost-effective way to reduce emissions. The increased funding level will make this 
approach also more attractive for industries. Integrated approaches will also allow industries to 
demonstrate new technologies to reduce emissions, without the current dangers of non-compliance. 
Black-liquor gasification is an example of a technology that needs to demonstration, but emission 
characteristics at a commercial scale are yet to be determined. 

Modeled in CEF-NEMS? 
The energy and GHG emission reductions will strongly depend on the nature of the measures taken, and 
on the local characteristics of the industrial air pollutant emissions. Based on model calculations 
reductions in CO2 emissions may vary between 0.2% to 3% per percent reduction in NOx emissions in 
the industrial sector (STAPPA/ALAPCO, 1999). The specific emission reductions in other criteria 
pollutants (ozone, PM) depend strongly on the mix of industrial activities in the non-attainment areas. 
These are model assessments based on a very limited data set for the industrial sector. Based on the model 
analysis we assume an average energy efficiency improvement rate of 1% per percent NOx emission 
reduction, or a 1.5% reduction in CO2 emissions per percent NOx emission reduction. In the CEF-NEMS 
model, expanded Clean Air/SIPs lead to improved TPCs in existing equipment, improved TPCs in new 
equipment, accelerated retirement rates, increased boiler efficiency, and increased use of cogeneration in 
the food, paper, chemicals, glass, cement, steel, aluminum, metals-based durables, and other 
manufacturing sectors. 

Advanced Scenario: 
Timing and Funding Level: 
In the advanced scenario we assume the same timing as in the business-as-usual scenario, i.e. start of 
implementation of the measures by the year 2000. Increased funding and increased attention for 
environmental issues will enhance the effectiveness of the program, by increased emphasis on GHG 
emission reductions in achieving criteria pollutant emission reductions. The funding level of the program 
is maintained at $200 million/year, of which 25%, or $50 million/year ($40 million/year as investment 
enabling  and $10 million/year as regulations ) is spent on industrial emission reduction project 
implementation. 

Description of Program Expansion: 
Increased attention on GHG emissions will increase the attractiveness of projects that have higher GHG 
emission reduction as a co-benefit, and increased funding will be directed towards these projects. This 
will result in a stronger specific GHG emission reduction, while attaining the criteria pollutant emission 
levels in the current non-attainment areas. The specific GHG emission reduction per unit of criteria 
pollutant emission reduction depends strongly on the various criteria pollutants, the needed reduction 
level of each of the pollutants, mix of industrial activities in the non-attainment area. Hence, the results 
will vary by area (STAPPA/ALAPCO, 1999), as will the GHG emission reduction. This is even more true 
for energy savings, as it depends on the measures implemented to reduce the pollutant emissions. A 
detailed study would be needed to assess all SIPs and SIP revisions, and regional opportunities for GHG 
emission reduction, which is outside the scope of this study. The savings will mainly be achieved in the 
manufacturing sector, due to the location of these industries in non-attainment areas. 
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Modeled in CEF-NEMS? 
The increased GHG emission reduction per unit of criteria pollutant emission is expected to result in an 
energy saving of 1.2% per percent criteria pollutant emission reduction. In the CEF-NEMS model, 
expanded Clean Air/SIPs lead to improved TPCs in existing equipment, improved TPCs in new 
equipment, accelerated retirement rates, increased boiler efficiency, and increased use of cogeneration in 
the food, paper, chemicals, glass, cement, steel, aluminum, metals-based durables, and other 
manufacturing sectors. 
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Category: Research & Development Programs
 
Policy: Expanded Demonstration Programs
 

Business-As-Usual Scenario: 
Current Policy/Program: 
Demonstration programs, such as DOE s National Industrial Competitiveness through Energy, 
Environment, and Economics (NICE3), improve industry energy efficiency, reduce industry’s costs, and 
promote clean production. Grants support innovative technology deployment that can significantly 
conserve energy and energy-intensive feedstocks, reduce industrial wastes, prevent pollution, and 
improve cost competitiveness. After the initial funding, the awardee is expected to commercialize the 
process or technology. 

The NICE3 grant program provides funding to state and industry partnerships for projects that develop and 
demonstrate advances in energy efficiency and clean production technologies. Since 1991, NICE3 has 
sponsored 87 projects more than half of these with small businesses leveraging $25.3 million in 
federal funds and $78.5 million in state and industry funds. Industry applicants submit project proposals 
through a state energy, pollution prevention, or business development office. Industry/state awardees 
receive a one-time grant of up to $425,000 for the proposed project. Grants fund up to 50% of total 
project cost for up to 3 years (U.S. DOE, OIT, 1999). The existing program is expected to save 0.09 to 
0.16 quads of energy in the industrial sector by 2010. We calculate that, on average, NICE3 sponsored 
close to 11 programs per year at a cost of $13M per year (or $1.2 M/project), with annual energy savings 
(between 2000 and 2010) of 12.5 TBtu. 

The NICE3 program currently focuses on the following industries (# of projects): agriculture (1), 
aluminum (6), chemicals (13), forest products (10), glass (2), metal casting (4), petroleum (3), steel (8), 
other industries: electroplating/galvanizing (4), electronics (2), food (4), general manufacturing (10), 
printing (1), textiles (3). 

Current Funding Level: 
On March 12, 1999, Secretary of Energy Bill Richardson announced the awards for 1999, totaling more 
than $2.1 million for six U.S. manufacturing companies. The grants from DOE/OIT range from $211,000 
to $425,000, and the award recipients will contribute more than $3 million. (U.S. DOE, OIT, 1999). Total 
1999 federal funding is $5.9M and administrative costs are $0.38M (U.S. DOE, 1999). 

Business-As-Usual Scenario Assumptions: 
Under the business-as-usual scenario, we assume that the savings projected from the 1991 to 1998 
funding are realized in the 2000 to 2010 period. We further assume that the 1999 funding level of 
approximately $6M is continued through 2015, with associated administrative costs of $0.4M/year. Thus, 
annual energy savings under the business-as-usual scenario are 12.5 TBtu from 2000 through 2010. In 
2005, the results of the 1999 funding of $5.9M add 0.6 TBtu per year until 2015. An additional 7 TBtu 
per year are also realized from 2005 to 2015 as a result of the continuation of the 1999 funding levels 
through 2015. Due to the assumed 5-year lag in energy savings realization from these programs, another 
6.3 TBtu savings continue to be realized through 2020. Beginning in 2000, program costs for the 
business-as-usual scenario are assumed to total $102.4M for a total program savings (2000 through 2020) 
of 245 TBtu, or an average of 12.2 TBtu/year. It must be noted that about 138 TBtu of these savings are 
the result of pre-2000 funding. 

Moderate Scenario: 
Timing and Funding Level: 
Demonstration programs will be increased in 2000 to an effort slightly above the level that occurred 
between 1991 and 1998, with programs remaining at the same level throughout the analysis period (2000­
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2020). Federal funding for demonstration programs will be increased to about $8M project funds and 
$1M administrative costs, with assumed contributions from industry growing to $10M in 2000, with 
funding remaining at the same level throughout the analysis period (2000-2020). 

Description of Program Expansion: 
Annual funding of $19M will support 15 demonstration projects per year, saving roughly 17.3 TBtu/year 
between 2005 and 2025). Between 2005 and 2010, these savings are additional to the savings projected 
from the program during the 1991-1999 period. Thus, annual energy savings under the moderate scenario 
are 12.5 TBtu from 2000 through 2010 due to previous funding. An additional 17.3 TBtu/year are also 
realized from 2005 to 2020 as a result of the annual funding of $19M envisioned under this scenario. 
Beginning in 2000, program costs for the moderate scenario are assumed to total $402M for a total 
program savings (2000 through 2020) of about 415 TBtu, or an average of 20.7 TBtu/year. It must be 
noted that about 138 TBtu of these savings are the result of pre-2000 funding. 

Modeled in CEF-NEMS? 
NICE3 demonstration programs are found in many of the industrial subsectors. The NEMS subsectors that 
currently have the most NICE3 projects are chemicals, paper, other manufacturing, steel, and aluminum. 
Under the moderate scenario, we assume that demonstration programs are continued in these sectors, 
expanded in the other sectors already addressed by NICE3, and extended to include the mining and 
construction sectors. In CEF-NEMS, expanded demonstration programs result in improved TPCs in 
existing equipment, improved TPCs in new equipment, and accelerated retirement rates in all sectors. 

Advanced Scenario: 
Timing and Funding Level: 
The demonstration programs will be increased over the moderate scenario level beginning in 2000, with 
programs remaining at the same level throughout the analysis period (2000-2020). Federal funding for 
demonstration programs will be increased to about $10M project funds and $1.4M administrative costs, 
with assumed contributions from industry growing to $12M in 2000, with funding remaining at the same 
level throughout the analysis period (2000-2020). 

Description of Program Expansion: 
Demonstration programs are further expanded to federal and state programs (following the example of 
NYSERDA in New York and other states), aiming to be more comprehensive with demonstration across 
sub-sectors and involving various applications. Active dissemination and improved eligibility for tax 
rebate support, are added to the programs. Annual funding of $20M will support about 18 demonstration 
projects per year, saving roughly 21.2 TBtu/year between 2005 and 2025). Between 2005 and 2010, these 
savings are additional to the savings projected from the program during the 1991-1999 period. Thus, 
annual energy savings under the advanced scenario are 12.5 TBtu from 2000 through 2010 due to 
previous funding. An additional 21.2 TBtu/year are also realized from 2005 through 2020 as a result of 
the annual funding of $23.4M envisioned under this scenario. Beginning in 2000, program costs for the 
advanced scenario are assumed to total $492M for a total program savings (2000 through 2020) of 477 
TBtu, or an average 24 TBtu/year. It must be noted that about 138 TBtu of these savings are the result of 
pre-2000 funding. 

Modeled in CEF-NEMS? 
The demonstration programs will have an increased impact in sectors that currently do not have a large 
number of demonstration programs, including agriculture, glass, petroleum refining, food, mining, and 
cement. In CEF-NEMS, expanded demonstration programs result in improved TPCs in existing 
equipment, improved TPCs in new equipment, and accelerated retirement rates in all sectors. 
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Category: Research & Development Programs
 
Policy: Expanded R&D Programs — Industries of the Future
 

Business-As-Usual Scenario: 
Current Policy/Program: 
The DOE/OIT Industries of the Future (IOF) strategy creating partnerships among industry, 
government, and supporting laboratories and institutions to stimulate technology research, development, 
and deployment is being implemented in nine energy- and waste-intensive industries: 

Agriculture 
Aluminum 
Chemicals 
Forest Products 
Glass 
Metal Casting 
Mining 
Petroleum 
Steel 

The IOF strategy is based on the preparation of documents outlining each industry’s vision for the future, 
along with technology roadmaps  identifying the technologies that will be needed to reach that industry’s 
goals. Potential technologies are assessed and selected for funding by DOE and the industries. The 
Laboratory Coordinating Council (LCC) responds to the IOF research needs by streamlining industries’ 
access to the expertise and capabilities of DOE’s national laboratories and facilities (U.S. DOE, OIT, 
1999). IOF projects are expected to improve the profitability of technologies after the year 2010 
(STAPPA/ALAPCO, 1999). Estimated savings from the current portfolio (based on funding to date of 
approximately $235M) are 0.71 quads by 2010 and 3.13 quads by 2020, resulting in reduced carbon 
emissions of 13.33 MtC by 2010 and 60.45 MtC by 2020 (U.S. DOE, 1999). The goal of the IOF program 
is to achieve annual carbon emission reductions of 29 MtC by 2010, as described in the Report to 
Congress on Federal Climate Change Expenditures. 

Current Funding Level: 
The IOF (Specific) Program was funded for $52.2M in 1998 and $57.5M in 1999. Additional costs of 
about 15% of the IOF (Specific) program budget are required for management and planning, leading to 
funding levels of $55.4 M in 1998, $60.1M in 1999. The 2000 budget request is for $74M (U.S. DOE, 
1999). 

Business-As-Usual Scenario Assumptions: 
In the business-as-usual scenario, we assume that only $65M is actually funded (based on past budget 
requests and resulting funding levels), so the resulting annual spending (when funds for management and 
planning are added) is $78M from 2000 through 2020. 

Moderate Scenario: 
Timing and Funding Level: 
The IOF (Specific) Program is increased 50% over the current effort beginning in the year 2000 and 
continued at that level through 2020. Doubling the IOF (Specific) Program would lead to expenditures of 
$117M per year beginning in 2000 and continuing at that level through 2020. 

Description of Program Expansion: 
The IOF program is expanded to increase R&D efforts in all industries currently in the program. 
Assuming the same success rate in realization of energy savings and carbon emissions reductions as has 
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occurred in the past, the increase in funding in this scenario will lead to total energy savings in 2020 of 
6.2 quads (286 TBtu/year) and total carbon emissions reductions of 103 MtC (5.5 MtC/year). 

Modeled in CEF-NEMS? 
All of the IOF industries are included in the NEMS model, although the mapping between the IOF 
industries and NEMS subsectors is not exact. Since IOF efforts are focused on research and development 
of future technologies, we consider that this program leads to improved TPCs in new plant equipment, 
accelerated retirement rates, and in the additional R&D savings in the 2010 to 2020 period in the 
agriculture, mining, paper, chemicals, glass, cement, steel, aluminum, and metals-based durables sectors 
in CEF-NEMS model. 

Advanced Scenario: 
Timing and Funding Level: 
The IOF (Specific) Program is doubled over the current effort beginning in the year 2000 and continued 
at that level through 2020. Doubling of the IOF (Specific) Program would lead to expenditures of $156M 
per year beginning in 2000 and continuing at that level through 2020. 

Description of Program Expansion: 
The IOF program is expanded to increase R&D efforts in all industries currently in the program as well as 
a number of smaller other manufacturing  industries. Assuming the same success rate in realization of 
energy savings and carbon emissions reductions as has occurred in the past, the increase in funding in this 
scenario will lead to total energy savings in 2020 of 9.3 quads (381 TBtu/year) and total carbon emissions 
reductions of 154 MtC (7.3 MtC/year). 

Modeled in CEF-NEMS? 
All of the IOF industries are included in the NEMS model, although the mapping between the IOF 
industries and NEMS subsectors is not exact. Since IOF efforts are focused on research and development 
of future technologies, we consider that this program leads to improved TPCs in new plant equipment, 
accelerated retirement rates, and in the additional R&D savings in the 2010 to 2020 period in the 
agriculture, mining, paper, chemicals, glass, cement, steel, aluminum, and metals-based durables sectors 
in CEF-NEMS model. 

References: 
Report to Congress on Federal Climate Change Expenditures, received from Energy Information 
Administration, Department of Energy, April 1999. 

STAPPA/ALAPCO, 1999. Reducing Greenhouse Gases and Air Pollution: A Menu of Harmonized 
Options, Washington, DC: State and Territorial Air Pollution Program Administrators 
(STAPPA)/Association of Local Air Pollution Control Officials (ALAPCO), October 1999. 

U.S. Department of Energy, 1999. FY 2000 Congressional Budget Request: Energy Efficiency and 
Renewable Energy, (http://www.cfo.doe.gov/budget/00budget/ec/industry.pdf). 

U.S. Department of Energy, Office of Industrial Technologies, 1999. Industries of the Future Web Site, 
(http://www.oit.doe.gov/industries.shtml). 
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Category: Research & Development Programs
 
Policy: Expanded R&D Programs — Other OIT R&D Programs
 

Business-As-Usual Scenario: 
Current Policy/Program: 
The Office of Industrial Technologies currently funds basic research in the areas of Enabling 
Technologies and Distributed Generation. The Enabling Technologies include engineered 
ceramics/continuous fiber ceramic composites, advanced industrial materials, combustion systems, and 
sensors and control technologies. The Distributed Generation programs focus on industrial power 
generation and industrial distributed generation (U.S. DOE, 1999). In cooperation with the DOE Office of 
Fossil Energy, OIT supports the development and demonstration of ultra-high efficiency natural gas 
turbines for industry. Objectives include increasing the efficiency of industrial systems by 15% and 
lowering NOx emissions. Seven manufacturing industries targeted in the Industries of the Future strategy 
purchase about $16 billion of electricity annually; the chemical, forest products, and refining industries 
are particularly likely to reap significant benefits from new cogeneration technologies (U.S. DOE, OIT, 
1999). 

The Advanced Turbine Systems Program is a joint program with the Office of Fossil Energy to complete 
the development and demonstration of ultra-high efficiency natural gas turbine systems for electric 
utilities, independent power producers, and industrial end users. The objectives include: 

- Boost system efficiency to 60% or greater for utility combined cycle systems and achieve a 15% 
improvement in existing industrial systems 

- Reduce the cost of electricity by 10% compared to conventional systems 
- Fuel flexibility 
- Lower nitrogen oxide emissions to less than 10 parts per million (ppm) with less than 25 ppm carbon 

monoxide without the use of post-combustion emissions controls 
- Offer reliability-availability-maintainability-durability (RAMD) that equals or exceeds current turbine 

systems 

Current Funding Level: 
The Enabling Technologies program had funding (including administrative costs) of $15M in 1998 and 
$20.4 M in 1999. The 2000 budget request for this program is for $23.4M. The Distributed Generation 
program had funding (including administrative costs) of $36.1M in 1998 and $54.3M in 1999. The 2000 
budget request for this program is for $33.3M (U.S. DOE, 1999). 

Business-As-Usual Scenario Assumptions: 
Total estimated primary energy savings from all OIT Cross-Cutting programs is 0.76 Quads in 2010 and 
1.37 Quads in 2020. Associated carbon reductions are 16.05 and 32.3 tonnes, respectively (U.S. DOE, 
1999). Funding for the Enabling Technologies and Distributed Generation programs is 60% of the total 
funding for OIT Cross-cutting programs, but some of that funding is used for utility and power 
generation-related R&D. Thus we assume that approximately 40% of the total funding, or $36.3M/year, is 
for the industrial sector R&D portion of the Enabling Technologies and Distributed Generation programs. 
We also assume that 40% of the estimated 2010 and 2020 energy and carbon savings are attributable to 
these programs, resulting in total energy savings over the 2000-2020 period of 6.2 Quads or 296 
TBtu/year. 

Moderate Scenario: 
Timing and Funding Level: 
Funding for the Enabling Technologies and Distributed Generation programs are increased by 50% over 
the business-as-usual scenario in the moderate scenario for the period 2000-2020. 
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Description of Program Expansion: 
Program R&D efforts are increased in all areas related to improving industrial sector energy efficiency. 
Increased funding leads to total energy savings over the 2000-2020 period of 9.3 Quads or 444 TBtu/year. 

Modeled in CEF-NEMS? 
Increased efforts in this area lead to improved TPCs in new plant equipment, increased boiler efficiency, 
increased use of cogeneration, and in additional R&D savings in the 2010 to 2020 period in the paper, 
chemicals, glass, cement, steel, aluminum, and metals-based durables sectors in CEF-NEMS model. In 
addition, these programs lead to increased use of cogeneration in the agriculture and mining sectors. 

Advanced Scenario: 
Timing and Funding Level: 
Funding for the Enabling Technologies and Distributed Generation programs are increased by 100% over 
the business-as-usual scenario in the moderate scenario for the period 2000-2020. 

Description of Program Expansion: 
Program R&D efforts are further increased in all areas related to improving industrial sector energy 
efficiency. Increased funding leads to total energy savings over the 2000-2020 period of 12.4 Quads or 
592 TBtu/year. 

Modeled in CEF-NEMS? 
Increased efforts in this area lead to improved TPCs in new plant equipment, increased boiler efficiency, 
increased use of cogeneration, and in additional R&D savings in the 2010 to 2020 period in the paper, 
chemicals, glass, cement, steel, aluminum, and metals-based durables sectors in CEF-NEMS model. In 
addition, these programs lead to increased use of cogeneration in the agriculture and mining sectors. 

References: 

U.S. Department of Energy, 1999. FY 2000 Congressional Budget Request: Energy Efficiency and 
Renewable Energy, (http://www.cfo.doe.gov/budget/00budget/ec/industry.pdf). 

U.S. Department of Energy, Office of Industrial Technologies, 1999. Industries of the Future Web Site, 
(http://www.oit.doe.gov/industries.shtml). 
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Policy: Domestic Carbon Dioxide Emissions Cap and Trade System 

Business-As-Usual Scenario: 
There is no carbon cap and trade system assumed under business as usual conditions. 

Moderate Scenario: 
There is no carbon cap and trade system assumed in the moderate scenario. 

Advanced Scenario: 
Timing and Funding Level: 
The cap and trade system is gradually implemented between 2002 and 2005. By 2005 the cap and trade 
system is assumed to result in a carbon permit cost of 50$/metric ton C. It is assumed that al industries 
will participate in the cap and trade system. The effects of the cap and trade system will affect energy use 
in all industries. 

Description of Program Expansion: 
The cap and trade system for GHG emissions may result in market price increases for carbon intensive 
fuels. This is expected to change investment behavior of firms, as well as increasing attention for energy 
efficiency improvement. The cap and trade system results in net energy savings of 0.9 quads/year by 
2020. 

Modeled in CEF-NEMS? 
A GHG emissions cap and domestic trading system with an assumed carbon permit price of $50/tonne C 
will lead to increased TPCs in existing equipment, increased TPCs in new equipment, accelerated 
retirement rates, increased boiler efficiency, increased use of recycled materials, improved building 
energy efficiency, and increased use of cogeneration in all sectors in the CEF-NEMS model. 
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Appendix C-1: Technology data
 

This appendix contains information on the technology costs, efficiencies, lifetimes, 
energy savings, and costs of conserved energy (CCEs) for the various technologies and 
policies considered in the analysis. 

Residential HVAC is treated separately, because of its complexity. The tables for 
Residential HVAC are first, followed by residential non-HVAC, followed by the 
commercial sector. Assumptions behind the technology data vary between the residential 
HVAC, residential non-HVAC, and commercial end-uses. A general description of the 
assumptions underlying the data for residential HVAC end-uses can found in the pages 
preceding Table C-1.1.mod. Specific assumptions for residential non-HVAC and 
commercial end-uses are described in the introductions to Table C-1.6 and Table C-1.7, 
respectively. Those assumptions which are common to all end-uses are described below. 

Economic Calculations 

All costs are presented in 1997 dollars. Costs of conserved energy (CCE) are presented in 
1997 dollars per million site Btu (site MBtu). Costs from the original sources were 
adjusted to 1997 dollars, if necessary, using the implicit GDP deflator (Bureau of 
Economic Analysis 1998). The cost of conserved energy is calculated using a 7% real 
discount rate. 

Energy Calculations 

All energy data (annual household energy consumptions and energy savings) are in 
million Btu (MBtu) of site energy. Unit energy savings or percent savings are calculated 
relative to the new units in the year 2000 (frozen efficiency).1 Mandatory programs such 
as equipment standards and building codes are assumed to be implemented before the 
non-mandatory programs, in order to avoid double counting the energy savings. Thus, the 
energy saved by non-mandatory programs (e.g., ENERGY STAR) are calculated relative 
to an adjusted baseline consumption, which reflects the implementation of all applicable 
mandatory programs. The costs of non-mandatory programs are also adjusted to account 
for the mandatory programs. Further details can be found in the tables in this appendix. 

1 See Appendix D for a detailed explanation of the frozen efficiency baseline and how it is used in the 
analysis. 
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Index to the Tables in Appendix C-1 

Table 
Number Title of Table 

Existing Residential HVAC 
C-1.1.mod Technology Data for Existing Residential Building HVAC End-Uses, Moderate Case 
C-1.1.adv Technology Data for Existing Residential Building HVAC End-Uses, Advanced Case 
C-1.2.mod Average Household Energy Consumption and Market Segments for Existing Residential 

Building HVAC Policies, Moderate Case 
C-1.2.mod Average Household Energy Consumption and Market Segments for Existing Residential 

Building HVAC Policies, Advanced Case 

New Residential HVAC 
C-1.3.mod Average Technology Data for New Residential Building HVAC End-Uses, Moderate Case 
C-1.3.adv Average Technology Data for New Residential Building HVAC End-Uses, Advanced Case 
C-1.4.mod Supplemental Technology Data for New Residential Building HVAC End-Uses, Moderate Case 
C-1.4.adv 
C-1.5 

Supplemental Technology Data for New Residential Building HVAC End-Uses, Advanced Case 
Measure Lifetime Estimates for New Residential Whole-House Policies affecting HVAC End-Uses 

C-1.6 
Residential non-HVAC 
Residential non-HVAC measure energy savings, measure costs and CCEs, moderate and advanced case 

C-1.7 
Commercial 
Commercial measure energy savings, measure costs and CCEs, moderate and advanced case 
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Introduction to the Residential HVAC Technology Tables (Tables C-1.1.mod – C-1.5) 

Economic Calculations 

All costs are presented in 1997 dollars. Costs of conserved energy (CCE) are presented in 1997 
dollars per million site Btu (site MMBtu). Costs from the original sources were adjusted to 1997 
dollars, if necessary, using the implicit GDP deflator (Bureau of Economic Analysis 1998). The 
cost of conserved energy is calculated using a 7% real discount rate. 

Energy Calculations 

All energy data (annual household energy consumptions and energy savings) are in million Btu 
(MMBtu) of site energy. Energy savings are calculated relative to the a typical new unit in 2000 
(frozen efficiency baseline). Appendix D details the role of the frozen efficiency baseline in the 
analysis. 

Residential Building Stocks and Starts 

Residential buildings were divided into “new” and “existing” categories for purposes of this 
analysis. “New” homes are defined as all homes built during the forecast period (2000-2020), 
including homes that were built to replace existing homes that decayed during that period. 
“Existing” homes are defined as all homes that were built prior to the year 2000. The stock of 
existing homes decreases over time, due to natural decay1. For this analysis, we used the CEF­
NEMS reference case forecast of housing starts and stocks, by house type and HVAC equipment 
type, from 2000-2020. All house types (single-family, multifamily, and manufactured homes) are 
addressed in the analysis, although some policies are only applied to a segment of the existing 
home market (see the Market Segmentation discussion below). 

Equipment Retirement (Replacement) 

We calculated annual retirements (replacements) of HVAC equipment using several equations 
derived by LBNL for this analysis. We analyzed the retirement of the stock of equipment existing 
in 2000 separately from the retirement of equipment that was added or replaced in 2000 or later. 
This is because we do not know the age distribution of the existing stock, whereas we are able to 
keep track of the age of equipment that was replaced or added during the forecast period. In each 
case, we base the retirement calculations on the minimum, maximum, and average life 
expectancies of the equipment. The average life expectancy of residential HVAC equipment was 
estimated to be the simple average of the minimum and maximum life expectancies (from a 
NEMS input file). Appendix C-1 documents the average equipment lifetimes used in this 
analysis. We estimated that the maximum and minimum lifetimes of each HVAC equipment type 
would be 4/3 and 2/3, respectively, of the average lifetime. The formulas we used in the case of 
existing equipment in 2000 and in the case of equipment that was replaced or added in 2000 or 
later can be found in Appendix D. 

1 We used a 0.4% per annum decay rate for residential buildings, which is a stock-weighted average of 
residential building decay rates for the three house types (Single-family, Multifamily, and Manufactured 
Housing) from the NEMS model. 
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Market Segmentation 

In some cases, a particular measure was not cost-effective in the “average” home. For example, 
ENERGY STAR condensing gas furnaces have a high incremental cost and may require 
modifications when installed in existing homes that make them cost-effective only in colder 
climates, and/or in homes with higher than average energy consumption. We applied such 
technologies only to the market segments that were cost effective, which invariably had a higher 
consumption than the average consumption for the entire market. The baseline and measure 
energy use for these technologies reflect the high energy consumption of the market segment. In 
each case where we segmented the market, we estimated the market share for that segment and 
restricted the program penetration to be less than the market share. Where technologies already 
have a substantial market saturation (e.g., condensing gas furnaces, which are estimated to have 
about a 25% market saturation in 1999), we subtracted the current saturation from the maximum 
program penetration. That is, the energy saved by each program only includes the penetration of 
technologies that is over and above the penetration in 1999. Note that we only segmented the 
market in the existing homes analysis, not in the new homes analysis. Tables C-1.2.mod and C-
1.2.adv describe the market segments assumed for each policy in the existing homes analysis. 

Guide to the Information in Tables C-1.1.mod through C-1.5 

Existing Homes 
The technology data for the existing home policy measures, including efficiencies, energy 
savings, measure lifetimes, costs, and costs of conserved energy (CCEs) can be found in Tables 
C-1.1.mod and C-1.1.adv. Additional details of the policies, including market segmentation and 
average energy consumptions for the base case and policy case, are documented in Tables C­
1.2.mod and C-1.2.adv. 

New Homes 
Average costs, energy savings, lifetimes, and CCEs for the new home policies are in Tables C­
1.3.mod and C-1.3.adv. The values in Tables C-1.3 are aggregated in some cases over several 
different efficiency levels or equipment types. A more disaggregated presentation of the costs and 
energy savings of each policy can be found in Tables C-1.4.mod and C-1.4.adv. An additional 
table, Table C-1.5, documents the procedure we used to calculate the average lifetime of policies 
that affect the whole house and that implement a variety of measures, all of which have different 
lifetimes. The average lifetimes documented in Table C-1.5 were used for the ENERGY STAR 
new homes, tax credit for new homes, and Building America programs. 
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Table C-1.1.mod: Technology Data for Existing Residential Building HVAC End-Uses, Moderate Case 

Fuel End Use Equipment 
Typeg 

Policy Policy 
Periodh 

Baseline 
Efficiency a 

Measure 
Efficiency 

Efficiency 
Notes 

Energy 
Savings b 

(MMBtu/yr) 

Equipment 
Lifetimec 

(years) 

Incremental 
Costd 

(1997$)  

Cost 
Notes 2010  2020  

($/MMBtu) ($/MMBtu) 

Cost of Conserved Energye 

Elec Space Heating ASHP NAECA standard 2006 2006-2020 7.17 HSPF 7.4 HSPF 1 0.45 1 2 $ 5 3 1 5 $14.80 $14.80 
ENERGY STAR HVAC 2000-2005 7.17 HSPF 7.4 HSPF 2 0.95 1 2 $156  1  6  $20.72 NA 
ENERGY STAR HVAC 2006-2020 7.4 HSPF 8.5 HSPF 3 1.93 1 2 $195  1  6  $12.71 $12.71 
Tax credit ASHP (10%) 2000-2001 7.17 HSPF 9.0 HSPF 4 3.12 1 2 $354  1  7  $14.28 NA 
Tax credit ASHP (20%) 

average, all programs 
2000-2003 7.17 HSPF 9.0 HSPF 4 3.12 1 2 $457  1  8  $18.42 NA 

$15.96 $14.12 

Resistance no policies for moderate 

Elec Heating avg 
Avg Res'l Fuel Costf 

- COP = 1 - 5 - - - 5 - -

$15 .96  $14 .12  
$21.15 $20.45 

Elec Space Cooling ASHP NAECA standard 2006 2006-2020 10.89 SEER 12 SEER 1 0.76 1 2 $ 8 9 1 5 $14.80 $14.80 
ENERGY STAR HVAC 2000-2005 10.89 SEER 12 SEER 2 2.34 1 2 $128  1  6  $20.72 NA 
ENERGY STAR HVAC 2006-2020 12 SEER 14 SEER 3 1.64 1 2 $150  1  6  $12.71 $12.71 
Tax credit, level 1 2000-2001 10.89 SEER 13.5 SEER 4 2.45 1 2 $189  1  7  $9.71 NA 
Tax credit, level 2 

average, all programs 
2000-2003 10.89 SEER 15 SEER 4 3.47 1 2 $345  1  8  $12.52 NA 

$14.19 $14.14 

CAC NAECA standard 2006 2006-2020 10.42 SEER 12 SEER 6 1.00 1 2 $132  1  9  $16.49 $16.49 
ENERGY STAR HVAC 2000-2005 10.42 SEER 12 SEER 7 1.86 1 2 $263  2  0  $17.78 NA 
ENERGY STAR HVAC 2006-2020 12 SEER 14 SEER 7 1.76 1 2 $258  2  1  $18.49 $18.49 
Tax credit, level 1 2000-2001 10.42 SEER 13.5 SEER 8 3.23 1 2 $444  2  2  $17.32 NA 
Tax credit, level 2 

average, all programs 
2000-2003 10.42 SEER 15 SEER 8 4.32 1 2 $657  2  3  $19.15 NA 

$16.86 $16.83 

RAC NAECA standard 2001 2001-2009 9.1 EER 9.7 EER 9 0.17 15.5 $ 1 7 2 4 $10.39 NA 
NAECA standard 2010 2010-2020 9.1 EER 10.5 EER 9 0.39 15.5 $ 6 5 2 4 NA $18.25 
ENERGY STAR HVAC I 2000 only 9.1 EER 10.0 EER 1 0 0.56 15.5 $ 3 9 2 5 $7.40 NA 
ENERGY STAR HVAC II 2001-2009 9.7 EER 11.3 EER 1 1 0.88 15.5 $166  2  5  $20.32 NA 
ENERGY STAR HVAC III 

average, all programs 

Elec Cooling avg 
Avg Res'l Fuel Costf 

2010-2020 10.5 EER 12.2 EER 1 1 0.81 15.5 $135  2  5  NA $17.96 
$13.35 $17.46 

$16 .10  $16 .59  
$21.15 $20.45 

Gas Space Heating Furnace NAECA standard - 81.7 AFUE - 1 2 - 23.5 - 1 2 - -
ENERGY STAR HVAC 2000-2009 81.7 AFUE 90 AFUE 1 3 11.36 23.5 $769  2  6  $5.95 NA 
ENERGY STAR HVAC 2010-2020 81.7 AFUE 90 AFUE 1 3 11.36 23.5 $577  2  7  $4.47 $4.47 

Boiler NAECA standard - 80.0 AFUE - 1 2 - 22.5 - 1 2 - -
ENERGY STAR HVAC 2000-2009 80.0 AFUE 86 AFUE 1 4 7.13 22.5 $457  2  8  $5.73 NA 
ENERGY STAR HVAC 

Gas Heating avg 
Avg Res'l Fuel Costf 

2010-2020 80.0 AFUE 86 AFUE 1 4 7.13 22.5 $342  2  9  $4.30 $4.30 

$5 .73  $4 .84  
$5.82 $5.35 

Carrie A Webber
Appendix C-1                                                                                                                      C-1.5                                                                                                            Buildings



RES HVAC
 
Moderate
 

Table C-1.1.mod, continued 

Fuel End Use Equipment 
Typeg 

Policy Applicable 
Time Period 

Baseline 
Efficiency a 

Measure 
Efficiency 

Efficiency 
Notes 

Energy 
Savings b 

(MMBtu/yr) 

Equipment 
Lifetimec 

(years) 

Incremental 
Costd 

(1997$)  

Cost 
Notes 2010  2020  

($/MMBtu) ($/MMBtu) 

Cost of Conserved Energye 

Oil Space Heating Furnace NAECA standard 
ENERGY STAR HVAC 

-
2000-2020 

81.9 AFUE 
81.9 AFUE 

-
90 AFUE 

1 2 
1 3 

-
13.05 

23.5 
23.5 

-
$769  

1 2 
3  0  

- -
$5.18 $5.18 

Boiler NAECA standard 
ENERGY STAR HVAC 

-
2000-2020 

80.4 AFUE 
80.4 AFUE 

-
86 AFUE 

1 2 
1 4 

-
8.32 

22.5 
22.5 

-
$522  

1 2 
3  1  

- -
$5.61 $5.61 

Oil Heating avg 
Avg Res'l Fuel Costf 

$5 .41  $5 .36  
$7.65 $7.77 

LPG Space Heating Furnace NAECA standard 
ENERGY STAR HVAC 

-
2000-2020 

82.2 AFUE 
82.2 AFUE 

-
90 AFUE 

1 2 
1 3 

-
8.33 

23.5 
23.5 

-
$769  

1 2 
3  2  

- -
$8.12 $8.12 

LPG Heating avg 
Avg Res'l Fuel Costf 

$8 .12  $8 .12  
$12.15 $12.46 

a The baseline efficiency is the efficiency of the equipment that is replaced by the program in the stated time period. Most of the time, the base case efficiency is the average 
efficiency of replacement equipment purchased in 2000 (from an output file of the CEF-NEMS reference case). However, for programs that get implemented after a future NAECA 
standard takes effect, the baseline efficiency is assumed to be equal to the new NAECA standard for purposes of calculating the energy savings due to the program. This is 
done to avoid double-counting the savings due to the standards. 

b Annual energy savings (site MMBtu/house-yr) is simply the difference between the annual energy consumptions for the baseline and the measure, from Table C-1.2.mod.
 
c Equipment lifetimes are averages of the minimum and maximum life expectancies from an input file to the CEF-NEMS model.
 
d Average incremental measure cost to the consumer, per house. The measure cost is relative to the cost of a baseline efficiency unit, described in Note a. Costs are in 1997 dollars
 

and were inflated to 1997 dollars where necessary by using the GDP deflator (BEA 1998). The incremental cost of a heat pump measure, which saves both heating and 

cooling energy, is split up between the heating and cooling end-uses according to the amount of energy saved by the measure for each end-use.
 

e Cost of conserved energy (CCE) is presented for two time periods. The "2010" CCE is the average CCE for all equipment replacements due to the program(s) that occurred 
during the 2000-2010 time period. The "2020" CCE is the average CCE for all equipment replacements due to each program that occurred during the 2000-2020 period. If the 
policy ends before 2010, no 2020 CCE is reported. For equipment types with more than one program, the "average, all programs" CCE is presented; it is the average of 
the individual program CCEs, weighted by the sum of the energy savings due to each program during the time period. The CCE for NAECA standards is calculated relative to 
the average efficiency of a replaced unit in 2000, from an output file of the CEF-NEMS reference case. The CCEs for the tax credit and ENERGY STAR programs are relative to the 
average efficiency of a replaced unit in 2000, if the program replacement occurs between 2000 and the year before a future standard takes effect. If the program replacement 
occurs in the same year that a future standard takes effect, or in subsequent years, the CCE for that replacement is relative to a unit of efficiency equal to the standard in effect 
in that year. The discount rate is 7% real. 
In addition, the CCE is presented as an average for all programs affecting a given equipment type. It is an energy savings weighted average; that is, the program CCEs are 
weighted by the total energy saved by the policy during the 2000-2010 or 2000-2020 time periods. 

f Average residential fuel cost is the average price of fuel in the residential sector in 2010 and 2020, from a preliminary integrated NEMS run of our Moderate case. 
These prices were used to compare to the measure CCEs in order to check that the CCEs were lower than the price of fuel in each time period, thus could be included in the scenario. 

g Key to the Equipment type codes: ASHP - air source heat pump; Resistance - electric resistance heaters (e.g., baseboard, furnace, etc.); CAC - central air conditioner; 
RAC - room air conditioner. 

h The years during which the policy is assumed to be in effect; see Table B-1.1.mod for details on policy periods. 

Notes 
1 The baseline efficiency is the average efficiency of replacement equipment purchased in 2000 (from an output file of the CEF-NEMS reference case). We assume the new NAECA 

standard for heat pumps will take effect on January 1, 2006 and the minimum efficiencies for cooling and heating will be 12 SEER and 7.4 HSPF, respectively. 
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Table C-1.1.mod Notes, continued 

2 We assume the average efficiency of an ENERGY STAR heat pump from 2000-2005 is 12 SEER (the minimum SEER currently required by the program). We assume the average 

heating efficiency of an ENERGY STAR heat pump from 2000-2005 is 7.4 HSPF, which is the same efficiency as the future heat pump standard - some ENERGY STAR heat 

pumps have lower HSPFs, and some have higher HSPFs than this. The base case efficiency prior to the 2006 standard is the average efficiency of a new unit in 2000 from 

an output file of the CEF-NEMS reference case. 


3 When the new heat pump standard takes effect on January 1, 2006, we assume that EPA will increase the ENERGY STAR efficiency level for heat pumps to 14 SEER, based on 

discussion with Steve Offutt of the U.S. EPA (Offutt 1999). We estimated the average heating efficiency of 14 SEER heat pumps to be around 8.5 HSPF. The base case efficiency 

from 2006-2020 is the efficiency of the 2006 NAECA standard. That is, the energy saved by going from the current frozen efficiency base case to 12 SEER is attributed in the 

analysis to the NAECA standard, and the energy saved by going from 12 SEER to 14 SEER is attributed to the ENERGY STAR program.
 

4 Tax credit program efficiencies (13.5 SEER/9.0 HSPF and 15 SEER/9.0 HSPF) are those proposed by the Treasury Department (US DOT 1999). 
The Moderate case applicable time period is the same as proposed by the Treasury Department (US DOT 1999) - see Table B-1.1.mod for more details.)
 

5 There are no policies affecting electric resistance heating equipment in the Moderate case.
 
6 The baseline efficiency is the average efficiency of replacement equipment purchased in 2000 (from an output file of the CEF-NEMS reference case). We assume the new 


NAECA standard for CACs will take effect on January 1, 2006 and the minimum efficiencies will be 12 SEER. 
7 We assume the average efficiency of an ENERGY STAR CAC from 2000-2005 is 12 SEER (the minimum SEER currently required by the program). Starting in 2006, when the new 


NAECA standard for CACs takes effect, we assume that EPA will increase the ENERGY STAR efficiency level for CACs to 14 SEER, based on discussion with Steve Offutt of 

the U.S. EPA (Offutt 1999). The base case efficiency from 2006-2020 is the efficiency of the 2006 NAECA standard.
 

8 Tax credit program efficiencies (13.5 SEER and 15 SEER) are those proposed by the Treasury Department (US DOT 1999). 

The Moderate case applicable time period is the same as proposed by the Treasury Department (US DOT 1999) - see Table B-1.1.mod for more details.)
 

9 A new room A/C standard will come into effect on October 1, 2000. The CEF-NEMS reference case includes this standard, but delays the start date to Jan 1, 2001.
 
To be consistent with the reference case, we also began the standard on Jan 1, 2001 in the Moderate and Advanced cases. Federal standards for room A/C vary by
 
equipment capacity. We used an estimated average efficiency weighted by product class shipments of 9.7 EER for the October 2000 standard.
 
In addition, we estimated that a future standard for RAC would take effect in 2010 at 10.5 EER (on average over the most common capacities). 


1 0 The efficiency of room air conditioners varies by the capacity of the unit. We assumed the average efficiency of a current ENERGY STAR room air conditioner is 9.98 EER. This is 
a simple average of the EERs of the least-efficient room air conditioners currently listed on the U.S. EPA ENERGY STAR website directory of ENERGY STAR room A/C products 
(US EPA 1999b). We included only units with the most common capacities ( <6000 Btu/hr up to 19,999 Btu/hr). The average efficiency is a conservative estimate, since most of the 
ENERGY STAR products listed are more efficient than the least-efficient products in the directory. The baseline efficiency is the average efficiency of a unit bought to replace an existing 
RAC unit in 2000 (9.1 EER, from an output file of the CEF-NEMS reference case). This measure applies only in the year 2000, because we assume that when the new RAC standard 
enters into force in 2001, the ENERGY STAR level will be increased. See Note 11. 

1 1 When the new room A/C standard takes effect on January 1, 2001, we assume DOE will increase the ENERGY STAR level by the same percentage above the 2001 standard 

as the current ENERGY STAR level is above the current standard. On average, the efficiency of the least-efficient ENERGY STAR RACs currently listed on the ENERGY STAR website 

(US EPA 1999b) is 14.1% higher than the current NAECA standard. (We estimated this by taking a simple average of the percent improvement in EER over the 

NAECA standard (listed on the web site for each product) for the least-efficient products listed that had a capacity between <6000 Btu/hr and 19,999 Btu/hr). So, the 

energy savings is 14.1% from 2001 until 2010, when a new NAECA standard is assumed to take effect. From 2010-2020, we assume the ENERGY STAR level will also be set 

at 14.1% higher than the standard in effect during that time. The baseline efficiency for these measures is the standard in effect during the applicable time period. 


1 2 There are assumed to be no new NAECA standards for furnaces or boilers during the forecast time period. 
1 3 The ENERGY STAR efficiency for gas, oil, and LPG furnaces is assumed to remain at the current level (90 AFUE) throughout the forecast period. The baseline efficiency is the average 

efficiency of units bought in 2000 to replace retired units (81.7 AFUE for gas, 82.2 AFUE for LPG, and 81.9 AFUE for oil furnaces), from an output file of the CEF-NEMS reference case. 
1 4 The ENERGY STAR efficiency for gas and oil boilers is assumed to remain at the current level (86 AFUE) throughout the forecast period. The baseline efficiency is the average 

efficiency of units bought in 2000 to replace retired units (80.0 AFUE for gas and 80.4 AFUE for oil boilers), from an output file of the CEF-NEMS reference case. 
1 5 	  LBNL estimate of mature market costs for a 12 SEER/7.4 HSPF standard. We assume the incremental cost of a 12 SEER/7.4 HSPF unit compared to the baseline efficiency
 

will be half of current market costs. Current market costs of heat pumps are from a variety of survey data including XENERGY (1996), Energy Center of Wisconsin (1997), 

and "Mr. Cool" (1998). The total incremental cost of the heat pump was divided up between the heating and cooling end-uses according to the relative energy saved in heating 

and cooling. Costs assume one 3 ton unit per house. 
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1 6 	  Costs based on 1993 standards analysis (US DOE 1993b) for the most common product classes and type (i.e., louvered sides and no reverse valve) of room A/C, 

inflated to 1997 dollars from 1990 dollars using the GDP inflator. Cost is a shipment weighted average over the most common product classes (from under 6 Btuh to 

20 Btuh capacity), using 1989 shipments by product class from US DOE 1993b. Cost assumes a U.S. average of 1.51 room AC units per house (i.e., the average cost per 

unit was multiplied by 1.51 to get the cost per house of the standards measure). The average number of units in the U.S. is from a query of the 1990 RECS electronic 

database (US DOE 1993a); 1.51 units is the average (weighted using the RECS household weighting factor "nweight") number of room AC units in all house types in the 

U.S. that claim room A/C units as their primary cooling equipment. 


1 7  Average current market cost of a 13.5 SEER heat pump relative to the cost of the average replaced unit in 2000. Source: same as note 15. The full 

incremental cost was used (i.e., the tax credit was not subtracted), and it was apportioned between heating and cooling according to the relative energy saved in each end-use.
 

1 8  Average current market cost of a 15 SEER heat pump relative to the cost of the average replaced unit in 2000. Source: same as note 15. The full 

incremental cost was used (i.e., the tax credit was not subtracted), and it was apportioned between heating and cooling according to the relative energy saved in each end-use.
 

1 9 	  LBNL estimate of mature market costs for a 12 SEER standard. We assume the incremental cost of a 12 SEER unit compared to the frozen efficiency in 2000 (10.42 SEER 

from an output file of the CEF-NEMS reference case) will be half of current market costs. Current market costs of CACs are from a variety of survey data including 

XENERGY (1996), Energy Center of Wisconsin (1997), and "Mr. Cool" (1998). Costs assume one 3 ton unit per house.
 

2 0 	  Average current market costs for a 12 SEER unit relative to the average efficiency of a new unit bought in 2000 (10.42 SEER 

from an output file of the CEF-NEMS reference case). Current market costs of CACs are from a variety of survey data including XENERGY (1996), 

Energy Center of Wisconsin (1997), and "Mr. Cool" (1998). Costs assume a 3 ton unit.
 

2 1  LBNL estimate of incremental cost to go from the future standard of 12 SEER to the predicted future ENERGY STAR efficiency of 14 SEER.
 
Costs are current market costs from a variety of data sources (see Note 20), for a 3 ton unit. 


2 2  Average current market cost of a 13.5 SEER CAC relative to the cost of the average replaced unit in 2000. Source: same as note 3. This is the full incremental cost
 
(i.e., the tax credit was not subtracted).
 

2 3  Average current market cost of a 15 SEER CAC relative to the cost of the average replaced unit in 2000. Source: same as note 20. This is the full incremental cost
 
(i.e., the tax credit was not subtracted).
 

2 4 	  Costs based on 1993 standards analysis (US DOE 1993b) for the most common product classes and type (i.e., louvered sides and no reverse valve) of room A/C, 

inflated to 1997 dollars from 1990 dollars using the GDP inflator. Cost is a shipment weighted average over the most common product classes (from under 6 Btuh to 

20 Btuh capacity), using 1989 shipments by product class from US DOE 1993b. Cost assumes a U.S. average of 1.51 room AC units per house (i.e., the average cost per 

unit was multiplied by 1.51 to get the cost per house of the standards measure). The average number of units in the U.S. is from a query of the 1990 RECS electronic 

database (US DOE 1993a); 1.51 units is the average (weighted using the RECS household weighting factor "nweight") number of room AC units in all house types in the 

U.S. that claim room A/C units as their primary cooling equipment. 

2 5 	  Costs based on 1993 standards analysis (US DOE 1993b) for the most common product classes and type (i.e., louvered sides and no reverse valve) of room A/C, inflated 

to 1997 dollars from 1990 dollars using the GDP inflator. Cost assumes an average of 1.67 room AC units per house (i.e., the average cost per unit was multiplied by 

1.67 to get the cost per house of the ENERGY STAR measures). 1.67 units represents the average number of room A/C units per house in Single-family and Manufactured 

Homes located in the South and that claim room AC as their primary cooling equipment. We selected only SF and MH houses in the South because we asssumed that the 

ENERGY STAR RAC program would only be marketed to owners of these types of homes in the South (see Table C-1.2.mod). The average number of units is from a query 

of the 1990 RECS electronic database (US DOE 1993a). The costs are incremental to the cost of the NAECA standard valid during the program time period.
 
That is, the incremental cost of an ENERGY STAR room AC in 2000 is relative to the cost of a room AC that just meets the standard valid in the year 2000; the 

incremental cost of an ENERGY STAR room AC from 2001-2009 is relative to the cost of a room AC that just meets the October, 2000 standard (assumed to 

take effect in January of 2001), and so on.
 
Note: the incremental cost of ENERGY STAR RAC in 2010-2020 is based on the US DOE 1993b, but was reduced by 60% to account for technological innovations that will 

happen by 2010 to reduce the cost of high-efficiency RACs. These technologies may include microchannel heat exchangers already developed by Modine, 

or other technologies.
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Table C-1.1.mod Notes, continued 

2 6 This is the incremental cost to go from an 81.7 AFUE gas furnace to a 90 AFUE gas furnace. This cost assumes an input capacity of 75 MBtuh, includes installation, and is from 

Jakob 1994, p. G-24, G-27. The Jakob costs are actually for units with AFUE range of 80-82 or 89-92 AFUE, so they may slightly overestimate the cost to go from 

81.7 to 90 AFUE. The Jakob incremental cost is composed of $230 for installation and $477 for equipment, in 1993 dollars. The Jakob costs were inflated to 1997 

dollars using the GDP inflator. The installation cost is higher for a 90 AFUE furnace to account for the installation of a sidewall vent. This cost is used for the 2000-2009 period only.
 

2 7 Starting in 2010, the incremental cost was assumed to be 25% lower than the cost prior to 2010, because increased supply and demand of condensing furnaces will 

bring down the prices.
 

2 8 Incremental cost to go from an 80 AFUE to an 86 AFUE gas boiler of output capacity 80 Mbtuh. Costs include installation and are from Johnson (1994), p.67. 80 AFUE 

is the average efficiency of a unit bought in 2000 to replace a retired unit, from an output file of the CEF-NEMS reference case. Costs were inflated to 1997 dollars using the 

GDP inflator. This cost is used during the 2000-2009 period only.
 

2 9 Starting in 2010, the incremental cost was assumed to be 25% lower than the cost prior to 2010, because increased supply and demand of ENERGY STAR boilers will 

bring down the prices.
 

3 0 Incremental installed cost to go from an 81.9 AFUE to a 90 AFUE oil furnace was assumed to be the same as the incremental cost of the 90 AFUE gas furnace. No other 

cost data were available. The cost in the table applies to the entire 2000-2020 period; the cost of ENERGY STAR oil furnaces was not assumed to decrease significantly after 2010.
 

3 1 Incremental cost to go from an 80.4 AFUE to an 86 AFUE oil boiler of output capacity 80 Mbtuh. Costs include installation and are from Johnson (1994), p.67.
 
80.4 AFUE is the average efficiency of a unit bought in 2000 to replace a retired unit, from an output file of the CEF-NEMS reference case. Costs were inflated to 1997 dollars 
using the GDP inflator. The cost in the table applies to the entire 2000-2020 period; the cost of ENERGY STAR oil boilers was not assumed to decrease significantly after 2010. 

3 2 The incremental cost for LPG furnaces was assumed to be the same as for natural gas furnaces. However, the cost of LPG furnaces remains the same during the 2000-2020 

period. We assumed the cost of condensing LPG furnaces would not decrease significantly during the forecast period.
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Table C-1.1.adv: Technology Data for Existing Residential Building HVAC End-Uses, Advanced Case 

Fuel End Use Equipment 
Typeg 

Policy Policy 
Periodh 

Baseline 
Efficiency a 

Measure 
Efficiency 

Efficiency 
Notes 

Energy 
Savings b 

(MMBtu/yr) 

Equipment 
Lifetimec 

(years) 

Incremental 
Costd 

(1997$)  

Cost 
Notes 2010  2020  

($/MMBtu) ($/MMBtu) 

Cost of Conserved Energye 

Elec Space Heating ASHP NAECA standard 2006 2006-2020 7.17 HSPF 7.4 HSPF 1 0.45 1 2 $ 5 3 1 5 $14.80 $14.80 
ENERGY STAR HVAC 2000-2005 7.17 HSPF 7.4 HSPF 2 0.95 1 2 $156  1  6  $20.72 NA 
ENERGY STAR HVAC 2006-2020 7.4 HSPF 8.5 HSPF 3 1.59 1 2 $147  1  7  $11.61 $11.61 
Tax credit ASHP (10%) 2000-2003 7.17 HSPF 9.0 HSPF 4 2.58 1 2 $307  1  8  $14.95 NA 
Tax credit ASHP (20%) 2000-2005 7.17 HSPF 9.0 HSPF 4 3.12 1 2 $380  1  9  $15.31 NA 
Tax credit ASHP (20%) 

average, all programs 
2006-2007 7.4 HSPF 9.0 HSPF 4 2.50 1 2 $265  2  0  $15.24 NA 

$15.12 $13.40 

Resistance Switch to frozen effic. ASHP 2000-2005 COP = 1 7.17 HSPF 5 7.80 1 2 $600  2  1  $9.69 NA 
Switch to 2006 standard ASHP 

Elec Heating avg 
Avg Res'l Fuel Costf 

2006-2020 COP = 1 7.4 HSPF 5 8.02 1 2 $600  2  2  $9.42 $9.42 

$12 .90  $11 .84  
$23.41 $22.05 

Elec Space Cooling ASHP NAECA standard 2006 2006-2020 10.89 SEER 12 SEER 1 0.76 1 2 $ 8 9 1 5 $14.80 $14.80 
ENERGY STAR HVAC 2000-2005 10.89 SEER 12 SEER 2 2.34 1 2 $128  1  6  $20.72 NA 
ENERGY STAR HVAC 2006-2020 12 SEER 14 SEER 3 1.33 1 2 $112  1  7  $11.61 $11.61 
Tax credit ASHP (10%) 2000-2003 10.89 SEER 13.5 SEER 4 1.99 1 2 $236  1  8  $14.95 NA 
Tax credit ASHP (20%) 2000-2005 10.89 SEER 15 SEER 4 3.47 1 2 $422  1  9  $15.31 NA 
Tax credit ASHP (20%) 

average, all programs 
2006-2007 12 SEER 15 SEER 4 2.56 1 2 $226  2  0  $15.24 NA 

$13.55 $13.55 

CAC NAECA standard 2006 2006-2020 10.42 SEER 12 SEER 6 1.00 1 2 $132  2  3  $16.49 $16.49 
ENERGY STAR HVAC 2000-2005 10.42 SEER 12 SEER 7 1.86 1 2 $263  2  4  $17.78 NA 
ENERGY STAR HVAC 2006-2020 12 SEER 14 SEER 7 1.42 1 2 $193  2  5  $18.49 $18.49 
Tax credit CAC (10%) 2000-2003 10.42 SEER 13.5 SEER 8 3.23 1 2 $444  2  6  $17.32 NA 
Tax credit CAC (20%) 2000-2005 10.42 SEER 15 SEER 8 4.32 1 2 $657  2  7  $19.15 NA 
Tax credit CAC (20%) 

average, all programs 
2006-2007 12 SEER 15 SEER 8 3.75 1 2 $374  2  8  $19.18 NA 

$17.32 $16.68 

RAC NAECA standard 2001 2001-2009 9.1 EER 9.7 EER 9 0.17 15.5 $ 1 7 2 9 $10.39 NA 
NAECA standard 2010 2010-2020 9.1 EER 10.5 EER 9 0.39 15.5 $ 6 5 2 9 NA $18.25 
ENERGY STAR HVAC 2000 only 9.1 EER 10.0 EER 1 0 0.54 15.5 $ 3 8 3 0 $7.48 NA 
ENERGY STAR HVAC 2001-2009 9.7 EER 11.3 EER 1 1 0.85 15.5 $162  3  0  $20.52 NA 
ENERGY STAR HVAC 

average, all programs 

Elec Cooling avg 
Avg Res'l Fuel Costf 

2010-2020 10.5 EER 12.2 EER 1 1 0.79 15.5 $132  3  0  NA $18.14 
$14.27 $17.63 

$16 .53  $16 .43  
$23.41 $22.05 

Gas Space Heating Furnace NAECA standard - 81.7 AFUE - 1 2 - 23.5 - 1 2 - -
ENERGY STAR HVAC 2000-2020 81.7 AFUE 90 AFUE 1 3 7.27 23.5 $464  3  1  $5.61 $5.61 

Boiler NAECA standard - 80.0 AFUE - 1 2 - 22.5 - 1 2 - -
ENERGY STAR HVAC 

Gas Heating avg 
Avg Res'l Fuel Costf 

2000-2020 80.0 AFUE 86 AFUE 1 4 4.23 22.5 $274  3  2  $5.79 $5.79 

$5 .65  $5 .65  
$6.73 $6.26 
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Table C-1.1.adv, continued 

Fuel End Use Equipment 
Typeg 

Policy Applicable 
Time Period 

Baseline 
Efficiency a 

Measure 
Efficiency 

Efficiency 
Notes 

Energy 
Savings b 

(MMBtu/yr) 

Equipment 
Lifetimec 

(years) 

Incremental 
Costd 

(1997$)  

Cost 
Notes 2010  2020  

($/MMBtu) ($/MMBtu) 

Cost of Conserved Energye 

Oil Space Heating Furnace NAECA standard 
ENERGY STAR HVAC 

-
2000-2020 

81.9 AFUE 
81.9 AFUE 

-
90 AFUE 

1 2 
1 3 

-
9.13 

23.5 
23.5 

-
$464  

1 2 
3  3  

- -
$4.47 $4.47 

Boiler NAECA standard 
ENERGY STAR HVAC 

-
2000-2020 

80.4 AFUE 
80.4 AFUE 

-
86 AFUE 

1 2 
1 4 

-
4.90 

22.5 
22.5 

-
$313  

1 2 
3  4  

- -
$5.73 $5.73 

Oil Heating avg 
Avg Res'l Fuel Costf 

$5 .15  $5 .00  
$8.62 $8.80 

LPG Space Heating Furnace NAECA standard 
ENERGY STAR HVAC 

-
2000-2020 

82.2 AFUE 
82.2 AFUE 

-
90 AFUE 

1 2 
1 3 

-
5.15 

23.5 
23.5 

-
$464  

1 2 
3  5  

- -
$7.92 $7.92 

LPG Heating avg 
Avg Res'l Fuel Costf 

$7 .92  $7 .92  
$12.90 $12.58 

a The baseline efficiency is the efficiency of the equipment that is replaced by the program in the stated time period. Most of the time, the base case efficiency is the average 

efficiency of replacement equipment purchased in 2000 (from an output file of the CEF-NEMS reference case). However, for programs that get implemented after a future 

NAECA standard takes effect, the baseline efficiency is assumed to be equal to the new NAECA standard for purposes of calculating the energy savings due to the program. 

This is done to avoid double-counting the savings due to the standards.
 

b Annual energy savings (site MMBtu/house-yr) is simply the difference between the annual energy consumptions for the baseline and the measure, from Table C-1.2.adv.
 
c Equipment lifetimes are averages of the minimum and maximum life expectancies from an input file to the CEF-NEMS model.
 
d Average incremental measure cost to the consumer, per house. The measure cost is relative to the cost of a baseline efficiency unit, described in Note a. Costs are in 1997 dollars
 

and were inflated to 1997 dollars where necessary by using the GDP deflator (BEA 1998). The incremental cost of a heat pump measure, which saves both heating and 

cooling energy, is split up between the heating and cooling end-uses according to the amount of energy saved by the measure for each end-use.
 

e Cost of conserved energy (CCE) is presented for two time periods. The "2010" CCE is the average CCE for all equipment replacements due to the program(s) that occurred 
during the 2000-2010 time period. The "2020" CCE is the average CCE for all equipment replacements due to each program that occurred during the 2000-2020 period. If the 
policy ends before 2010, no 2020 CCE is reported. For equipment types with more than one program, the "average, all programs" CCE is presented; it is the average of 
the individual program CCEs, weighted by the sum of the energy savings due to each program during the time period. The CCE for NAECA standards is calculated relative to 
the average efficiency of a replaced unit in 2000, from an output file of the CEF-NEMS reference case. The CCEs for the tax credit and ENERGY STAR programs are relative to the 
average efficiency of a replaced unit in 2000, if the program replacement occurs between 2000 and the year before a future standard takes effect. If the program replacement  
occurs in the same year that a future standard takes effect, or in subsequent years, the CCE for that replacement is relative to a unit of efficiency equal to the standard in 
effect in that year. We use a real discount rate of 7% in the CCE calculations. 
In addition, the CCE is presented as an average for all programs affecting a given equipment type. It is an energy savings weighted average; that is, the program CCEs are 
weighted by the total energy saved by the policy during the 2000-2010 or 2000-2020 time periods. 

f Average residential fuel cost is the average price of fuel in the residential sector in 2010 and 2020, from a preliminary integrated NEMS run of our Advanced case. 
These prices were used to compare to the measure CCEs in order to check that the CCEs were lower than the price of fuel in each time period, thus could be included in the scenario. 

g Key to the Equipment type codes: ASHP - air source heat pump; Resistance - electric resistance heaters (e.g., baseboard, furnace, etc.); CAC - central air conditioner; 
RAC - room air conditioner. 

h The years during which the policy is assumed to be in effect; see Table B-1.1.adv for details on policy periods. 

Notes 
1 The baseline efficiency is the average efficiency of replacement equipment purchased in 2000 (from an output file of the CEF-NEMS reference case). We assume the new NAECA 

standard for heat pumps will take effect on January 1, 2006 and the minimum efficiencies for cooling and heating will be 12 SEER and 7.4 HSPF, respectively. 
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Table C-1.1.adv Notes, continued 

2 We assume the average efficiency of an ENERGY STAR heat pump from 2000-2005 is 12 SEER (the minimum SEER currently required by the program). We assume the average 

heating efficiency of an ENERGY STAR heat pump from 2000-2005 is 7.4 HSPF, which is the same efficiency as the future heat pump standard - some ENERGY STAR heat 

pumps have lower HSPFs, and some have higher HSPFs than this. The base case efficiency prior to the 2006 standard is the average efficiency of a new unit in 2000 from 

an output file of the CEF-NEMS reference case. 


3 When the new heat pump standard takes effect on January 1, 2006, we assume that EPA will increase the ENERGY STAR efficiency level for heat pumps to 14 SEER, based on 
discussion with Steve Offutt of the U.S. EPA (Offutt 1999). We estimated the average heating efficiency of 14 SEER heat pumps to be around 8.5 HSPF. The base case efficiency from 
2006-2020 is the efficiency of the 2006 NAECA standard. That is, the energy saved by going from the current frozen efficiency base case to 12 SEER is attributed in the analysis 
to the NAECA standard, and the energy saved by going from 12 SEER to 14 SEER is attributed to the ENERGY STAR program. 

4	 Tax credit program efficiencies (13.5 SEER/9.0 HSPF and 15 SEER/9.0 HSPF) are those proposed by the Treasury Department (US DOT 1999). 

The Advanced case policy period is assumed to be twice as long as was proposed by the Treasury Department (US DOT 1999) - see Table B-1.1.adv for more details.
 
The base case efficiency changes to the new NAECA standard efficiency (7.4 HSPF) when the standard takes effect in 2006.
 

5 In the Advanced case only, we include a policy assumed to be funded by lines charges that encourages replacing electric resistance heating equipment with electric heat pumps 

(see Table B-1.1.adv for more details on the policy). We assume that the replacement heat pump efficiency is equal to the frozen efficiency in 2000 until 2006, when the new 

NAECA standard takes effect. Beginning in 2006, we assume that the replacement efficiency is equal to the 2006 NAECA standard minimum efficiency. The baseline efficiency of 

electric resistance heaters is 100%, or a COP of 1, from an output file of the CEF-NEMS reference case. The measure efficiency (HSPF) can be converted to COP using 

the formula (COP = HSPF/3.412).
 

6 The baseline efficiency is the average efficiency of replacement equipment purchased in 2000 (from an output file of the CEF-NEMS reference case). We assume the new NAECA 

standard for CACs will take effect on January 1, 2006 and the minimum efficiency will be 12 SEER. 


7 We assume the average efficiency of an ENERGY STAR CAC from 2000-2005 is 12 SEER (the minimum SEER currently required by the program). Starting in 2006, when the new 

NAECA standard for CACs takes effect, we assume that EPA will increase the ENERGY STAR efficiency level for CACs to 14 SEER, based on discussion with Steve Offutt of 

the U.S. EPA (Offutt 1999). The base case efficiency from 2006-2020 is the efficiency of the 2006 NAECA standard.
 

8 Tax credit program efficiencies (13.5 SEER and 15 SEER) are those proposed by the Treasury Department (US DOT 1999). 

The Advanced case policy period is assumed to be twice as long as was proposed by the Treasury Department (US DOT 1999) - see Table B-1.1.adv for more details.
 
The base case efficiency changes to the new NAECA standard efficiency (12 SEER) when the standard takes effect in 2006.
 

9 A new room A/C standard will come into effect on October 1, 2000. The CEF-NEMS reference case includes this standard, but delays the start date to Jan 1, 2001.
 
To be consistent with the reference case, we also began the standard on Jan 1, 2001 in the Moderate and Advanced cases. Federal standards for room A/C vary by
 
equipment capacity. We used an estimated average efficiency weighted by product class shipments of 9.7 EER for the October 2000 standard.
 
In addition, we estimated that a future standard for RAC would take effect in 2010 at 10.5 EER (on average over the most common capacities). 


1 0 The efficiency of room air conditioners varies by the capacity of the unit. We assumed the average efficiency of a current ENERGY STAR room air conditioner is 9.98 EER. This is 
a simple average of the EERs of the least-efficient room air conditioners currently listed on the ENERGY STAR website directory of ENERGY STAR room A/C products (US EPA 1999b). 
We included only units with the most common capacities ( <6000 Btu/hr up to 19,999 Btu/hr). The average efficiency is a conservative estimate, since most of the ENERGY STAR 
products listed are more efficient than the least-efficient products in the directory. The baseline efficiency is the average efficiency of a unit bought to replace an existing 
RAC unit in 2000 (9.1 EER, from an output file of the CEF-NEMS reference case). This measure applies only in the year 2000, because we assume that when the new RAC standard 
enters into force in 2001, the ENERGY STAR level will be increased. See Note 11. 

1 1 When the new room A/C standard takes effect on January 1, 2001, we assume DOE will increase the ENERGY STAR level by the same percentage above the 2001 standard 

as the current ENERGY STAR level is above the current standard. On average, the efficiency of the least-efficient ENERGY STAR RACs currently listed on the ENERGY STAR website 

(US EPA 1999b) is 14.1% higher than the current NAECA standard. (We estimated this by taking a simple average of the percent improvement in EER over the 

NAECA standard (listed on the web site for each product) for the least-efficient products listed that had a capacity between <6000 Btu/hr and 19,999 Btu/hr). So, the 

energy savings is 14.1% from 2001 until 2010, when a new NAECA standard is assumed to take effect. From 2010-2020, we assume the ENERGY STAR level will also be set 

at 14.1% higher than the standard in effect during that time. The baseline efficiency for these measures is the standard in effect during the applicable time period. 


1 2 There are assumed to be no new NAECA standards for furnaces or boilers during the forecast time period. 
1 3 The ENERGY STAR efficiency for gas, oil, and LPG furnaces is assumed to remain at the current level (90 AFUE) throughout the forecast period. The baseline efficiency is the average 

efficiency of units bought in 2000 to replace retired units (81.7 AFUE for gas, 82.2 AFUE for LPG, and 81.9 AFUE for oil furnaces), from an output file of the CEF-NEMS reference case. 
1 4 The ENERGY STAR efficiency for gas and oil boilers is assumed to remain at the current level (86 AFUE) throughout the forecast period. The baseline efficiency is the average 

efficiency of units bought in 2000 to replace retired units (80.0 AFUE for gas and 80.4 AFUE for oil boilers), from an output file of the CEF-NEMS reference case. 
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1 5 	  LBNL estimate of mature market costs for a 12 SEER/7.4 HSPF standard. We assume the incremental cost of a 12 SEER/7.4 HSPF unit compared to the baseline efficiency 
will be half of current incremental market costs. Current market costs of heat pumps are from a variety of survey data including XENERGY (1996), Energy Center of 
Wisconsin (1997), and "Mr. Cool" (1998). The total incremental cost of the heat pump was divided up between the heating and cooling end-uses according to the relative energy 
saved in heating and cooling. Costs assume one 3 ton unit per house. 

1 6 	  Average current market costs for a 12 SEER/7.4 HSPF heat pump relative to the average efficiency of a new unit bought in 2000 (10.42 SEER/7.17 HSPF, 

from an output file of the CEF-NEMS reference case). Current market costs of CACs are from a variety of survey data including XENERGY (1996), 

Energy Center of Wisconsin (1997), and "Mr. Cool" (1998). Costs assume a 3 ton unit.
 

1 7 	  LBNL estimate of incremental cost to go from the future standard of 12 SEER to the predicted future ENERGY STAR efficiency of 14 SEER.
 
Costs are current market costs from a variety of data sources (see Note 15), for one 3 ton heat pump unit, but were reduced by 25% in the Advanced case to account for an 

expected decrease in prices of higher-efficiency units after the 12 SEER standard takes effect in 2006. That is, we assume that the average incremental cost during the 

2006-2020 period will be 25% lower than the current incremental cost.
 

1 8  Average current market cost of a 13.5 SEER heat pump relative to the cost of the average replaced unit in 2000. Source: same as note 16. The full 

incremental cost was used (i.e., the tax credit was not subtracted), and it was apportioned between heating and cooling according to the relative energy saved in each end-use.
 

1 9  Average current market cost of a 15 SEER heat pump relative to the cost of the average replaced unit in 2000. Source: same as note 16. The full 

incremental cost was used (i.e., the tax credit was not subtracted), and it was apportioned between heating and cooling according to the relative energy saved in each end-use.
 

2 0 	  LBNL estimate of the incremental cost of a 15 SEER electric heat pump relative to the cost of the 12 SEER standard unit after the standard takes effect in 2006. We used 

current market costs of 12 and 15 SEER units of 3-ton capacity (source: same as Note 16), but reduced the current incremental cost by 5% to account for a slight decrease 

in prices of higher efficiency units once the standard takes effect and higher efficiency technologies becomes more widespread. Incremental cost is the full incremental cost of 

the measure (i.e., the tax credit was not subtracted).
 

2 1 	  There is virtually no difference in cost between a standard heat pump and a system having standard CAC plus electric resistance heating (EPRI 1987).
 
The cost of changing controls and ductwork to accommodate the heat pump was assumed to be $600, based on LBNL estimates.
 
The total cost of this measure is ascribed to heating, since we assume that the cooling savings for this measure is zero (see Table C-1.2.adv, Note 5).
 
We assume that the central air conditioner will retire naturally at the same time as the electric heating unit. This assumes that the CAC and the heater were originally 

installed at the same time, and since the average lifetime of an electric heater is almost exactly twice that of a CAC (23.5 years and 12 years, respectively, from an output file  

of the CEF-NEMS reference case), when the heater retires, the CAC will retire also (or be very close to retirement). Thus we assume that we incur no additional cost due to 

an early retirement of the CAC unit.
 

2 2 	  The incremental cost to switch from a frozen efficiency electric resistance heating system with CAC to a 12 SEER heat pump is still assumed to be $600 (for changes in 
ductwork and controls). There is no additional cost due to the higher efficiency because the 2006 standard cooling efficiency for CAC and HPs is the same --12 SEER. We assume, 
based on EPRI (1987), that an electric resistance heater with CAC costs the same as an air source heat pump, no matter what the efficiency of the CAC and HP is, as long as 
they have the same efficiency. The total cost of this measure is allocated to heating, since we assume that the cooling savings for this measure is zero, as described in Table 
C-1.2.adv, Note 5. We assume that we incur no additional cost due to early retirement of the CAC unit (see Note 21 for more details). 

2 3 	  LBNL estimate of mature market costs for a 12 SEER standard. We assume the incremental cost of a 12 SEER unit compared to the frozen efficiency in 2000 (10.42 SEER 
from an output file of the CEF-NEMS reference case) will be half of current market costs. Current market costs of CACs are from a variety of survey data including XENERGY (1996), 
Energy Center of Wisconsin (1997), and "Mr. Cool" (1998). Costs assume one 3 ton unit per house. 

2 4 	  Average current market costs for a 12 SEER unit relative to the average efficiency of a new unit bought in 2000 (10.42 SEER 

from an output file of the CEF-NEMS reference case). Current market costs of CACs are from a variety of survey data including XENERGY (1996), 

Energy Center of Wisconsin (1997), and "Mr. Cool" (1998). Costs assume a 3 ton unit.
 

2 5 	  LBNL estimate of incremental cost to go from the future standard of 12 SEER to the predicted future ENERGY STAR efficiency of 14 SEER.
 
Costs are current market costs from a variety of data sources (see Note 23), for one 3 ton unit, but were reduced by 25% in the Advanced case to account for an expected 

decrease in prices of higher-efficiency units after the 12 SEER standard takes effect in 2006. That is, we assume that the average incremental cost during the 

2006-2020 period will be 25% lower than the current incremental cost.
 

2 6  Average current market cost of a 13.5 SEER CAC relative to the cost of the average replaced unit in 2000. Source: same as note 23. This is the full incremental cost
 
(i.e., the tax credit was not subtracted).
 

2 7  Average current market cost of a 15 SEER CAC relative to the cost of the average replaced unit in 2000. Source: same as note 23. This is the full incremental cost
 
(i.e., the tax credit was not subtracted).
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2 8 	  LBNL estimate of the incremental cost of a 15 SEER CAC relative to the cost of the 12 SEER standard unit after the standard takes effect in 2006. We used current market 

costs of 12 and 15 SEER units of 3-ton capacity (source: same as Note 23), but reduced the current incremental cost by 5% to account for a slight decrease in prices 

of higher efficiency units once the standard takes effect and higher efficiency technologies becomes more widespread. Incremental cost is the full incremental cost of 

the measure (i.e., the tax credit was not subtracted).
 

2 9 	  Costs based on 1993 standards analysis (US DOE 1993b) for the most common product classes and type (i.e., louvered sides and no reverse valve) of room A/C, inflated to 

1997 dollars from 1990 dollars using GDP inflator. Cost is a weighted average over the most common product classes (from under 6 Btuh to 20 Btuh capacity),
 
using 1989 shipments by product class from US DOE 1993b. Cost assumes a U.S. average of 1.51 room AC units per house (i.e., the average cost per unit was multiplied by 

1.51 to get the cost per house of the standards measure). The average number of units in the U.S. is from a query of the 1990 RECS electronic database (US DOE 1993a); 1.51 units 
is the average (weighted using the RECS household weighting factor "nweight") number of room AC units in all house types in the U.S. that claim room A/C units as their 
primary cooling equipment. 

3 0 	  Costs based on 1993 standards analysis (US DOE 1993b) for the most common product classes and type (i.e., louvered sides and no reverse valve) of room A/C, inflated 

to 1997 dollars from 1990 dollars using the GDP inflator. Cost assumes an average of 1.67 room AC units per house (i.e., the average cost per unit was multiplied by 

1.67 to get the cost per house of the ENERGY STAR measures). 1.67 units represents the average number of room A/C units per house in Single-family and Manufactured 
Homes located in the South and that claim room AC as their primary cooling equipment. We selected only SF and MH houses in the South because we asssumed that the 
ENERGY STAR RAC program would only be marketed to owners of these types of homes in the South (see Table C-1.2.adv). The average number of units is from a query 
of the 1990 RECS electronic database (US DOE 1993a). The costs are incremental to the cost of the NAECA standard valid during the program time period. 
That is, the incremental cost of an ENERGY STAR room AC in 2000 is relative to the cost of a room AC that just meets the standard valid in the year 2000; the 
incremental cost of an ENERGY STAR room AC from 2001-2009 is relative to the cost of a room AC that just meets the October, 2000 standard (assumed to 
take effect in January of 2001), and so on. 
Note: the incremental cost of ENERGY STAR RAC in 2010-2020 is based on US DOE 1993b, but was reduced by 60% to account for technological innovations that will 
happen by 2010 to reduce the cost of high-efficiency RACs. These technologies may include microchannel heat exchangers already developed by Modine, or other technologies. 

3 1 	  The average incremental cost of an ENERGY STAR gas furnace over the 2000-2020 forecast period in the Advanced case is assumed to be the same as the current incremental 

cost of a condensing gas furnace in a mature market. Currently, the state of Wisconsin is a mature market for condensing gas furnaces. The incremental cost of $464 

in the table is to go from an 80 AFUE gas furnace to a 90 AFUE gas furnace and is from Suozzo 1998, page 51. The Suozzo cost is from 1997 Wisconsin survey data. 

It will take a number of years, even in the Advanced case, to achieve a mature market in most of the Northern U.S., but we use this cost as an estimate for three reasons: (1) it's 

the only available data on mature market furnace costs; (2) our baseline efficiency is higher than Suozzo's (81.7 AFUE compared to 80 AFUE) thus the Suozzo cost overestimates 

our incremental cost; and (3) costs in earlier years of the program will be higher, but costs in the later years of the program will be lower due to increased production experience.
 

3 2 	  Incremental cost to go from an 80 AFUE to an 86 AFUE gas boiler of output capacity 80 Mbtuh. Costs include installation and are from Johnson (1994), page 67.
 
For the Advanced case, we assume mature market costs, so we reduced Johnson's incremental cost by 40% to estimate the lower prices of a mature market. 

The cost is assumed to be the average over the entire forecast period. Costs from Johnson were inflated to 1997 dollars using the GDP inflator. 


3 3 Incremental installed cost of an ENERGY STAR oil furnace in a mature market was assumed to be the same as the incremental cost of the ENERGY STAR gas furnace in a mature 

market. No mature market cost data for oil furnaces were available. The cost in the table is assumed to be the average over the 2000-2020 period.
 

3 4 Incremental cost to go from an 80.4 AFUE to an 86 AFUE oil boiler of output capacity 80 Mbtuh. Costs include installation and are from Johnson (1994), page 67. For the Advanced 

case, we assume mature market costs, so we reduced Johnson's incremental cost by 40% to reflect lower prices in a mature market. Johnson's costs were inflated to 

1997 dollars using the GDP inflator.
 

3 5 The incremental cost of LPG furnaces in a mature market was assumed to be the same as for natural gas furnaces. 
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Table C-1.2.mod: Average Household Energy Consumption and Market Segments for Existing Residential Building HVAC Policies 
Case: Moderate 

Average Household Energy Maximum 
Consumption for Subset of annual 

Homes to which Policy appliesa Market Segment the policy applies tob penetration 
achieved in

Equipment Base Case Policy Notes 
policy casec

Fuel End-Use Type Policy Policy Periodd 

(site MMBtu/yr) (site MMBtu/yr) description (% of homes) (% of homes) 
Elec Space Heating 1all 100.0% 100.0%Heat Pump NAECA standard 2006 2006-2020 14.64 14.19 

ENERGY STAR HVAC 2000-2005 30.75 29.80 South (SF, highest consumption) 12.4% 7.6% 6 
ENERGY STAR HVAC 2006-2020 14.90 12.97 South (SF only) 57.8% 20.0% 3 
Tax credit ASHP (10%) 2000-2001 15.37 12.25 South (SF only) 57.8% 8.0% 3 
Tax credit ASHP (20%) 2000-2003 15.37 12.25 South (SF only) 57.8% 3.1% 3 

Max, all Programs: 20.0% 

Resistance no policies for moderate - 5 

Elec Space Cooling 1all 100.0% 100.0%Heat Pump NAECA standard 2006 2006-2020 8.20 7.44 
ENERGY STAR HVAC 2000-2005 25.31 22.97 South (SF, highest consumption) 12.4% 7.6% 6 
ENERGY STAR HVAC 2006-2020 11.49 9.85 South (SF only) 57.8% 20.0% 3 
Tax credit ASHP (10%) 2000-2001 12.66 10.21 South (SF only) 57.8% 8.0% 3 
Tax credit ASHP (20%) 2000-2003 12.66 9.19 South (SF only) 57.8% 3.1% 3 

Max, all Programs: 20.0% 

Central A/C NAECA standard 2006 2006-2020 7.63 6.63 all 100.0% 100.0% 1 
ENERGY STAR HVAC 2000-2005 14.15 12.29 South (SF only) 37.7% 7.6% 3 
ENERGY STAR HVAC 2006-2020 12.29 10.53 South (SF only) 37.7% 20.0% 3 
Tax credit CAC (10%) 2000-2001 14.15 10.92 South (SF only) 37.7% 8.0% 3 

South (SF only) 37.7% 3.1% 3Tax credit CAC (20%) 2000-2003 14.15 9.83 
20.0%Max, all Programs: 

1Room A/C NAECA standard 2001 2001-2009 2.95 2.78 all  100.0% 100.0% 
1NAECA standard 2010 2010-2020 2.95 2.57 all  100.0% 100.0% 
3ENERGY STAR HVAC 2000 only 6.63 6.07 South (SF only) 25.8% 1.0% 
3ENERGY STAR HVAC 2001-2009 6.24 5.36 South (SF only) 25.8% 9.0% 
3ENERGY STAR HVAC 2010-2020 5.76 4.95 South (SF only) 25.8% 10.0% 

Gas Space Heating - 1,2all 100.0% 100.0%Furnace NAECA standard - 60.49 
ENERGY STAR HVAC 2000-2020 123.31 111.95 North (SF, high consumption) 11.7% 10.9% 4 

- 1,2Boiler NAECA standard - 53.97 all 100.0% 100.0% 
4ENERGY STAR HVAC 2000-2020 102.42 95.29 North (SF, high consumption) 17.1% 12.1% 
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Table C-1.2.mod: Average Household Energy Consumption and Market Segments for Existing Residential Building HVAC Policies 
Case: Moderate 

Fuel End-Use 
Equipment 

Type Policy Policy Periodd 

Average Household Energy 
Consumption for Subset of 

Homes to which Policy appliesa Market Segment the policy applies tob 

Maximum 
annual 

penetration 
achieved in 

policy casec 

(% of homes) 

NotesBase Case 

(site MMBtu/yr) 

Policy 

(site MMBtu/yr) description (% of homes) 

Oil Space Heating Furnace 

Boiler 

NAECA standard 

ENERGY STAR HVAC 

NAECA standard 

ENERGY STAR HVAC 

-

2000-2020 

-

2000-2020 

73.51 

144.91 

75.01 

128.23 

-

131.85 

-

119.90 

all 

North (SF, high consumption) 

all 

North (SF, high consumption) 

100.0% 

26.8% 

100.0% 

23.3% 

100.0% 

18.4% 

100.0% 

10.0% 

1,2 

4 

1,2 

4 

LPG Space Heating Furnace NAECA standard 

ENERGY STAR HVAC 

-

2000-2020 

50.33 

95.81 

-

87.48 

all 

North (SF, high consumption) 

100.0% 

17.8% 

100.0% 

10.9% 

1,2 

4 
a This is the average household site energy consumption in MMBtu/year for space heating or cooling during the specified policy period. It is the average consumption for market segment

  to which the policy is assumed to apply (see Note b). The energy consumption is presented for two situations: Base Case and Policy Case. The annual energy saved by the policy is simply 
the difference between the base case and policy case consumptions. 

The heating and cooling consumptions for both cases are derived from the end-use consumptions provided by an 
  output file of the CEF-NEMS reference case. The CEF-NEMS consumptions we started with are the average consumption of all existing homes in 2000, adjusted by the ratio of average 
  replacement equipment efficiency in 2000 to average existing equipment efficiency in 2000. The average replacement and existing equipment efficiencies are also from an output file 
  of the CEF-NEMS reference case. This consumption is used as the base case for NAECA standards and for non-mandatory policies in years prior to when a new NAECA standard takes effect. 
  Once a new NAECA standard takes effect, the base case consumption used for non-mandatory policies will decrease to reflect the new minimum equipment efficiency level. The base case 
  consumption has also been adjusted to reflect the market segment to which the policy applies - see Notes below for details of the calculations for specific policies. The policy case 
  consumption is always calculated by applying the ratio (policy efficiency / base case efficiency) to the base case consumption. Base case and policy case equipment efficiencies are 
documented in Table C-1.1.mod. 

b In some cases, a policy was not cost-effective in the "average" home. In these cases, we segmented the market and applied the policy only to a subset of homes in which the measure 

  would be cost-effective. The NAECA standards are a mandatory program and therefore are always applied to the "average" (i.e., all) homes. The household consumptions shown in this 
  table only apply to the market segment listed. In general, most policies affecting heating are more cost-effective in the North, and most policies affecting cooling are more cost-effective 
  in the South, because of higher than average loads for heating and cooling, respectively, in those regions. Often, we further segmented the market to include only single-family (SF) 
  homes, because of their higher heating and cooling loads. In some cases, we had to further segment to include only the highest energy consumers. See the Notes below for details on 
  what was done for specific policies. In this table, we show the market segment as a percent of all existing homes with the specified equipment type. For example, in the Moderate case, 
  the ENERGY STAR HVAC program for room A/C was assumed to apply only to single-family homes in the Southern U.S.; these homes account for 25.8% of all existing U.S. homes with 
  room A/C as primary cooling equipment. (In other words, 25.8% of all existing U.S. homes with room A/C as primary cooling equipment are single-family homes in the South).  
  Percent of existing homes by region (south and north), fuel type, equipment type, and house type are from Hanford 1994, Tables 3.20-3.21, except for the fuel end-uses. For gas, 
  LPG, and oil heating, the percent of existing homes by energy consumption, equipment type, house type, and region are from a query of the 1990 RECS database (US DOE 1993a). 
  We provide the market segment as a % of all homes so that we can compare it to the maximum policy penetration achieved (which is defined as % of all homes). The maximum policy
  penetration must never exceed the market segment percentage. See note c for more details about the maximum policy penetrations. 
c The maximum annual penetration rate achieved by the program during the policy period shown in this table. The penetration rate is defined as the percent of equipment retiring in

  each year that would be replaced with new equipment due to the policy. For example, the maximum penetration rate achieved by the ENERGY STAR HVAC program for gas

  furnaces is 10.9% in the Moderate case; i.e., 10.9% of all existing homes with gas furnaces that retired in that year were replaced with ENERGY STAR gas furnaces 
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Table C-1.2.mod, continued

 as a result of the ENERGY STAR program. See Table B-1.1.mod for more details about policy penetrations.


  Note that the maximum annual penetrations for the various policies are not necessarily additive, because the maximum may occur in different years for different policies. For 


  example, the maximum penetration for ENERGY STAR central A/C occurs in 2020, but the maximum annual penetration for the central A/C tax credit of 10% occurs in 


  2001. For equipment types with multiple policies, we show the maximum annual penetration of all programs combined, with the exception of standards, in the "Max, all Programs" row. 

d The years during which the policy is assumed to be in effect; see Table B-1.1.mod for details on policy periods. 

Notes 
1 The NAECA standard measures are mandatory and therefore apply to the entire market. The base case consumption is the U.S. average site energy consumption in the year 2000 


for an existing home (i.e., a home built before 2000) with new equipment of efficiency equal to the average efficiency of a unit bought in the year 2000 to replace a retiring unit. 


This consumption is the average annual consumption for all house types in all regions of the country, from an output file of the CEF-NEMS reference case. See Table C-1.1.mod 

for the base case and policy case efficiencies. 


2 We assume that the NAECA standards for gas, LPG and oil heating equipment will not be updated during the forecast period. 
3 In most cases, we applied policies which affected cooling equipment to one of three market segments: (1) all house types in the South, (2) single-family and manufactured homes 

in the South, or (3) single-family homes in the South. The base case consumptions for these market segments are estimates based on the U.S. average base case consumption 
described in note a. We estimated the regional and house type consumptions using regional and house type scaling factors from data in Hanford (1994). We used Hanford's 
database UEC from Tables 3.20-3.21, which provided annual heating and cooling consumptions of existing homes by region (North and South), house type 
(single-family, multifamily and manfuctured housing), and by equipment and fuel type. We used the existing home populations from the same tables to weight the consumptions 
for each house type and equipment type. We used the Hanford data to scale the U.S. average consumption described in Note a. 
Note: The base case consumptions for ENERGY STAR heat pumps and central A/Cs decrease after 2005 because of the NAECA standard which takes effect in 2006. Similarly, the base 
case consumptions for ENERGY STAR room A/Cs decrease after 2000 and again after 2009 because of the NAECA standards which take effect in 2001 and 2010. 

4 We found that the ENERGY STAR furnaces and boilers are in most cases not cost-effective for the average single-family house in the North, so we restricted the market even 
further to SF homes in the North with high heating consumption. We estimated the consumption of this subset of homes using the 1990 RECS individual household data (electronic 
database, US DOE 1993a). We calculated the population weighted average heating consumption for RECS single-family homes in the north, using the RECS population weighting 
factor "nweight", for each heating equipment type. From this set of homes, we selected the highest consumers of heating energy, and calculated the average consumption for those 
homes. We calculated a consumption ratio - average single-family north high consumption homes to the average north, single-family homes (both from 1990 RECS) - and used it 
to scale the "North, SF" consumption (derived from Hanford 1994 data, as described in note 3). The resulting consumptions are shown in the base case column of this table. 

5 We do not have any policies to improve the energy consumption of homes with electric resistance heaters in the Moderate case. 
6 We found that ENERGY STAR heat pumps are not cost-effective in the average single-family home in the south prior to the 2006 NAECA standard. They are cost-effective, however, 

in homes that use at least twice as much energy (for heating and cooling combined) as the average single-family home in the south with a heat pump. Based on a query of the 
1990 RECS electronic database (US DOE 1993a), we estimated that 12.4% of all single-family homes in the South with an electric heat pump use twice as much energy for heating 
and cooling than the average single-family home in the south with an electric heat pump. The base case heating and cooling consumptions in this table are simply twice the 
"South, SF only" consumptions described in Note 3. 
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Table C-1.2.adv: Average Household Energy Consumption and Market Segments for Existing Residential Building HVAC Policies 
Case: Advanced 

Average Household Energy Maximum 
Consumption for Subset of annual 

Homes to which Policy appliesa Market Segment the policy applies tob penetration 

Fuel End-Use 
Equipment 

Type Policy Policy Periodd 
Base Case Policy 

(site (site 
MMBtu/yr) MMBtu/yr) description 

Elec Space Heating Heat Pump NAECA standard 2006 2006-2020 14.64 14.19 all 

ENERGY STAR HVAC 2000-2005 30.75 29.80 South (SF, highest consumption) 
ENERGY STAR HVAC 2006-2020 12.32 10.73 South (all house types) 
Tax credit ASHP (10%) 2000-2003 12.71 10.13 South (all house types) 
Tax credit ASHP (20%) 2000-2005 15.37 12.25 South (SF only) 
Tax credit ASHP (20%) 2006-2007 12.32 9.82 South (all house types) 

achieved in 
Notes 

policy casec 

(% of (% of 
homes) homes) 
100.0% 100.0% 1 

12.4% 12.4% 6 
81.9% 40.0% 3 

16.0%81.9% 3 
57.8% 10.0% 3 

11.2%81.9% 3 

Resistance Replace with Heat Pump 
Replace with Heat Pump 

2000-2005 
2006-2020 

14.87 
14.87 

7.08 
6.86 

homes with CAC & cost-effective 
homes with CAC & cost-effective 

26.1% 
26.1% 

Elec Space Cooling Heat Pump NAECA standard 2006 2006-2020 8.20 7.44 all 100.0% 

ENERGY STAR HVAC 
ENERGY STAR HVAC 
Tax credit ASHP (10%) 
Tax credit ASHP (20%) 
Tax credit ASHP (20%) 

2000-2005 
2006-2020 
2000-2003 
2000-2005 
2006-2007 

25.31 
9.34 

10.30 
12.66 
9.34 

22.97 
8.01 
8.31 
9.19 
6.78 

South (SF, highest consumption) 
South (all house types) 
South (all house types) 

South (SF only) 
South (all house types) 

12.4% 
81.9% 
81.9% 
57.8% 
81.9% 

Max, all Programs: 

Max, all Programs: 

40.0% 

4.1% 5 
6.5% 5 

100.0% 1 

12.4% 6 
40.0% 3 
16.0% 3 
10.0% 3 
11.2% 3 
40.0% 

Central A/C NAECA standard 2006 2006-2020 7.63 6.63 all 100.0% 100.0% 1 
ENERGY STAR HVAC 2000-2005 14.15 12.29 South (SF only) 37.7% 15.3% 3 
ENERGY STAR HVAC 2006-2020 9.95 8.53 South (all house types) 55.7% 40.0% 3 
Tax credit CAC (10%) 2000-2003 14.15 10.92 South (SF only) 37.7% 16.0% 3 
Tax credit CAC (20%) 2000-2005 14.15 9.83 South (SF only) 37.7% 10.0% 3 

Tax credit CAC (20%) 2006-2007 12.29 8.54 South (SF only) 37.7% 11.2% 3 

Max, all Programs: 40.0% 

Room A/C NAECA standard 2001 

NAECA standard 2010 

ENERGY STAR HVAC 

ENERGY STAR HVAC 

ENERGY STAR HVAC 

2001-2009 

2010-2020 

2000 only 

2001-2009 

2010-2020 

2.95 

2.95 

6.41 

6.04 

5.58 

2.78 

2.57 

5.87 

5.18 

4.79 

all 

all 

South (SF and MH only) 

South (SF and MH only) 

South (SF and MH only) 

100.0% 

100.0% 

29.6% 

29.6% 

29.6% 

100.0% 

100.0% 

2.4% 

19.0% 

23.1% 

1 

1 

3 

3 

3 

Gas Space Heating Furnace NAECA standard 

ENERGY STAR HVAC 

-

2000-2020 

60.49 

78.88 

-

71.61 

all 

North (SF only) 

100.0% 

45.7% 

100.0% 

21.7% 

1,2 

4 

Boiler NAECA standard 

ENERGY STAR HVAC 

-

2000-2020 

53.97 

60.81 

-

56.58 

all 

2/3 SF + 1/3 MF in >4000 HDD regions 

100.0% 

39.1% 

100.0% 

24.1% 

1,2 

4 
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Table C-1.2.adv: Average Household Energy Consumption and Market Segments for Existing Residential Building HVAC Policies 
Case: Advanced 

Fuel End-Use 
Equipment 

Type Policy Policy Periodd 

Average Household Energy 
Consumption for Subset of 

Homes to which Policy appliesa Market Segment the policy applies tob 

Maximum 
annual 

penetration 
achieved in 

policy casec 

(% of 
homes) 

NotesBase Case 

(site 
MMBtu/yr) 

Policy 

(site 
MMBtu/yr) description 

(% of 
homes) 

Oil Space Heating Furnace 

Boiler 

NAECA standard 

ENERGY STAR HVAC 

NAECA standard 

ENERGY STAR HVAC 

-

2000-2020 

-

2000-2020 

73.51 

101.37 

75.01 

75.42 

-

92.23 

-

70.52 

all 

North (SF only) 

all 

North (all house types) 

100.0% 

61.2% 

100.0% 

96.6% 

100.0% 

36.7% 

100.0% 

11.2% 

1,2 

4 

1,2 

4 

LPG Space Heating Furnace NAECA standard 

ENERGY STAR HVAC 

-

2000-2020 

50.33 

59.22 

-

54.06 

all 

North (all house types) 

100.0% 

53.8% 

100.0% 

21.7% 

1,2 

4 
a This is the average household site energy consumption in MMBtu/year for space heating or cooling during the specified policy period. It is the average consumption for market segment

  to which the policy is assumed to apply (see Note b). The energy consumption is presented for two situations: Base Case and Policy Case. The annual energy saved by the policy is simply 
the difference between the base case and policy case consumptions. 

The heating and cooling consumptions for both cases are derived from the end-use consumptions provided by an 
  output file of the CEF-NEMS reference case. The CEF-NEMS consumptions we started with are the average consumption of all existing homes in 2000, adjusted by the ratio of average 
  replacement equipment efficiency in 2000 to average existing equipment efficiency in 2000. The average replacement and existing equipment efficiencies are also from an output file 
  of the CEF-NEMS reference case. This consumption is used as the base case for NAECA standards and for non-mandatory policies in years prior to when a new NAECA standard takes effect. 
  Once a new NAECA standard takes effect, the base case consumption used for non-mandatory policies will decrease to reflect the new minimum equipment efficiency level. The base case 
  consumption has also been adjusted to reflect the market segment to which the policy applies - see Notes below for details of the calculations for specific policies. The policy case 
  consumption is always calculated by applying the ratio (policy efficiency / base case efficiency) to the base case consumption. Base case and policy case equipment efficiencies are 
documented in Table C-1.1.adv. 

b In some cases, a policy was not cost-effective in the "average" home. In these cases, we segmented the market and applied the policy only to a subset of homes in which the measure 

  would be cost-effective. The NAECA standards are a mandatory program and therefore are always applied to the "average" (i.e., all) homes. The household consumptions shown in this 
  table only apply to the market segment listed. In general, most policies affecting heating are more cost-effective in the North, and most policies affecting cooling are more cost-effective 
  in the South, because of higher than average loads for heating and cooling, respectively, in those regions. Often, we further segmented the market to include only single-family (SF) 
  homes, because of their higher heating and cooling loads. In some cases, we had to further segment to include only the highest energy consumers. See the Notes below for details on 
  what was done for specific policies. In this table, we show the market segment as a percent of all existing homes with the specified equipment type. For example, in the Advanced case, 
  the ENERGY STAR HVAC program for room A/C was assumed to apply only to single-family and manufactured homes in the Southern U.S.; these homes account for 29.6% of all existing 
U.S.

 homes with room A/C as primary cooling equipment. (In other words, 29.6% of all existing U.S. homes with room A/C as primary cooling equipment are single-family or 
manufactured homes located in the south). 

Percent of existing homes by region (south and north), fuel type, equipment type, and house type are from Hanford 1994, Tables 3.20-3.21, 
  except for the fuel end-uses. For gas, LPG, and oil heating, the percent of existing homes by energy consumption, equipment type, house type, and region are from a query of the 
1990 RECS database (US DOE 1993a). 


  We provide the market segment as a % of all homes so that we can compare it to the maximum policy penetration achieved (which is defined as % of all homes). The maximum policy


  penetration must never exceed the market segment percentage. See note c for more details about the maximum policy penetrations.
 
c	 The maximum annual penetration rate achieved by the program during the policy period shown in this table. The penetration rate is defined as the percent of equipment retiring in

  each year that would be replaced with new equipment due to the policy. For example, the maximum penetration rate achieved by the ENERGY STAR HVAC program for gas 
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Table C-1.2.adv, continued

  furnaces is 21.7% in the Advanced case; i.e., 21.7% of all existing homes with gas furnaces that retired in that year were replaced with ENERGY STAR gas furnaces 

as a result of the ENERGY STAR program. See Table B-1.1.adv for more details about policy penetrations.


  Note that the maximum annual penetrations for the various policies are not necessarily additive, because the maximum may occur in different years for different policies. For 


  example, the maximum penetration for ENERGY STAR central A/C occurs in 2020, but the maximum annual penetration for the central A/C tax credit of 10% occurs in 


  2003. For equipment types with multiple policies, we show the maximum annual penetration of all programs combined, with the exception of standards, in the "Max, all Programs" row. 

d The years during which the policy is assumed to be in effect; see Table B-1.1.adv for details on policy periods. 

Notes 
1 The NAECA standard measures are mandatory and therefore apply to the entire market. The base case consumption is the U.S. average site energy consumption in the year 2000 


for an existing home (i.e., a home built before 2000) with new equipment of efficiency equal to the average efficiency of a unit bought in the year 2000 to replace a retiring unit. 


This consumption is the average annual consumption for all house types in all regions of the country, from an output file of the CEF-NEMS reference case. See Table C-1.1.mod 

for the base case and policy case efficiencies. 


2 We assume that the NAECA standards for gas, LPG and oil heating equipment will not be updated during the forecast period. 
3 In most cases, we applied policies which affected cooling equipment to the single-family, Southern U.S. market segment. The base case consumptions for this market segment are 

estimates based on the U.S. average base case consumption described in note a. We estimated the regional and house type consumptions using regional and house type scaling factors 
from data in Hanford (1994). We used Hanford's "database UEC" from Tables 3.20-3.21, which provided annual heating and cooling consumptions of existing homes by 
region (North and South), house type (single-family, multifamily and manfuctured housing), and by equipment and fuel type. We used the existing home populations 
from the same tables to weight the consumptions for each house type and equipment type. We used the Hanford data to scale the U.S. average consumption described in Note a. 
Note: The base case consumptions for ENERGY STAR heat pumps and central A/Cs decrease after 2005 because of the NAECA standard which takes effect in 2006. Similarly, the base 
case consumptions for ENERGY STAR room A/Cs decrease after 2000 and again after 2009 because of the NAECA standards which take effect in 2001 and 2010. 

4 We found that the ENERGY STAR furnaces and boilers are in most cases not cost-effective for the average single-family house in the North, so we restricted the market even 
further to SF homes in the North with high heating consumption. We estimated the consumption of this subset of homes using the 1990 RECS individual household data (electronic 
database, US DOE 1993a). We calculated the population weighted average heating consumption for RECS single-family homes in the north, using the RECS population weighting 
factor "nweight", for each heating equipment type. From this set of homes, we selected the highest consumers of heating energy, and calculated the average consumption for those 
homes. We calculated a consumption ratio - average single-family north high consumption homes to the average north, single-family homes (both from 1990 RECS) - and used it 
to scale the "North, SF" consumption (derived from Hanford 1994 data, as described in note 3). The resulting consumptions are shown in the base case column of this table. 

5 Note that this policy (replace electric resistance heating and CAC with electric heat pump) is only listed in this table under the Electric Space heating end-use, not under 
the Electric Cooling end-use, because this policy saves no energy for cooling. This is because we have assumed that this policy only applies to 
homes that are replacing their CAC at the same time as their heating equipment (see Table B-1.1.adv for more details). During the policy time period 2000-2005, we assume that the 
efficiency of the replacement heat pump is the frozen efficiency (average new unit efficiency of a heat pump in 1999). This is approximately the same efficiency as the frozen efficiency 
of a CAC, thus the cooling savings due to the replacement will be zero. During the policy period 2006-2020, we assume that the heat pump has the 2006 NAECA standard efficiency, 
which is assumed to be the same for heat pumps and central air conditioners in this analysis, 14 SEER. Therefore, the energy saved for cooling during the 2006-2020 time period is also 
zero. 

6 We found that ENERGY STAR heat pumps are not cost-effective in the average single-family home in the south prior to the 2006 NAECA standard. They are cost-effective, however, 
in homes that use at least twice as much energy (for heating and cooling combined) as the average single-family home in the south with a heat pump. Based on a query of the 
1990 RECS electronic database (US DOE 1993a), we estimated that 12.4% of all single-family homes in the South with an electric heat pump use twice as much energy for heating 
and cooling than the average single-family home in the south with an electric heat pump. The base case heating and cooling consumptions in this table are simply twice the 
"South, SF only" consumptions described in Note 3. 
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Table C-1.3.mod: Average Technology Dataa for New Residential Building HVAC End-Uses, Moderate Case 

End-Use Program 

Average Incremental Cost 

per Houseb 

Average Annual Energy 

Savings per Housec 
Measure 
Lifetime 

Measure 
Lifetime 
Notes 

(years) 

Average Cost of 

Conserved Energyd 

2000-2010 2000-2020 
(1997 dollars/house) 

2000-2010 2000-2020 
(site MMBtu/house/yr) 

2000-2010 2000-2020 
(1997$/site MMBtu) 

Electric Heating 
Heat Pump standard 
Building Codes 
ENERGY STAR Homes 
New Home Tax credit (30% level) 
New Home Tax credit (40% level) 
New Home Tax credit (50% level) 
Building America 
R&D (ENERGY STAR Homes level) 
R&D (Building America level) 
Average, all programs 

Electric Cooling 
CAC, heat pump, and RAC standards 
Building Codes 
ENERGY STAR Homes 
New Home Tax credit (30% level) 
New Home Tax credit (40% level) 
New Home Tax credit (50% level) 
Building America 
R&D (ENERGY STAR Homes level) 
R&D (Building America level) 
Average, all programs 

Gas or LPG Heating 
NAECA Standards 
Building Codes 
ENERGY STAR Homes 
New Home Tax credit (30% level) 
New Home Tax credit (40% level) 
New Home Tax credit (50% level) 

$ 5 2 $ 5 2 
$135 $125 
$942 $707 
$947 $947 

$1,267 $1,267 
$1,587 $1,587 
$338 $298 
$835 $606 
$330 $284 

$106 $114 
$136 $126 
$367 $279 
$267 $267 
$354 $354 
$440 $440 
$145 $163 
$326 $240 
$141 $122 

- -
$136 $126 

$1,308 $997 
$1,299 $1,299 
$1,734 $1,734 
$2,169 $2,169 

0.51 0.51 
3.94 3.92 
6.46 6.61 
6.56 6.46 
7.81 7.68 
9.06 8.97 

6.15 6.80 
5.82 5.56 
6.26 7.01 

1.09 1.06 
2.33 2.31 
3.78 3.43 
3.72 3.54 
4.37 4.14 
5.06 4.90 
1.88 2.12 
3.39 3.25 
1.79 2.19 

- -
14.87 14.81 
20.96 20.31 
24.81 24.56 
29.55 29.23 
34.26 34.05 

12.0 1 
30.0 2 
24.4 3 
24.4 3 
24.4 3 
24.4 3 

24.4 3 
24.4 3 
24.4 3 

12.3 4 
30.0 2 
23.5 3 
23.5 3 
23.5 3 
23.5 3 
23.5 3 
23.5 3 
23.5 3 

- 5 
30.0 2 
24.3 3 
24.3 3 
24.3 3 
24.3 3 

$12.79 $12.95 
$2.77 $2.57 

$12.61 $9.26 
$12.50 $12.69 
$14.04 $14.28 
$15.16 $15.31 
$4.76 $3.79 

$12.42 $9.44 
$4.56 $3.50 

$10 .08  $7 .37  

$11.99 $13.39 
$5.13 $4.80 
$8.54 $7.16 
$6.32 $6.64 
$7.13 $7.53 
$7.65 $7.91 
$6.75 $6.77 
$8.46 $6.51 
$6.96 $4.89 

$10 .41  $10 .42  

- -
$0.74 $0.69 
$5.42 $4.26 
$4.55 $4.59 
$5.09 $5.15 
$5.49 $5.53 
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Table C-1.3.mod: Average Technology Dataa for New Residential Building HVAC End-Uses, Moderate Case 

End-Use Program 

Average Incremental Cost 

per Houseb 

Average Annual Energy 

Savings per Housec 
Measure 
Lifetime 

(years) 

Measure 
Lifetime 
Notes 

Average Cost of 

Conserved Energyd 

2000-2010 2000-2020 
(1997 dollars/house) 

2000-2010 2000-2020 
(site MMBtu/house/yr) 

2000-2010 2000-2020 
(1997$/site MMBtu) 

Gas or LPG Heating, continued 
Building America $338 $301 23.83 26.21 24.3 3 $1.23 $1.00 
R&D (ENERGY STAR Homes level) $1,161 $852 20.96 20.04 24.3 3 $4.81 $3.69 
R&D (Building America level) $330  $285 24.38 27.15 24.3 3 $1.17 $0.91 
Average, all programs $3 .60  $2 .45  

Oil Heating 
NAECA Standards - - - - - 5 - -
Building Codes $133 $126 24.19 24.11 30.0 2 $0.44 $0.42 
ENERGY STAR Homes $1,429 $1,112 34.71 33.48 25.4 3 $3.51 $2.83 
New Home Tax credit (30% level) $1,370 $1,370 40.46 40.22 25.4 3 $2.89 $2.90 
New Home Tax credit (40% level) $1,828 $1,828 48.20 47.86 25.4 3 $3.23 $3.26 
New Home Tax credit (50% level) $2,286 $2,286 55.84 55.60 25.4 3 $3.49 $3.50 
Building America $339 $303 38.83 42.61 25.4 3 $0.74 $0.61 
R&D (ENERGY STAR Homes level) $1,257 $921 34.27 32.77 25.4 3 $3.13 $2.40 
R&D (Building America level) $330  $285 39.81 44.38 25.4 3 $0.71 $0.55 
Average, all programs $2 .44  $1 .66  

a This table presents average costs, energy savings, and costs of conserved energy (CCEs) for each policy in the Moderate scenario. In some cases,
  the costs, savings and CCEs are averaged over different efficiency levels of the policy. This is the case for building codes, where the values shown
  are averaged over the 1993 MEC, 1998 IECC and future IECC codes. This is also the case for Building America, which is assumed to have greater
  energy savings during the 2010-2020 period than prior to 2010. The costs, savings, and CCEs of the NAECA standards for the electric cooling 
  end-use in this table are averages over three standards: heat pump, central A/C, and room A/C. The values for ENERGY STAR homes are averaged
  over two different cost levels (the cost of an ENERGY STAR home is assumed to decrease in 2010). Additionally, since we assumed that the energy
  saved by the ENERGY STAR homes and new home tax credit programs for the cooling end-use vary by the type of heating fuel present (see Table
 C-1.4.mod for further explanation), the cooling values for these two programs are averaged over different heating fuel types.

  One of the differences between the data in this table and the more disaggregated data in Table C-1.4.mod is that the energy savings in this table
  account for the interactions between policies (for example, the savings of non-mandatory programs has been reduced by the savings of the mandatory policies (standards and building codes) to avoid double-counting of energy savings. See Note c for more details. 

b Average incremental cost per house is an average over all homes affected by the program during the stated time period (2000-2010 
  inclusive or 2000-2020 inclusive). Note that for the electric cooling end-use, the cost and energy savings of ENERGY STAR homes and New home tax 
  credits vary by heating fuel (see Table C-1.4.mod). The costs and energy savings by heating fuel (shown in Table C-1.4.mod) were weighted by 
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  the number of new homes built of each fuel type (from output of the CEF-NEMS reference case) during the stated time period to obtain the 
average costs shown in this table. 

c Average annual site energy savings per house, for only those homes affected by the program during the stated time period (2000-2010 inclusive 
  or 2000-2020 inclusive). The energy savings of the non-mandatory programs (i.e., all programs except NAECA standards and building codes)
  are reduced by the mandatory programs, which are assumed to be implemented first, thereby reducing the energy savings potential of the 
  non-mandatory programs - see Table C-1.4.mod for more information). This was done to avoid double-counting the energy savings; we arbitrarily 
  chose to implement building codes first, followed by the NAECA standards. The average household energy savings for the non-mandatory programs 
  is lower in the Advanced case than in the Moderate case because the Advanced case has more stringent building codes and a higher penetration 
  of building codes. For the same reason, the NAECA standards also have a lower per-house energy savings in the Advanced case than in the 
Moderate case. See Table C-1.4.mod for the disaggregated energy savings for each policy. 

d Cost of Conserved Energy (CCE), in 1997 dollars per million site Btu, is presented for each program and also as an average over all programs 
  affecting each end-use. In both cases, the CCE is an average over all homes affected by the policy during the stated time period (either 2000-2010, 
  inclusive or 2000-2020, inclusive). All CCEs were calculated using a real discount rate of 7%. The average CCE for each end-use was calculated 
by weighting the individual program CCEs by the energy savings for each program. 

Notes 
1 Estimated average lifetime of an electric heat pump, calculated by averaging electric heat pump minimum and maximum life expectancies from 

an input file to the CEF-NEMS model. 
2 Compliance with building codes usually involves primarily the use of building shell measures (rather than HVAC equipment measures). We 

assumed a 30 year lifetime for building shell measures (Brown et. al. 1998). 
3 Whole-house improvement programs such as ENERGY STAR New Homes, New Home Tax Credit, and Building America are assumed to utilize three 

different types of measures, which have quite different lifetimes: building shell improvements, duct improvements, and HVAC equipment upgrades. 
We assumed the average lifetime is 30 years for building shell measures and 15 years for duct measures (Brown et. al. 1998). HVAC equipment 
lifetimes are from the same source described in Note 1. We calculated an average lifetime for each end-use and used it for each of the whole-house 
policies. Table C-1.5 provides details of the calculations. 

4 Lifetime of electric cooling equipment measures is a weighted average over the three main cooling equipment types (CAC, HP, and RAC). 
We calculated the average lifetime of each of the cooling equipment types, using their minimum and maximum lifetime expectancies (from an input 
file to the CEF-NEMS model). These average lifetimes were then weighted by the saturation of each equipment type in homes built in the 
year 2000 (from an output file of the CEF-NEMS reference case) in order to obtain the average lifetime of 12.3 years shown in this table. 

5 No new NAECA standards for gas-, oil-, or LPG-fired HVAC equipment were assumed to be implemented during the forecast time period. 
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Table C-1.3.adv: Average Technology Dataa for New Residential Building HVAC End-Uses, Advanced Case 

End-Use Program 

Average Incremental Cost 

per Houseb 

Average Annual Energy 

Savings per Housec 
Measure 
Lifetime 

Measure 
Lifetime 
Notes 

(years) 

Average Cost of 

Conserved Energyd 

2000-2010 2000-2020 
(1997 dollars/house) 

2000-2010 2000-2020 
(site MMBtu/house/yr) 

2000-2010 2000-2020 
(1997$/site MMBtu) 

Electric Heating 
Heat Pump standard 
Building Codes 
ENERGY STAR Homes 
New Home Tax credit (30% level) 
New Home Tax credit (40% level) 
New Home Tax credit (50% level) 
Building America 
R&D (ENERGY STAR Homes level) 
R&D (Building America level) 
Average, all programs 

Electric Cooling 
CAC, heat pump, and RAC standards 
Building Codes 
ENERGY STAR Homes 
New Home Tax credit (30% level) 
New Home Tax credit (40% level) 
New Home Tax credit (50% level) 
Building America 
R&D (ENERGY STAR Homes level) 
R&D (Building America level) 
Average, all programs 

Gas or LPG Heating 
NAECA Standards 
Building Codes 
ENERGY STAR Homes 
New Home Tax credit (30% level) 
New Home Tax credit (40% level) 
New Home Tax credit (50% level) 

$ 5 2 $ 5 2 
$ 6 8 $106 

$808 $440 
$947 $947 

$1,267 $1,267 
$1,587 $1,587 
$322 $212 
$612 $322 
$297 $184 

$106 $114 
$ 6 9 $105 

$287 $158 
$267 $267 
$354 $354 
$440 $440 
$137 $ 9  3  
$218 $117 
$127 $ 8  0  

- -
$ 6 9 $104 

$1,089 $599 
$1,299 $1,299 
$1,734 $1,734 
$2,169 $2,169 

0.51 0.50 
3.99 4.08 
6.14 6.10 
6.51 6.38 
7.70 7.55 
8.68 8.61 

6.04 6.57 
5.68 5.21 
6.16 6.67 

1.08 1.03 
2.38 2.60 
3.63 3.18 
3.69 3.50 
4.32 4.09 
4.17 4.12 
1.82 1.97 
3.31 3.02 
1.73 1.98 

- -
15.05 15.43 
20.74 19.21 
24.60 24.22 
29.14 28.74 
33.57 33.36 

12.0 1 
30.0 2 
24.4 3 
24.4 3 
24.4 3 
24.4 3 

24.4 3 
24.4 3 
24.4 3 

12.3 4 
30.0 2 
23.5 3 
23.5 3 
23.5 3 
23.5 3 
23.5 3 
23.5 3 
23.5 3 

- 5 
30.0 2 
24.3 3 
24.3 3 
24.3 3 
24.3 3 

$12.89 $13.18 
$1.38 $2.10 

$11.39 $6.25 
$12.60 $12.86 
$14.23 $14.53 
$15.83 $15.95 
$4.61 $2.79 
$9.33 $5.35 
$4.17 $2.39 

$10 .46  $5 .96  

$12.09 $13.67 
$2.33 $3.25 
$6.95 $4.36 
$6.37 $6.72 
$7.21 $7.61 
$9.30 $9.40 
$6.64 $4.16 
$5.81 $3.40 
$6.47 $3.56 
$8 .95  $7 .68  

- -
$0.37 $0.55 
$4.56 $2.71 
$4.58 $4.65 
$5.16 $5.24 
$5.61 $5.64 
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Table C-1.3.adv: Average Technology Dataa for New Residential Building HVAC End-Uses, Advanced Case 

End-Use Program 

Average Incremental Cost 

per Houseb 

Average Annual Energy 

Savings per Housec 
Measure 
Lifetime 

(years) 

Measure 
Lifetime 
Notes 

Average Cost of 

Conserved Energyd 

2000-2010 2000-2020 
(1997 dollars/house) 

2000-2010 2000-2020 
(site MMBtu/house/yr) 

2000-2010 2000-2020 
(1997$/site MMBtu) 

Gas or LPG Heating, continued 
Building America $320 $219 23.40 25.41 24.3 3 $1.19 $0.75 
R&D (ENERGY STAR Homes level) $830  $444 20.42 18.74 24.3 3 $3.53 $2.05 
R&D (Building America level) $297  $188 23.99 25.92 24.3 3 $1.07 $0.63 
Average, all programs $3 .72  $2 .05  

Oil Heating 
NAECA Standards - - - - - 5 - -
Building Codes $ 7 0 $209 25.43 52.01 30.0 2 $0.22 $0.32 
ENERGY STAR Homes $1,187 $669 34.04 31.55 25.4 3 $2.97 $1.81 
New Home Tax credit (30% level) $1,370 $1,370 40.14 39.77 25.4 3 $2.91 $2.94 
New Home Tax credit (40% level) $1,828 $1,828 47.54 47.02 25.4 3 $3.28 $3.31 
New Home Tax credit (50% level) $2,286 $2,286 54.70 54.36 25.4 3 $3.56 $3.58 
Building America $324 $224 38.17 41.40 25.4 3 $0.72 $0.46 
R&D (ENERGY STAR Homes level) $896  $477 33.41 30.64 25.4 3 $2.29 $1.33 
R&D (Building America level) $298  $188 39.19 42.36 25.4 3 $0.65 $0.38 
Average, all programs $2 .41  $1 .35  

a This table presents average costs, energy savings, and costs of conserved energy (CCEs) for each policy in the Advanced scenario. In some cases,
  the costs, savings and CCEs are averaged over different efficiency levels of the policy. This is the case for building codes, where the values shown
  are averaged over the 1993 MEC, 1998 IECC and future IECC codes. This is also the case for Building America, which is assumed to have greater
  energy savings during the 2010-2020 period than prior to 2010. The costs, savings, and CCEs of the NAECA standards for the electric cooling 
  end-use in this table are averages over three standards: heat pump, central A/C, and room A/C. The values for ENERGY STAR homes are averaged
  over two different cost levels (the cost of an ENERGY STAR home is assumed to decrease in 2010). Additionally, since we assumed that the energy
  saved by the ENERGY STAR homes and new home tax credit programs for the cooling end-use vary by the type of heating fuel present (see Table
 C-1.4.adv for further explanation), the cooling values for these two programs are averaged over different heating fuel types.

  One of the differences between the data in this table and the more disaggregated data in Table C-1.4.adv is that the energy savings in this table
  account for the interactions between policies (for example, the savings of non-mandatory programs has been reduced by the savings of the mandatory policies (standards and building codes) to avoid double-counting of energy savings. See Note c for more details. 

b Average incremental cost per house is an average over all homes affected by the program during the stated time period (2000-2010 
  inclusive or 2000-2020 inclusive). Note that for the electric cooling end-use, the cost and energy savings of ENERGY STAR homes and New home tax 
  credits vary by heating fuel (see Table C-1.4.adv). The costs and energy savings by heating fuel (shown in Table C-1.4.adv) were weighted by 
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Table C-1.3.adv, continued

  the number of new homes built of each fuel type (from output of the CEF-NEMS reference case) during the stated time period to obtain the 
average costs shown in this table. 

c Average annual site energy savings per house, for only those homes affected by the program during the stated time period (2000-2010 inclusive 
  or 2000-2020 inclusive). The energy savings of the non-mandatory programs (i.e., all programs except NAECA standards and building codes)
  are reduced by the mandatory programs, which are assumed to be implemented first, thereby reducing the energy savings potential of the 
  non-mandatory programs - see Table C-1.4.adv for more information). This was done to avoid double-counting the energy savings; we arbitrarily 
  chose to implement building codes first, followed by the NAECA standards. The average household energy savings for the non-mandatory programs 
  is lower in the Advanced case than in the Moderate case because the Advanced case has more stringent building codes and a higher penetration 
  of building codes. For the same reason, the NAECA standards also have a lower per-house energy savings in the Advanced case than in the 
Moderate case. See Table C-1.4.adv for the disaggregated energy savings for each policy. 

d Cost of Conserved Energy (CCE), in 1997 dollars per million site Btu, is presented for each program and also as an average over all programs 
  affecting each end-use. In both cases, the CCE is an average over all homes affected by the policy during the stated time period (either 2000-2010, 
  inclusive or 2000-2020, inclusive). All CCEs were calculated using a real discount rate of 7%. The average CCE for each end-use was calculated 
by weighting the individual program CCEs by the energy savings for each program. 

Notes 
1 Estimated average lifetime of an electric heat pump, calculated by averaging electric heat pump minimum and maximum life expectancies from 

an input file to the CEF-NEMS model. 
2 Compliance with building codes usually involves primarily the use of building shell measures (rather than HVAC equipment measures). We 

assumed a 30 year lifetime for building shell measures (Brown et. al. 1998). 
3 Whole-house improvement programs such as ENERGY STAR New Homes, New Home Tax Credit, and Building America are assumed to utilize three 

different types of measures, which have quite different lifetimes: building shell improvements, duct improvements, and HVAC equipment upgrades. 
We assumed the average lifetime is 30 years for building shell measures and 15 years for duct measures (Brown et. al. 1998). HVAC equipment 
lifetimes are from the same source described in Note 1. We calculated an average lifetime for each end-use and used it for each of the whole-house 
policies. Table C-1.5 provides details of the calculations. 

4 Lifetime of electric cooling equipment measures is a weighted average over the three main cooling equipment types (CAC, HP, and RAC). 
We calculated the average lifetime of each of the cooling equipment types, using their minimum and maximum lifetime expectancies (from an input 
file to the CEF-NEMS model). These average lifetimes were then weighted by the saturation of each equipment type in homes built in the 
year 2000 (from an output file of the CEF-NEMS reference case) in order to obtain the average lifetime of 12.3 years shown in this table. 

5 No new NAECA standards for gas-, oil-, or LPG-fired HVAC equipment were assumed to be implemented during the forecast time period. 
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Table C-1.4.mod: Supplemental Technology Data for New Residential Building HVAC End-Uses, Moderate Case 

End-Use Policy Time Period 

Average 
Incremental 

Cost per 

Housea 

(1997 dollars) 

Cost 
Notes 

Base Case 
Household 

Energy 

Consumptionb 

(site MMBtu/yr) 

Measure Energy 
Savings as % of 

base case 

consumptionc 

(% ) 

Measure 
Energy 
Savings 
Notes 

Electric Heating 

Electric Cooling 

15.58 
NAECA standard heat pump (2006) 2006-2020 $52 1 3.3% 1 6  
Building Code: 1993 or 1995 MEC 2000-2020 $128 2 16.5% 1 3 
Building Code: 1998 IECC 2000-2020 $308 2 17.7% 1 4 
Building Code: future IECC 2009-2020 $414 2 23.0% 1 5 
ENERGY STAR New Homes 2000-2009 $995 3 40.1% 1 8 
ENERGY STAR New Homes 2010-2020 $585 4 40.1% 1 8 
New Home Tax Credit (30% above 1998 IECC) 2000-2001 $947 7 42.4% 2 1 
New Home Tax Credit (40% above 1998 IECC) 2000-2002 $1,267 7 50.6% 2 1 
New Home Tax Credit (50% above 1998 IECC) 2000-2004 $1,587 7 58.9% 2 1 
DOE's Building America 2000-2009 $350 5 40.0% 1 9 
DOE's Building America 2010-2020 $280 6 50.0% 2 0 
R&D (ENERGY STAR New Home level) 2005-2009 $995 8a 40.1% 2 2 
R&D (ENERGY STAR New Home level) 2010-2020 $585 8b 40.1% 2 2 
R&D (Building America level) 2005-2009 $350 9a 40.0% 2 2 
R&D (Building America level) 2010-2020 $280 9b 50.0% 2 2 

8.83 
NAECA standard heat pump (2006) 2006-2020 $90 1 9.2% 1 6  
NAECA standard CAC (2006) 2006-2020 $132 1 0  13.2% 1 6 
NAECA standard Room A/C (2001) 2001-2009 $17 1 1 5.9% 1 7 
NAECA standard Room A/C (2010) 2010-2020 $65 1 1 13.0% 1 7 
Building Code: 1993 or 1995 MEC 2000-2020 $72 2 16.5% 1 3 
Building Code: 1998 IECC 2000-2020 $192 2 19.5% 1 4 
Building Code: future IECC 2009-2020 $286 2 28.0% 1 5 
ENERGY STAR New Homes, electrically heated 2000-2009 $705 3 45.6% 1 8 
ENERGY STAR New Homes, electrically heated 2010-2020 $415 4 45.6% 1 8 
ENERGY STAR New Homes, gas or LPG heated 2000-2009 $315 3 52.7% 1 8 
ENERGY STAR New Homes, gas or LPG heated 2010-2020 $186 4 52.7% 1 8 
ENERGY STAR New Homes, oil heated 2000-2009 $206 3 52.7% 1 8 
ENERGY STAR New Homes, oil heated 2010-2020 $121 4 52.7% 1 8 
New Home Tax Credit (30% above 1998 IECC), 
electrically heated 2000-2001 $553 7 43.7% 2 1 
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Table C-1.4.mod: Supplemental Technology Data for New Residential Building HVAC End-Uses, Moderate Case 

End-Use Policy Time Period 

Average 
Incremental 

Cost per 

Housea 
Cost 

Notes 

Base Case 
Household 

Energy 

Consumptionb 

Measure Energy 
Savings as % of 

base case 

consumptionc 

Measure 
Energy 
Savings 
Notes 

(1997 dollars) (site MMBtu/yr) (% ) 
Electric Cooling, continued 

New Home Tax Credit (40% above 1998 IECC), 
electrically heated 2000-2002 $733 7 51.7% 2 1 
New Home Tax Credit (50% above 1998 IECC), 
electrically heated 2000-2004 $913 7 59.8% 2 1 
New Home Tax Credit (30% above 1998 IECC), 
gas or LPG heated 2000-2001 $201 7 43.7% 2 1 
New Home Tax Credit (40% above 1998 IECC), 
gas or LPG heated 2000-2002 $266 7 51.7% 2 1 
New Home Tax Credit (50% above 1998 IECC), 
gas or LPG heated 2000-2004 $331 7 59.8% 2 1 
New Home Tax Credit (30% above 1998 IECC), 
oil heated 2000-2001 $130 7 43.7% 2 1 
New Home Tax Credit (40% above 1998 IECC), 
oil heated 2000-2002 $172 7 51.7% 2 1 
New Home Tax Credit (50% above 1998 IECC), 
oil heated 2000-2004 $214 7 59.8% 2 1 
DOE's Building America 2000-2009 $150 5 30.0% 1 9 
DOE's Building America 2010-2020 $120 6 40.0% 2 0 
R&D (ENERGY STAR New Home level), 
electrically heated 2005-2009 $705 8a 45.6% 2 2 
R&D (ENERGY STAR New Home level), 
electrically heated 2010-2020 $415 8b 45.6% 2 2 
R&D (ENERGY STAR New Home level), 
gas or LPG heated 2005-2009 $315 8a 52.7% 2 2 
R&D (ENERGY STAR New Home level), 
gas or LPG heated 2010-2020 $186 8b 52.7% 2 2 
R&D (ENERGY STAR New Home level), 
oil heated 2005-2009 $206 8a 52.7% 2 2 
R&D (ENERGY STAR New Home level), 
oil heated 2010-2020 $121 8b 52.7% 2 2 
R&D (Building America level) 2005-2009 $150 9a 30.0% 2 2 
R&D (Building America level) 2010-2020 $120 9b 40.0% 2 2 
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Table C-1.4.mod: Supplemental Technology Data for New Residential Building HVAC End-Uses, Moderate Case 

End-Use Policy Time Period 

Average 
Incremental 

Cost per 

Housea 
Cost 

Notes 

Base Case 
Household 

Energy 

Consumptionb 

Measure Energy 
Savings as % of 

base case 

consumptionc 

Measure 
Energy 
Savings 
Notes 

(1997 dollars) (site MMBtu/yr) (% ) 
Gas or LPG Heating 58.80 

NAECA standard - - 1 2  - 7  
Building Code: 1993 or 1995 MEC 2000-2020 $128 2 16.5% 1 3 
Building Code: 1998 IECC 2000-2020 $308 2 17.7% 1 4 
Building Code: future IECC 2009-2020 $414 2 23.0% 1 5 
ENERGY STAR New Homes 2000-2009 $1,385 3 37.1% 1 8 
ENERGY STAR New Homes 2010-2020 $814 4 37.1% 1 8 
New Home Tax Credit (30% above 1998 IECC) 2000-2001 $1,299 7 42.4% 2 1 
New Home Tax Credit (40% above 1998 IECC) 2000-2002 $1,734 7 50.6% 2 1 
New Home Tax Credit (50% above 1998 IECC) 2000-2004 $2,169 7 58.9% 2 1 
DOE's Building America 2000-2009 $350 5 40.0% 1 9 
DOE's Building America 2010-2020 $280 6 50.0% 2 0 
R&D (ENERGY STAR New Home level) 2005-2009 $1,385 8a 37.1% 2 2 
R&D (ENERGY STAR New Home level) 2010-2020 $814 8b 37.1% 2 2 
R&D (Building America level) 2005-2009 $350 9a 40.0% 2 2 
R&D (Building America level) 2010-2020 $280 9b 50.0% 2 2 

Oil Heating 95.76 
NAECA standard - - 1 2  - 7  
Building Code: 1993 or 1995 MEC 2000-2020 $128 2 16.5% 1 3 
Building Code: 1998 IECC 2000-2020 $308 2 17.7% 1 4 
Building Code: future IECC 2009-2020 $414 2 23.0% 1 5 
ENERGY STAR New Homes 2000-2009 $1,494 3 37.1% 1 8 
ENERGY STAR New Homes 2010-2020 $879 4 37.1% 1 8 
New Home Tax Credit (30% above 1998 IECC) 2000-2001 $1,370 7 42.4% 2 1 
New Home Tax Credit (40% above 1998 IECC) 2000-2002 $1,828 7 50.6% 2 1 
New Home Tax Credit (50% above 1998 IECC) 2000-2004 $2,286 7 58.9% 2 1 
DOE's Building America 2000-2009 $350 5 40.0% 1 9 
DOE's Building America 2010-2020 $280 6 50.0% 2 0 
R&D (ENERGY STAR New Home level) 2005-2009 $1,494 8a 37.1% 2 2 
R&D (ENERGY STAR New Home level) 2010-2020 $879 8b 37.1% 2 2 
R&D (Building America level) 2005-2009 $350 9a 40.0% 2 2 
R&D (Building America level) 2010-2020 $280 9b 50.0% 2 2 
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Table C-1.4.mod, continued 

a Costs are average per-house costs to the consumer, and are relative to the cost of average purchased equipment in 2000 or of average new home construction
  in 2000. Costs for whole-house programs such as new home tax credit, ENERGY STAR Homes, and Building America, reflect just the cost of measures that affect 
  heating and/or cooling. If a policy saves both heating and cooling energy, we apportion the measure cost to heating and cooling according to the amount 
of site energy saved in each end-use. See the Notes below for further details on costs. 

b The frozen efficiency (base case) household energy consumption (site million Btu per household per annum in 2000) is from an output file of the CEF-NEMS 
  reference case. It is an average over all equipment types in that end-use, weighted by the saturation of each equipment type in all homes built in 2000. This initial 
  consumption was only used to calculate the energy saved by building codes. We assumed that, of the two mandatory policies, building codes are implemented 
  first, then the NAECA standards, then the non-mandatory policies. Energy savings for all policies other than building codes were calculated from a changing 
  baseline consumption, not the frozen efficiency consumption in this table. We did this to avoid double counting the energy saved by mandatory programs. The 
  changing baseline is a result of the implementation of the mandatory policies. (Equipment standards cause a one-time decrease, but the penetration of building 
  codes is constantly increasing, which causes a continual decrease in the baseline consumption). We applied the percent energy savings shown in the table for 
each policy (other than building codes) to the changing baseline consumption in each year. 

c The measure energy savings is the energy saved by the policy per house as a percent of the baseline consumption. For building codes only, the baseline 
  consumption is the frozen efficiency (base case) household energy consumption shown in this table. For all other policies, the baseline consumption is calculated 
  each year as described in note b, and the percent energy savings gets applied to this changing baseline consumption. The NAECA standard percent savings in this 
  table are given as a percent of the energy consumed by the equipment subject to the standard. The percent energy savings of a NAECA standard gets applied 
  to a baseline consumption for that equipment only, not the overall end-use consumption. See the Notes below for detailed assumptions about the energy saved 
by the individual policies. The percent energy savings is assumed to be the same for the Moderate and Advanced cases. 

Notes 
1 LBNL estimate of mature market costs for a 12 SEER standard. We assume the incremental cost of a 12 SEER unit compared to the frozen efficiency in 2000 (10.89 SEER 


from an output file for the CEF-NEMS reference case) will be half of current market costs. Current market costs of heat pumps are from a variety of survey data including 

XENERGY (1996), Energy Center of Wisconsin (1997), and "Mr. Cool" (1998). Costs assume one 3 ton unit per house.
 

2 LBNL's estimate of the incremental cost of a home built to 1993 CABO Model Energy Code requirements, or 1998 International Code Council's International Energy Conservation 
Code (IECC), or to a future IECC code level, relative to the cost of an average new home in 2000, is $200, $500 and $700, respectively. These costs include measures which 
affect both heating and cooling, and were apportioned to the heating and cooling end-uses in the manner described in Note 3. We assume that the 50% increase in R&D funding 
in the Moderate case will have no effect on the cost of building codes because the codes are nowhere near as stringent as the voluntary programs. 

3 The incremental cost to the homebuyer of an ENERGY STAR home during the 2000-2009 period is assumed to be $1700, which includes only those measures which affect the 
heating and cooling end-uses. This is an average cost over the time period, which takes into account the effect of the 50% increase in R&D funding for whole house measures starting 
in 2005, which will begin to lower costs toward the end of the 2000-2009 period. We assume that most of the cost decrease due to increased R&D spending will happen after 2009 
(see Note 4 for more details). ENERGY STAR homes may include improved water heaters, but the cost of water heating measures was accounted for in the water heating end-use 
(see Residential non-HVAC technology data tables) and therefore was not included here. We assume that all ENERGY STAR homes have both heating and cooling equipment, and 
apportioned the total measure cost among the heating and cooling end-uses according to the site energy savings for each end-use. We applied the energy savings percentages to the 
base case household energy consumptions, both shown in this table, in order to determine the respective energy savings for the heating and cooling end-uses. (Building codes and 
NAECA standards will lower the base case energy consumption, thereby reducing the energy savings for both heating and cooling, but this effect was ignored for the purpose of  
apportioning the cost). Note that the percent energy savings for cooling depends on whether the house is heated by electricity or fuel (see Measure Energy savings notes for more 
details). The cost apportioned to cooling also differs by the type of fuel heat (gas/LPG or oil) because, even though the percent energy savings percentage is the same for gas/LPG 
and oil, the base case energy consumption is higher for oil heating than gas/LPG heating, thus the total cost will be apportioned more to oil heat than to gas/LPG because the 
oil savings is greater. Electric cooling costs by heating fuel type are shown in this table. 

4 In the Moderate case, we assume there will be a 50% increase in R&D funding starting in 2005. We assume that the incremental cost of efficient homes will decrease gradually 

between 2005 and 2020 due to the increased R&D funding. We assume that the average incremental cost of an ENERGY STAR New Home after 2010 will be reduced from an 
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Table C-1.4.mod Notes, continued 
estimated cost of $1300 (in the absence of increased R&D funding) to $1000 (with a 50% increase in R&D funding). This cost is only for heating and cooling measures (water 
heating measure costs were accounted for in the water heating end-use). The total cost of the heating and cooling measures was apportioned between heating and cooling end-uses 
as described in Note 3. 

5 DOE's program goal is to keep the incremental cost of Building America homes under $500 per house. Costs for homes already built as part of this program have been in many 
cases $0 or negative, but we assumed an average cost per house of $500 until 2010. This cost includes the cost of measures which affect heating and cooling, and it 
was apportioned to the heating and cooling end-uses as follows. Because the cost is so low, we did not calculate heating and cooling costs separately for each heating fuel, as we 
did for ENERGY STAR homes and the new home tax credits. In the case of ENERGY STAR and tax credits, the costs are higher, so the heating fuel becomes an important 
determinant in the cost-effectiveness of the measure because of differences in fuel prices and base case energy consumptions. However, because the cost of Building America 
homes is so low, the heating fuel type would not affect the cost-effectiveness enough to rule out the measure as being not cost-effective. In other words, the Building America 
homes are cost-effective for all the heating equipment types evaluated in this analysis. The $500 cost was estimated to be apportioned 70% to heating and 30% to cooling. 
Although we assume that increased funding for R&D affecting whole-house efficiency starts in 2005, and affects the penetration starting in 2005, we assume that the incremental 
cost of Building America homes will not decrease significantly until after 2009 (see Note 6). This is because the incremental cost is so low to begin with. 

6 After 2009, we assume that the Building America homes will be built to higher efficiency levels (see Measure Energy Savings notes in this table for details). At current R&D 
funding levels, we assume that the average cost per house could remain at $500 after 2010, even though the houses are built to a higher standard, due to economies of scale and 
improvements in building construction techniques and in equipment technology. However, in the Moderate case, we assume there will be a 50% increase in R&D funding that will 
reduce the cost of whole-house measures in new homes. We assume that we will begin to see the effect of the funding increase on prices in 2010. We assume that the average 
incremental cost of a Building America home after 2010 will be reduced from the estimated cost of $500 (in the absence of increased R&D funding) to $400 (with a 50% 
increase in R&D funding). The cost is assumed to be apportioned 70% to heating and 30% to cooling, as described in Note 5. 

7 LBNL's estimate of the full incremental cost per house (i.e., the tax credit is not subtracted). The total incremental costs are assumed to be $1500 for level 1 (30% more efficient 
than the 1998 IECC code), $2000 for level 2 (40% more efficient than the 1998 IECC code) and $2500 for level 3 (50% more efficient than the 1998 IECC code). These costs 
are the total costs of all measures that affect heating and cooling end-uses. The cost of measures that affect the water heating end-use are accounted for in the water heating 
end-use calculations (see Residential non-HVAC tables in this Appendix for more details). The cost of heating and cooling measures was apportioned to the heating and cooling 
end-uses according to the relative energy savings in each end-use, in the manner described in Note 3. We did not reduce the cost of the new home tax credit programs to account for 
the Moderate Case increase in funding for whole-house R&D, because the tax credit program officially ends prior to 2005 in the Moderate Case. We do assume that 
there will be a very small residual penetration of homes built to the tax credit levels after the program ends and continue to be built through 2020 (see Table B-1.2.mod 
for more details), but the decrease in prices due to R&D funding would have only a small effect due to the small penetration levels, which we ignored. 

8a This is the average incremental cost of the additional homes built to the ENERGY STAR new home level due solely to a 50% increase in R&D funding for whole-house efficiency 

measures during the 2005-2009 period. The incremental cost of the R&D measure is assumed to be the same as the cost of the ENERGY STAR program during the same time 

period (see Note 3 for more details).
 

8b This is the average incremental cost of the additional homes built to the ENERGY STAR new home level due solely to a 50% increase in R&D funding for whole-house efficiency 

measures during the 2010-2020 period. The incremental cost of the R&D measure is assumed to be the same as the cost of the ENERGY STAR program during the same time 

period (see Note 4 for more details).
 

9a This is the average incremental cost of the additional homes built to the Building America level due solely to a 50% increase in R&D funding for whole-house efficiency measures 
during the 2005-2009 period. The incremental cost of the R&D measure is assumed to be the same as the cost of the Building America program from 2000-2009 (see Note 5 for 
more details). 

9b 	  This is the average incremental cost of the additional homes built to the Building America level due solely to a 50% increase in R&D funding for whole-house efficiency measures 
during the 2010-2020 period. The incremental cost of the R&D measure is assumed to be the same as the cost of the Building America program from 2010-2020 (see Note 6 for 
more details). 

1 0 LBNL estimate of mature market costs for a 12 SEER standard. We assume the incremental cost of a 12 SEER unit compared to the frozen efficiency in 2000 (10.42 SEER 

from an input file used by the NEMS model) will be half of current market costs. Current market costs of CACs are from a variety of survey data including XENERGY (1996),
 
Energy Center of Wisconsin (1997), and "Mr. Cool" (1998). Costs assume one 3 ton unit.
 

1 1 Incremental cost to go from a unit of frozen efficiency in 2000 (9.13 EER, from an output file for the CEF-NEMS reference case) to either the average efficiency required by the 
new standard taking effect in October, 2000 (9.7 EER on average), or to the future estimated standard level of 10.5 EER. Based on 1993 standards analysis (US DOE 1993b) 
for the most common product classes and type (i.e., louvered sides and no reverse valve) of room A/C, inflated to 1997 dollars from 1990$ using the GDP deflator. 
Cost is a shipment weighted average over the most common product classes (from under 6 Btuh to 20 Btuh capacity), using 1989 shipments by product class from US DOE 1993b. 
Cost assumes an average of 1.5 room A/C units per house. 

1 2 We assume that NAECA standards for gas, LPG and oil heating equipment will not be updated during the forecast period. 
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Table C-1.4.mod Notes, continued 
1 3 LBNL modeling of typical new home builder practice in 14 U.S. cities (Brown et. al. 1998) estimates a typical new home HERS rating of 76.7. 

Each point away from 80 HERS is equivalent to 5% energy difference (aggregated over space heating, cooling, and water heating enduses). The 
1993 MEC requirement is 80 HERS, which is 16.5% more energy efficient than a house with a 76.7 HERS rating. For simplicity, we assumed that each of 
the 3 end-uses (water heating, cooling, and space heating) would get the same (16.5%) improvement. The 1995 Model Energy Code differs only slightly from the 1993 MEC and is 
assumed to have about the same energy savings as the 1993 MEC. 

1 4 The main difference between 1993 MEC and 1998 IECC codes is in the added solar heat gain coefficient requirement in southern climates. There are 
also some small improvements affecting heating. To estimate the cooling savings to go from (typically) double or single pane clear windows to 
double pane low-e windows in the south, we used results of previous LBNL research (Arasteh 1999). We averaged Arasteh's 
cooling savings for 5 cities (Phoenix, Memphis, Las Vegas, Jacksonville, and Atlanta). Typical (base case) windows varied among these cities but were either a double or single 
pane window with clear glazing. The cooling savings estimate in the table above represents an average of the southern savings and the northern cooling savings (northern cooling 
savings were assumed to be the same as the 1993 MEC savings because the solar heat gain coefficient requirement in 1998 IECC only applies to southern climates). 
The heating savings in the south are an average of the heating savings from the Arasteh DOE-2 runs for the 5 cities. For heating in the north, to account for the small improvements 
affecting heating, we assumed that the 1998 code savings would be 5% greater than the 1993 code. The heating and cooling percent savings in this table are a simple average 
of our percent savings estimates for the south and north climates. 

1 5 LBNL estimate of future IECC building code efficiency level. We assume that a new IECC code is created sometime before 2009, but it only begins to be adopted by states and 

local jurisdictions in 2009. See Table B-1.2.mod for more details about the program.
 

1 6 A new heat pump and CAC standard analysis has been completed but is pending approval. We assume that it will be finalized sometime next year and the new standards will take 

effect on January 1, 2006. We assume the standard for heat pumps will be 7.4 HSPF/12 SEER and the standard for CAC will be 12 SEER. The percent energy savings in the table 

were estimated using a simple ratio of efficiencies (future standard efficiency to the average new unit efficiency in 2000). The average new unit efficiency in 2000 for heat
 
pumps is 7.15 HSPF/10.89 SEER and 10.42 SEER for CAC, from an output file for the CEF-NEMS reference case.
 

1 7 A new room A/C standard will come into effect on October 1, 2000. The CEF-NEMS reference case includes this standard, but starts it on Jan 1, 2001.
 
To be consistent with the reference case, we also began the standard on Jan 1, 2001 in the Moderate and Advanced cases. Federal standards for 

room A/C vary by equipment capacity. We calculated an average efficiency of 9.7 EER for the October 2000 standard by weighting the standard efficiency for each product 

class by the 1989 shipments of each product class. In addition, we estimated that a future standard for room A/C would take effect in 2010 at 10.5 EER (on average over 

the most common capacities). The percent energy savings in the table was estimated using a simple ratio of efficiencies (future standard
 
efficiency to the average new unit efficiency in 2000 (9.13 EER, from an output file for the CEF-NEMS reference case).
 

1 8 LBNL estimate based on work for the U.S. EPA to determine typical cost-effective packages of measures that builders in 14 U.S. cities could use in order to meet the ENERGY STAR 
certification requirements (Brown et. al. 1998). We calculated average heating and cooling savings for homes with the recommended ENERGY STAR package of measures, 
compared to current building practice of large production home builders in each city. On average over Southern and Northern cities, ENERGY STAR homes with electric heat pumps 
saved 40.1% of the annual heating and 45.6% of the annual cooling consumptions, compared to current construction in those cities. Homes with gas furnaces and central 
air conditioners saved 37.1% in heating and 52.7% in cooling on average over Southern and Northern cities, compared to current building practices in those cities. We assume 
that all ENERGY STAR homes have both heating and cooling equipment. We assume that the ENERGY STAR efficiency level will remain at the current level during the entire 
forecast period, although the cost is assumed to decrease due to increased R&D funding (see Notes 3 and 4). Brown et. al. (1998) did not provide any savings estimates for 
oil-heated homes, so we assumed that oil-heated homes would have the same percentage savings as gas-heated homes. 

1 9 Energy savings reflect typical, low-side, savings from current program participants (Pettit, 1999 and James, 1999). We assume that up until 2010, the average
 
energy savings among program participants will tend toward the lower end of the current range of savings. 


2 0 Energy savings reflect upper bound of estimates from current program participants (Pettit, 1999 and James, 1999). We assume that from 2010 through 2020, the average
 
energy savings among program participants will tend toward the higher end of the current range of savings, due to a variety of factors which might
 
include smarter building design, increased availability of technologies, and decreased prices. 


2 1 Energy savings are based on Treasury Department efficiency proposals for the three levels of tax credits, from US DOT 1999. The proposed levels are 30%, 40%, or 50% better 
than the 1998 IECC code. The energy savings in this table for the tax credits are simply 30%, 40% and 50% more than our estimated savings for the 1998 IECC code. For example, 
the estimated electric heating energy savings for level 1 of the tax credit is (100% - (1-17.7%)*(1 - 30%)), or 42.4%. The terms in this formula represent the baseline 
electric heating consumption of a 1998 IECC code house (1-17.7%), and the (1-17.7%)*(1-30%) term represents the consumption of a house that is 30% better than the 
1998 IECC code. Cooling energy savings was calculated in the same way. The percent energy savings is assumed to be the same for all heating fuels. 

2 2 We assume that increased R&D funding for whole-house programs affects the cost of building homes to efficiency levels that meet or exceed the efficiency of ENERGY STAR 
new homes. We assume that R&D funding increases begin to have an impact on the market in 2005 (see Table B-1.2.mod for more details). While we recognize that increased R&D 
funding would also affect homes built to the new home tax credit efficiency levels, we did not include this explicitly in our analysis. Thus, we attributed the entire effect of 
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Table C-1.4.mod Notes, continued 
increased R&D funding for whole-house measures to ENERGY STAR new homes and Building America, in the form of lower prices and increased penetration for these programs. 
We assume that the percentage energy saved by the programs will not change due to increased R&D funding. Thus, the percent energy savings for R&D during each time period 
analyzed (2005-2009 and 2010-2020) are assumed to be the same as the percent energy savings for the ENERGY STAR and Building America programs during the same 
time period. 
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Table C-1.4.adv: Supplemental Technology Data for New Residential Building HVAC End-Uses, Advanced Case 
Frozen 

Average Efficiency Measure Energy Measure 
Incremental Household Savings as % of Energy

Cost per Energy baselineCost Savings 
End-Use Policy Time Period Housea Notes Consumptionb consumptionc Notes 

(1997 dollars) (site MMBtu/yr) (%) 
Electric Heating 15.58 

NAECA standard heat pump (2006) 1 6  
Building Code: 1993 or 1995 MEC 

2006-2020 $52 1 3.3% 
$167 2 16.5% 1 3 

Building Code: 1998 IECC 
2000-2020 

$411 2 17.7% 1 4 
Building Code: future IECC 

2000-2020 
$564 2 23.0% 1 5 

ENERGY STAR New Homes 
2009-2020 

$912 3 40.1% 1 8 
ENERGY STAR New Homes 

2000-2009 
$304 4 40.1% 1 8 

New Home Tax Credit (30% above 1998 IECC) 
2010-2020 

$947 7 42.4% 2 1 
New Home Tax Credit (40% above 1998 IECC) 

2000-2003 
$1,267 7 50.6% 2 1 

New Home Tax Credit (50% above 1998 IECC) 
2000-2005 

$1,587 7 58.9% 2 1 
DOE's Building America 

2000-2009 
$350 5 40.0% 1 9 

DOE's Building America 
2000-2009 

$175 6 50.0% 2 0 
R&D (ENERGY STAR New Home level) 

2010-2020 
$912 8a 40.1% 2 2 

R&D (ENERGY STAR New Home level) 
2005-2009 

$304 8b 40.1% 2 2 
R&D (Building America level) 

2010-2020 
$350 9a 40.0% 2 2 

R&D (Building America level) 
2005-2009 

$175 9b 50.0% 2 2 2010-2020 

8.83 
NAECA standard heat pump (2006) 

Electric Cooling 
1 6  

NAECA standard CAC (2006) 
2006-2020 $90 1 9.2% 

$132 1 0 13.2% 1 6 
NAECA standard Room A/C (2001) 

2006-2020 
2001-2009 $17 1 1 5.9% 1 7 

NAECA standard Room A/C (2010) 2010-2020 $65 1 1 13.0% 1 7 
Building Code: 1993 or 1995 MEC $33 2 16.5% 1 3 
Building Code: 1998 IECC 

2000-2020 
$89 2 19.5% 1 4 

Building Code: future IECC 
2000-2020 

$136 2 28.0% 1 5 
ENERGY STAR New Homes, electrically heated 

2009-2020 
$588 3 45.6% 1 8 

ENERGY STAR New Homes, electrically heated 
2000-2009 

$196 4 45.6% 1 8 
ENERGY STAR New Homes, gas or LPG heated 

2010-2020 
$264 3 52.7% 1 8 

ENERGY STAR New Homes, gas or LPG heated 
2000-2009 

$88 4 52.7% 1 8 
ENERGY STAR New Homes, oil heated 

2010-2020 
$174 3 52.7% 1 8 

ENERGY STAR New Homes, oil heated 
2000-2009 

$58 4 52.7% 1 8 
New Home Tax Credit (30% above 1998 IECC), 
electrically heated 

2010-2020 

$553 7 43.7% 2 1 2000-2003 
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Table C-1.4.adv: Supplemental Technology Data for New Residential Building HVAC End-Uses, Advanced Case 

End-Use Policy Time Period 

Average 
Incremental 

Cost per 

Housea 
Cost 

Notes 

Frozen 
Efficiency 
Household 

Energy 

Consumptionb 

Measure Energy 
Savings as % of 

baseline 

consumptionc 

Measure 
Energy 
Savings 
Notes 

(1997 dollars) (site MMBtu/yr) (% ) 
Electric Cooling, continued 

New Home Tax Credit (40% above 1998 IECC), 
electrically heated 2000-2005 $733 7 51.7% 2 1 
New Home Tax Credit (50% above 1998 IECC), 
electrically heated 2000-2009 $913 7 59.8% 2 1 
New Home Tax Credit (30% above 1998 IECC), 
gas or LPG heated 2000-2003 $201 7 43.7% 2 1 
New Home Tax Credit (40% above 1998 IECC), 
gas or LPG heated 2000-2005 $266 7 51.7% 2 1 
New Home Tax Credit (50% above 1998 IECC), 
gas or LPG heated 2000-2009 $331 7 59.8% 2 1 
New Home Tax Credit (30% above 1998 IECC), 
oil heated 2000-2003 $130 7 43.7% 2 1 
New Home Tax Credit (40% above 1998 IECC), 
oil heated 2000-2005 $172 7 51.7% 2 1 
New Home Tax Credit (50% above 1998 IECC), 
oil heated 2000-2009 $214 7 59.8% 2 1 
DOE's Building America 2000-2009 $150 5 30.0% 1 9 
DOE's Building America 2010-2020 $75 6 40.0% 2 0 
R&D (ENERGY STAR New Home level), 
electrically heated 2005-2009 $588 8a 45.6% 2 2 
R&D (ENERGY STAR New Home level), 
electrically heated 2010-2020 $196 8b 45.6% 2 2 
R&D (ENERGY STAR New Home level), 
gas or LPG heated 2005-2009 $264 8a 52.7% 2 2 
R&D (ENERGY STAR New Home level), 
gas or LPG heated 2010-2020 $88 8b 52.7% 2 2 
R&D (ENERGY STAR New Home level), 
oil heated 2005-2009 $174 8a 52.7% 2 2 
R&D (ENERGY STAR New Home level), 
oil heated 2010-2020 $58 8b 52.7% 2 2 
R&D (Building America level) 2005-2009 $150 9a 30.0% 2 2 
R&D (Building America level) 2010-2020 $75 9b 40.0% 2 2 
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Table C-1.4.adv: Supplemental Technology Data for New Residential Building HVAC End-Uses, Advanced Case 

End-Use Policy Time Period 

Average 
Incremental 

Cost per 

Housea 
Cost 

Notes 

Frozen 
Efficiency 
Household 

Energy 

Consumptionb 

Measure Energy 
Savings as % of 

baseline 

consumptionc 

Measure 
Energy 
Savings 
Notes 

(1997 dollars) (site MMBtu/yr) (% ) 
Gas or LPG Heating 58.80 

NAECA standard - - 1 2  - 7  
Building Code: 1993 or 1995 MEC 2000-2020 $167 2 16.5% 1 3 
Building Code: 1998 IECC 2000-2020 $411 2 17.7% 1 4 
Building Code: future IECC 2009-2020 $564 2 23.0% 1 5 
ENERGY STAR New Homes 2000-2009 $1,236 3 37.1% 1 8 
ENERGY STAR New Homes 2010-2020 $412 4 37.1% 1 8 
New Home Tax Credit (30% above 1998 IECC) 2000-2003 $1,299 7 42.4% 2 1 
New Home Tax Credit (40% above 1998 IECC) 2000-2005 $1,734 7 50.6% 2 1 
New Home Tax Credit (50% above 1998 IECC) 2000-2009 $2,169 7 58.9% 2 1 
DOE's Building America 2000-2009 $350 5 40.0% 1 9 
DOE's Building America 2010-2020 $175 6 50.0% 2 0 
R&D (ENERGY STAR New Home level) 2005-2009 $1,236 8a 37.1% 2 2 
R&D (ENERGY STAR New Home level) 2010-2020 $412 8b 37.1% 2 2 
R&D (Building America level) 2005-2009 $350 9a 40.0% 2 2 
R&D (Building America level) 2010-2020 $175 9b 50.0% 2 2 

Oil Heating 95.76 
NAECA standard - - 1 2  - 7  
Building Code: 1993 or 1995 MEC 2000-2020 $167 2 16.5% 1 3 
Building Code: 1998 IECC 2000-2020 $411 2 17.7% 1 4 
Building Code: future IECC 2009-2020 $564 2 23.0% 1 5 
ENERGY STAR New Homes 2000-2009 $1,326 3 37.1% 1 8 
ENERGY STAR New Homes 2010-2020 $442 4 37.1% 1 8 
New Home Tax Credit (30% above 1998 IECC) 2000-2003 $1,370 7 42.4% 2 1 
New Home Tax Credit (40% above 1998 IECC) 2000-2005 $1,828 7 50.6% 2 1 
New Home Tax Credit (50% above 1998 IECC) 2000-2009 $2,286 7 58.9% 2 1 
DOE's Building America 2000-2009 $350 5 40.0% 1 9 
DOE's Building America 2010-2020 $175 6 50.0% 2 0 
R&D (ENERGY STAR New Home level) 2005-2009 $1,326 8a 37.1% 2 2 
R&D (ENERGY STAR New Home level) 2010-2020 $442 8b 37.1% 2 2 
R&D (Building America level) 2005-2009 $350 9a 40.0% 2 2 
R&D (Building America level) 2010-2020 $175 9b 50.0% 2 2 
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Table C-1.4.adv, continued 

a Costs are average per-house costs to the consumer, and are relative to the cost of average purchased equipment in 2000 or of average new home construction 
  in 2000. Costs for whole-house programs such as new home tax credit, ENERGY STAR Homes, and Building America, reflect just the cost of measures that affect 
  heating and/or cooling. If a policy saves both heating and cooling energy, we apportion the measure cost to heating and cooling according to the amount of 
site energy saved in each end-use. See the Notes below for further details on costs. 

b The frozen efficiency (base case) household energy consumption (site million Btu per household per annum in 2000) is from an output file of the CEF-NEMS 
  reference case. It is an average over all equipment types in that end-use, weighted by the saturation of each equipment type in all homes built in 2000. This 
  initial consumption was only used to calculate the energy saved by building codes. We assumed that, of the two mandatory policies, building codes are 
  implemented first, then the NAECA standards, then the non-mandatory policies. Energy savings for all policies other than building codes were calculated from a 
  changing baseline consumption, not the frozen efficiency consumption in this table. We did this to avoid double counting the energy saved by mandatory 
  programs. The changing baseline is a result of the implementation of the mandatory policies. (Equipment standards cause a one-time decrease, but the 
  penetration of building codes is constantly increasing, which causes a continual decrease in the baseline consumption). We applied the percent energy savings 
shown in the table for each policy (other than building codes) to the changing baseline consumption in each year. 

c The measure energy savings is the energy saved by the policy per house as a percent of the baseline consumption. For building codes only, the baseline  
  consumption is the frozen efficiency (base case) household energy consumption shown in this table. For all other policies, the baseline consumption is calculated 
  each year as described in note b. The NAECA standard percent savings are expressed as a percent of the energy consumed by the equipment subject to the 
  standard. See the Notes below for detailed assumptions about the energy saved by the individual policies. The percent energy savings is assumed to be
 the same for the Moderate and Advanced cases. 

Notes 
1 LBNL estimate of mature market costs for a 12 SEER standard. We assume the incremental cost of a 12 SEER unit compared to the frozen efficiency in 2000 (10.89 SEER 


from an output file for the CEF-NEMS reference case) will be half of current market costs. Current market costs of heat pumps are from a variety of survey data including 

XENERGY (1996), Energy Center of Wisconsin (1997), and "Mr. Cool" (1998). Costs assume one 3 ton unit per house.
 

2 LBNL's estimate of the incremental cost of a home built to 1993 CABO Model Energy Code requirements, or 1998 International Code Council's International Energy Conservation 
Code (IECC), or to a future IECC code level, relative to the cost of an average new home in 2000, is $200, $500 and $700, respectively. These costs include measures which 
affect both heating and cooling, and were apportioned to the heating and cooling end-uses in the manner described in Note 3. We assume that the 100% increase in R&D funding 
in the Advanced case will have no effect on the cost of building codes because the codes are nowhere near as stringent as the voluntary programs. 

3	 The incremental cost to the homebuyer of an ENERGY STAR home during the 2000-2009 period is assumed to be $1500, which includes only those measures that affect the 
heating and cooling end-uses. This is an average cost over the time period, that takes into account the effect of a 100% increase in R&D funding for whole-house efficiency 
measures starting in 2005. We assume that the increased R&D funding will begin to lower the cost of ENERGY STAR homes toward the end of the 2000-2009 period. However, we 
assume that most of the cost decrease due to increased R&D funding will happen after 2009 (see Note 4 for more details). ENERGY STAR homes may include improved water 
heaters, but the cost of any water heating measures is accounted for in the water heating end-use (see Residential non-HVAC technology data tables) and therefore was not 
included here. We assumed that all ENERGY STAR homes have both heating and cooling equipment, and apportioned the total measure cost among the heating and cooling end-uses 
according to the site energy savings for each end-use. We applied the energy savings percentages to the base case household energy consumptions, both shown in this table, 
in order to determine the respective energy savings for the heating and cooling end-uses. (Building codes and NAECA standards will lower the base case energy consumption, 
thereby reducing the energy savings for both heating and cooling, but this effect was ignored for the purpose of apportioning the cost). Note that the percent energy savings for 
cooling depends on whether the house is heated by electricity or fuel (see Measure Energy savings notes for more details). The cost apportioned to cooling also varies by the type of 
fuel heat (gas/LPG or oil) because, even though the percent energy savings percentage is the same for gas/LPG and oil, the base case energy consumption is higher for oil heating 
than gas/LPG heating, thus the total cost will be apportioned more to oil heat than to gas/LPG because the oil savings is greater. Electric cooling costs by heating fuel type are 
shown in this table. Note that the average cost of ENERGY STAR homes during the 2000-2009 period is assumed to be $200 less in the Advanced case than in the Moderate case. 
The difference is due to lower prices and increased availability of measures in the more aggressive scenario, due in part to a doubled expenditure for R&D in the Advanced case. 
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Table C-1.4.adv Notes, continued 
4	 In the Advanced case, we assume there will be a 100% increase in R&D funding starting in 2005. We assume that the incremental cost of efficient homes will decrease gradually 

between 2005 and 2020 due to the increased R&D funding. We assume that the average incremental cost of an ENERGY STAR New Home after 2010 will be reduced from an 
estimated cost of $1000 (for the Advanced case penetration levels, in the absence of increased R&D funding) to $500 (with a 100% increase in R&D funding). This cost is only for 
heating and cooling measures (water heating measure costs were accounted for in the water heating end-use). The total cost of the heating and cooling measures was apportioned 
between heating and cooling end-uses as described in note 3. 

5	 DOE's program goal is to keep the incremental cost of Building America homes under $500 per house. Costs for homes already built as part of this program have been in many cases 
$0 or negative, but we assumed an average per-house cost of $500 until 2010. This cost includes the cost of measures which affect heating and cooling, and it was apportioned to 
the heating and cooling end-uses as follows. Because the cost is so low, we did not calculate heating and cooling costs separately for each heating fuel, as we did for ENERGY STAR 
homes and the new home tax credits. In the case of ENERGY STAR and tax credits, the costs are higher, so the heating fuel becomes an important determinant in the cost-
effectiveness of the measure because of differences in fuel prices and base case energy consumptions. However, because the cost of Building America homes is so low, the heating 
fuel type would not affect the cost-effectiveness enough to rule out the measure as being not cost-effective. In other words, the Building America homes are cost-effective for all 
the heating equipment types evaluated in this analysis. The $500 cost was estimated to be apportioned 70% to heating and 30% to cooling. 

6	 After 2009, we assume that the Building America homes will be built to higher efficiency levels (see Measure Energy Savings notes in this table for details). At current R&D funding 
levels, we assume that the average per-cost house could remain at $500 after 2010, even though the houses are built to a higher standard, due to economies of scale and 
improvements in building construction techniques and in equipment technology. However, in the Advanced case, we assume there will be a 100% increase in R&D funding that will 
reduce the cost of whole-house measures in new homes. We assume that we will begin to see the effect of the funding increase on prices starting in 2010. We assume that the 
average incremental cost of a Building America home over the 2010-2020 period will be reduced from the estimated cost of $500 (in the absence of increased R&D funding) to 
$250 (with a 100% increase in R&D funding). The cost is assumed to be apportioned 70% to heating and 30% to cooling, as described in Note 5. 

7	 LBNL's estimate of the full incremental cost per house (i.e., the tax credit is not subtracted). The total incremental costs are assumed to be $1500 for level 1 (30% more efficient 
than the 1998 IECC code), $2000 for level 2 (40% more efficient than the 1998 IECC code) and $2500 for level 3 (50% more efficient than the 1998 IECC code). These costs are 
the total costs of all measures that affect heating and cooling end-uses. The cost of measures that affect the water heating end-use are accounted for in the water heating end-use 
calculations (see Residential non-HVAC tables in this Appendix for more details). The cost of heating and cooling measures was apportioned to the heating and cooling end-uses 
according to the relative energy savings in each end-use, in the manner described in Note 3. Although the 100% increase in R&D funding for whole-house efficiency measures would 
likely affect the incremental cost and penetration of homes qualifying for the DOE tax credit program after 2005, we did not account for this effect in our analysis. 

8a This is the average incremental cost of the additional homes built to the ENERGY STAR new home level due solely to a 100% increase in R&D funding for whole-house efficiency 
measures during the 2005-2009 period. The incremental cost of the R&D measure is assumed to be the same as the cost of the ENERGY STAR program during the same time 
period (see Note 3 for more details). 

8b This is the average incremental cost of the additional homes built to the ENERGY STAR new home level due solely to a 100% increase in R&D funding for whole-house efficiency 
measures during the 2010-2020 period. The incremental cost of the R&D measure is assumed to be the same as the cost of the ENERGY STAR program during the same time 
period (see Note 4 for more details). 

9a This is the average incremental cost of the additional homes built to the Building America level due solely to a 100% increase in R&D funding for whole-house efficiency measures 
during the 2005-2009 period. The incremental cost of the R&D measure is assumed to be the same as the cost of the Building America program from 2000-2009 (see Note 5 for 
more details). 

9b 	  This is the average incremental cost of the additional homes built to the Building America level due solely to a 100% increase in R&D funding for whole-house efficiency measures 
during the 2010-2020 period. The incremental cost of the R&D measure is assumed to be the same as the cost of the Building America program from 2010-2020 (see Note 6 for 
more details). 

1 0 LBNL estimate of mature market costs for a 12 SEER standard. We assume the incremental cost of a 12 SEER unit compared to the frozen efficiency in 2000 (10.42 SEER 
from an input file used by the NEMS model) will be half of current market costs. Current market costs of CACs are from a variety of survey data including XENERGY (1996), 
Energy Center of Wisconsin (1997), and "Mr. Cool" (1998). Costs assume one 3 ton unit. 

1 1 Incremental cost to go from a unit of frozen efficiency in 2000 (9.13 EER, from an output file for the CEF-NEMS reference case) to either the average efficiency required by the 
new standard taking effect in October, 2000 (9.7 EER on average), or to the future estimated standard level of 10.5 EER. Based on 1993 standards analysis (US DOE 1993b) 
for the most common product classes and type (i.e., louvered sides and no reverse valve) of room A/C, inflated to 1997 dollars from 1990$ using the GDP deflator. 
Cost is a shipment weighted average over the most common product classes (from under 6 Btuh to 20 Btuh capacity), using 1989 shipments by product class from US DOE 1993b. 
Cost assumes an average of 1.5 room A/C units per house. 

1 2 We assume that NAECA standards for gas, LPG and oil heating equipment will not be updated during the forecast period. 
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Table C-1.4.adv Notes, continued 
1 3 LBNL modeling of typical new home builder practice in 14 U.S. cities (Brown et. al. 1998) estimates a typical new home HERS rating of 76.7. 


Each point away from 80 HERS is equivalent to 5% energy difference (aggregated over space heating, cooling, and water heating enduses). The 

1993 MEC requirement is 80 HERS, which is 16.5% more energy efficient than a house with a 76.7 HERS rating. For simplicity, we assumed that each of 

the 3 enduses (water heating, cooling, and space heating) would get the same (16.5%) improvement. The 1995 Model Energy Code differs only slightly from the 1993 MEC and is 

assumed to have about the same energy savings as the 1993 MEC.
 

1 4 The main difference between 1993 MEC and 1998 IECC codes is in the added solar heat gain coefficient requirement in southern climates. There are 
also some small improvements affecting heating. To estimate the cooling savings to go from (typically) double or single pane clear windows to 
double pane low-e windows in the south, we used LBNL researcher Dariush Arasteh's DOE-2 runs for the "NFRC 900" project. We averaged the 
cooling savings for 5 cities (Phoenix, Memphis, Las Vegas, Jacksonville, and Atlanta). Typical (base case) windows varied among these cities but were either a double or single 
pane window with clear glazing. The cooling savings estimate in the table above represents an average of the southern savings and the northern cooling savings (northern cooling 
savings were assumed to be the same as the 1993 MEC savings because the solar heat gain coefficient requirement in 1998 IECC only applies to southern climates). 
The heating savings in the south are an average of the heating savings from the Arasteh DOE-2 runs for the 5 cities. For heating in the north, to account for the small improvements 
affecting heating, we assumed that the 1998 code savings would be 5% greater than the 1993 code. The heating and cooling percent savings in this table are a simple average 
of our percent savings estimates for the south and north climates. 

1 5 LBNL estimate of future IECC building code efficiency level. We assume that a new IECC code is created sometime before 2009, but it only begins to be adopted by states and 

local jurisdictions in 2009. See Table B-1.2.adv for more details about the program.
 

1 6 A new heat pump and CAC standard analysis has been completed but is pending approval. We assume that it will be finalized sometime in the year 2000 and the new standards will tak 
effect on January 1, 2006. We assume the standard for heat pumps will be 7.4 HSPF/12 SEER and the standard for CAC will be 12 SEER. The percent energy savings in the table 
were estimated using a simple ratio of efficiencies (future standard efficiency to the average new unit efficiency in 2000). The average new unit efficiency in 2000 for heat 
pumps is 7.15 HSPF/10.89 SEER and 10.42 SEER for CAC, from an output file for the CEF-NEMS reference case. 

1 7 A new room A/C standard will come into effect on October 1, 2000. The CEF-NEMS reference case includes this standard, but starts it on Jan 1, 2001.
 
To be consistent with the reference case, we also began the standard on Jan 1, 2001 in the Moderate and Advanced cases. Federal standards for 

room A/C vary by equipment capacity. We calculated an average efficiency of 9.7 EER for the October 2000 standard by weighting the standard efficiency for each product 

class by the 1989 shipments of each product class. In addition, we estimated that a future standard for room A/C would take effect in 2010 at 10.5 EER (on average over 

the most common capacities). The percent energy savings in the table was estimated using a simple ratio of efficiencies (future standard
 
efficiency to the average new unit efficiency in 2000 (9.13 EER, from an output file for the CEF-NEMS reference case).
 

1 8 LBNL estimate based on work for the U.S. EPA to determine typical cost-effective packages of measures that builders in 14 U.S. cities could use in order to meet the ENERGY STAR 
certification requirements (Brown et. al. 1998). We calculated average heating and cooling savings for homes with the recommended ENERGY STAR package of measures, 
compared to current building practice of large production home builders in each city. On average over Southern and Northern cities, ENERGY STAR homes with electric heat pumps 
saved 40.1% of the annual heating and 45.6% of the annual cooling consumptions, compared to current construction in those cities. Homes with gas furnaces and central 
air conditioners saved 37.1% in heating and 52.7% in cooling on average over Southern and Northern cities, compared to current building practices in those cities. We assume 
that all ENERGY STAR homes have both heating and cooling equipment. We assume that the ENERGY STAR efficiency level will remain at the current level during the entire 
forecast period, although the cost is assumed to decrease due to increased funding for R&D (see Notes 3 & 4). Brown et. al. (1998) did not provide any savings estimates for 
oil-heated homes, so we assumed that oil-heated homes would have the same percentage savings as gas-heated homes. 

1 9 Energy savings reflect typical, low-side, savings from current program participants (Pettit, 1999 and James, 1999). We assume that up until 2010, the average
 
energy savings among program participants will tend toward the lower end of the current range of savings. 


2 0 Energy savings reflect upper bound of estimates from current program participants (Pettit, 1999 and James, 1999). We assume that from 2010 through 2020, the average
 
energy savings among program participants will tend toward the higher end of the current range of savings, due to a variety of factors which might
 
include smarter building design, increased availability of technologies, and decreased prices. 


2 1 Energy savings are based on Treasury Department efficiency proposals for the three levels of tax credits, from US DOT 1999. The proposed levels are 30%, 40%, or 50% better 
than the 1998 IECC code. The energy savings in this table for the tax credits are simply 30%, 40% and 50% more than our estimated savings for the 1998 IECC code. For example, 
the estimated electric heating energy savings for level 1 of the tax credit is (100% - (1-17.7%)*(1 - 30%)), or 42.4%. The terms in this formula represent the baseline 
electric heating consumption of a 1998 IECC code house (1-17.7%), and the (1-17.7%)*(1-30%) term represents the consumption of a house that is 30% better than the 
1998 IECC code. Cooling energy savings was calculated in the same way. The percent energy savings is assumed to be the same for all heating fuels. 

2 2 We assume that increased R&D funding for whole-house programs affects the cost of building homes to efficiency levels that meet or exceed the efficiency of ENERGY STAR
 
new homes. We assume that R&D funding increases begin to have an impact on the market in 2005 (see Table B-1.2.adv for more details). While we recognize that increased R&D 

funding would also affect homes built to the new home tax credit efficiency levels, we did not include this explicitly in our analysis. Thus, we attributed the entire effect of 


Carrie A Webber
Appendix C-1                                                                                                                      C-1.39                                                                                                            Buildings

http:HSPF/10.89


RES HVAC 
Advanced 

Table C-1.4.adv Notes, continued 
increased R&D funding for whole-house measures to ENERGY STAR new homes and Building America, in the form of lower prices and increased penetration for these programs. 
We assume that the percentage energy saved by the programs will not change due to increased R&D funding. Thus, the percent energy savings for R&D during each time period 
analyzed (2005-2009 and 2010-2020) are assumed to be the same as the percent energy savings for the ENERGY STAR and Building America programs during the same 
time period. 
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Table C-1.5: Measure Lifetime Estimates for New Residential Whole-House Policies affecting HVAC End-Uses 

End-Use Equipment type shell HVAC equip. ducts 

Percent of total Heating (or Cooling) 

Energy Savings, by measure type1: 
shell HVAC equip. ducts 

Estimated measure lifetime 

(years), by measure type2: 

% of New 

Homes3 

Average lifetime 
of Whole-House 

Policy4 

(years) 
Electric heating resistance 50.0% 50.0% 0% 3 0 23.5 0 51.6% 26.8 

heat pump 50.0% 17.4% 32.6% 3 0 12.0 1 5 48.4% 22.0 
all (average) 100.0% 24 .4  

Electric cooling heat pump or central A/C 58.9% 13.3% 27.8% 3 0 12.0 1 5 91.6% 23.4 
RAC 58.9% 41.1% 0.0% 3 0 15.5 0 8.4% 24.0 

all (average) 100.0% 23 .5  

Gas heating furnace or HP 51.8% 17.1% 31.1% 3 0 23.5 1 5 97.4% 24.2 
boiler 51.8% 48.2% 0.0% 3 0 22.5 0 2.6% 26.4 

all (average) 100.0% 24 .3  

Oil heating furnace 51.8% 17.1% 31.1% 3 0 23.5 1 5 43.9% 24.2 
boiler 51.8% 48.2% 0.0% 3 0 22.5 1 5 56.1% 26.4 

all (average) 100.0% 25 .4  
Lifetimes in bold type are averages over all equipment types for that end-use and are used to calculate the Cost of Conserved Energy. 

1 Percent of total site heating (or cooling) energy savings for an ENERGY STAR new home compared to a house of average construction, by type
   of measure. Energy savings by measure type were derived from LBNL's analysis of ENERGY STAR New Homes (Brown et. al. 1998). We chose one house 
   in Chicago to represent the northern climate, and one house in Dallas to represent the southern climate. We took a simple average of the north and 
   south results to get the numbers in the table. Results for oil furnaces were unavailable, so we used the same percent savings distribution as for gas 
   furnaces. Results for boilers were also unavailable, so we used the gas furnace percent savings due to the shell for the boiler shells, and attributed  
   the remainder of the savings to HVAC equipment measures, since boilers do not have ducts. Results for homes with electric resistance heating were 
   also unavailable; we assumed the percent savings due to shell measures was the same as homes with heat pumps, and attributed the remainder
   of the savings to equipment measures (since electric resistance heaters do not have ducts). Percent savings for homes with RAC were estimated in the same way, using results for the HP/CAC shell savings for cooling. 

2 HVAC equipment lifetimes are averages of the minimum and maximum life expectancies of each equipment type, from an input file to the 
   CEF-NEMS model. The lifetimes for duct and shell measures are from LBNL's ENERGY STAR New Homes analysis (Brown et. al. 1998). 
3 Percent of new homes built in the year 2000 with the given heating or cooling equipment, from output of the CEF-NEMS reference case. 
4 The average lifetime used to calculate the CCE for the whole-house new home HVAC measures are in bold type. Lifetimes not in bold type 
   represent the average lifetime for each equipment type; these were calculated by taking a weighted average of the measure lifetimes by

   measure type and the percent energy savings by measure type shown in this table. The average lifetime used in the CCE calculations (shown 

   in bold type) is an average of the lifetime for each equipment type, weighted by the percent of new homes in 2000 that have each equipment 

   type (see Note 3). The average end-use lifetime was used to calculate the CCE for all policies that involved a whole-house approach to 

   energy conservation (i.e., shell, HVAC equipment, and/or duct measures). These policies are ENERGY STAR New Homes, Building America, and 

   new home tax credits. Even though the proportion of energy savings due to each type of measure was derived for ENERGY STAR new homes, 
we assumed that the proportion would be the same for the Building America and new home tax credit programs.
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Introduction to Residential non-HVAC Technology Table (Table C-1.6) 

Table C-1.6 presents technology assumptions for policies affecting residential non-HVAC end 
uses. Included are unit energy savings (UECs) in kilowatt-hours for electricity end uses and 
million Btus for gas end uses, product lifetime (necessary for stock accounting and cost-
effectiveness calculations), incremental cost ( in 1997 dollars), and the cost of conserved energy 
(CCE). The CCE can be compared to the applicable fuel or electricity price to guage the cost 
effectiveness of a policy. 

Financial Calculations 

All costs are presented in 1997 dollars. Costs from the original sources were adjusted to 1997 
dollars, if necessary, using the implicit GDP deflator (Bureau of Economic Analysis 1998). The 
cost of conserved energy, expressed as $/kWh or $/MMBtu, is the annualized incremental cost of 
the technology divided by the unit energy savings. The annualized cost is calculated over the 
lifetime of the product using a seven percent real discount rate. 

Market Segmentation 

In some cases a particular measure was not cost effective in “the average” home or application. 
For example, very high efficiency gas water heaters (0.80 EF) have such a high incremental cost 
that they are only cost effective in homes with extremely high hot water use (3-4 times average 
household use). We applied such technologies only to the market segments that were cost 
effective, which invariably had a higher consumption than the average consumption for the entire 
market. The baseline and measure energy use for these technologies reflect the high energy 
consumption of the market segment. We calculated the share of gas water heating energy used by 
this market segment and estimated a market penetration for the technology as a subset of the 
segment. 

As noted above, at current prices CFLs are cost effective in high-use fixtures only (those used 3 
or more hours per day). Unit energy savings for the ENERGY STAR fixtures program are 
average savings for this segment of the market only. The penetrations used (expressed as a 
percent of energy because of the disproportionate share of energy consumed by high-use fixtures) 
reflect the replacement of a subset of this market segment. About 62% of lighting energy (24% of 
fixtures) belongs to this market segment (Wenzel et al, 1997). In the moderate case we assume 
that by 2020 ENERGY STAR fixtures will replace 2/3 of fixture sales for this market segment. 
This is equivalent to about 18% of total fixtures sales or about 40% of the baseline energy for 
new fixtures. 

We also consider a CFL R&D program for residential lighting, which has the effect of reducing 
costs of CFLs and therefore making both CFL lamps and CFL fixtures more cost effective (we 
assume that CFL fixtures are sold with a ballast, so fixture cost is reduced by the amount of 
ballast cost savings). We assume that lower costs will increase the effectiveness of the ENERGY 
STAR fixtures program. Rather than increasing the penetration of CFLs in the above market 
segment (fixtures used 3 or more hours per day), we assume that lower costs will extend the 
market into lower use fixtures—those used 2 to 3 hours per day in the moderate case and 1 to 3 
hours per day in the advanced case (the cost reduction due to R&D is greater in the advanced 
case). The calculations were similar to those described above. The unit energy savings were 
calculated for fixtures in these market segments, we calculated the share of total energy for each 
market segment and finally we estimated penetrations as a subset of energy for the segment. 
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Avoiding Double-Counting 

In many cases multiple policies affect the same end use. To avoid double counting, we had to 
establish rules for how savings would be divided between policies. Mandatory programs, such as 
equipment standards, were given primacy. Standards are assumed to affect 100% of a certain type 
of equipment and are credited with the full savings of moving from a baseline unit to a unit just 
meeting the standard. Any non-mandatory policy is considered to be on top of standards (if any). 
Savings are calculated relative to the standard in place. If a non-mandatory policy affects 40% of 
an equipment type and saves 15% of the energy of a baseline unit, but standards are in place that 
affect 100% of equipment and save 10% over a baseline unit, the non-mandatory program is 
credited with saving 5% of baseline energy on 40% of the equipment. A single non-mandatory 
policy may therefore have multiple baselines if standards are updated once or more while the 
policy is in place. Because the energy savings change when the baseline changes, we treat each 
policy/baseline combination separately in our analysis. The penetrations for each policy/baseline 
combination are listed separately in these tables. 
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Table C-1.6. Technology Data for Residential Buildings--Non-HVAC 

Fuel End- Policy 
Use 

Baseline1 Case2 
Unit 

Energy 
Savings 

UES 

Notes 

Life­
time 

Life-

time 

Notes 

Incre­
mental 
Cost3 

Incre-

mental 

Cost Notes 

CCE4 CCE4 

2000-09 2010-20 
CCE 

Notes 

Electric kWh Years 1997$ $/kWh $/kWh 
Water heating 

ENERGY STAR CW 2004 EWH std/2000 new CW M, A 361 5 14 6 277 7 0.038 0.038 8 

ENERGY STAR CW 2004 EWH std/CW interim std M 242 5 14 6 252 7 0.052 0.052 8 

ENERGY STAR DW 2000 new EWH/2000 new DW M, A 44 9 13 6 7 10 0.019 0.019 
ENERGY STAR HPWH 2004 standard EWH M 2,137 11 10 6 471 12 0.031 0.016 13 

ENERGY STAR HPWH 2004 standard EWH A 2,137 11 10 6 471 12 NA 0.016 13 

ENERGY STAR Homes 2000 new EWH M, A 585 14 10 15 85 16 0.021 NA 
ENERGY STAR Homes 2004 standard EWH M, A 299 14 10 15 85 16 0.040 0.038 17 

Building America 2000 new EWH M, A 585 14 10 15 85 16 0.021 NA 
Building America 2004 std EWH M, A 299 14 10 15 85 16 0.040 0.038 17 

Whole House Tax Credit I 2000 new EWH M, A 585 14 10 15 85 16 0.021 NA 
Whole House Tax Credit I 2004 std EWH M, A 299 14 10 15 85 16 0.040 0.038 17 

Whole House Tax Credit II 2000 new EWH M, A 585 14 10 15 85 16 0.021 NA 
Whole House Tax Credit II 2004 std EWH M, A 299 14 10 15 85 16 0.040 0.038 17 

Whole House Tax Credit III 2000 new EWH M, A 585 14 10 15 85 16 0.021 NA 
Whole House Tax Credit III 2004 std EWH M, A 299 14 10 15 85 16 0.040 0.038 17 

ENERGY STAR Homes R&D 2004 std EWH M, A 299 14 10 15 81 18 NA 0.038 
Building America R&D 2004 std EWH M, A 299 14 10 15 76 18 NA 0.036 
2004 EWH Std 2000 new EWH M, A 286 19 10 6 51 20 0.026 0.026 
CW interim standard 2004 EWH std/1994 CW Std M 119 21 14 6 8 22 0.002 0.002 23 

CW Horizontal Axis Std 2004 EWH std/2000 new CW M,A 361 24 14 6 202 22 0.015 0.015 8 

DW Std 2000 new EWH/2000 new DW A 44 25 13 6 7 10 0.019 0.019 
Utility HPWH 2000 new EWH M, A 2,423 26 10 6 522 12 0.031 NA 
Utility HPWH 2004 standard EWH M 2,137 26 10 6 471 12 0.031 0.016 13 

Utility HPWH 2004 standard EWH A 2,137 26 10 6 471 12 0.031 0.016 13 

Tax Credit HPWH 2000 new EWH M, A 2,423 27 10 6 522 12 0.031 NA 
Tax Credit HPWH 2004 standard EWH M 2,137 27 10 6 471 12 0.031 0.016 13 

Tax Credit HPWH 2004 standard EWH A 2,137 27 10 6 471 12 0.031 0.016 13 

HPWH R&D 2004 standard EWH M 2,137 12 10 6 235 28 NA 0.016 
HPWH R&D 2004 standard EWH A 2,137 12 10 6 235 28 NA 0.016 
Utility Fuel Switching Prog. A NA 10 6 NA NA NA 
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Table C-1.6 (continued). Technology Data for Residential Buildings--Non-HVAC 

Fuel End- Policy 
Use 

Baseline1 Case2 
Unit 

Energy 
Savings 

UES 

Notes 

Life­
time 

Life-

time 

Notes 

Incre­
mental 
Cost3 

Incre-

mental 

Cost Notes 

CCE4 CCE4 

2000-09 2010-20 
CCE 

Notes 

Electric 
Refrigeration 

2001 Refrigerator Std 
NAECA Std 2010 
Utility Rebate 
Utility Rebate 
ENERGY STAR Refrigerator 
ENERGY STAR Refrigerator 
ENERGY STAR Refrigerator 

2000 new Refrigerator 
2000 new Refrigerator 
2000 new Refrigerator 
2001 standard Refrigerator 
2000 new Refrigerator 
2001 standard Refrigerator 
2010 standard Refrigerator 

M, A 
A 

M, A 
M, A 
M, A 
M, A 

A 

kWh 

170 
244 
106 
79 

106 
79 
67 

29 

31 

32 

32 

34 

34 

34 

Years 

19 
19 
19 
19 
19 
19 
19 

30 

30 

30 

30 

30 

30 

30 

1997$ 

60 
98 
27 
51 
27 
51 
91 

30 

30 

33 

33 

33 

33 

33 

$/kWh $/kWh 

0.034 0.034 
0.039 0.039 
0.025 0.025 
0.062 0.062 
0.025 0.025 
0.062 0.062 
NA 0.130 35 

Cooking 
Utility Fuel Switching Prog. A NA 18 36 NA NA NA 

Clothes Dryers 
Utility Fuel Switching Prog. A NA 17 36 NA NA NA 

Freezers 
2001 Std 
2010 Std 

2000 new freezer 
2000 new freezer 

M, A 
A 

64 
101 

37 

38 

19 
19 

30 

30 

39 
60 

30 

30 

0.059 0.059 
0.035 0.035 

Lighting

 torchieres 
R&D--CFL Torchiere 
E STAR Res Ltg Fixture Prog 
CFL R&D--Fixtures Effect 

other E STAR Res Ltg Fixture Prog 
E STAR Res Ltg Fixture Prog 
CFL R&D--Fixtures Effect 
CFL R&D--Fixtures Effect 
Mini-HID lamps R&D 
Mini-HID lamps R&D 

300 W Halogen torchiere 
300 W Halogen torchiere 
300 W Halogen torchiere 

Fixtures uses >3 hrs/day 
Fixtures uses >3 hrs/day 
Fixtures used 1-3 hrs/day 
Fixtures used 1-3 hrs/day 
100 W inc. lamp used 1500 hrs/yr 
100 W inc. lamp used 1500 hrs/yr 

M, A 
M, A 
M, A 

M 
A 
M 
A 
M 
A 

136 
136 
136 

149 
149 
52 
52 
58 
58 

39 

43 

44 

46 

46 

50 

50 

53 

53 

5 
5 
5 

11 
11 
46 
46 
13 
13 

40 

40 

40 

47 

47 

51 

51 

54 

54 

50 
50 
43 

12 
12 
12 
10 
3 
3 

41 

41 

45 

48 

48 

52 

52 

55 

55 

0.061 0.053 
0.061 0.053 
NA 0.053

0.011 0.008 
0.011 0.006 
NA 0.028 
NA 0.022 
NA 0.006 
NA 0.006 

42 

42 

49 

49 
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Table C-1.6 (continued). Technology Data for Residential Buildings--Non-HVAC 

Fuel End- Policy 

Use 

Baseline1 Case2 

Unit 

Energy 

Savings 

UES 

Notes 

Life­

time 

Life-

time 

Notes 

Incre­

mental 

Cost3 

Incre-

mental 

Cost Notes 

CCE4 CCE4 

2000-09 2010-20 

CCE 

Notes 

Electric 
Clothes Washers 

ENERGY STAR CW 
ENERGY STAR CW 
CW interim standard 
CW Horizontal Axis Std 

2000 new CW 
CW interim stds 
2000 new CW 
2000 new CW 

M, A 
M 
M 

M,A 

kWh 

30 
30 
0 

30 

56 

56 

57 

58 

Years 

14 
14 
14 
14 

6 

6 

6 

6 

1997$ 

23 
31 
0 

17 

7 

7 

22 

22 

$/kWh $/kWh 

0.038 0.038 
0.052 0.052 
NA NA 

0.015 0.015 

8 

8 

8 

Dishwashers NA 13 6 NA NA NA 
Color Televisions 

ENERGY STAR TVs 
TV Standards 
Global 1 Watt 

2000 new TV 
2000 new TV 
2010 TV stds 

M,A 
A 
A 

38 
38 
5 

59 

62 

63 

11 
11 
11 

60 

60 

60 

2 
2 
0 

61 

61 

64 

0.007 0.007 
0.007 0.007 
0.000 0.000 

Personal Computers NA NA NA NA NA 
Furnace Fans NA NA NA NA NA 
Other Uses

 coils 
motors Global 1 W 

Ceiling Fans 
Pool Pumps 

electronics ENERGY STAR VCR 
ENERGY STAR Audio 
ENERGY STAR Settop 
ENERGY STAR Telephony 
ENERGY STAR MWave 
Global 1 W 

A 
M,A 
M,A 

M,A 
M,A 
M,A 
M,A 
M,A 

A 

NA 
9.7 
37 
750 

16 
24 
88 
18 
18 
27 

63 

67 

70 

72 

73 

75 

76 

78 

63 

NA 
5 

15 
10 

11 
7 

10 
8 

12 
7 

65 

68 

40 

60 

74 

40 

77 

67 

79 

NA 
2 

10 
100 

2 
2 
2 
2 
2 
2 

66 

69 

71 

60 

60 

60 

60 

60 

60 

NA NA 
0.049 0.049 
0.030 0.030 
0.013 0.013

0.017 0.017 
0.015 0.015 
0.003 0.003 
0.019 0.019 
0.014 0.014 
0.014 0.014 
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Table C-1.6 (continued). Technology Data for Residential Buildings--Non-HVAC 

Fuel End- Policy 
Use 

Baseline1 Case2 
Unit 

Energy 
Savings 

UES 

Notes 

Life­
time 

Life-

time 

Notes 

Incre­
mental 
Cost3 

Incre-

mental 

Cost Notes 

CCE4 CCE4 

2000-09 2010-20 
CCE 

Notes 

Gas 
Water heating 

ENERGY STAR CW 
ENERGY STAR CW 
ENERGY STAR DW 
ENERGY STAR Homes 
ENERGY STAR Homes 
Building America 
Building America 
Whole House Tax Credit I 
Whole House Tax Credit I 
Whole House Tax Credit II 
Whole House Tax Credit II 
Whole House Tax Credit III 
Whole House Tax Credit III 
ENERGY STAR Homes R&D 
Building America R&D 
GWH Std 
CW interim standard 
CW Horizontal Axis Std 
DW Std 
Tax Cr for 0.65 EF NGWH 
Tax Cr for 0.65 EF NGWH 
Tax Cr for 0.80 EF NGWH 
Tax Cr for 0.80 EF NGWH 

2000 new GWH/2000 new CW 
2000 new GWH/CW stage 1 std 
2000 new GWH/2000 new DW 
2000 new GWH 
2004 GWH Std 
2000 new GWH 
2004 GWH Std 
2000 new GWH 
2004 GWH Std 
2000 new GWH 
2004 GWH Std 
2000 new GWH 
2004 GWH Std 
2004 GWH Std 
2004 GWH Std 
2000 new GWH 
2004 GWH Std/2000 new CW 
2004 GWH Std/2000 new CW 
2004 GWH Std 
2000 new GWH 
2004 GWH Std 
2000 new GWH 
2004 GWH Std 

M,A 
M 

M,A 
M,A 
M,A 
M,A 
M,A 
M,A 
M,A 
M,A 
M,A 
M,A 
M,A 
M,A 
M,A 
M,A 
M 

M,A 
A 

M,A 
M,A 
M,A 
M,A 

MBtu 

1.06 
0.71 
0.19 
3.30 
0.43 
2.87 
0.00 
2.87 
0.00 
2.87 
0.00 
2.87 
0.00 
0.43 
0.00 
2.87 
0.35 
1.06 
0.19 

6 
4.95 
30 
29 

80 

80 

82 

83 

83 

87 

87 

87 

87 

87 

87 

87 

87 

83 

87 

89 

21 

24 

25 

90 

90 

92 

92 

Years 

14 
14 
13 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
13 
14 
14 
14 
14 

6 

6 

6 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

6 

6 

6 

6 

6 

6 

6 

6 

1995$ 

142 
112 

7 
136 
95 
41 
0 

41 
0 

41 
0 

41 
0 

86 
0 

41 
2 

104 
7 

256 
215 

1295 
1254 

7 

7 

6 

84 

85 

84 

84 

84 

84 

84 

84 

84 

84 

88 

84 

84 

22 

22 

7 

91 

91 

91 

91 

6.67 6.67 
7.91 7.91 
4.66 4.66 
4.71 NA 
NA 23.02 
1.62 NA 
NA NA 
1.62 NA 
NA NA 
1.62 NA 
NA NA 
1.62 NA 
NA NA 
NA 23.02 
NA NA 
1.62 1.62 
0.22 0.22 
2.54 2.54 
4.66 4.66 
4.85 4.85 
4.97 4.97 
4.95 4.95 
4.98 4.98 

$/MBtu 

8, 81 

8, 81 

85 

86 

23 

8 

Cooking NA NA NA NA NA 
Clothes Dryers NA NA NA NA NA 
Other Uses NA NA NA NA NA 
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Notes to Table C-1.6 
Technology Data for Residential Buildings--Non-HVAC 

1 Because different policies affect the same market segment, it was often necessary to adjust penetrations or savings in order to avoid double counting. 
In particular, we had to address the effect on existing programs, such as ENERGY STAR, when new equipment standards come into effect. We adopted the 
practice of attributing savings to mandatory programs, such as standards, before calculating savings for other policies. When the savings for a policy 
are affected by a standard, we essentially analyze the policy as several different policies according to the baseline that applies (year 2000 new equipment, 
2004 standard, 2010 standard). For example, the ENERGY STAR Homes program appears twice under electric water heating. The first appearance lists "2000 
new EWH" as the baseline, indicating that the baseline water heating UEC is for a typical new electric water heater in year 2000. The second entry lists 
"2004 standard EWH" as the baseline indicating that the savings corresponding to these penetrations were calculated relative to the new electric water 
heating standard in 2004. 

2 We specify the applicable case for each policy as A for advanced or M for moderate. Some policies apply to only one case (e.g. 2010 dishwasher
 
standards), some may be effective for different dates, and others may have different costs due to different R&D effects in the moderate and
 
advanced case.
 

3 Unless otherwise stated, the incremental cost is a mature market cost; that is, it is the cost of equipment after the market has adjusted to the presence of
 
the policy, e.g. by increasing production, because increasing cumulative production experience reduces costs per unit.
 

4 The cost of conserved energy is a measure of cost effectiveness. An energy conservation measure is cost effective if the cost of conserved energy is 
less than the cost of the relevant fuel. The cost of conserved energy is calculated using a 7% real discount rate. For some technologies, the CCE is 
assumed to drop over time due to the effect of R&D programs. We model this effect by using different CCEs for 2000-2009 and 2010-2020. If there is no 
R&D, the CCE is the same for both periods. If the program ends before 2010, the CCE for 2010 to 2020 is reported as "NA". Similarly, if the program 
begins in 2010 or later, the CCE for 2000-2010 is reported as "NA." 

5 ENERGY STAR clothes washers are assumed to be horizontal axis or equivalent efficiency. Water heating savings are from Koomey et al. (1999b)  (savings 
assume that water heater standby losses have already been reduced compared to a water heater just meeting 1994 NAECA standards). Baseline electric 
water heating UEC is also from Koomey et al. (1999b). When interim standards for clothes washers come into effect in the moderate case (2004-2006), the 
energy savings and incremental costs are recalculated using the new standard as the baseline. 

6 Geller et al (1998). 
7 The cost shown here is an LBNL estimate of the current incremental cost for a horizontal axis washer, based on a current incremental cost of $350. The 

cost of a baseline unit is $421 (US DOE 1998b) and we estimate that a typical horizontal axis washer retails for $700-$800 (with so few models currently on 
the market and recent the recent introduction of a high-end model, it is not possible to estimate a robust shipment weighted average price). Costs were 
allocated to water heating, motor energy and dryer energy according to the estimated amount of site energy saved (also from US DOE 1998b).  Because these 
costs are prorated based on the share of energy savings, comparisons between costs may be misleading (for example, the costs allocated to motors for 
different policies may differ even though the energy savings are the same, due to changes in water heating and drying energy). When interim standards 
for clothes washers come into effect in the moderate case, the energy savings and incremental costs are recalculated using the new standard as the baseline. 

8 The cost of conserved energy for horizontal axis clothes washers takes into account $22 in annual water bill savings due to decreased water use (based on 
water usage and water price estimates from US DOE, 1998b). Annualized incremental cost net of annual water bill savings are used to calculate the CCE. 

9 ENERGY STAR dishwashers are 13% more efficient than contemporary standards. Total dishwasher savings are from an unpublished analysis of ENERGY 
STAR dishwashers by Barbour (1998). Dishwasher savings from reduced water heating savings were broken out based on data from US DOE (1990). In the 
advanced case, we assume that the ENERGY STAR dishwasher program is discontinued when new standards for dishwashers come into effect in 2010 

10 A $10 incremental cost from Geller et al (1998) was divided between motor and water heating according to the share of energy savings. 
11 Although no program currently exists, we hypothesize that DOE will introduce an ENERGY STAR water heater program to promote heat pump water heaters. 

Baseline unit energy consumption and unit energy savings due to heat pump water heaters are from Koomey et al. (1999b). 
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Notes to Table C-1.6 (continued) 
12 Koomey et al (1999b). 
13 CCEs for heat pump water heater programs are reduced for 2010 to 2020 due to the cost reductions attributable to R&D (see the heat pump water R&D 

program for details, note 28). The cost reduction is greater in the advanced case than in the moderate case. 
14 Whole-house programs (ENERGY STAR, Building America, and whole-house tax credits) are assumed to save 15% of water heating energy. Savings are based 

on DOE-2 runs assuming the addition of an R-12 wrap to the water heater. The baseline energy factor is 0.86; the wrap increases the energy factor to 0.93. 
When new electric water heater standards become effective, energy savings are recalculated with respect to the new baseline. 

15 The lifetime for whole house programs is the life of the water heating equipment (see note 6) for the purposes of calculating the CCE. 
16 The incremental costs for water heating for all the whole-house programs (ENERGY STAR, Building America, and whole-house tax credits) are assumed to be 

the same. The costs are based on the cost of materials and labor for an R-12 wrap (Means 1996, p 454). 
17 CCEs for whole house programs are reduced for 2010 to 2020 due to the effects of R&D (see the technology data for "ENERGY STAR Homes R&D" and 

"Building America R&D" for details, note 18). 
18 Research and development reduces the cost of whole house programs by 10% from year 2010 onward. See note 16 for costs for the 2000-2009 period. 
19 Electric water heater standard tightened to reduce standby losses. Baseline unit energy consumption and unit energy savings are from Koomey et al. (1999b). 
20 US DOE (1993b). 
21 Clothes washer standards are expected to be tightened starting in 2004. A horizontal axis standard remains controversial, however, so for the moderate case 

we consider an interim clothes washer standard that saves 15% over the baseline. This interim standard is assumed to come into effect in 2004 and be replaced 
by a horizontal axis standard in 2007. In the advanced case the horizontal axis standard goes into effect in 2004 and there is no interim standard. Savings were 
taken from US DOE (1998b) and Koomey et al. (1999b). 

22 The incremental costs are from US DOE (1998b). Costs were allocated to water heating, motor energy and dryer energy according to the estimated amount of 
site energy saved (also from US DOE, 1998b). 

23 The cost of conserved energy for the moderate case interim clothes washer standard takes into account 70 cents in annual water bill savings due to decreased 
water use. The CCE is calculated using the annualized incremental cost net of water bill savings. In this case, the present value of lifetime water bill savings is 
almost as large as the incremental investment cost, so the CCE is close to zero. 

24 We expect that DOE will eventually succeed in finalizing a horizontal axis clothes washer standard. This standard is assumed to go into effect in 2007 in the 
moderate case and 2004 in the advanced case. Savings are compared to the interim standard in the moderate case and a year 2000 average new washer in the 
advanced case. Savings were taken from Koomey et al. (1999b). 

25 We assume that new dishwasher standards will go into effect in 2010 for a 13 percent efficiency improvement over 1994 standards. Savings are assumed to 
be the same as for ENERGY STAR units (see note 9). 

26 Utilities promote the use of heat pump water heaters through the use of rebates and informational campaigns. Energy savings due to heat pump water heaters 
are from Koomey et al. (1999b). After electric water heater standards come into effect the energy savings attributed to utility heat pump water heater programs 
is reduced. 

27 Tax credits for heat pump water heaters in the moderate case are assumed to be for 20 percent of the purchase price and last from December 31, 1999 until 
January 1, 2004 (US DOT, 1999). Tax credits for heat pump water heaters in the advanced case are assumed to be for 10 percent of the purchase price and last 
for 10 years (the longer duration more than offsets the lower tax credit). Baseline unit energy consumption and unit energy savings due to heat pump water 
heaters are from Koomey et al. (1999b). After electric water heater standards come into effect savings attributed to tax credits are reduced. 

28 R&D reduces the cost of heat pump water heaters by 10% in the moderate case and 20% in the advanced case, effective from 2010 onward. Cost reductions 
are applied to costs from Koomey et al (1999b). 

29 New refrigerator standards are scheduled to come into effect in 2001. These standards are already incorporated in the AEO99 forecast. However, since we 
calculate achievable potential energy use from the frozen efficiency baseline we had to include them in our savings. Baseline unit energy consumption 
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Notes to Table C-1.6 (continued) 
and savings are from US DOE (1995b).
 

30 US DOE (1995b)
 
31 We assume that NAECA standards for refrigerators will be tightened again in 2010 in the advanced case. Data were obtained from US DOE (1995b).
 
32 Utility rebates for refrigerators are assumed to be based on the same efficiency levels as ENERGY STAR refrigerators (16% over existing NAECA standards)
 

and have the same savings (see note 34). 
33 US DOE (1995b). Costs for 2000-2001 are incremental to the cost of a baseline unit, costs for 2001-2009 are incremental to the cost of a unit meeting 2001
 

standards. In 2010, new standards become effective in the advanced case. For the 2010-2020 period, advanced case costs are incremental to the cost of a unit
 
meeting 2010 standards while in the moderate case, costs continue to be calculated relative to the 2001 standard.
 

34 ENERGY STAR  refrigerators are assumed to be 16% more efficient than existing NAECA standards. Baseline year 2000 refrigerator efficiency is taken from 
US DOE (1995b). The 16% savings were applied to baseline 2000 efficiency to obtain year 2000 savings; to 2001 NAECA standards efficiency to obtain savings 
for 2001 to 2009 (to 2020 in the moderate case); and to 2010 NAECA standards efficiency to obtain savings for 2010 to 2020 (advanced case only). 

35 Note that after the 2010 standard goes into effect, the ENERGY STAR efficiency level (as specified relative to standards) is not cost effective. We therefore 
assume zero penetration for ENERGY STAR refrigerators from 2010 onward.
 

36 Koomey et al (1999b).
 
37 New freezer standards are scheduled to come into effect in 2001. These standards are already incorporated in the AEO99 forecast. However, since we
 

calculate achievable potential energy use from the frozen efficiency baseline we had to include them in our savings. Baseline unit energy consumption 
and savings are from US DOE (1995b).
 

38 We assume that NAECA standards for freezers will be tightened again in 2010 in the advanced case. Data were obtained from US DOE (1995b).
 
39 Compact fluorescent torchieres were developed with DOE funding as replacement for low-efficiency halogen torchieres (typically 300W, Calwell (1999)).
 

Since then, CFL torchieres have become widely available at retailers and costs have fallen significantly. CFL torchieres are assumed to use 1/3 the energy of 
a halogen torchiere. Usage is assumed to be 1.87 hours per day (average usage for floor lamps from the latest EPA ENERGY STAR program savings forecasts, 
LBNL spreadsheets dated June, 1999, US EPA (1999c)). 

40 Sanchez et al (1998).
 
41 The $50 incremental cost for ENERGY STAR torchieres came from an EPA ENERGY STAR savings calculator (US EPA 1999a).
 
42 R&D is expected to reduce the cost of compact fluorescent life and correspondingly reduce the cost of ballasts sold with CFL fixtures. The CCE for the 2010
 

to 2020 period takes into account a 25% reduction in the ballast cost in the moderate case and a 40% reduction in the advanced case. The ballast cost is
 
assumed to account for only $15 of the total incremental cost.
 

43 Because CFL torchieres qualify under the ENERGY STAR Lighting program, we expect there to be continued efforts to promote the technology. Energy
 
savings are the same as for the CFL Torchiere R&D program (see note 39).
 

44 Research and development is expected to reduce the costs of compact fluorescent lamps and therefore increase sales of CFL torchieres by reducing both their
 
first cost (we assume that a ballast is sold with the fixture) and the lamp replacement cost. Energy savings are the same as for the CFL Torchiere R&D program
 
(see note 39).
 

45 CFL R&D is assumed to reduce the cost of a CFL torchiere by the same amount that it reduces the cost of other ENERGY STAR fixtures (see notes 41 and 49). 
46 The ENERGY STAR Fixtures Program is assumed to target high-use fixtures. Energy savings data are taken from the latest EPA ENERGY STAR program savings 

forecasts (LBNL spreadsheets dated June, 1999, US EPA (1999c)). Baseline fixture energy is the average energy of high-use fixtures (>3 hrs per day) from the 
same source. ENERGY STAR replacements of incandescent fixtures are assumed to reduce energy use by 67%; ENERGY STAR replacements of magnetic ballast 
fluorescent fixtures are assumed to save 10%. 

47 ENERGY STAR lighting fixture lifetime is from the latest EPA ENERGY STAR program savings forecasts (LBNL spreadsheets dated June, 1999, US EPA
 
(1999c)), and assumes (conservatively) that fixture lifetime is equal to a single ballast lifetime, i.e. consumers replace the fixture rather than replace the ballast.
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Notes to Table C-1.6 (continued) 
48 Incremental cost data are taken from the latest EPA ENERGY STAR program savings forecasts (LBNL spreadsheets dated June, 1999, US EPA (1999c)). 
49 We assume that due to CFL R&D the cost of manufacturing CFL fixtures is reduced (we assume the fixture is sold with a ballast).  We assume that the 

incremental cost of a CFL fixture is reduced by 25% in the moderate case and 40% in the advanced case for the 2010 to 2020 period. This reduces the CCE. 
50 Baseline unit energy consumption for fixtures used 1-3 hours per day is from the latest EPA ENERGY STAR program savings forecasts (LBNL spreadsheets 

dated June, 1999, US EPA (1999c)), and excludes fluorescent fixtures. Fixtures in this usage range were not assumed to be replaced at baseline CFL prices; the 
price reduction allows CFLs to capture more of the market but at a lower savings per unit. Savings are assumed to be 67%. 

51 Lifetime is the estimated ballast lifetime for fixtures used 1-3 hours per day (assuming a 30,000 hour ballast life), and is taken from the latest EPA ENERGY STAR 
program savings forecasts (LBNL spreadsheets dated June, 1999, US EPA (1999c)). 

52 Incremental cost data are taken from the latest EPA ENERGY STAR program savings forecasts (LBNL spreadsheets dated June, 1999, US EPA (1999c)) and 
represent CFL fixtures only (the cost is different from the cost used for the ENERGY STAR fixture program because that cost is assumed to also include 
switching from magnetic ballast to electronic ballast tube fluorescent fixtures as well as lighting controls for outdoor fixtures). R&D is assumed to reduce the 
cost of CFLs, and by association the incremental cost of CFL fixtures, by 10% in the moderate case and 20% in the advanced case. 

53 Small metal halide (mini-HID) lamps provide similar brightness to incandescent lamps at a much lower wattage. Research and development has the potential to 
reduce costs and speed the commercialization of the technology. The baseline lamp is a 100 W incandescent; the replacement is a 20 W mini-HID with an 
electronic ballast (Nadel et al 1998). Usage is assumed to be 730 hours/year. 

54 Lifetime for mini-HIDs is from Nadel et al (1998), adjusted for our modified usage assumption (we assume 730 hrs/yr. while the report assumes 1500 hrs/yr.). 
55 The baseline costs for an incandescent A-lamp are taken from Vorsatz et al (1999). The incremental cost for a mini-HID is from Nadel et al (1998). The incremental 

cost compares the initial cost of the mini-HID to the present value of the cost of incandescent lamp replacements over the same period. 
56 ENERGY STAR clothes washers are assumed to be horizontal axis or equivalent efficiency. Baseline motor energy and motor savings are from US DOE (1998b). 

When interim standards for clothes washers come into effect in the moderate case, the energy savings and incremental costs are recalculated using  the new 
standard as the baseline. The ENERGY STAR program is assumed to be discontinued when a horizontal axis standard goes into effect. 

57 Clothes washer standards are expected to be tightened starting in 2004. A horizontal axis standard remains controversial, however, so for the moderate case we 
consider an interim clothes washer standard that saves 15% over the baseline. This interim standard is assumed to come into effect in 2004 and be replaced by 
a horizontal axis standard in 2007 (in the advanced case the horizontal axis standard goes into effect in 2004). Motor savings were taken from US DOE (1998b). 

58 We expect that DOE will eventually succeed in finalizing a horizontal axis clothes washer standard. This standard is assumed to go into effect in 2007 in the 
moderate case and 2004 in the advanced case. Motor savings were taken from US DOE (1998b). 

59 ENERGY STAR TVs consume less than 3 watts in standby compared to almost 6 watts for standard units. Analysis performed by LBNL for EPA indicates an 
energy savings of 21% (based on plausible usage assumptions). The program is assumed to continue with no changes in the efficiency level through 2020 in 
the moderate case and 2009 in the advanced case. In the advanced case, the ENERGY STAR program is assumed to end in 2010 with the arrival of the global one 
watt initiative. 

60 Appliance , 1996. 
61 $2 incremental cost assumes most savings come from circuit redesign during the normal design phase (at negligible cost) plus an improved power supply. 
62 For the advanced case, we assume that DOE will issue television standards in 2010. The efficiency level under standards is assumed to be the same as that 

promoted under the ENERGY STAR program (see note 58). 
63 The "global one-watt" initiative  is an idea for reducing leaking electricity that has garnered international interest. Although the structure of such a plan is a 

matter for speculation, we can nonetheless calculate the effect of such a program. Many products would be affected including televisions, most miscellaneous 
electronics and some miscellaneous motors. Calculations for miscellaneous electronics and motors are based on Sanchez et al. (1998). Calculations for TVs were 
based the same usage assumptions that underlie the ENERGY STAR calculation (see note 58). The global one-watt initiative is considered only in the advanced 
case. 
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Notes to Table C-1.6 (continued) 
64 Using currently available technology, it costs no more for a manufacturer to reduce standby losses to 1 watt than to 3 watts. Since the global 1 watt initiative 

coincides with the advent of TV standards, the entire cost is attributed to standards and the incremental cost for TVs under the global one-watt initiative is zero. 
65 Average of lifetimes from Sanchez et al (1998) for miscellaneous motor end-uses that also leak electricity when turned off. 
66 Motor savings for the Global 1 Watt plan are attributable primarily to electronics associated with those end-uses--battery chargers, etc. The $2 incremental 

cost for motors assumes most savings come from circuit redesign and an improved power supply. 
67 The Florida Solar Energy Center with AeroVironment developed an innovative ceiling fan blade design promising to save 50% of ceiling fan energy (Parker, et 

al. 1999). The technology has been licensed to a manufacturer and a modified design is expected to be on the market sometime in 2000 (FSEC 1999). Based on 
comments by representatives from AeroVironment about the modifications to the design, we reduced the savings to 30% (Su and Zambrano, 1999). 

68 Appliance , 1998. 
69 LBNL estimate. 
70 Pool pumps were targeted because they make up a fairly large share of miscellaneous motor energy. For analytical purposes, the program was conceived of 

as an ENERGY STAR-type voluntary program. The savings potential was taken from Sanchez et al (1998). 
71 Davis Energy Group (1994). Cost is for a two-speed motor. 
72 ENERGY STAR VCRs consume less than 4 watts in standby compared to about 5 watts for standard units. Analysis performed by LBNL for EPA indicates an 

energy savings of 26% (based on plausible usage assumptions). In the advanced case, the ENERGY STAR program is assumed to end in 2010 with the arrival 
of the global one-watt initiative. 

73 ENERGY STAR audio equipment consumes less than 1 watts in standby compared to about 3.6 watts for standard units. Analysis performed by LBNL for EPA 
indicates an energy saving of 64% (based on plausible usage assumptions). In the advanced case, the ENERGY STAR program is assumed to end in 2010 
with the arrival of the global one-watt initiative. 

74 Average audio equipment lifetime is a weighted average over several different products, taken from LBNL ENERGY STAR audio equipment 
spreadsheets dated June, 1999, US EPA (1999c). 

75 We assume that EPA will launch a settop box program (for cable boxes and satellite receivers) in 2000. Baseline energy was obtained from LBNL metering work. 
An ENERGY STAR power level of 4.0 watts was assumed. In the advanced case, the ENERGY STAR program is assumed to end in 2010 with the arrival of the 
global one-watt initiative. 

76 We assume that EPA will launch a telephony program (for cordless phones, answering machines, etc.) in 2000. Baseline energy was obtained from LBNL 
metering work. An ENERGY STAR power level of one watt was assumed. In the advanced case, the ENERGY STAR program is assumed to end in 2010 with 
the arrival of the global one-watt initiative. 

77 Median of answering machine and cordless phone lifetimes from Appliance  (1998). 
78 We assume that EPA will launch a microwave oven program in 2001. Baseline energy was obtained from LBNL metering work. An ENERGY STAR power level 

of one watt was assumed. In the advanced case, the ENERGY STAR program is assumed to end in 2010 with the arrival of the global one-watt initiative. 
79 Average of lifetimes from Sanchez et al (1998) for miscellaneous electronics end-uses that leak electricity when turned off. 
80 ENERGY STAR clothes washers are assumed to be horizontal axis or equivalent efficiency. Water heating savings are from Koomey et al. (1999b) (savings 

assume that water heater standby losses have already been reduced compared to a water heater just meeting 1994 NAECA standards). Baseline gas water 
heating UEC is also from Koomey et al. (1999b). Whenever clothes washer standards improve, savings attributed to the ENERGY STAR program are reduced. 
The ENERGY STAR program is assumed to be discontinued when a horizontal axis standard goes into effect. 

81 Note that at current market prices ENERGY STAR clothes washers are not cost effective in gas water heating homes. We therefore assume zero penetration 
for this program in gas water heating homes. 
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Notes to Table C-1.6 (continued) 
82 ENERGY STAR dishwashers are 13% more efficient than contemporary standards. Total dishwasher savings are from an A.D. Little analysis of ENERGY STAR 

dishwashers (Barbour 1998). Dishwasher savings from reduced water heating savings were broken out based on data from US DOE (1990). Whenever 
dishwasher standards improve, ENERGY STAR dishwasher savings are recalculated based on the standard. 

83 The ENERGY STAR Homes program is assumed to save 10 percent of water heating energy. When new gas water heater standards become effective, savings 
attributed to the Homes program will be reduced. 

84 Atkinson (1996). 
85 Incremental cost for an 0.63 water heater is from Atkinson (1996) after subtracting the cost for the 2004 standard (the new baseline). At this cost it is not cost-

effective to make the additional investment to purchase an 0.63 EF gas water heater over the standard (0.60 EF). We therefore zero penetration for water heating 
measures in ENERGY STAR homes after the standard goes into effect. 

86 Note that once standards go into effect in 2004, it is no longer cost effective to make the additional investment required to reach the savings we assume for 
ENERGY STAR homes (the standard gets almost all the savings at a much lower cost). We therefore assume zero penetration for water heating measures 
in ENERGY STAR homes in 2004 and beyond. 

87 Building America and whole-house tax credits are assumed to improve water heater efficiency to 0.62 EF. This is the same energy factor we assume for 2004 
water heater standards. Since standards take precedence over voluntary programs in our analysis, once water heater standards are tightened savings for 
Building America and whole-house tax credits are reduced to zero. 

88 R&D effects due to the ENERGY STAR Homes program are expected to reduce incremental costs by 10%. This is not sufficient to make this level of savings 
cost effective in the presence of the 2004 gas water heater standard. 

89 The 2004 gas water heater standard is assumed to increase the minimum energy factor from 0.54 to 0.62 (our baseline, 0.56 EF, is slightly more efficient than 
the minimum standard, 0.54 EF). 

90 Tax credits for 0.65 EF gas water heaters are assumed to be for 10 percent of the purchase price for the period December 31, 1999 to January 1, 2002 (US DOT, 
1999). Because 0.65 EF gas water heaters are cost effective only in homes with high hot water use, the baseline unit energy consumption and savings shown 
reflect only cost-effective applications. Energy savings are recalculated for 2004 and beyond using the new gas water heater standard as the baseline. 

91 Incremental costs for 2000-2003 are from Atkinson (1996). Because tax credits are expected to have a market transformation effect, we assume that by the time 
new standards become effective in 2004, production experience will have reduced the price of high-efficiency gas water heaters by 10%. Therefore incremental 
costs for 2004 and beyond are calculated using the lower prices and are calculated using the 2004 standards as a baseline. 

92 Tax credits for 0.80 EF gas water heaters in the moderate case are assumed to be for 20 percent of the purchase price and last from December 31, 1999 through 
January 1, 2004. Tax credits for 0.80 EF gas water heaters in the advanced case are assumed to be for 10 percent of the purchase price and last for 10 years. 
Because 0.80 EF gas water heaters are cost effective only in extremely high hot-water-use homes, the baseline unit energy consumption and savings shown 
reflect only cost-effective applications. Energy savings are recalculated for 2004 and beyond using the new gas water heater standard as the baseline. 
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Introduction to Commercial Technology Table (Table C-1.7) 

Table C-1.7 presents technology assumptions for policies affecting commercial end uses. 
Included are percent energy savings with respect to the frozen efficiency energy use (i.e. with 
respect to energy use for typical new equipment in the year 2000), product lifetime (necessary for 
stock accounting and cost-effectiveness calculations), incremental cost ( in 1997 dollars), and the 
cost of conserved energy (CCE, a measure of cost effectiveness). 

Financial Calculations 

All costs are presented in 1997 dollars. Costs from the original sources were adjusted to 1997 
dollars, if necessary, using the implicit GDP deflator (Bureau of Economic Analysis 1998). The 
cost of conserved energy, expressed as $/kWh or $/MMBtu, is the annualized incremental cost of 
the technology divided by the unit energy savings. The annualized cost is calculated over the 
lifetime of the product using a seven percent real discount rate. 

Market Segmentation 

In some cases a particular measure was not cost effective in “the average” application. 
Commercial heat pump water heaters, for example, are cost effective in buildings with large hot 
water loads, such restaurants and laundries. Suozzo and Nadel (1998) report energy use and 
potential savings for feasible applications and what percent of electric water heating load those 
applications represent. Energy savings and costs are reported for those applications only. 

Avoiding Double-Counting 

In many cases multiple policies affect the same end use. To avoid double counting, we had to 
establish rules for how savings would be divided between policies. Mandatory programs, such as 
equipment standards, were given primacy. Standards are assumed to affect 100% of a certain type 
of equipment and are credited with the full savings of moving from a baseline unit to a unit just 
meeting the standard. Any non-mandatory policy is considered to be on top of standards (if any). 
Savings are calculated relative to the standard in place. If a non-mandatory policy affects 40% of 
an equipment type and saves 15% of the energy of a baseline unit, but standards are in place that 
effect 100% of equipment and save 10% over a baseline unit, the non-mandatory program is 
credited with saving 5% of baseline energy on 40% of the equipment. A single non-mandatory 
policy may therefore have multiple baselines if standards are updated once or more while the 
policy is in place. Because the energy savings change when the baseline changes, we treat each 
policy/baseline combination separately in our analysis. The penetrations for each policy/baseline 
combination are listed separately in these tables. 
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Table C-1.7. Technology Data for Commercial Buildings 
Policy by Fuel and End-Use Case1 Baseline2 % Saving 

with Respect 

to Baseline3 

Savings 

Notes 

Life­

time 

years 

Life-

time 

Notes 

Incr. 

Cost4 

1997$ 

Incr. 

Cost 

Notes 

CCE5 

2000-09 

$/MBtu 

CCE 

Notes 

CCE5 

2010-20 

$/MBtu 

CCE 

Notes 

Electric 
Space heating 

Energy Star Bldgs/Rebuild America 

Energy Star Bldgs/Rebuild America 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-new bldgs 

Whole Bldg R&D-new bldgs 

Commercial Bldg Codes 

Commercial Bldg Codes 

M 
A 
M 
A 
M 
A 
M 
A 

Typ. extg bldg in 2000 

Typ. extg bldg in 2000 

Typ. extg bldg in 2000 

Typ. extg bldg in 2000 

Typ. new bldg in 2000 

Typ. new bldg in 2000 

Typ. new bldg in 2000 

Typ. new bldg in 2000 

45% 
45% 
45% 
45% 
45% 
45% 
10% 
15% 

6 

6 

10 

10 

10 

10 

13 

13 

50 
50 
50 
50 
50 
50 
50 
50 

7 

7 

7 

7 

7 

7 

7 

7 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

$3.95 
$3.95 
$4.27 
$4.27 
$4.27 
$4.27 
$0.30 
$0.45 

8 

8 

11 

11 

11 

11 

14 

14 

$3.56 
$3.16 
$3.56 
$3.16 
$3.56 
$3.16 
$0.27 
$0.36 

9 

9 

12 

12 

12 

12 

9 

9 

Space cooling 
E* Bldgs/Rebuild America pre 2005 AC std 

E* Bldgs/Rebuild America w/ 2005 AC std 

E* Bldgs/Rebuild America w/ 2005 AC std 

E* Bldgs/Rebuild America w/ 2010 AC std 

2005 Com'l Pkg AC Stds 2005-2020 

2005 Com'l Pkg AC Stds 2005-2009 

2010 Com'l Pkg AC Stds 2010-2020 

Whole Bldg R&D-existg bldgs w/ 2005 AC std 

Whole Bldg R&D-existg bldgs w/ 2005 AC std 

Whole Bldg R&D-existg bldgs w/ 2010 AC std 

Whole Bldg R&D-new bldgs w/ 2005 AC std 

Whole Bldg R&D-new bldgs w/ 2005 AC std 

Whole Bldg R&D-new bldgs w/ 2010 AC std 

Commercial Bldg Codes w/ 2005 AC std 

Commercial Bldg Codes w/ 2005 AC std 

Commercial Bldg Codes w/ 2010 AC std 

M,A 
M 
A 
A 
M 
A 
A 
M 
A 
A 
M 
A 
A 
M 
A 
A 

Typ. extg bldg in 2000 

Typ. extg bldg in 2000 w/ 2005 AC std 

Typ. extg bldg in 2000 w/ 2005 AC std 

Typ. extg bldg in 2000 w/ 2010 AC std 

Typ. new equip in 2000 

Typ. new equip in 2000 

Typ. new equip in 2000 

Typ. extg bldg in 2000 w/ 2005 AC std 

Typ. extg bldg in 2000 w/ 2005 AC std 

Typ. extg bldg in 2000 w/ 2010 AC std 

Typ. new bldg in 2000 w/ 2005 AC std 

Typ. new bldg in 2000 w/ 2005 AC std 

Typ. new bldg in 2000 w/ 2010 AC std 

Typ. new bldg in 2000 w/ 2005 AC std 

Typ. new bldg in 2000 w/ 2005 AC std 

Typ. new bldg in 2000 w/ 2010 AC std 

50% 
46% 
46% 
43% 
10% 
10% 
17% 
46% 
46% 
43% 
46% 
46% 
43% 
10% 
15% 
8% 

6 

6,15 

6,15 

6,16 

17 

17 

17 

10,14 

10,14 

10,15 

10,14 

10,14 

10,15 

13 

13 

13 

50 
50 
50 
50 
15 
15 
15 
50 
50 
50 
50 
50 
50 
50 
50 
50 

7 

7 

7 

7 

18 

18 

18 

7 

7 

7 

7 

7 

7 

7 

7 

7 

N/A 
N/A 
N/A 
N/A 
$490 
$490 

$1,103 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

18 

18 

18 

$3.95 
$3.95 
$3.95 

NA 
$9.21 
$9.21 

NA 
$3.95 
$3.95 
$3.95 
$3.95 
$3.95 
$3.95 
$0.79 
$1.19 
$1.19 

8 

8 

8 

11 

11 

11 

11 

11 

11 

14 

14 

14 

NA 
$3.56 

NA 
$3.16 
$9.21 

NA 
$12.91 
$3.56 
$3.16 
$3.16 
$3.56 
$3.16 
$3.16 
$0.71 
$0.95 
$0.95 

9 

9 

18 

12 

12 

12 

12 

12 

12 

9 

9 

9 

Water heating 
Utility HPWH 

E* Bldgs/Rebuild America 

E* Bldgs/Rebuild America 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-new bldgs 

Whole Bldg R&D-new bldgs 

Commercial Bldg Codes 

M,A 
M 
A 
M 
A 
M 
A 
M 

Typ. new equip in 2000 

Typ. comm bldg in 2000 

Typ. comm bldg in 2000 

Typ. extg com bldg in 2000 

Typ. extg com bldg in 2000 

Typ. new com bldg in 2000 

Typ. new com bldg in 2000 

Typ. new com bldg in 2000 

58% 
32% 
32% 
32% 
32% 
32% 
32% 
10% 

18 

6 

6 

10 

10 

10 

10 

13 

15 
50 
50 
50 
50 
50 
50 
50 

18 

7 

7 

7 

7 

7 

7 

7 

$3,627 
$0.09 
$0.09 
N/A 
N/A 
N/A 
N/A 
N/A 

18 

19 

19 

$6.87 
$2.19 
$2.19 
$2.19 
$2.19 
$2.19 
$2.19 
$0.69 

20 

20 

11 

11 

11 

11 

14 

$6.87 
$1.98 
$1.76 
$1.98 
$1.76 
$1.98 
$1.76 
$0.63 

9 

9 

12 

12 

12 

12 

9 
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Table C-1.7 (continued). Technology Data for Commercial Buildings 
Policy by Fuel and End-Use Case1 Baseline2 % Saving 

wrt Frozen 

Efficiency3 

Savings 

Notes 

Life­

time 

years 

Life-

time 

Notes 

Incr. 

Cost4 

1997$ 

Incr. 

Cost 

Notes 

CCE5 

2000-09 

$/MBtu 

CCE 

Notes 

CCE5 

2010-20 

$/MBtu 

CCE 

Notes 

Electric 
Water Heating 

Commercial Bldg Codes A Typ. new com bldg in 2000 15% 13 50 7 N/A $1.04 14 $0.83 9 

Ventilation 
E* Bldgs/Rebuild America 

E* Bldgs/Rebuild America 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-new bldgs 

Whole Bldg R&D-new bldgs 

Commercial Bldg Codes 

Commercial Bldg Codes 

M 
A 
M 
A 
M 
A 
M 
A 

Typ. comm bldg in 2000 

Typ. comm bldg in 2000 

Typ. extg com bldg in 2000 

Typ. extg com bldg in 2000 

Typ. new com bldg in 2000 

Typ. new com bldg in 2000 

Typ. new com bldg in 2000 

Typ. new com bldg in 2000 

57% 
57% 
57% 
57% 
57% 
57% 
10% 
15% 

6 

6 

10 

10 

10 

10 

13 

13 

50 
50 
50 
50 
50 
50 
50 
50 

7 

7 

7 

7 

7 

7 

7 

7 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

$1.35 
$1.35 
$1.35 
$1.35 
$1.35 
$1.35 
$0.24 
$0.35 

7 

7 

11 

11 

11 

11 

14 

14 

$1.21 
$1.08 
$1.21 
$1.08 
$1.21 
$1.08 
$0.21 
$0.28 

9 

9 

12 

12 

12 

12 

9 

9 

Cooking NA NA NA NA NA 
Lighting 

E* Bldgs/Rebuild America 

E* Bldgs/Rebuild America 

E* Bldgs/Rebuild America 

2004 Ballast Standards 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-new bldgs 

Whole Bldg R&D-new bldgs 

Commercial Bldg Codes 

Commercial Bldg Codes 

M,A 
M 
A 

M,A 
M 
A 
M 
A 
M 
A 

Typ. extg com bldg in 2000 

2004 Ballast Standards 

2004 Ballast Standards 

Typ. new equip in 2000 

Typ. extg bldg in 2000 w/ 2004 ballast std 

Typ. extg bldg in 2000 w/ 2004 ballast std 

Typ. new bldg in 2000 w/ 2004 ballast std 

Typ. new bldg in 2000 w/ 2004 ballast std 

Typ. new bldg in 2000 w/ 2004 ballast std 

Typ. new bldg in 2000 w/ 2004 ballast std 

28% 
24% 
24% 
9% 

24% 
24% 
24% 
24% 
10% 
15% 

21 

23 

23 

24 

10 

10 

10 

10 

13 

13 

50 
50 
50 

12.5 
50 
50 
50 
50 
50 
50 

7 

7 

7 

25 

7 

7 

7 

7 

7 

7 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

$7.31 
$9.39 
$9.39 

$16.99 
$7.31 
$7.31 
$7.31 
$7.31 
$3.86 
$5.79 

22 

22 

22 

24 

11 

11 

11 

11 

14 

14 

NA 
$6.58 
$5.84 

$16.99 
$6.58 
$5.84 
$6.58 
$5.84 
$3.47 
$4.63 

9 

9 

24 

12 

12 

12 

12 

9 

9 

Refrigeration 
Energy Star Bevge Merchandisers 

Energy Star Vending Machines 

Energy Star Ice Machines 

M,A 
M,A 
M,A 

Typ. new equip in 2000 

Typ. new equip in 2000 

Typ. new equip in 2000 

55% 
32% 
18% 

27 

18 

26 

20 
20 
20 

26 

26 

26 

$390 
$100 
$152 

26 

18 

26 

$3.28 
$2.87 
$2.98 

$3.28 
$2.87 
$2.98 

Office equip.-PCs NA NA NA NA NA 
Office equip.-non-PCs NA NA NA NA NA 
Other Uses

 Miscellaneous
 Energy Star Exit Signs 

Energy Star Transformers 

Energy Star Traffic Lights 

Transformer Standards 

M,A 
M,A 
M,A 

A 

Typ. new equip in 2000 

Typ. new equip in 2000 

Typ. new equip in 2000 

Typ. new equip in 2000 

93% 
41% 
89% 
41% 

18 

28 

30 

31 

10 
30 
10 
30 

27 

18 

18 

18 

$44 
$121 

$2,824 
$202 

18 

29 

18 

32 

$5.68 
$1.88 
$9.39 
$4.45 

$5.68
$1.88
$9.39
$4.45 
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Table C-1.7 (continued). Technology Data for Commercial Buildings 
Policy by Fuel and End-Use Case1 Baseline2 % Saving 

wrt Frozen 

Efficiency3 

Savings 

Notes 

Life­

time 

years 

Life-

time 

Notes 

Incr. 

Cost4 

1997$ 

Incr. 

Cost 

Notes 

CCE5 

2000-09 

$/MBtu 

CCE 

Notes 

CCE5 

2010-20 

$/MBtu 

CCE 

Notes 

Electric 
Other Uses

 District Services 

Adjust to SEDs 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA
NA 

Gas 
Space heating 

E* Bldgs/Rebuild America 2000-2020 

E* Bldgs/Rebuild America pre 2010 std 

E* Bldgs/Rebuild America w/ 2010 furn std 

2010 Gas Furnace and Boiler Stds 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-extg bldgs pre 2010 furn std 

Whole Bldg R&D-extg bldgs w/ 2010 furn std 

Whole Bldg R&D-new bldgs 

Whole Bldg R&D-new bldgs pre 2010 furn std 

Whole Bldg R&D-new bldgs w/2010 furn std 

Commercial Bldg Codes 

Commercial Bldg Codes pre 2010 furn std 

Commercial Bldg Codes w/ 2010 furn std 

M 
A 
A 
A 
M 
A 
A 
M 
A 
A 
M 
A 
A 

Typ. extg com bldg in 2000 

Typ. extg com bldg in 2000 

Typ. extg bldg in 2000 w/ 2010 furn std 

Typ. new equip in 2000 

Typ. extg com bldg in 2000 

Typ. extg com bldg in 2000 

Typ. extg bldg in 2000 w/ 2010 furn std 

Typ. new com bldg in 2000 

Typ. new com bldg in 2000 

Typ. new bldg in 2000 w/ 2010 furn std 

Typ. new com bldg in 2000 

Typ. new com bldg in 2000 

Typ. new bldg in 2000 w/ 2010 furn std 

45% 
45% 
38% 
7% 

45% 
45% 
38% 
45% 
45% 
38% 
10% 
15% 
8% 

6 

6 

33 

34 

10 

10 

10 

10 

10 

10 

13 

13 

13 

50 
50 
50 
15 
50 
50 
50 
50 
50 
50 
50 
50 
50 

7 

7 

7 

18 

7 

7 

7 

7 

7 

7 

7 

7 

7 

N/A 
N/A 
N/A 
$507 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

18 

$1.35 
$1.35 

NA 
NA 

$1.35 
$1.35 
$1.35 
$1.35 
$1.35 
$1.35 
$0.30 
$0.45 
$0.45 

8 

8 

11 

11 

11 

11 

11 

11 

14 

14 

14 

$1.21 
NA 

$1.08 
$2.93 
$1.21 
$1.08 
$1.08 
$1.21 
$1.08 
$1.08 
$0.27 
$0.36 
$0.36 

9 

9 

12 

12 

12 

12 

12 

12 

9 

9 

9 

Space cooling 
E* Bldgs/Rebuild America 

E* Bldgs/Rebuild America 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-new bldgs 

Whole Bldg R&D-new bldgs 

Commercial Bldg Codes 

Commercial Bldg Codes 

M 
A 
M 
A 
M 
A 
M 
A 

Typ. extg com bldg in 2000 

Typ. extg com bldg in 2000 

Typ. extg com bldg in 2000 

Typ. extg com bldg in 2000 

Typ. new com bldg in 2000 

Typ. new com bldg in 2000 

Typ. new com bldg in 2000 

Typ. new com bldg in 2000 

50% 
50% 
50% 
50% 
50% 
50% 
10% 
15% 

6 

6 

10 

10 

10 

10 

13 

13 

50 
50 
50 
50 
50 
50 
50 
50 

7 

7 

7 

7 

7 

7 

7 

7 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

$3.95 
$3.95 
$3.95 
$3.95 
$3.95 
$3.95 
$0.79 
$1.19 

8 

8 

11 

11 

11 

11 

14 

14 

$3.56 
$3.16 
$3.56 
$3.16 
$3.56 
$3.16 
$0.71 
$0.95 

9 

9 

12 

12 

12 

12 

9 

9 

Water heating 
E* Bldgs/Rebuild America 

E* Bldgs/Rebuild America 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-existing bldgs 

Whole Bldg R&D-new bldgs 

Whole Bldg R&D-new bldgs 

Commercial Bldg Codes 

M 
A 
M 
A 
M 
A 
M 

Typ. extg com bldg in 2000 

Typ. extg com bldg in 2000 

Typ. extg com bldg in 2000 

Typ. extg com bldg in 2000 

Typ. new com bldg in 2000 

Typ. new com bldg in 2000 

Typ. new com bldg in 2000 

32% 
32% 
32% 
32% 
32% 
32% 
10% 

6 

6 

10 

10 

10 

10 

13 

50 
50 
50 
50 
50 
50 
50 

7 

7 

7 

7 

7 

7 

7 

$0.09 
$0.09 
N/A 
N/A 
N/A 
N/A 
N/A 

19 

19 

$2.19 
$2.19 
$2.19 
$2.19 
$2.19 
$2.19 
$0.69 

20 

20 

11 

11 

11 

11 

14 

$1.98 
$1.76 
$1.98 
$1.76 
$1.98 
$1.76 
$0.63 

9 

9 

12 

12 

12 

12 

9 
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Table C-1.7 (continued). Technology Data for Commercial Buildings 
Policy by Fuel and End-Use Case1 Baseline2 % Saving Savings Life- Life- Incr. Incr. CCE5 

CCE CCE5 
CCE 

wrt Frozen Notes time time Cost4 
Cost 2000-09 Notes 2010-20 Notes 

Efficiency3 years Notes 1997$ Notes $/MBtu $/MBtu 
Gas 

Water heating 
Commercial Bldg Codes A Typ. new com bldg in 2000 15% 13 50 7 N/A $1.04 14 $0.83 9 

Cooking NA 
Other Uses

 Misc NA NA NA NA NA

 District Services NA NA NA NA NA

 Cogen NA NA NA NA NA

 Adjust to SEDS NA NA NA NA NA 
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Notes to Table C-1.7 
Technology Data for Commercial Buildings 

1 We specify the applicable case for each policy as A for advanced or M for moderate. Some policies apply to only one case (e.g. 2010 commercial
 
packaged AC standards), some may be effective for different dates, and others may have different costs due to different R&D effects in the moderate
 
and advanced cases.
 

2 Because different policies affect the same market segment, it was often necessary to adjust penetrations or savings in order to avoid double counting. 
In particular, we had to address the effect on existing programs, such as ENERGY STAR Buildings/Rebuild America, when new equipment standards come 
into effect. We adopted the practice of attributing savings to mandatory programs, such as standards, before calculating savings for other policies. When the 
savings for a policy are affected by a standard, we essentially analyze the policy as several different policies according to the baseline that applies (year 2000 
new equipment, 2004 standard, 2010 standard). For example, ENERGY STAR Buildings/Rebuild America appears four times under electric cooling. Three 
baselines apply: the year 2000 baseline applies for the period 2000-2004 for both the moderate and advanced case. In 2005, commercial packaged AC 
standards go into effect in both the moderate and advanced cases. This becomes the baseline for the moderate case for the remainder of the analysis period. 
For the advanced case, the 2005 standard is the baseline until the standard is tightened in 2010. The 2010 standard applies in the advanced case for the 
remainder of the period. 

3 Because most of the commercial policies apply to broadly defined end-uses rather than specific technologies (e.g. ENERGY STAR Buildings and Rebuild
 
America take an integrated approach toward heating, cooling, ventilation, lighting, and water heating), in many cases we did not have a unit energy
 
consumption or savings to present. We therefore present here only the percent savings with respect to the baseline unit, as given in the table. For
 
defined equipment, such as commercial packaged a/c, this translates directly into a percent reduction in unit energy consumption compared to the baseline
 
unit. For whole building programs, it should be interpreted as a reduction in energy intensity (kWh/sq. foot or MBtu/sq. foot) compared to the baseline.
 

4 The incremental cost is  the cost of equipment after the market has adjusted to the presence of the policy, e.g. by increasing production experience. 
5 The cost of conserved energy is a measure of cost effectiveness, expressed here in 1997 dollars per MBtu. An energy conservation measure is cost 

effective if the cost of conserved energy is less than the cost of the relevant fuel. The cost of conserved energy is calculated using a 7% real discount 
rate. For some technologies, the CCE is assumed to drop over time due to the effect of R&D programs. We model this effect by using different CCEs for 
2000-2009 and 2010-2020. If there is no R&D, the CCE is the same for both periods. If the program ends before 2010, the CCE for 2010 to 2020 is reported 
as "NA". Similarly, if the program begins in 2010 or later, the CCE for 2000-2010 is reported as "NA." 

6 EPA ENERGY STAR Building estimates. 
7 We assume a 50 year lifetime for commercial buildings. By using the commercial building lifetime for whole-building measures, we assume that once buildings 

join a program, they do not drop out and that they replace high-efficiency equipment with new high-efficiency equipment as it retires. This lifetime is applicable 
to energy savings calculations, since program participation insures the persistence of savings measure taken. This lifetime is not used in any financial 
calculations, including the CCEs shown in this table. See the CCE notes for further clarification. 

8 Weighted average CCE based on cost and savings for a variety of HVAC systems from Sezgen et al (1995). To convert from CCE in terms of primary
 
energy to CCEs for site energy, we assumed that the CCE for electric HVAC was the same as for gas and oil HVAC in primary terms.  We then converted
 
the CCE for electric HVAC to site energy using a conversion of 10,000 primary Btu to 3,412 site Btu. 


9 Whole building R&D programs are expected to reduce the costs for ENERGY STAR Buildings/Rebuild America and commercial building codes by
 
10% in the moderate case and 20% in the advanced case.
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Notes to Table C-1.7 (continued) 
10 Whole building R&D programs are assumed to make other whole building policies less expensive and therefore increase their penetrations. In our 

analysis we model R&D programs as increasing the penetration of ENERGY STAR Buildings/Rebuild America. We therefore assume that percent 
energy savings is the same as ENERGY STAR Buildings for each end-use. Percent savings are assumed to be the same for new and existing 
buildings (since energy use is assumed to be lower in new buildings, the absolute savings will be smaller). 

11 Whole building R&D is not expected to affect the market until 2010. For 2000-2009 we therefore assume the same CCE as ENERGY STAR Buildings/ 
Rebuild America. 

12 Whole building R&D programs are expected to reduce building costs by 10% in the moderate case and 20% in the advanced case. 
13 Commercial building codes are assumed to reduce whole-building energy use by 10% in the moderate case and 15% in the advanced case. End-uses 

affected are heating, cooling, ventilation, lighting and water heating. 
14 CCEs for commercial building codes were scaled down from ENERGY STAR Buildings CCEs proportionally to energy savings. 
15 Savings are reduced to take into account the effect of commercial packaged AC standards that go into effect in 2005. 
16 Savings are reduced to take into account the effect of commercial packaged AC standards that go into effect in 2010. 
17 Energy savings assumptions for commercial packaged a/c standards were taken from Suozzo and Nadel (1998). Our 2005 standards correspond to their 

tier 1 efficiency (10.3 EER), while our 2010 standards (advanced case only) correspond to their tier 2 efficiency (11 EER). Although a higher efficiency 
could be justified in the advanced case (12 SEER has been proposed in past policy discussions), we did not have sufficient data to analyze such a
 policy. 

18 Suozzo and Nadel (1998). 
19 The cost of water heating measures is per square foot and is derived from EPA estimates of program costs (the EPA forecasts participation by phase 

of program, so some aggregation was performed to obtain savings by end-use). 
20 To calculate a CCE, we needed to estimate energy savings per square foot to go with our estimate of incremental cost per square foot (see note 18). Total 

water heater savings (gas and electric) attributable to ENERGY STAR Buildings/Rebuild America (outputs of this analysis) were divided by an estimate 
of square feet affected by water heating measures (also from the EPA ENERGY STAR Buildings analysis). 

21 Because the EPA lighting savings estimates were high (55%), we believed the savings represented a comparison to a less efficient baseline than 
appropriate for this analysis. To estimate savings, we used data from Suozzo and Nadel (1998) for a variety of lighting programs (including the use of T8 
lamps with electronic ballasts, occupancy controls, daylight dimming controls, improved lighting design). Savings were weighted by the applicable 
lighting stock. 

22 Weighted average of lighting measure CCEs from Suozzo and Nadel (1998). 
23 Because ballast standards are assumed to be revised in 2003, it was necessary to calculate a new ENERGY STAR Buildings/Rebuild America energy 

saving estimate. We used data from Suozzo and Nadel (1998) for a variety of lighting programs (including the use of occupancy controls, daylight dimming 
controls, improved lighting design). Savings were weighted by the applicable lighting stock. 

24 Ballast standards savings and cost estimates were obtained from the commercial electricity supply curve (Vorsatz and Koomey, 1999). 
25 LBNL (1997) 
26 Westphalen et al. (1996). 
27 ENERGY STAR exit sign life is from the latest EPA ENERGY STAR program savings forecasts, LBNL spreadsheets dated June, 1999, US EPA (1999c). 
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Notes to Table C-1.7 (continued) 
28 The ENERGY STAR commercial and industrial transformer program aims to reduce transformer losses in commercial buildings. Because transformer data is 

reported by transformer type (low or medium voltage and dry type or liquid immersed) rather than by sector, we had to make some assumptions in order to 
to determine commercial transformer energy use and shipments data. Electric League of the Pacific Northwest et al. (1998) report that low voltage 
equipment dominates the commercial sector, medium voltage equipment dominates the industrial sector, and almost all low voltage transformers are 
dry-type. We therefore used total low-voltage sales (from EPA's transformer program) as a proxy for commercial sales in estimating the stock of 
commercial transformers. EPA's estimates of energy savings assume an increase in efficiency from 95% to 98%. Suozzo and Nadel (1998), however, 
estimate that baseline transformer efficiency is 97.3%. In personal communication, Margaret Suozzo indicated that she felt EPA's 95% efficiency baseline 
was too low. We therefore used the efficiency estimates in Suozzo and Nadel with the average capacity, average load factor and hours per year from EPA's 
transformer analysis (45 kVA, 35% and 8760 hours per year, respectively) to estimate baseline and ENERGY STAR transformer energy losses. 

29 Suozzo and Nadel (1998) report a single incremental cost ($1770) for transformers ranging in capacity from 75 kVA to 1500 kVA. We estimated the 
average capacity for transformers in their analysis to be 645 kVa (we determined that a weighting of 60% 75 kVA and 40% 1500 kVA yielded the average 
unit energy savings given in the report). ENERGY STAR transformers assume a 45 kVA capacity. Working from the assumption that $1770 accurately 
reflected the incremental cost for a 645 kVA transformer, we scaled the cost based on transformer capacity to estimate the incremental cost for a 45 kVA 
transformer. 

30 The ENERGY STAR traffic lights program is proposed to promote the replacement of incandescent traffic lights with LED traffic lights. This is currently highly 
cost effective for red traffic lights, but less so for green and yellow lights because they have shorter duty cycles and green and yellow LEDs are more 
expensive than red. We therefore assume only red traffic lights are replaced in the program. Baseline and ENERGY STAR unit energy consumption were taken 
from Suozzo and Nadel (1998). 

31 Dry-type transformer standards are assumed to go into effect in 2004. Baseline energy and energy savings estimates are from Suozzo and Nadel (1998). 
32 Suozzo and Nadel (1998) report a single incremental cost ($1770) for transformers ranging in capacity from 75 kVA to 1500 kVA. We estimated the 

average capacity for transformers in their analysis to be 645 kVa (we determined that a weighting of 60% 75 kVA and 40% 1500 kVA yielded the average 
unit energy savings given in the report). Since our savings estimates for transformer standards are based on a 75 kVA capacity, we scaled down the
 $1770 cost based on capacity and assuming that $1770 accurately reflected the incremental cost for a 645 kVA transformer. 

33 Savings are reduced to take into account the effect of commercial furnace and boiler standards that go into effect in 2010 in the advanced case. 
34 It appears unlikely that gas furnace and boiler standards will be tightened in the near term (Suozzo and Nadel, 1998). We therefore consider such standards 

only in the advanced case, and even then only in 2010. Energy savings are from Suozzo and Nadel (1998) assuming 82% combustion efficiency and 2.5% 
casing losses under the standard. 
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Appendix C-3 

TECHNOLOGY ASSUMPTIONS 

C-3 TRANSPORTATION 

C-3.1 AIRCRAFT TECHNOLOGY 

The AEO99 includes six advanced technologies for commercial aircraft, shown in Table C-3.1. Also 
shown are the assumed introduction dates and fuel economy gain, in terms of a percent increase in 
seat-miles per gallon. Four other factors complete the inputs to the air model: (1) load factors for 
domestic and international operations, (2) deliveries of new aircraft by narrow and wide-body 
categories, (3) average aircraft size in terms of seats per aircraft for narrow and wide-body jets, and 
(4) efficiency improvement rates for the existing stock due to engine retrofitting and other 
strategies. 

Table C-3.1 AEO99 Aircraft Technology Assumptions 

Jet Fuel Trigger Price 
Technology Introduction Year (1987 $ per gallon) % Gain in SMPG 
Ultra-high bypass engine 1995 $0.56 10% 
Propfan engine 2000 $1.36 23% 
Hybrid Laminar Flow 2020 $1.53 15% 
Advanced Aerodynamics 2000 $1.70 18% 
Material Substitution 2000 $0.00 15% 
Engine Thermodynamics 2010 $1.22 20% 

Since jet fuel prices in the AEO99 Reference Case never exceed $6.31 per million Btu ($0.85/gallon) 
one would expect that only the ultra-high bypass engine and materials substitution technologies would 
enter the Reference Case, since the trigger price level for all other technologies would not be met. 

The Aeronautics and Space Engineering Board of the National Research Council (1992, p. 49) 
concluded that it was feasible to reduce fuel burn per seat mile for new commercial aircraft by 40 
percent by about 2020. Of the 40%, 25% was expected to come from improved engine 
performance, and 15% from improved aerodynamics and weight.  A reasonable preliminary goal for 
reductions in NOX emissions was estimated to be 20-30%. 

Noting that the energy efficiency of new production aircraft have has improved at an average rate of 
1-2% per year since the dawn of the jet era, a recent IPCC (Lewis and Niedzwiecki, 1999) expert 
panel concluded that similar rates of improvement could be expected through 2050.  Only about a 
20% improvement in seat-kilometer per kg of fuel was expected for the 18 years from 1997 t o 
2015, however (Table C-3.2). 

To the list of technologies in the AEO99 Reference Case, the IPCC study adds the blended wing 
body  a revolutionary airframe design that transforms an aircraft into essentially a flying wing, 
resembling the military s stealth aircraft in appearance.  The extension of the cabin into the wing 
allows the drag associated with the traditional aircraft body to be reduced, and permits some weight 
reduction, as well.  Unfortunately the authors do not offer a specific numerical estimate for the 
reduction in fuel burn the blended wing body might achieve, noting only that fuel burn could be 
reduced significantly relative to that of conventionally designed transports. (Lewis and 

Niedzwiecki,1999,p. 7-13). They further estimate that an initial version could enter service in 2020. 
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Table C-3.2 Historical and Future Improvements In New Production 
Aircraft Energy Efficiency (Percent) 

Time Period 
1950-1997 
1997-2015 
1997-2050 

Airframe 
30 
10 
25 

Propulsion 
40 
10 
20 

Total 
70 
20 
45 

%/year 
1.13 
1.02 
0.70 

Source: Lewis and Niedzwiecki, 1999, table 7.1. 

In operation, aircraft seat-miles per gallon are also influenced by aircraft size, and overall passenger-
mile per gallon efficiencies are determined by load factors, as well.  The AEO99 assumes that load 
factors in domestic operations will reach a plateau of 69% around 2010, and that international load 
factors will flatten out at 72% just after the turn of the millennium. According to Boeing (1998, p. 
13) U.S. airlines  load factors exceeded 70% for the first time in 1997. Boeing analysts (Henderson, 
1999) forecast an increase in global load factors to 73% by 2018. They see only a small potential 
for increasing aircraft size, however, with most additional capacity expected to be supplied by 
increased flight frequencies.  The AEO99 Reference Case assumes no increase in aircraft size at all 
through 2020. 

Lewis and Niedzwiecki (1999) note that, As always progress and success in meeting these objectives 
is paced by the scale of the investment by industry and/or government supporting the work, a subject 
beyond the scope of this report. 

C-3.2 MARITIME ENERGY USE 

Domestic and foreign shipping1 and recreational boating consume about 6 percent of U.S. transport 
energy use, or about 1.5 quadrillion Btu (Quads)2 out of a total of about 24 Quads used for 
transportation in 1996. Freight shipping consumes about 1.17 Quad of the 1.5 Quad total. Domestic 
shipping consumes about .315 Quad or about one quarter of freight shipping energy, and carries about 
1.1 billion tons of cargo annually on about 41,000 ships.  Recreational boating consumes mostly 
gasoline; freighters consume residual fuel oil and diesel, with resid taking a three quarters share in 
domestic shipping and dominating foreign long-haul shipping.. 

The dominant propulsion source in freight shipping is the diesel engine.  Internationally, 98 percent 
of freighters are powered by diesels, although the 2 percent of ships that are powered by steam-
electric propulsion are the largest ships — tankers, bulk carriers, and some container ships — and carry 
17 percent of the gross tonnage.3  Because most steam-powered vessels are expected to be replaced 
with diesel-powered ships within the next 10 years,4 any examination of future shipping energy use 
can focus exclusively on diesels. 

Diesel marine power plants are extremely efficient. Older diesel engines may have efficiencies of 
about 35 percent peak/28 percent part load.  Modern diesels are more likely to have efficiencies of 
about 46-47 percent peak/36 percent part load.  Assuming that most freighters use their engines at 
peak load during the greater part of their journeys, the diesel drivetrain aboard a modern freighter 
may obtain greater than 40 percent efficiency (45 percent engine,5 97 percent reduction gear and 
shafting yields 42 percent efficiency from engine to propeller).6 

Both the U.S. military and MARAD, the Maritime Administration within DOT, have focused 
attention on fuel cells as a less polluting and more efficient alternative to current marine power 
plants. Design studies have identified some of the following potentials for fuel use reduction: 
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•	 Coast Guard cutter conversion from diesel electric to Molten Carbonate fuel cell system 
using a diesel fuel reformer; the estimated fuel cell system efficiency is 54 percent, 
coupled with weight reduction from removal of exhaust stacks and sound isolation 
bedplate required for diesel engines, yielding much improved  efficiency 

•	 Navy design study converting from gas turbine generator to PEM fuel cell with diesel 
reformer, yielding 30 percent fuel reduction 

•	 MARAD study replacing medium-speed diesels with molten carbonate fuel cells using 
natural gas, yielding 17 percent decrease in fuel use; adding a steam turbine bottoming 
cycle to the fuel cells boosts system efficiency to 64 percent.7 

The efficiency superiority of fuel cells over diesel systems is not assured. Recent studies of PEM 
fuels cells for highway use8 have questioned whether fuel cells coupled with fuel reformers (in this 
case, methanol and gasoline) will be as efficient as modern diesel systems.  To convert these results 
to a marine context, note that diesel fuel reforming should be no more efficient than gasoline 
reforming, and marine diesels are spared some of the transmission losses incurred in highway duty 
cycles. Although molten carbonate/natural gas systems might yield a more definitive efficiency 
advantage, reliance on natural gas as a fuel might not be attractive to freight carriers without 
extensive fuel infrastructure development. 

Aside from propulsion system improvement, there are a number of measures that can be taken t o 
improve ship efficiency, including: 

1.	 propeller maintenance (<5% improvement in fuel use) 
2.	 antifouling paint (3-4%) 
3.	 weather routing  (4%) 
4.	 adaptive autopilot (2.5%) 
5.	 changes in hull form (3%) 
6.	 larger ships (to 30% for doubling size) 
7.	 fuel switching (reduction in greenhouse gases)9 

Presumably, many ships will adapt some of these measures as a matter of course, on the basis of fuel 
savings and without need of new government policies. Fuel switching is less likely to be adopted 
without government support of fuel infrastructure development. The use of larger ships, though 
offering significant fuel savings, may be less attractive to ship purchasers because of port limitations 
and, perhaps, the greater capital risk inherent in such ships. 

OECD has identified a number of policies that could be used to improve ship efficiency, including 
charges and fees varying by efficiency; direct regulations; voluntary agreements; best practice 
programs such as EPA s Energy Star Program; technology prizes ( golden carrots ); and increased 
RD&D through government programs or tax incentives. Programs like voluntary agreements, best 
practice programs, and increased RD&D fit in well with the Moderate Scenario definition; direct 
regulations and efficiency-based charges and fees could be added for the Advanced Scenario. How 
might such programs translate into changes in projected levels of shipping energy consumption and 
greenhouse gas emissions? 

EIA s AEO99 projects that domestic shipping efficiency  will increase at the rate of 0.5%/yr from 
1996-2020, in contrast to the historical domestic plus foreign shipping in the U.S. efficiency 
growth rate of about 1%/yr.10  The actual growth rate could be higher if more ship owners used the 
available efficiency-enhancing maintenance measures and operational changes and shipbuilders used 
enhanced hull designs and increased use of fuel cell propulsion. Our assumptions for the Moderate 
and Advanced Scenarios are as follows: 

1.	 For both scenarios, improved maintenance and operations can attain a 10 percent fuel efficiency 
improvement for each ship that adopts them. 
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2.	 The combination of fuel cell propulsion and advanced hull design can achieve a 20 percent 
efficiency improvement per ship. 

3.	 Assumed baseline: 20 percent of ships adopt improved maintenance and operations by 2020; 
negligible number of ships with advanced hull design and fuel cell propulsion.. 

4.	 Moderate Scenario: 60 percent of ships adopt improved maintenance and operations by 2020; 5 
percent of ships have advanced hull design and fuel cell propulsion by 2020; fleet improvement 
5 percent. 

5.	 Advanced Scenario: 90 percent of ships adopt improved maintenance and operations by 2020; 15 
percent of ships have advanced hull design and fuel cell propulsion; fleet improvement 9 
percent.. 

C-3.3 RAIL ENERGY USE 

U.S. railroads consumed about .578 Q in 1996, about 2.4 percent of U.S. transportation s 
approximately 24 quads of energy use.11  By far the greater share of this energy use, .499Q, was 
consumed by freight carriers. Passenger carriers consumed the rest, with AMTRAK consuming 
.043Q in intercity passenger service, rail transit systems consuming .012Q, and commuter rail 
consuming .023Q. 

In other words, rail passenger service plays a very small role in U.S. transportation.  The 
combination of AMTRAK and transit and commuter rail lines service about 26 billion passenger-
miles yearly, only .4 percent of total U.S. passenger travel. This leads to some interesting 
conclusions about prospects for using rail systems to increase the efficiency of U.S. passenger travel. 
First, were the U.S. to double its total rail passenger patronage —a difficult goal, certainly —it would 
reduce travel on other modes by only .4 percent, assuming that all such trips involved modal shifts 
rather than induced trips.  Second, the actual energy savings of such modal shifts are quite varied. 
Table C-3.3 shows a comparison of the energy intensities of competing modes, adjusted for likely 
travel conditions and passenger occupancy rates. For increases in intercity rail, energy savings in 
modal shifts from air travel would be significant.  In contrast, modal shifts from autos would yield 
minimal savings unless the increases in rail passenger loads are obtained by higher occupancy rates 
(e.g., from lowering fares) — which would allow the additional rail trips to be made with virtually no 
additional energy use. This is because intercity auto trips tend to be relatively efficient highway trips 
with higher-than-average vehicle occupancy rates —on average, they are as energy-efficient as rail 
intercity trips. Additionally, if passenger rail competes for modal share by moving to high speed 
service, its energy efficiency should be reduced somewhat12 — making overall energy savings even 
more problematic. On the other hand, shifts from auto to commuter rail or rail transit services 
should yield substantial per-trip energy savings because the auto trips replaced are primarily work 
trips with low average auto occupancy, under congested (thus energy-inefficient) traffic conditions. 
An important uncertainty in such shifts, however, is introduced by the possibility that the auto 
commuters most likely to shift to transit may be those most likely to carpool; a three-person 
carpool is more efficient than any type of transit. 

Table C-3.3 Modal Shifts to Rail: Comparison of Energy Intensities 

RAIL MODE BTU/PM SHIFT FROM AVG BTU/PM ADJUSTED BTU/PM* 

Intercity 
2470 

Intercity 
4000 

Transit 
6000 

Commuter 

2389 

2389 

3444 

2855 auto 

auto 

air 

auto 

3671 

3671 

4000 

3671 

4670 
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*Adjustments made to average energy intensities to account for different-from-average driving conditions and vehicle 
occupancy rates (e.g., auto trips that compete with rail transit tend to be made under congested driving with low 
occupancy rates) 

In 1996, railroads moved nearly 1400 billion ton-miles of freight, over one-third of all U.S. freight 
transport. Much of the goods moved are bulk cargo; coal makes up about one-quarter of rail ton-
miles, and the combination of farm products, chemicals, and nonmetallic minerals makes up another 
fifth. Rail does not compete with trucks for this cargo —it is the higher value, often time-sensitive 
cargo for which rail and trucks compete.  Current trends in freight movement show significant 
growth in multi-modal traffic, much of it truck/rail; this allows the long-haul portion of many 
shipments to be made in containers on rail, often stacked double.  Accelerated capture of long-haul 
cargo by rail would save energy. Although rail s average (nearly) 8 to 1 superiority over trucks in 
energy efficiency is misleading because of the large share of dense, easy-to-haul bulk cargo on rail, 
rail and truck simulation studies show that rail retains a substantial efficiency advantage for similar 
cargo — more than 2:1 for hauling automobiles, for example, to 4:1 or better for mixed freight.13 

The same simulations show that doublestack container shipment via rail is about twice as efficient as 
competing truck shipment. 

During the past two and a half decades, rail freight energy efficiency has improved steadily; energy 
intensity has declined from 717 Btu/ton-mile in 1971 to 368 Btu/ton-mile in 1996, a rate of decline 
of 2.4 percent/yr. OTA14 attributed this decline to: 

1.  Increase in average trip lengths, with fewer stops and greater sustained speeds, 
2. Operations and communications improvements, including improved routing, scheduling, etc., 
and 
3.  Technical improvements, including improved wheel-slip detection, flange lubricators, better 
aerodynamics, etc. 

A study by Oak Ridge National Laboratory15 concluded that 85 percent of the energy savings between 
1972 and 1992 was due to increased ton-miles per car-mile, that is, simply higher car loadings. Part 
of this improvement was associated with large increases in the bulk hauling of coal and other 
commodities, which may not be repeated, and part due to operational improvements, which may 
have room to continue. 

A 1991 study by Abacus Technology documents both available rail efficiency technology and the 
extent to which it is being used. Key technologies include: 

1.	 Locomotive design 
•	 Engine redesign, including larger turbocharger, lower idle 
•	 More efficient auxiliary equipment (better matching of equipment to needs; electrical rather 

than mechanical drive for cooling fans, braking auxiliaries; more efficient traction motors; 
wheel slip detection; better controls) 

•	 flange lubricators 
2.	 Equipment changes 

•	 Lighter, more aerodynamic cars 
•	 Air foils 
•	 Improved trucks/self-steering, improved alignment and lower wheel slippage 
•	 Improved bearing seals 

3.	 Improved operations 
•	 Reduced idling 
•	 Better dispatching 
•	 Better pacing to reduce stops 
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Between 1977 and 1990, the number of Class I locomotives in service dropped from 27,298 to 
18,83516, implying that more than 2/3 of the 1977 fleet was retired during the ‘77-’90 period. Since 
1990, the number of locomotives has stabilized and even increased a bit. Recent data shows that the 
age distribution of locomotives remains biased towards an older fleet: 27% built since 1/1/90, 23% 
built between 1/1/80 and 1/1/90 (9-19 years old) and fully 50% built prior to 1/1/80 (18 years old and 
older).17  However, this age distribution is unlikely to be reflected in ton-miles hauled, because the 
oldest locomotives are downgraded to yard and local service and are not used as intensively as newer, 
more efficient locomotives. 

Abacus’ research indicates that new generation locomotives are significantly more efficient than 
those they replace. On the other hand, it appears that railroads are not widely adopting the latest 
improvements in railcar design. Finally, about one-fifth of locomotives in 1990 were equipped with 
flange lubricators, with about 3500 systems installed; the current number is higher, apparently about 
4,000-5,000, or about 20-25% of all locomotives.18  Because one flange lubrication system is 
adequate for a complete train and most trains have multiple locomotives, it is conceivable that a 
substantially higher percentage (than 20-25) of trains use flange lubrication. 

This information is not readily translatable into estimates of future energy efficiency, but some 
general idea about improvement potential can be postulated. First, as of the end of 1997, about 50 
percent of the locomotive fleet was purchased before 1980, though they will all have been rebuilt 
during their lifetimes, perhaps a few times.  Perhaps 75% of locomotives will still not be equipped 
with flange lubricators, though the percentage of trains unequipped with lubricators will be 
substantially lower than this. Further technical potential clearly exists, with the Association of 
American Railroads suggesting that wheel slip detection and improvements in motors present 
important opportunities for increased efficiency in the locomotive fleet.19 

There has been very substantial consolidation of freight service during the past decade, but there are 
still opportunities for further consolidation and efficiency gains, e.g. in the East when Norfolk 
Southern and CSX integrate Conrail s operations into their own.  This kind of consolidation would 
yield an increase in multimodal transport — long haul truck cargoes converted to rail —in addition t o 
the efficiency gains for existing traffic. 

A countervailing efficiency effect could be associated with the Environmental Protection Agency s 
new emission standards for NOX, hydrocarbons, and particulates, reducing NOX by 2/3 and the other 
pollutants by half. 

EIA s 1999 Annual Energy Outlook projects an 0.5%/yr growth in rail energy efficiency between 
1997 and 2020, a modest rate in comparison to the historic (1970-1996) rate of 2.4%/yr, and the 
more recent rate of 2.7%/yr (1986-1996). This rate appears low in light of the remaining potential 
for efficiency gains. We postulate that government policy that encourages those remaining 
consolidation opportunities that promise real efficiency gains, coupled with an increased R&D budget 
and tax incentives for energy efficiency measures, should be able to boost efficiency gains to 1.0%/yr 
in the moderate case and 1.5%/yr in the advanced case (but we believe that continuing the high 
historic rate of increase is unlikely, based on analysis of the importance of increased loadings in the 
efficiency gains). Further, we postulate that policies that help freight railroads add to capacity and 
improve their multimodal operations, in addition to the consolidation mentioned above, will draw 
added traffic into rail from trucks, with a corresponding net reduction in freight energy use and 
greenhouse emissions. We postulate that 2 percent of truck freight in the Moderate Scenario and 5 
percent in the Advanced Scenario are shifted to rail. For the year 2020, the shifts are approximately 
33 billion ton-miles for the Moderate Scenario and 83 billion ton-miles for the Advanced Scenario.20 

C-3.4 Light Duty Vehicles 
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The current NEMS model contains a detailed representation of technology improvements to cars and 
light trucks and these technologies define the forecast of vehicle characteristics. Technology 
improvements can be discussed in six vehicle areas:  weight reduction, aerodynamic drag reduction, 
engine improvements, transmission improvements, reduction in rolling resistance and accessory loss 
reduction. All technology improvements are considered holding vehicle attributes of size, ride, and 
acceleration performance constant, relative to a 1990 baseline. 

The following discussion first presents technology characteristics of the NEMS version currently in 
use by the Energy Information Administration, and then presents changes made to the technology 
characterizations for the Clean Energy Futures study. 

EIA VERSION OF NEMS (EIA-NEMS) 

Weight reduction by material substitution is considered for four material types, reflecting advances in 
materials technology. More extensive use of HSLA steel is already in progress and can deliver a five 
percent weight reduction at low cost of about $0.50 per pound saved. Greater use of composite 
materials in body panels, low temperature engine parts and vehicle interiors can save an additional 
five percent at $0.80 per pound saved. An aluminum intensive design retaining the current unibody 
structure can reduce 20 percent of the weight of the baseline (1990) vehicle while an intermediate 
step of plastic/aluminum use can reduce weight by 15 percent. These options are priced at $1.50 and 
$1.00 per pound saved, respectively. 

Drag reduction from the baseline level of an equivalent CD of 0.36 is available in steps of -0.03 CD 
to a minimum CD of about 0.25. It should be noted that most cars have a CD between 0.30 and 0.33 
in 1999. 

Engine related improvements include those related to engine breathing that increase engine 
specific output, and those related to engine friction reduction. At constant performance, improved 
engine output can be translated to increased fuel economy by reducing engine size. The use of port 
fuel injection, four-valves or five-valves per cylinder and overhead camshafts instead of pushrod 
activated valves are the engine breathing related technologies. (These technologies are already 
widely available in 1999). Friction reduction technologies include roller cam followers, roller rockers, 
low tension rings, low mass pistons and valves, and improved lubricants. Except for roller 
followers/rockers, all other technologies are expected to contribute to a 25 percent reduction in 
friction mean effective pressure over the 1990-2020 period, corresponding to a four percent increase 
in fuel economy.  Roller followers/rockers contribute an additional 1.5 percent increase in fuel 
economy. 

A specialized type of engine is the direct injection engine (gasoline engine). EIA-NEMS estimates 
that fuel economy improvement (compared to a modern 4-valve OHC engine) from this type of 
technology, which enables lean combustion, is 17 percent.  Variable valve timing (VVT) is another 
new technology that reduces pumping loss. A simpler form of VVT currently used by Honda is 
estimated to provide a seven percent benefit in fuel economy, while a more advanced fully 
controllable system can provide a ten percent benefit in fuel economy.  The benefits of these 
different engine technologies are not additive. 

Transmission related technologies are primarily related to providing more gear ratios. Four-speed 
automatic transmissions are currently used in almost all vehicles, while the three-speed was more 
common in 1990. The five-speed automatic has recently become available in some vehicles. 
Continuously Variable Transmissions (CVT) are an emerging technology whose design may make it 
limited to lower power applications. The five-speed transmission is expected to provide a two 
percent benefit over the four-speed, while the CVT is expected to provide a five percent fuel 
economy benefit. Advanced electronic control of transmissions adds another one percent in fuel 
economy benefit. 
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Low rolling resistance tires are possible due to improvements in tread design, sidewall construction, 
and rubber compounding. The NEMS model has technologies that reduce overall rolling resistance by 
25 percent from the 1990 base rolling resistance coefficient (CR) of 0.010 to 0.0075, with no 
reduction in other desirable properties such as wet traction or braking, over the 1990-2020 period. 

Accessory improvements include both minor ones relating to reducing friction in the belt drive 
system and using higher efficiency alternators, to major ones such as the electric power steering t o 
replace the hydraulic system. The EPS alone provides a 1.5 percent increase in fuel economy while 
the sum of all other improvements provides a 1.0 percent fuel economy benefit. 

A composite profile of the benefits of all possible technologies in EIA-NEMS is illustrated by 
constructing a hypothetical car that includes all technologies that can be used together.  Table C-3.4 
shows the car characteristics for 1998 and 2015, using a mid-size car such as the Chevy Malibu as the 
1998 example. The model projects a 63 percent increase in fuel economy from 27 MPG to 44 MPG 
at constant attributes. However, the introduction of Tier II emission standards and new safety 
requirements for side air bags and roof crush requirements — not modeled in EIA-NEMS -- would 
reduce the overall fuel economy of the hypothetical vehicle to about 42 MPG. Of course, the NEMS 
model adopts a distribution of technologies based on the cost-effectiveness of each marginal 
technology, so that this example can be considered as an asymptote  to the possible range of 
outputs for a mid-sized vehicle s fuel economy, with conventional technology. 

NEMS also features a gasoline hybrid drivetrain as an option, but it is treated as an alternative fuel 
vehicle  in a submodel that is separate from the submodel that deals with gasoline-fueled 
conventional vehicles. EIA-NEMS attributes a 45 percent fuel economy benefit to the hybrid 
drivetrain relative to a base (1990) drivetrain, or about a 30 percent benefit relative to a modern 
four-valve OHC engine (and less relative to a GDI engine). EIA-NEMS model sets a very high price 
for the hybrid vehicle. The computation of price, which varies by vehicle weight, would add $9300 
to the price of the hypothetical 2015 mid-size vehicle; the vehicle would yield a fuel economy of 
about 54 MPG if equipped with the full range of other applicable fuel economy technologies, i.e. low 
rolling resistance tires, aluminum body, etc. 

Table C-3.4 Hypothetical Mid-Size Car Improvements (in EIA-NEMS) 
(Constant Attribute Case) 

Attribute 1998 2015 
Weight (lbs.) 3130 2480 
Drag Coefficient 0.33 0.25 
Rolling Resistance 0.010  0.0075 
Engine Type OHV V-6  DOHC I-4w/VVT 
Displacement 3.1 L 2.0 L 
Combustion Homogenous Charge Stratified Charge 
Fuel System Sequential FI  Direct Injection 
Power 160 HP  150 HP 
Transmission  4-speed with lock-up  CVT 
Steering Hydraulic Electric 
Fuel Economy (EPA) 27 MPG 44 MPG 
Price Base  +2400 
Effects of Future 
Standards Base  -2 MPG 

CHANGES TO THE NEMS MODEL 
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EIA has made relatively conservative assumptions about technology in its Reference Case for 
AEO99, and there exists substantial potential for more optimistic technology assumptions based on 
different scenarios of technology development and market conditions. A detailed examination of 
the potential of all of the technologies in the NEMS model suggested that particularly likely 
technology areas for more optimistic assumptions are material substitution, hybrid vehicles, and fuel 
cells. We also found that changes were justified in the assumptions about direct injection gasoline 
engines. 

In addition, changed market conditions would likely affect NEMS s calculations of vehicle weight and 
size; NEMS has built-in factors that increase the weight and size of cars and light trucks within each 
class over time. For AEO99, EIA extrapolated the weight increase from the observed increase during 
the period 1987-1996, assuming it would continue at the same rate over the forecast periods. CEF­
NEMS uses more optimistic assumptions: for the Moderate Scenario, total weight increase to 2020 
for light trucks was decreased by 10 percentage points; for the Advanced Scenario, weight and size 
were capped at 1998 levels. 

The potential for material substitution appears to be greater now than the effect modeled in EIA­
NEMS. Several manufacturers have displayed prototypes, such as the Ford P2000, that maintain the 
same interior room as a mid-sized car but provides a 30 percent weight reduction, or about 1000 lbs 
at constant attributes, relative to current vehicles.21  Such cars use more than aluminum, with 
materials such as magnesium for castings, and titanium alloys in suspension parts. In addition, the 
costs of material substitution are also being reduced.  Recent studies by IBIS have shown that space 
frame based aluminum body-in-white structures can be assembled for a total cost penalty of less 
than $1.00 per pound saved, while new casting techniques and forming techniques for aluminum have 
reduced total manufacturing costs by 30 percent. As a result, the NEMS cost estimates for various 
levels of material substitution have been reduced by 20-33 percent. 

In addition to the increased weight reduction and reduction in cost, it now appears that the 
technologies could be available sooner than forecast. Ford has announced a first generation 
aluminum intensive vehicle to be introduced in 2002, and even the highly weight efficient designs 
that can achieve 30 percent weight reductions are likely to be available by 2007. These time frames 
are significantly earlier than those forecast in EIA-NEMS. 

On the issue of Gasoline Direct-Injection (GDI) engines, EIA-NEMS used a fuel efficiency benefit 
estimate of 17 percent, which now appears too high. Part of the problem is associated with new 
regulatory requirements that have added a high speed/load test cycle for meeting emission standards, 
which impact the GDI engine s ability to maintain lean operation over a wide speed/load range. 
Newer data suggest that a more reasonable fuel economy benefit estimate is 12 percent, with 15 being 
the most optimistic estimate. The cost numbers in the NEMS, however, appear significantly higher 
than the values derived from a recent study sponsored by NRCanada. The study estimates that the 
price impact of a four-cylinder GDI in $200 (increment) and a six-cylinder GDI in $300. Due to the 
need for low sulfur fuel, commercialization across the U.S. is not expected till 2004, when such fuel 
will likely be available. 

The fuel economy benefit of hybrids has long been a subject of debate but with the release of the 
Toyota Prius, an actual comparison can be made. The EPA estimated that the Prius tested on the 
U.S. FTP cycle was 64 percent better in fuel economy than the average 1998 car in the 3000 lb test 
weight class, but had significantly lower performance. Adjusting for performance, the EPA estimated 
that the Prius was 45 percent more efficient than the average car, which is numerically identical t o 
the benefit included in NEMS. The NEMS benefit is with reference to a 1990 baseline, so that the 
improvement numbers are not directly comparable. Relative to a similarly sized (but lighter) Toyota 
Corolla, the Prius shows 39 percent better fuel efficiency, which is higher than the NEMS estimate 
relative to a car with a four-valve engine and four-speed automatic transmission, but approximately 
constant with the NEMS estimate after performance differences between the Corolla and Prius are 
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accounted for. In addition, the Prius is a first generation hybrid not optimized for U.S. conditions or 
the FTP cycle, and Toyota has announced that the U.S. model (to be introduced in 2000) will do 
better. Hence, a more optimistic estimate of 55 to 60 percent appears plausible for fuel economy 
benefit, even in the short term. 

As noted earlier, EIA-NEMS assumed a very high cost for hybrids, about a $9,000 price increment 
even for a high volume production car. Estimates by OTA and more recent estimates from DOE 
based on Prius component costs suggest that the price increment will be in the $4000 range for a 
mid-size car weighing 3000 lbs, and will be lower for lightweight cars (since many of the major cost 
components scale according to vehicle weight). In the short run, with low volume production, 
automanufacturers appear willing to subsidize the low volume cost penalty as a short term loss, 
according to most published reports. 

ALTERNATIVE FUEL VEHICLES 

The NEMS model also contains data on a wide variety of alternative fuel vehicle technology costs, 
and considers both the diesel and fuel cell vehicle (powered by hydrogen, methanol or gasoline) in 
this context. Recent development in diesel engine technology and fuel cell technology have caused a 
need to re-examine NEMS assumptions. 

Turbocharged direct injection four-valve diesel engines have essentially matched the performance of 
gasoline engines in terms of acceleration, noise, smell, vibration and harshness. Even at current low 
fuel prices, diesels have proved surprisingly popular in the 8500 to 10,000 lb GVW heavy  pickup 
trucks; over 60 percent of these vehicles sold by Ford and Chrysler are diesel powered in spite of a 
retail price increase of almost $3000. Major diesel engine manufactures have unveiled V-6 diesel 
engines for use in the 5000 to 8500 lb GVW range of trucks, and Navistar has a firm contract with 
Ford to supply such engines starting in the 2001 model year. The EIA-NEMS estimates of fuel 
efficiency benefit (40 percent) and high volume price increment ($1600) seem reasonable but the 
availability dates need to reflect current plans. In addition, the issue of any low volume price penalty 
now seems less significant. 

Fuel cell commercialization now seems close at hand.  Several manufacturers have announced plans 
to sell a fuel cell vehicle in model year 2004 or 2005, although these are unlikely to be high volume 
products. 

Current fuel cell costs are far too high – hundreds of dollars per kilowatt of peak capacity – to be 
competitive in vehicle markets, and successful commercialization will obviously depend on 
manufacturers’ capability of improving stack design, increasing the efficiency and reducing the costs 
of fuel reformers, and a host of other tasks to bring system costs into the competitive range.  DOE’s 
Office of Advanced Automotive Technologies has developed a number of mid-term (primarily for 
the year 2004) cost goals for the several key areas of fuel cell systems (OAAT, 1998): 

• Fuel cell stack (using reformate) $35/kW 
• flexible fuel processor $10/kW 
• hydrogen storage $10/kWh 
• integrated fuel cell system $50/kW 
• electric motor/controller $11/kW ($10/kW for 2006) 

The OAAT goals represent some combination of “what appears to be achievable?” and “what is the 
progress required to allow commercialization?” with emphasis on the former. Although the goals 
are set for 2004, a relatively early date in the likely lifetime of fuel cell development, OAAT 
interprets them as relatively mature cost values – that is, incorporating enough learning so that further 
large reductions in cost would not be likely (Patil, 1999). 
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The OAAT goals appear relatively comparable to fuel cell cost projections developed by Directed 
Technologies Incorporated (DTI, 1998) in a detailed study for the National Renewable Energy 
Laboratory. DTI proposed a fuel cell vehicle with power storage (for peak power and cold start) 
provided by hydrogen storage in a buffer, rather than the more common concept of a fuel cell 
hybrid with battery storage. In the DTI design, the fuel cell is sized to provide approximately 50 
kW/metric ton of vehicle weight. Given the weight of hydrogen storage, the fuel cell itself, and the 
electric motor and controller, DTI estimated that the hydrogen fuel cell would be about 6.7 percent 
heavier than a conventional vehicle of equal size and performance.  A methanol fuel cell vehicle 
would be 16.2 percent heavier and a gasoline fuel cell vehicle 20.8 percent heavier than the 
conventional vehicle, with the added fuel reformer and increased fuel cell stack size outweighing the 
lower fuel storage weight. 

Although we recognize that any cost estimates for fuel cell systems must have wide uncertainty bands 
around them, we accept the DTI cost estimates as one feasible outcome of current research directions, 
though not the only one.22 Table C-3.5 uses the projections in the DTI report to NREL to estimate 
retail price equivalent (RPE) increase targets for different fuel cell types starting from a base mid-size 
car weighing 3130 lbs, with different target years for the two scenarios (we assume different rates of 
cost reduction in the Moderate and Advanced Scenario). Fixed cost amortization is based on a 
production volume of 25,000 units per year with an initial investment of $25 million increase over a 
high volume engine plant, or about $50 to $60 million for a low volume plant to build the fuel cell 
stack and reformer.  An important difference between the final retail price equivalent values in the 
Table and the DTI values, however, is the higher overhead (75%) charged to the technology 
production costs. Although there is considerable controversy about appropriate overhead charges to 
be applied to high-cost advanced technologies, we believe that in the absence of a compelling 
argument that the new technology will yield significant reductions in overhead costs, it is prudent to 
assume that full overhead rates should be applied to cost increases associated with these technologies. 
We assume that the target year prices do not represent the final (lowest) prices, since fuel cells will still 
be a relatively young technology at that point. Given that the Moderate and Advanced Scenarios are 
putting different levels of resources into fuel cell R&D, we assume that RPEs will continue to drop 
after the target prices are reached, but far more slowly than in the previous years. Specifically, we 
assume that the target prices are reached in approximately 2011 in the Advanced Scenario and 2016 
in the Moderate Scenario; by 2020, prices have dropped to about 69 percent of the target prices in 
the Advanced Scenario, and 92 percent in the Moderate Scenario. 

Table C-3.5 IRPE Target Computation for Fuel Cell Vehicle @ 25,000/yr. 
(For a Current Mid-Size Car)

 Hydrogen MeOH GASOLINE 
Stack Cost 2750 2900 2970 
Motor cost 880 935       960 
H2 Tank Cost 935 
Buffer Cost 100  100 
Reformer Cost 1640 3400 
Total Cost 4565 5575 7430 
Less Engine/Trans (2700) (2700)    (2700) 
Fixed Cost Amortization 280 330  350 
IRPE 3660 5510 8820 

DTI’s estimates of vehicle efficiency improvements are quite similar to those in NEMS for a 
hydrogen-powered vehicle, but are substantially lower for a methanol or gasoline powered fuel cell. 
Relative to a current technology vehicle, the hydrogen fuel cell was expected to provide a 162 percent 
improvement in fuel efficiency (based on hydrogen energy), while a methanol powered fuel cell was 
expected to be 75 to 95 percent more efficient. Benefits for the gasoline powered fuel cell were 
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estimated to be quite low at 23 to 71 percent with the range reflecting uncertainty in the performance 
of the reformer that converts methanol or gasoline to hydrogen. Other researchers at A.D. Little have 
suggested that the upper end of the range of efficiency benefit estimates are more reasonable, since 
(they claimed) the lower end combined pessimistic estimates for the efficiency of several components 
simultaneously. We assumed for both scenarios that the hydrogen fuel cell would achieve the 
estimated 162 percent improvement, with the methanol fuel cell vehicle achieving a 95 percent 
efficiency increase and gasoline fuel cell vehicles achieving a 70 percent increase. 

Table C-3.6 presents the original (EIA-NEMS) and revised (CEF-NEMS) versions of the advanced 
conventional vehicle, and the revised versions of the hybrid vehicle and methanol fuel cell vehicle. 
Note that these vehicles represent essentially the best cars available in each category; they incorporate 
all of the available fuel efficiency technology in aerodynamics, materials, tires, and powertrain. New 
car fleet fuel economy averages would be considerably below the fuel economy levels of these 
vehicles. Note also that the percentage improvements shown for both the hybrid and fuel cell 
vehicles are substantially less than discussed earlier; this is because the 2015 conventional vehicle 
contains a much more efficient drivetrain than the current technology drivetrain for which the 
percentage improvements apply. 

Table C-3.6 Hypothetical Mid-Size Car Revised Technology Benefits
(CEF-NEMS Versions) 

Weight (lbs) 

2015 
(NEMS) 

2480 

2015 
Revised 

2195 

2015 
Hybrid 

2300 

2015 
Fuel Cell (Methanol) 

2550 

Drag Coefficient 0.25 0.22 0.22 0.22 

Rolling Resistance 0.0075 0.0075 0.0075 0.0075 

Engine Size 2.0L 1.8L 1.2 L Fuel Cell 

Engine Power 150 HP 135 HP 50 HP + 20 kW 58 kW 

Transmission CVT CVT Electro-Mech Electric 

Fuel Economy 
(EPA Combined) 

44 MPG 46.5 MPG 60.5 MPG 71.2 MPG 
(gasoline equivalent) 

Incremental Price 
(1990$) 

$2,400 $2,120 $3,350 
(Advanced Case) 

2010/2015 

$3,500/$2,050 
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Appendix C-4 

Electric Advanced Technology Description 

One of the Electric Sector policies is a change in the level of technological progress through enhanced 
R&D. The changes are largely made in the ecpdat input file for CEF-NEMS. The model has two forms in 
which capital costs, operating cost, and heat rates can be entered: either has a single value that may have 
factors applied to it over time, or as an array of values based on the year of construction. 

For fossil technologies, capital costs were entered as the overnight capital cost for the nth of a kind plant 
(in 1987$/kW). A technical optimism factor raises the cost of the first few plants, declining until the nth 
plant is reached. A contingency factor is also added to the cost. Following the nth plant, capital costs 
decline based on a learning curve factor and the amount of capacity constructed. Fixed and variable 
operating and maintenance (O&M) costs may be added as an array (as done for the sequestration options) 
or as a single value. The changes for the fossil technologies are shown in the three tables below: C-4-1, C­
4-2, and C-4-3. 
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Table C-4-1 New Fossil Technology Parameters in CEF-NEMS 

Technology Scenario Capital 
Cost, 1997 

$/kWa 

Technical 
Optimismb 

Contin­
gency 
Factor 

Fixed O&M, 
1997 $/kWyr 

Variable 
O&M, 

1997$/MWh 
Integrated Coal 
Gasification 
Combined Cycle 

BAU 1018 1.16 1.072 31.8 0.78 
Mod 880 1.16 1.072 30.9 0.68 

Advd 880 1.16 1.072 30.9 0.68 
IGCC with 
Sequestration 

BAU 
Mod 
Adv 880 1.16 1.072 30.9 9.0-8.0c 

Advanced Gas 
Combined Cycle 

BAU 375 1.12 1.08 14.1 0.51 
Mod 322 1.12 1.08 14.1 0.51 
Advd 322 1.12 1.08 14.1 0.51 

Advanced Gas 
CC with 
Sequestration 

BAU 
Mod 
Adv 322 1.12 1.08 14.1 5.0-4.0c 

Advanced Gas 
Combustion 
Turbine 

BAU 309 1.12 1.051 8.9 0.10 
Mod 266 1.12 1.051 8.9 0.10 
Adv 238 1.12 1.051 8.9 0.10 

Fuel Cell BAU 1389 1.16 1.05 14.6 2.0 
Mod 1194 1.16 1.05 14.6 2.0 
Adv 952 1.16 1.05 19.6 0.27 

a Capital cost for 5th plant of this type. Earlier plants have technical optimism and learning factors that 
raise the capital cost. Later plants have lower cost due to learning factors. CEF-NEMS actually uses 
1987$/kW; to convert divide this value by 1.343. 
b The factor that the capital cost is raised for the first plant above the 5th plant. The costs for the 2nd 

through 4th have this value decreased and is set to 1.0 for the 5th plant. 
c Sequestration technologies use costs of advanced technology plus $50/tonne C to cover cost of 
sequestration. Variable costs are raised based on heat rate and fuel type of plant. 
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Table C-4-2 Fossil Technology Heat Rate Schedules for each Scenario 
IGCC Adv. Gas Combine Cycle 

BAU Mod Adv BAU Mod Adv 
2000 8333 8325 8285 6927 6919 6868 
2001 8197 8179 8101 6870 6852 6735 
2002 8060 8034 7916 6812 6786 6602 
2003 7924 7888 7732 6754 6720 6470 
2004 7787 7743 7547 6696 6653 6337 
2005 7651 7597 7363 6639 6587 6204 
2006 7514 7452 7178 6581 6520 6071 
2007 7378 7306 6994 6523 6454 5938 
2008 7241 7161 6809 6465 6388 5805 
2009 7105 7015 6625 6408 6321 5672 
2010 6968 6870 6440 6350 6255 5539 
2011 6968 6870 6365 6350 6255 5406 
2012 6968 6870 6290 6350 6255 5273 
2013 6968 6870 6215 6350 6255 5140 
2014 6968 6870 6140 6350 6255 5007 
2015 6968 6870 6065 6350 6255 4874 
2016 6968 6870 5990 6350 6255 4874 
2017 6968 6870 5915 6350 6255 4874 
2018 6968 6870 5840 6350 6255 4874 
2019 6968 6870 5765 6350 6255 4874 
2020 6968 6870 5690 6350 6255 4874 

Table C-4-3 Fossil Technology Heat Rate Schedules for each Scenario 
Adv. Gas Combust Turbine Fuel Cell 
BAU Mod Adv BAU Mod Adv 

2000 9133 9093 9013 5787 5760 5760 
2001 9020 8972 8810 5744 5712 5712 
2002 8907 8851 8608 5702 5664 5664 
2003 8793 8729 8405 5659 5617 5617 
2004 8680 8608 8202 5617 5569 5569 
2005 8567 8487 8000 5574 5521 5521 
2006 8453 8365 7916 5531 5473 5473 
2007 8340 8244 7833 5489 5425 5425 
2008 8227 8123 7749 5446 5377 5377 
2009 8113 8001 7666 5404 5329 5329 
2010 8000 7880 7582 5361 5281 5281 
2011 8000 7880 7582 5361 5281 5281 
2012 8000 7880 7582 5361 5281 5281 
2013 8000 7880 7582 5361 5281 5281 
2014 8000 7880 7582 5361 5281 5281 
2015 8000 7880 7582 5361 5281 5281 
2016 8000 7880 7582 5361 5281 5281 
2017 8000 7880 7582 5361 5281 5281 
2018 8000 7880 7582 5361 5281 5281 
2019 8000 7880 7582 5361 5281 5281 
2020 8000 7880 7582 5361 5281 5281 
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The CEF-NEMS model uses either a method of specifying the values for two different years and then 
extrapolating between them for other years, or entering an array of annual values. Both methods were 
used in the analysis; the tables C-4-2 and C-4-3 show the values as arrays to assist in comparisons. 

Fossil fuel parameters for the BAU scenario are the same as used by EIA in the AEO99. For the Moderate 
scenario, the values used by EIA in their High Technology  sensitivity were used. For the Advanced 
scenario, personnel of the Office of Fossil Energy were queried as to the appropriate values given an 
enhanced push towards higher efficiencies of new technology. The values used (Table C-4-4) are 
consistent with, if not slightly lower than, the Vision 21 program plan (DOE/FE 1999). 

Table C-4-4 Fossil Technology Efficiencies in 2020 for Advanced Scenario 

Technology Heat Rate Efficiency 
Int. Coal Gas Combined Cycle 5690 60% 
Adv. Gas Combined Cycle 4874 70% 
Adv. Gas Combustion Turbine 7582 45% 
Fuel Cell 5281 65% 

Figures C-4-1 to C-4-4 show the capital costs as output by CEF-NEMS for each advanced fossil 
technology. It includes the effects of learning, technical optimism, and regional cost variations. These 
figures are based on the average of capital costs for each region of the country for each year weighted by 
the amount of capacity added in that year. Consequently, regional variations in cost get incorporated into 
the weighted average and the cost can go up or down between years depending on the region that the 
capacity was added. The graphs for technologies that had essentially no capacity added (e.g., IGCC and 
fuel cells), simply show the values for one region. 

Fig. C-4-1 Capital Costs for Advanced Gas Combined Cycle Capacity
 
Including Regional Variations
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Fig. C-4-2 Capital Costs for Advanced Gas Combustion Turbine Capacity
 
Including Regional Variations
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Fig. C-4-3 Capital Costs for Integrated Gasification Combined Cycle Capacity 
Including Regional Variations 
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Fig. C-4-4 Capital Costs for Fuel Cell Capacity Including Regional Variations 
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More conservative values for heat rates and capital costs of IGCC and gas combined cycle have been 
provided by experts on the Review Team. These have been run as a sensitivity, with results presented in 
Chapter 7. The values used (and comparable values in the base scenarios) are: 

Table C-4-5 Fossil Technology Capital Cost and Heat Rate Sensitivities 

Capital Cost 
(1997 $/kW)a Heat Rate (Btu/kWh) 

Sensitivity Base Sensitivity Base 
Year for Heat 

Rate 
IGCC Moderate 1000 942 8400-7500 8333-6968 2000-2010 
IGCC Advanced 900 942 7449-6800 6440-5690 2010-2020 
Gas CC BAU 475 405 7200-6800 6927-6350 2000-2015 
Gas CC Moderate 450 348 6749-6200 6919-6255 2000-2015 
Gas CC Advanced 425 348 6199-5700 5539-4874 2010-2020 
a Cost is raised from 1987$ to 1997$ by a factor of 1.343. Values include contingency factor. 

Sequestration was allowed to enter the market starting in 2010. Rather than model completely different 
sequestration plants, the IGCC and Gas CC plants had their variable costs raised. Because sequestration 
was assumed to cost an additional $50/tC, with a 90% sequestration, the variable O&M cost for the IGCC 
and Gas CC plants were increased each year based on the fuel used, the plant s heat rate, and the cost of 
sequestration: 

O&M cost ($/MWh) = O&M costBase + Heat Rate * Carbon intensity * Cost of sequestration/1.0e6 

Where: Heat Rate varied by year from 6440 to 4874 Btu/kWh, depending on technology and year. 
Carbon intensity for coal = 25.72kg/MBtu, for gas = 14.47 kg/MBtu 
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One difficulty in modeling sequestration in CEF-NEMS is that it is a separate plant type from the IGCC 
and Gas CC it is based on. Consequently, the first few plants, which cannot come on before 2010, are 
treated as first-of-a-kind, with consequent technical optimism and learning curve factors raising their cost. 
This, in combination with the $50/tC cost of sequestration, means they are more expensive than regular 
IGCC and Gas CC plants, even with the allowance cost of $50/tC. 

The advanced nuclear technology was modified for the Moderate and Advanced scenarios (Table C-4-6). 
In the Moderate scenario, the cost of advanced nuclear technology was kept the same as in the BAU (and 
AEO99 reference) case, but the Technical Optimism factor was reduced from 1.19 to 1.00. This is to 
represent that the advanced nuclear plants would be based on technologies constructed in other countries 
so would not need the technical optimism factor that otherwise would be needed. In the Advanced 
scenario, the capital cost of the advanced nuclear was reduced by roughly 10% to represent improvements 
in the construction cost through advanced designs and R&D. 

Table C-4-6: Advanced Nuclear Technology Parameters 

Technology Scenario Capital 
Cost, 1997 

$/kWa 

Technical 
Optimismb 

Contin­
gency 
Factor 

Fixed O&M, 
1997 $/kWyr 

Variable 
O&M, 

1997$/MWh 
Advanced BAU 1430 1.19 1.100 55.7 0.41 
Nuclear Mod 1430 1.00 1.100 55.7 0.41 

Adv 1270 1.00 1.100 55.7 0.41 
a Capital cost for 5th plant of this type without contingency. Earlier plants have technical optimism and 
learning factors that raise the capital cost. Later plants have lower cost due to learning factors. CEF­
NEMS actually uses 1987$/kW; to convert divide this value by 1.343. 
b The factor that the capital cost is raised for the first plant above the 5th plant. The costs for the 2nd 

through 4th have this value decreased and is set to 1.0 for the 5th plant. 

The Renewable technologies were also changed in the Moderate and Advanced scenarios. The main 
parameters that were changed were the capital cost, the fixed operating and maintenance (O&M), and the 
capacity factors (for wind). Similar to the fossil technologies, the values used for the BAU and Moderate 
scenarios were based on the AEO99 reference and High Renewables cases. For the Advanced scenario, 
the most optimistic parameters were used from either the AEO99 High Renewables case or the 
EPRI/DOE technology characterizations. The availability of biomass cofiring was added, as described in 
Chapter 7. 

Whereas the fossil technologies  capital costs were set by using the nth-of-a-kind capital cost that 
declined with capacity additions, in the Moderate and Advanced scenarios the renewable technologies 
used an input annual schedule. In addition, O&M costs changed over time for some of these technologies. 
Table C-4-8 through Table C-4-12 expands on the values in Table C-4-7. They show the capital and 
O&M costs for various renewable technologies over time for those scenarios that used annual schedules. 
Below each table is a figure showing the resulting capital costs for each technology that includes the 
effects of learning, technical optimism, regional cost variations, and any growth constraints. These are 
based on the weighted average of capital costs for each region of the country for each year, weighted by 
the amount of capacity added in that year. 

Since the graphs include the regional variations in cost, the points may be higher or lower than the values 
in the tables if capacity was added in a high or low cost regions. For example, Table C-4-10 shows that 
the capital cost for photovoltaics in 2000 in the Moderate and Advanced scenarios is 3864$/kW. 
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However, the capacity added that year was in the Rocky Mountain and California regions, which have 
higher regional cost factors where the costs were 4017 and 4133 $/kW, respectively. This means the 
resulting average cost from CEF-NEMS shown in Figure C-4-7 was 4075$/kW. 

For the two technologies that had essentially zero capacity added, solar photovoltaic and solar thermal, 
the differences in capital costs between scenarios are essentially moot. Geothermal capital costs in CEF­
NEMS are determined on a site-by-site basis rather than through a national technology cost with regional 
multipliers. Consequently, the true capital costs from the model as shown in Figure C- 4-9 do not reflect 
the cost differences that were entered into the model as shown in Table C-4-12. 

Table C-4-7: New Renewable Technology Parameters in CEF-NEMS 

Technology Scen 
ario 

Capital 
Cost, 1997 

$/kWa 

Years for 
Capital 

Cost 

Fixed 
O&M, 1997 

$/kWyrb 

Years for 
O&M 
Costsc 

Capacity 
Factor 

Biomass 
(Gasification 
Wood)d 

BAU 1451 2005-2015 43.55 2005 

Mod 1394-1168 2001-2015 37.58 2005 
Adv 1394-1168 2001-2015 37.58 2005 80 

Geothermal 
(flashed-steam) 

BAU 2159 2001 96.93 2001 

Mod 1424-1246 2001-2015 71.53-49.18 2001-2020 
Adv 1372-1100 2000-2020 87-58 2000-2020 96 

Wind BAU 778 2000 25.93 2000 
Mod 680-611 2000-2016 21.4-16.2 2000-2020 (class 4 ) 30-38 

(class 6) 40-49 
Adv 680-611 2000-2016 21.1 — 16.4 2000-2020 (class 4 ) 30-38 

(class 6) 40-49 
Solar Thermal 
(Power tower) 

BAU 2120 2000 46.59 2000 

Mod 3555-2338 2000-2016 58.02-21.65 2000-2020 
Adv 3555-2338 2000-2016 58.02-21.65 2000-2020 43 - 77 

Photovoltaic 
(central utility) 

BAU 3226 2000 9.82 2000 Varies by region 

Mod 3864-1010 2000-2018 10.82-2.05 2000-2020 Varies by region 
Adv 3864-1010 2000-2018 10.82-2.05 2000-2020 Varies by region 

a In BAU scenario capital cost for 5th plant of this type, with contingency. Earlier plants have technical
 
optimism and learning factors that raise the capital cost. Later plants have lower cost due to learning
 
factors. In Moderate and Advanced scenario, costs shown are for specified years; cost schedule is entered
 
into NEMS for each year. CEF-NEMS actually uses 1987$/kW; to convert divide this value by 1.343.
 
b Fixed O&M cost schedule for reference case has single value for all times. Moderate scenario values
 
may vary by year, generally declining over time.
 
c Initial value shows year when technology is available. Range shows when values may vary over time.
 
d Variable O&M for Biomass is 0.52¢/kWh. All other technologies have no variable O&M cost.
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Table C-4-8: Biomass Data for Each Scenario 

Capital Cost (1997$/kW) Fixed O&M Cost (1997$/kW) 
BAUa Mod Adv BAUa Mod Adv 

2000 1451 1576 1576 43.55 37.58 37.58 
2001 1532 1532 37.58 37.58 
2002 1497 1497 37.58 37.58 
2003 1463 1463 37.58 37.58 
2004 1428 1428 37.58 37.58 
2005 1394 1394 37.58 37.58 
2006 1359 1359 37.58 37.58 
2007 1339 1339 37.58 37.58 
2008 1320 1320 37.58 37.58 
2009 1301 1301 37.58 37.58 
2010 1283 1283 37.58 37.58 
2011 1263 1263 37.58 37.58 
2012 1244 1244 37.58 37.58 
2013 1225 1225 37.58 37.58 
2014 1206 1206 37.58 37.58 
2015 1188 1188 37.58 37.58 
2016 1168 1168 37.58 37.58 
2017 1168 1168 37.58 37.58 
2018 1168 1168 37.58 37.58 
2019 1168 1168 37.58 37.58 
2020 1168 1168 37.58 37.58 

a BAU capital costs used a single value for the 5th of a kind plant, with technical optimism (1.19), 
contingency factor (1.072), and learning adjusting the value as a function of the capacity installed. BAU 
Fixed O&M cost was entered as a single value. 

Fig. C-4-5: Capital Costs for Biomass Capacity Including Regional Variations 
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Table C-4-9: Wind Data for Each Scenario 
Capital Cost (1997$/kW) Fixed O&M Cost (1997$/kW) 

BAUa Mod Adv BAUa Mod Adv 
2000 778 680 680 25.9 21.4 21.4 
2001 674 674 20.2 20.2 
2002 669 669 19.0 19.0 
2003 660 660 17.8 17.8 
2004 653 653 16.5 16.5 
2005 644 644 15.3 15.3 
2006 635 635 15.3 15.3 
2007 627 627 15.4 15.4 
2008 625 625 15.5 15.5 
2009 624 624 15.6 15.6 
2010 621 621 15.7 15.7 
2011 620 620 15.7 15.7 
2012 618 618 15.8 15.8 
2013 615 615 15.8 15.8 
2014 614 614 15.9 15.9 
2015 612 612 16.0 16.0 
2016 611 611 16.0 16.0 
2017 608 608 16.1 16.1 
2018 608 608 16.1 16.1 
2019 608 608 16.2 16.2 
2020 608 608 16.2 16.2 

a BAU capital costs used a single value for the 5th of a kind plant, with contingency factor (1.073) and 
learning adjusting the value as a function of the capacity installed. BAU Fixed O&M cost was entered as 
a single value. 

Fig. C-4-6: Capital Costs for Wind Capacity Including Regional Variations 
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Table C-4-10: Photovoltaic Data for Each Scenario 

Capital Cost (1997$/kW) Fixed O&M Cost (1997$/kW) 
BAUa Mod Adv BAUa Mod Adv 

2000 3226 3864 3864 9.82 10.82 10.82 
2001 3455 3455 9.66 9.66 
2002 3046 3046 8.49 8.49 
2003 2637 2637 7.32 7.32 
2004 2382 2382 6.15 6.15 
2005 2128 2128 4.98 4.98 
2006 1873 1873 4.59 4.59 
2007 1619 1619 4.22 4.22 
2008 1364 1364 3.84 3.84 
2009 1328 1328 3.45 3.45 
2010 1293 1293 3.09 3.09 
2011 1258 1258 2.98 2.98 
2012 1223 1223 2.87 2.87 
2013 1186 1186 2.77 2.77 
2014 1151 1151 2.67 2.67 
2015 1115 1115 2.57 2.57 
2016 1080 1080 2.46 2.46 
2017 1045 1045 2.35 2.35 
2018 1010 1010 2.26 2.26 
2019 1010 1010 2.15 2.15 
2020 1010 1010 2.05 2.05 

a BAU capital costs used a single value for the 5th of a kind plant, with technical optimism (1.12), 
contingency factor (1.05), and learning adjusting the value as a function of the capacity installed. BAU 
Fixed O&M cost was entered as a single value. 

Fig. C-4-7: Capital Costs for Photovoltaic Capacity Including Regional Variations 
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Table C-4-11: Solar Thermal Power Data for Each Scenario 

Capital Cost (1997$/kW) Fixed O&M Cost (1997$/kW) 
BAUa Mod Adv BAUa Mod Adv 

2000 2120 3555 3555 46.6 58.0 58.0 
2001 3391 3391 50.2 50.2 
2002 3229 3229 42.4 42.4 
2003 3065 3065 34.6 34.6 
2004 2903 2903 26.8 26.8 
2005 2740 2740 19.9 19.9 
2006 2576 2576 21.1 21.1 
2007 2414 2414 22.3 22.3 
2008 2405 2405 23.6 23.6 
2009 2398 2398 24.8 24.8 
2010 2391 2391 26.0 26.0 
2011 2384 2384 25.5 25.5 
2012 2377 2377 25.1 25.1 
2013 2370 2370 24.7 24.7 
2014 2361 2361 24.2 24.2 
2015 2354 2354 23.8 23.8 
2016 2347 2347 23.4 23.4 
2017 2338 2338 23.0 23.0 
2018 2338 2338 22.5 22.5 
2019 2338 2338 22.1 22.1 
2020 2338 2338 21.6 21.6 

a BAU capital costs used a single value for the 5th of a kind plant, with technical optimism (1.19), 
contingency factor (1.07), and learning adjusting the value as a function of the capacity installed. BAU 
Fixed O&M cost was entered as a single value. 

Fig. C-4-8: Capital Costs for Solar Thermal Capacity Including Regional Variations 
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Table C-4-12: Geothermal Data for Each Scenario 

Capital Cost (1997$/kW) Fixed O&M Cost (1997$/kW) 
BAUa Mod Adv BAUa Mod Adv 

2000 2159 1447 1372 96.9 73.6 87.0 
2001 1424 1348 71.5 84.6 
2002 1407 1323 69.4 82.1 
2003 1392 1299 67.4 79.7 
2004 1375 1274 65.3 77.2 
2005 1359 1250 63.1 74.8 
2006 1343 1239 61.7 73.1 
2007 1334 1228 60.4 71.4 
2008 1324 1216 59.0 69.7 
2009 1314 1205 57.6 68.0 
2010 1304 1194 56.0 66.3 
2011 1294 1185 55.3 65.5 
2012 1284 1175 54.6 64.6 
2013 1274 1166 53.9 63.8 
2014 1264 1156 53.2 63.0 
2015 1254 1147 52.6 62.2 
2016 1247 1138 51.9 61.3 
2017 1247 1128 51.2 60.5 
2018 1247 1119 50.5 59.7 
2019 1247 1109 49.8 58.8 
2020 1247 1100 49.2 58.0 

a BAU capital costs used a single value for the 5th of a kind plant, with contingency factor (1.053) and 
learning adjusting the value as a function of the capacity installed. BAU Fixed O&M cost was entered as 
a single value. 

Fig. C-4-9: Capital Costs for Geothermal Capacity Including Regional Variations 
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The irregular geothermal cost output for the Reference case is not repeated in the BAU, Moderate, and 
Advanced scenarios. This was done by setting the LARGE  and SMALL  parameters of the 
wgeparm  file to zero.  These two parameters control the number of years that a site developer must wait 

between installations at the site. In NEMS this delay is implemented by increasing the capital cost of 
geothermal for LARGE  (or SMALL  if the site is small) years. By setting these parameters to zero, 
the capital cost does not jump up after each site installation as it does in the Reference case. 

The constraints limiting wind in NEMS were altered in all scenarios as shown in Table C-4-13. 

Table C-4-13: Modifications to NEMS Constraints on Wind 

NEMS EMM CEF-NEMS EMM 

Maximum construction of 1GW in a region in a 
single year 

Deleted 

Short-term supply elasticity: 70% increase in 
capital costs for national growth above 14% per 
year 

Reduced to 5% penalty for annual national 
growth between 20 and 30% and 15% penalty 
above 30% growth. 

Intermittency: Max wind generation < 10% 
regional generation 

Replaced by capital cost multiplier below 

Capital cost increased by a factor of 3 for 90% of 
all wind resource due to site access, intermittency, 
& market factors 

Capital cost increased by as much as 60% as 
regional market penetration rises from 10% to 
20% 

The limit of 1 GW of wind development in a single region in a year is duplicated by the later constraints 
related to wind intermittency and therefore, has been removed. 

The capital cost penalty imposed at high annual growth rates has been modified to represent EIA s intent 
of a 1% penalty in capital costs for every 1% in annual growth above 20%, e.g., between 20 and 30% 
annual growth, the average is 25% growth or 5 percentage points above 20%, thus a 5% capital cost 
penalty. Implementation in CEF-NEMS requires that annual growth be roughly translated to orders for 
new wind systems whose construction won t be completed for 3 years.  Table C-4-14 shows these CEF­
NEMS input values. 

Table C-4-14: Short-term Growth Constraint on Wind 
Annual Growth Rate (%) Equivalent 3-yr Order (%)a Capital Cost Penalty (%) 
0 - 20 0 — 35 0 
20 — 30 35 — 65 5 
30 — 40 65 — 95 15 

a Percent of prior year s installed nationwide wind capacity that can be ordered for completion 3 years 
hence. 

Rather than a binary constraint on wind that simply says no more than 10% of the generation in a region 
can come from an intermittent source like wind, we have substituted a cost penalty. The cost penalty 
captures the fact that if wind achieves penetration levels above 10% of the generation in a region, it may 
encounter charges for ancillary services and other backup capacity charges. Such charges are very grid 
and time specific (Wan and Parsons, 1993). As a simplifying surrogate, we assume that a wind system 
may have to purchase a dedicated natural gas turbine. The cost of the turbine is assumed to be 40% of the 
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cost of a wind system per kW. This cost is appended to the cost of the wind system as the wind 
penetration grows from 10% of the generation within a region to 20% as shown below: 

Table C-4-15: Fraction of the Wind Resource at Each Cost Multiplier Level 

Wind Penetration % Cost penalty as a percentage of the wind system cost 
0-10 0 

10-12.5 10 
12.5-15 20 
15-20 40 

Since CEF-NEMS does not have a cost penalty function based on wind penetration, we combined the last 
two constraints in Table C-4-16. To do this we used the form of the last constraint in Table C-4-13 by 
translating the wind penetration fraction into a fraction of the wind resource in the region. The cost 
multiplier in CEF-NEMS can be as high as 60% because we added the 40% intermittency-driven turbine 
cost to the first level of NEMS penalties (20% cost penalty) to capture the access and market issues 
originally intended by the EIA. We did not retain the full 300% penalty of NEMS for such issues as site 
access and market factors as our market investigation did not reveal any evidence of penalties to actual 
wind installations above 20%. If there are market factors that would increase the cost of wind more than 
20% in the future, we assume they are reduced in the moderate and advanced scenario both by the explicit 
policies and the change in public resolve relative to climate change assumed in those scenarios. The 
resulting constraint inputs are as shown in Table C-4-16 below: 

Table C-4-16: Fraction of the Wind Resource at Each Cost Multiplier Level 

Long-term Capital Cost Multipliers 
Region 1 1.2 1.3 1.4 1.6 

1 0.100 0.900 0.000 0.000 0.000 
2 0.150 0.509 0.165 0.165 0.012 
3 0.100 0.594 0.174 0.132 0.000 
4 0.400 0.600 0.000 0.000 0.000 
5 0.003 0.002 0.001 0.001 0.994 
6 0.100 0.807 0.093 0.000 0.000 
7 0.100 0.240 0.085 0.085 0.490 
8 0.100 0.900 0.000 0.000 0.000 
9 0.100 0.900 0.000 0.000 0.000 

10 0.010 0.007 0.004 0.004 0.974 
11 0.023 0.007 0.000 0.005 0.965 
12 0.010 0.012 0.005 0.005 0.967 
13 0.120 0.148 0.067 0.067 0.598 

REFERENCES 
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Appendix D-1: Detailed results
 

This appendix describes the the calculation of energy consumption forecasts and details 
of the results reported in Chapter 4. We rely on a three-step process for creating our 
analysis: first, we assess the potential impact of individual policies on energy demand in 
detailed spreadsheets.  Then we change hurdle rates (implicit discount rates) and other 
parameters inside the buildings sector modules of CEF-NEMS (our version of the 
National Energy Modeling System)1 so that the model mimics the energy savings 
calculated from the spreadsheets when these modules are run in stand-alone mode 
(equipment efficiency standards were implemented directly in the CEF-NEMS modules). 
Finally (for the Advanced Scenario only) we add a carbon permit trading fee of $50/t and 
the CEF-NEMS modules respond to that fee using the modified hurdle rates, reflecting a 
policy and market environment that is working towards substantial carbon reductions. 
This procedure follows that used in the earlier study by Koomey et al. (1998b). 

Appendix D presents the results of the spreadsheet analyses, which contain summaries of 
technology costs, techno-economic potentials, and achievable fractions; and results from 
the CEF-NEMS analyses, which contain energy and carbon emissions estimates from the 
integrated model runs. Because of the integration and price changes in the various 
scenarios, the integrated results may differ somewhat from the spreadsheet results, so use 
care in interpreting them. 

The Spreadsheet Analysis 

The purpose of the spreadsheet analysis is to produce forecasts of energy consumption in 
2010 and 2020 under the moderate and advanced case policy assumptions detailed in 
Appendix B-1 and C-1. The analysis relies for its basic structure on the spreadsheet 
analysis documented in the study Scenarios of U.S. Carbon Reductions: Potential 
Impacts of Energy Technologies by 2010 and Beyond (Interlaboratory Working Group 
1997). We updated the spreadsheets to reflect some of the improvements in the NEMS 
Annual Energy Outlook forecast since that study was published, including detailed 
breakdowns of the residential and commercial miscellaneous end-uses, explicit 
accounting for halogen torchieres in lighting, and extension of the analysis period to 
2020. Inputs to the analysis include base year energy consumption by end use, unit 
energy consumptions, equipment lifetimes and turnover in the building stock in addition 
to the Appendix B-1 and C-1 data. 

1 As in other parts of this report, we use the term “CEF-NEMS” to refer to the NEMS model as modified 
for our policy analyses, and use the term “NEMS” whenever we discuss issues generic to the NEMS model 
in all its incarnations. 
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Our analysis focuses on three years:  2000, 2010, and 2020. We treat 2000 as the base year, 
and 2010 and 2020 as the years for which we assess potential savings. We use the Annual 
Energy Outlook 1999 (AEO 99, US DOE 1998b) as the source for base year energy use by 
fuel and end-use. All energy use is expressed in site energy terms to be consistent with the 
AEO forecast. New and existing buildings are treated separately, where new buildings 
refers to buildings built in 2000 or later (post-1999) and existing buildings refers to 
buildings constructed in 1999 or earlier (pre-2000).2 

We analyze five scenarios: frozen efficiency, business-as-usual, techno-economic 
potential, a moderate policy case and an advanced policy case. An energy consumption 
forecast is calculated for each scenario from the base year energy consumption forecast, 
taking into account replacement of existing stock with new equipment, growth in the 
building stock, and changes in the UEC over time. The difference between the 
calculations for the five scenarios lies in the UEC used for new equipment, as described 
below: 

1)	 Frozen efficiency: This scenario assumes that new equipment sold throughout the 
period will have the same efficiency as new equipment in 2000 (i.e. the frozen 
efficiency UEC). The frozen efficiency UEC is from the CEF-NEMS model. Note 
that stock efficiencies are not frozen: If new units in 2000 are more efficient than the 
average stock in 2000, the stock efficiency will improve over time as old units are 
replaced with more efficient units. Where applicable, we use different frozen 
efficiency UECs for new buildings and existing buildings.3 

2)	 Business-as-Usual (BAU): This scenario reproduces the AEO 99 forecast (US DOE 
1998b). We use UEC forecasts from the CEF-NEMS model to measure the baseline 
progress embodied in the AEO forecast, then calibrate our forecast to exactly match 
the AEO 99 forecast. Where applicable, shell improvements for new buildings from 
the CEF-NEMS model were taken into account and separate BAU UECs were 
calculated for new and existing buildings. 

3)	 Techno-Economic Potential: This scenario assumes that all equipment purchased 
during the analysis period is as efficient as is cost effective. For each end-use we 
estimate the techno-economic potential savings—the percent reduction in frozen 
efficiency unit energy consumption represented by the lowest life cycle cost 
technology. The techno-economic potential is expressed as a percent of frozen 
efficiency UEC purely as a matter of convenience. The alternative, defining techno­

2 The distinction between new and existing buildings matters for several reasons. First, some end uses are 
affected by the building shell, and our model assumes different shell characteristics for new and existing 
buildings. Second, some of the policies analyzed affect only new buildings (e.g. building codes). 

3 The distinction between new and existing buildings matters only for the following products: residential 
heating and cooling, residential water heating, commercial heating and cooling, commercial ventilation, 
commercial lighting, and commercial water heating. 
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economic potential with respect to the business-as-usual case, is more difficult 
because business-as-usual energy consumptions change over time, making accounting 
difficult. Whether techno-economic potential is expressed relative to frozen efficiency 
or BAU is unimportant (we can easily convert from one to the other, and the absolute 
amount of energy use for a scenario in a given year is the same either way); however, 
its use must be consistent with its definition—that is, as we have defined it, the 
techno-economic potential savings must be applied to frozen efficiency UECs or 
frozen efficiency energy, not business-as-usual UECs or energy. Where applicable, 
separate techno-economic potential savings were calculated for new buildings and 
existing buildings. 

4)	 Moderate Policy Case: This scenario assumes a moderate policy effort throughout the 
analysis period. Policy data from Appendix B-1 and Appendix C-1 is used to 
calculate the fraction of the techno-economic potential savings that can be achieved 
(the achievable fraction) by 2010 and 2010 using the policies analyzed. The techno­
economic potential savings is multiplied by the achievable fraction to obtain the 
achievable savings for the moderate case. The moderate policy case UEC is the 
frozen efficiency UEC reduced by the achievable savings (this process is described in 
detail below). Where applicable, separate achievable fractions were calculated for 
new buildings and existing buildings. 

5)	 Advanced Policy Case:  This scenario assumes a more aggressive policy effort than 
the moderate case. Depending on the end-use, the advanced case may include 
additional policies, the time table may be sped up compared to the moderate case, or 
policy penetrations may be increased. This will result in a different achievable 
fraction and achievable savings than obtained in the moderate case. Otherwise, the 
advanced case calculation is identical to the moderate case. The advanced case 
achievable savings for each end use are as high or higher than the moderate case. 

Below we discuss each step of the calculations performed in the spreadsheet analysis to 
estimate energy consumption for the five scenarios described above. For simplicity, we 
discuss the calculations for 2010 (the 2020 calculations are analogous). After each step we 
provide an example (in italics) of the calculation using residential refrigeration as our 
model end-use. 

Base year energy use 

The calculations begin with the 2000 total energy use by end-use. The 1999 Annual 
Energy Outlook is the basis for this base-year breakdown. 

For residential refrigerators, 2000 base year electricity use is 0.37 quads (site). 

Stock accounting 

In any forecast of the future impacts of technologies, some method of accounting for 
changes in the stock of equipment must be adopted. Stock accounting allows calculation 
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of the effect of normal stock turnover on the efficiency of the stock of equipment existing 
in any year. It also accounts for overall growth in the total number of households. We 
divide the stock into three segments: equipment already in place in 2000 still existing in 
2010, equipment in existing homes (built before 2000) that has been replaced with new 
equipment during the analysis period, and new equipment in new homes (built in 2000 or 
later). Each of the three stock segments will have its own UEC, described further below 
under “Unit Energy Consumptions.” Distinguishing new (post-1999) from existing (pre­
2000) homes is a simple way to capture the trend toward building shell improvements 
over time. Shell characteristics affect the performace of some equipment, such as heating 
and cooling equipment. Distinguishing new and existing homes is also valuable because 
it lets us analyze policies targeting only new buildings, such as building codes. 

We use a simple retirement model for equipment purchased during the analysis period. 
The age of equipment at retirement ranges from 2/3 of the average life to 4/3 of the 
average life of the equipment, and retirement age is uniformly distributed over that 
interval. Figure D-1.1 shows the probability of equipment survival as a function of 
equipment age. 
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Figure D-1.1.  New equipment survival as a function of equipment age 
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To model the retirement of the equipment stock existing in 2000, we use the following 
retirement function: 

R(Y ) 0 if −1999 > L= Y max
 

Y −1999
 = 1− if Y −1999 < LminLavg + 0.5 

0.5* (Lmax − (Y −1999))(Lmax − (Y −1999) +1)
= otherwise 

(Lavg + 0.5) * (Lmax − Lmin ) 

where: 
R(Y) = fraction of existing equipment in 2000 that is still alive in year Y; 
Y = year, value between 2000 and 2020 
Lmin = minimum equipment lifetime (assumed to be 2/3 of the average lifetime Lavg); 
Lmax = maximum equipment lifetime (assumed to be 4/3 of the average lifetime Lavg); 
and Lavg = average equipment lifetime. 

Refrigerator lifetimes are about 19 years.4 Using our stock retirement function we find that 
49% of the stock of refrigerators existing in 2000 is still in place in 2010.  These keep the 
same characteristics as the stock in 2000 (no retrofits). Another 47% were replaced in 
existing homes. The remaining 4% of refrigerators existing in 2000 were retired due to 
turnover in the housing stock and replaced by new refrigerators in new homes. AEO 
projects about a 12% growth in households from 2000 to 2010 (US DOE 1998b). 
Expressed as a percent of the stock of refrigerators existing in 2000, the total share of new 
refrigerators in new homes is 16% (=4% + 12%). 

In summary, 49% of the 2000 stock is the same in 2010 as it was in 2000.  Another 47% of 
the 2000 stock were replaced with new units in existing homes. New refrigerators in new 
homes add up to an additional 16% of the 2000 stock. In the frozen efficiency case, 
replacements and new additions are assumed to have the same efficiency as new equipment 
in 2000. The total, 112% (=49% + 47% + 16%) represents the refrigerator stock in 2010 
as a percent of the stock in 2000. 

Exogenous changes in service demand 

Overall growth in service demand is governed by the growth in number of households, but 
for the various end-uses other trends can affect service demand.  These trends, such as fuel 
switching, structural shifts, leveling off of service demand, or rapid growth in a new end-
use, can be captured by the use of another factor, which we call here the exogenous energy 
service growth factor.  It can be equal to, more, or less than 1.0. 

4 Lifetimes are given in Appendix C-1. 
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On a practical level, the exogenous energy service growth factor is calculated in such a way 
that the business-as-usual forecasts calculated in our spreadsheets are equal to the AEO 
reference case forecasts. That is, we make a rough cut at reproducing the AEO 99 forecast 
using the forecast of energy intensities over time from the CEF-NEMS model. We then 
calculate a multiplier which will yield the total AEO 99 energy consumption for each end-
use when applied to our rough estimate. This factor is then included in the BAU 
calculation, the techno-economic potential calculation and the two policy case calculations. 
Thus any factors captured in the AEO forecast that our simplified model overlooks are 
captured here. 

The exogenous growth factor for refrigeration is 0.92 for the 2000-2010 period, implying 
that our independent spreadsheet analysis overestimates refrigeration energy consumption 
slightly compared to the AEO99 forecast. 

Unit Energy Consumptions 

We use five different levels of unit energy consumption to account for the changes in 
end-use energy consumption over the analysis period. 

1)	 Stock UECs for existing devices in 2000. This is the average energy consumption for 
devices in place in 2000. The UEC for stock refrigerators in 2000 is about 944 
kWh/year. 

2)	 Frozen efficiency UEC for new equipment in existing buildings. This is the average 
energy consumption of new devices sold in 2000 and installed in existing buildings. 
We distinguish UECs for new and existing buildings because shell characteristics 
affect the performance of some types of equipment, particularly heating and cooling. 
The UEC for new refrigerators in existing homes is about 647 kWh/year. 

3)	 Frozen efficiency UEC for new equipment in new buildings. This is the average 
energy consumption of new devices sold in 2000 and installed in new buildings. Since 
the building shell does not materially affect refrigerator efficiency, the UEC for new 
refrigerators in new homes is the same as new refrigerators in existing homes: about 
647 kWh/year. 

4)	 Business-as-usual UEC for new equipment in existing buildings. We use the UEC 
forecast from the CEF-NEMS model to measure the baseline progress embodied in 
the AEO forecast. We use this forecast to calculate a UEC for new equipment in 
existing buildings that represents the average UEC for the analysis period assuming 
business-as-usual progress in efficiencies. The expected average UEC for new 
refrigerators in existing homes over the 2000 to 2010 period is about 551 kWh/year. 

5)	 Business-as-usual UEC for new equipment in new buildings. The methodology for new 
homes is analogous to the existing homes methodology. Since the building shell does 
not materially affect refrigerator efficiency, the BAU UEC for new refrigerators in new 
homes is the same as for new refrigerators in existing homes: about 551 kWh/year. 
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Techno-economic Potential 

Techno-economic potential savings represent the maximum cost effective reduction in 
energy intensities for each end use expressed as a percent of energy use. Where 
appropriate, we use different techno-economic potentials for new and existing buildings. 
Techno-economic potential savings for residential non-HVAC and commercial 
technologies (except residential refrigerators5) are from the 5 Lab Study (Interlaboratory 
Working Group 1997) and reflect the minimum life cycle cost technology. Techno­
economic potentials for residential HVAC are detailed in Tables D-1.5 and D-1.6. 
Techno-economic potentials can be interpreted as a reduction in unit energy 
consumption. For the techno-economic potential scenario, where 100% of units sold 
during the analysis period meet this efficiency level, the savings can also be interpreted 
as the reduction in total energy use for units sold after 1999. Techno-economic potential 
savings is expressed as a percent of the frozen efficiency UEC.6 

The techno-economic potential savings for residential refrigerators is 44% of the frozen 
efficiency baseline for both new and existing buildings. 

Achievable Potential Fractions 

The policies described in Appendix B-1 and Appendix C-1 are distilled into a single 
number for each end use and for each policy case: the fraction of the techno-economic 
potential that can be achieved, called the achievable fraction for short. Since each policy 
affected only a fraction of units sold, and savings varied from policy to policy, it was 
necessary to do a complete stock accounting to assess the policy impacts in the analysis 
year. We calculated what percent of stock energy use in 2010 was affected by each 
policy, taking into account equipment retirements using our retirement model. We 
assessed how much savings accrued on each segment of the stock, adjusting savings to 
avoid double-counting where necessary (such as when standards affect the same 
equipment as a whole building policy; see Appendix C-1 for detailed information). From 
these we derived an estimate of the percent reduction in end-use energy in each policy 
case in 2010 and 2020. Whenever there are policies that target only new or only existing 
buildings, we calculate separate achievable savings for each market segment. 

5 The techno-economic potential for residential refrigerators in the 5 Lab study (Interlaboratory Working 
Group 1997) was determined to be too low in light of the upcoming 2001 standard, which will accelerate 
efficiency improvements, and (we expect) lower the costs of some efficiency measures. Since refrigerators 
are currently available on the market that consume only one kWh per day, we based our techno-economic 
potential calculation on this UEC. 

6 Note that the techno-economic potential savings described here is an input to the analysis and represents 
percent savings compared a typical year 2000 new unit. It should not be taken to represent aggregate 
savings compared to the AEO 99 reference case forecast. 
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We now have achievale potential savings expressed as a percent of end-use energy in 
2010 and 2020, and techno-economic potential expressed as a percent of year 2000 new 
equipment unit energy consumption. We therefore use the same stock accounting model 
with the techno-economic potential saving to calculate techno-economic potential savings 
as a percent of total end-use energy. Once we have achievable and techno-economic 
potential savings expressed relative to a common metric, we can calculate the achievable 
fraction. 

The achievable fraction for residential refrigerators is 62% of the technoeconomic 
potential savings for both new and existing buildings in the advanced case. 

Calculating Energy Use 

The inputs described above are used to calculate energy consumption for each of our five 
scenarios: frozen efficiency, business-as-usual, techno-economic potential, our moderate 
policy case and our advanced policy case. We describe below the general methodology 
and provide the specific equations for our calculations. Because the calculations for the 
moderate and advanced policy case differ only in which achievable fraction is used, we 
will condense the two scenarios into a single policy case. 

Each scenario uses the same basic technique: we begin with year 2000 energy use and 
use our stock accounting (described above) to parse it into three segments: the energy use 
that will be the same in 2010 (because the equipment has not been replaced), energy use 
that is changing because equipment is replaced, and energy growth attributable to new 
construction. We make further adjustments to the energy use for each segment according 
to our assumptions about the UEC for that segment. Since in the first segment equipment 
is not replaced, energy use is the same in all scenarios and equal to stock UEC in 2000. 
For the other segments we scale the energy consumption according to the ratio of new 
unit energy consumption to stock 2000 energy consumption. For example, if we assume 
that new units installed in existing buildings in the analysis period use ¾ as much energy 
as stock units in 2000, we would multiply year 2000 energy use for that segment by ¾ to 
get the year 2010 equivalent. Once the stock turnover and UEC adjustments are made, we 
apply the exogenous energy service growth factor described above. 

For brevity and ease of exposition, we will use the following notation: 

 = Energy Use in 2000 (quadrillion Btu) E2000 

SE	  = Percent of surviving year 2000 stock (%) 

 = Percent of year 2000 stock that has been replaced in existing homes (%) SR 

S N =  Stock factor representing equipment in homes built after 2000, expressed as a 

percent of year 2000 stock (%) 
ρ  = Exogenous energy service growth factor 

UECS = UEC of existing stock in 2000 (kWh/yr or MBtu/yr) 

UECE
F  = Frozen efficiency UEC for existing buildings (kWh/yr or MBtu/yr) 

Appendix D-1        D-1.8	 Buildings 



 

   

  

   

  

 

 

 

  

 

 

UECN
F  = Frozen efficiency UEC for new buildings (kWh/yr or MBtu/yr) 

UECE
B  = Business-as-usual efficiency UEC for existing buildings (kWh/yr or 

MBtu/yr) 
UECN

B  = Business-as-usual efficiency UEC for new buildings (kWh/yr or MBtu/yr) 

 = Technoeconomic potential savings for equipment in existing homes (%) TE

TN  = Technoeconomic potential savings for equipment in new homes (%) 

AE  = Achievable fraction for existing buildings in the policy case (%) 

AN  = Achievable fraction for new buildings in the policy case (%) 

These parameters are all described in greater detail above. These inputs are used to 
calculate energy use in 2010 in the various scenarios: 

E2010 
F  = Energy Use in 2010 in the frozen efficiency case (quads) 

E2010 
B  = Energy Use in 2010 in the business-as-usual case (quads) 

E2010 
T  = Energy Use in 2010 in the techno-economic potential case (quads) 

E2010 
P  = Energy Use in 2010 in the policy case (quads) 

Frozen Efficiency Energy Use 

The formula for frozen efficiency energy use in 2010 is: 

F UECE
F UECN

F 

E = ρ * E *(S + S * + S * )2010 2000 E R NUECS UECS 

The stock factors, SE, SR and SN account for stock replacement and new construction, while 
the UEC ratios scale energy use up or down to account for the difference between new 
equipment efficiency and existing equipment efficiency. These factors are used to weight 
base year energy consumption (E2000) to approximate year 2010 energy use. Finally we 
apply our other energy service growth factor to account for factors captured in the AEO 99 
model that our simpler model does not address directly. 

For refrigerators, this formula yields 

647 647
E F 

2010 = 0.92* 0.37 quads* (0.49 + 0.47* + 0.16 * ) = 0.31 quads
944 944 

Business-as-Usual Energy Use 

The formula for business-as-usual energy use in 2010 is very similar to the frozen 
efficiency calculation except for the numerators in the UEC ratios—instead of year 2000 
new unit efficiencies we use the forecast of future UECs from the CEF-NEMS model. 
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B UECE
B UECN

B 

E = ρ * E * (S + S * + S * )2010 2000 E R NUECS UECS 

For refrigerators, this formula yields 

551 551
E B = 0.92* 0.37 quads* (0.49 + 0.47* + 0.16 * ) = 0.29 quads2010 944 944 

Techno-Economic Potential Energy Use 

The calculation for techno-economic potential energy use in 2010 is again similar to the 
frozen efficiency calculation. In this case, we use the techno-economic potential savings to 
scale back the frozen efficiency UECs. 

T UECE
F UECN

F 

E = ρ * E *(S + S * (1− T ) + S * * (1− T ))2010 2000 E R E N NUECS UECS 

For refrigerators, this formula yields 

647 647
E T 

2010 = 0.92* 0.37 quads* (0.49 + 0.47* (1 − 0.44) + 0.16 * (1 − 0.44)) = 0.25 quads
944 944 

The technoeconomic potential savings is therefore 0.31 – 0.25 = 0.06 quads relative to the 
frozen efficiency case and 0.29 – 0.25 = 0.04 quads relative to the Business-as-Usual case. 

Policy Case Energy Use 

The formula for energy use in 2010 for the policy case parallels the techno-economic 
savings calculation, except that the achievable fraction is applied to the techno-economic 
potential savings. 

P UECE
F UECN

F 

E = ρ * E *(S + S * (1− T * A ) + S * * (1− T * A ))2010 2000 E R E E N N NUECS UECS 

This formula can be used to calculate energy use in the moderate or advanced policy case, 
depending on which achievable fractions are used. For the refrigerator example below, we 
use the achievable potential for the advanced policy case to obtain 2010 energy use in the 
advanced policy case. 

For residential refrigerators in the advanced case, this formula yields 
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647 647
E P 

2010 = 0.92* 0.37 quads* (0.49 + 0.47* (1 − 0.44* 0.62) + 0.16 * (1 − 0.44* 0.62))
944 944 

E P 
2010 = 0.27 quads 

The achievable potential savings is therefore 0.31 – 0.27 = 0.04 quads relative to the 
frozen efficiency case and 0.29 – 0.27 = 0.02 quads relative to the Business-as-Usual case. 

Results of the spreadsheet analyses 

Tables D-1.1 and D-1.2 (mod and adv) present the percent reduction in total energy 
consumption (compared to the AEO 99 forecast) for the techno-economic potential 
scenario, the share of the techno-economic reduction that can be achieved in our policy 
cases, and technology costs by fuel and end-use.  These numbers were calculated from 
our energy consumption forecasts, and should not be equated with the techno-economic 
potential savings and achievable fractions (described above) used as inputs to the 
analysis. Those inputs were calculated relative to the frozen efficiency baseline, while the 
results in Tables D-1.1 and D-1.2 represent savings relative to the business-as-usual 
forecast. 

The share of total U.S. residential energy savings by end-use and type of policy is shown 
in Table D-1.3 (mod and adv). Commercial building energy savings is in Table D-1.4 
(mod and adv). 

Details of how the techno-economic potential energy savings were estimated for each of 
the residential HVAC end-uses are provided separately for existing (pre-2000) homes 
(Table D-1.5) and new (post-1999) homes (Table D-1.6). Note that the techno-economic 
potential savings for existing homes does not evaluate any savings due to building shell 
retrofits. Building shell retrofits were not included in this analysis. Residential non-
HVAC and Commercial techno-economic potentials were taken from the 5 Lab Study 
(Interlaboratory Working Group 1997). 

Modeling the Scenarios in CEF-NEMS 

To match the CEF-NEMS projection in our scenarios to our detailed spreadsheet 
forecasts of energy savings by end-use and technology, we changed hurdle rates, 
technology costs, and growth trends for each end-use.  We directly input the equipment 
efficiency standards to the CEF-NEMS buildings sector modules.  These changes reflect 
the effect of a variety of non-energy-price policies that eliminate many of the barriers to 
investing in cost-effective efficiency technologies. 

We match the CEF-NEMS run for each building sector module run in “stand-alone” 
mode against the spreadsheet results.  The fuel price interactions in the integrated runs 
would make it difficult to exactly match against the spreadsheets.  Running the CEF­
NEMS modules in stand-alone mode eliminates this complexity.  Appendix A-1 contains 
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information on how we modified the CEF-NEMS input files and code to reproduce the 
energy savings from the spreadsheets. 

On the demand side, NEMS interprets a series of “hurdle rates” (sometimes referred to as 
“implicit discount rates”) as a proxy for all the various reasons why people don't purchase 
apparently cost-effective efficiency technologies in the building sector. They include 
constraints for both the consumer (purchasing) and for the supplier (product 
manufacturing and distribution). Among the constraints are transaction costs, 
manufacturer aversion to innovation, information-gathering costs, hassle costs, 
misinformation, and information processing costs. The hurdle rates embody the 
consumers’ time value of money, plus all of the other factors that prevent the purchase of 
the more efficient technologies. 

In the residential and commercial sectors, for example, the financial component of the 
reference case hurdle rate is about 15 percent (in real terms) with the other institutional 
and market factors pushing such rates to well above 100 percent for some end-uses. In 
our scenarios, we reduce the hurdle rates as appropriate for many end-uses to reflect the 
policies described above.  When we reduce the hurdle rates in the CEF-NEMS model, we 
are increasing the responsiveness of the model to changes in energy prices.  This change 
accurately (though indirectly) reflects a world in which aggressive programs and policies 
remove barriers to adoption of energy-efficient technologies. 

In the advanced scenario, the $50/t carbon permit trading fee is modeled directly in the 
CEF-NEMS model, and the building sector modules respond using the revised hurdle 
rates that we input to those modules. The $50/t fee corresponds to about a 10% increase 
in base year electricity prices, and a 15% increase in natural gas prices, not accounting 
for price effects from fuel switching caused by the fee. 

Summary of CEF-NEMS Outputs 

Tables D-1.7 through D-1.18 contain the summary energy and carbon results for the 
residential and commercial sectors from our integrated CEF-NEMS runs.  These results 
are reported in Chapter 4. 
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Index to the Tables in Appendix D-1 

Table 
Number Title of Table 

D-1.1mod Summary of residential buildings sector program effectiveness and costs, by end-use, moderate case 
D-1.1adv Summary of residential buildings sector program effectiveness and costs, by end-use, advanced case 
D-1.2mod Summary of commercial buildings sector program effectiveness and costs, by end-use, moderate case 
D-1.2adv Summary of commercial buildings sector program effectiveness and costs, by end-use, advanced case 
D-1.3mod Shares of U.S. residential sector energy saving by end-use and policy type, moderate case 
D-1.3adv Shares of U.S. residential sector energy saving by end-use and policy type, advanced case 
D-1.4mod Shares of U.S. commercial sector energy saving by end-use and policy type, moderate case 
D-1.4adv Shares of U.S. commercial sector energy saving by end-use and policy type, advanced case 
D-1.5 Techno-Economic Potential Energy Savings for Existing Residential Building HVAC End-Uses 
D-1.6 Techno-Economic Potential Energy Savings for New Residential Buildings 
D-1.7 CEF-NEMS primary energy results: Residential sector forecast summary, CEF-NEMS Business-as-usual 2010 
D-1.8 CEF-NEMS primary energy results: Commercial sector forecast summary, CEF-NEMS Business-as-usual 2010 
D-1.9 CEF-NEMS carbon emissions results: Residential sector forecast summary, CEF-NEMS Business-as-usual 2020 
D-1.10 CEF-NEMS carbon emissions results: Commercial sector forecast summary, CEF-NEMS Business-as-usual 2020 
D-1.11 CEF-NEMS primary energy results: Residential sector forecast summary, CEF-NEMS Moderate scenario 2010 
D-1.12 CEF-NEMS primary energy results: Commercial sector forecast summary, CEF-NEMS Moderate scenario 2010 
D-1.13 CEF-NEMS carbon emissions results: Residential sector forecast summary, CEF-NEMS Moderate scenario 2020 
D-1.14 CEF-NEMS carbon emissions results: Commercial sector forecast summary, CEF-NEMS Moderate scenario 2020 
D-1.15 CEF-NEMS primary energy results: Residential sector forecast summary, CEF-NEMS Advanced scenario 2010 
D-1.16 CEF-NEMS primary energy results: Commercial sector forecast summary, CEF-NEMS Advanced scenario 2010 
D-1.17 CEF-NEMS carbon emissions results: Residential sector forecast summary, CEF-NEMS Advanced scenario 2020 
D-1.18 CEF-NEMS carbon emissions results: Commercial sector forecast summary, CEF-NEMS Advanced scenario 2020 
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Introduction to Technoeconomic and Achievable Potential Tables 
(Table D-1.1mod, D-1.1adv, D-1.2mod, D-1.2adv) 

Tables D-1.1 and D-1.2 (mod and adv) present technoeconomic, achievable potential savings and 
technology costs for the end-uses analyzed. Please refer to the introduction to Appendix D-1 for a 
detailed explanation of the techno-economic potential case and the achievable potential case and 
how they are calculated. 

Description of Results 
Here we present aggregate technoeconomic potential energy reduction for each end-use, relative 
to business-as-usual energy consumption. This is calculated from the outputs of the spreadsheet 
analysis, and should not be confused with the technoeconomic potential savings (percent of UEC) 
that is relative to the frozen efficiency baseline and is used as an input to the analysis.1 

The achievable potential presented here corresponds to the technoeconomic potential presented in 
the table. We calculate aggregate energy savings over BAU represented by our policy case 
forecast. The savings is then represented as a percent of the techno-economic energy reduction 
described above. 

Depending on our policy pathways, the shape of the AEO 99 forecast, and the degree to which 
our policies kept pace with business-as-usual progress, in some cases we achieved zero savings 
relative to business-as-usual. These are reported as N/A. In many cases, we simply had no 
policies that applied to a particular end-use. In some cases we have savings in 2010 but not in 
2020, or vice versa. 

1 As described in the introduction to Appendix D-1, the techno-economic potential savings is developed 
using the frozen efficiency unit energy consumption as a reference point. This is for computational 
convenience, since the frozen efficiency UEC remains constant over time, unlike the business-as-usual 
UEC. Although this definition of savings is convenient an appropriate as an input to the analysis, it should 
not be taken as a representation of actual savings since it fails to account for business-as-usual efficiency 
improvements and exogenous changes in energy demand. The accurate representation of  total savings is 
the difference between business-as-usual aggregate energy consumption and techno-economic potential 
energy consumption. 
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Table D-1.1mod. Summary of residential buildings sector program effectiveness and costs, by end-use, residential moderate case 

Fuel End-use 2010 2020 
business as usual case 

Technoeconomic potential 

% savings relative to 

2010 2020 
potential that is achieved 

Achievable potential 

% of technoeconomic 

2010 2020 

Technology cost1,2,3,4 

1997$/MBtu 

Electricity Space heating 8% 17% 3% 9% 12.37 9.60 
Space cooling 18% 27% 41% 53% 14.58 14.28 
Water heating 27% 30% 36% 68% 5.56 4.62 
Refrigeration 15% 31% 39% 49% 10.46 10.64 
Cooking 12% 11% N/A N/A N/A N/A 
Clothes Dryers 22% 20% N/A N/A N/A N/A 
Freezers 
Lighting

11% 21% 30% 35% 17.28 17.28 

torchieres 
77% 77% 48% 58% 17.67 16.92

 other 
43% 50% 15% 38% 3.02 2.79 

Clothes Washers 36% 50% 43% 91% 7.78 5.46 
Dishwashers 0% 0% N/A N/A N/A N/A 
Color Televisions 21% 25% 32% 49% 2.07 2.07 
Personal Computers 0% 0% N/A N/A N/A N/A 
Furnace Fans 
Other Uses

44% 75% N/A 1% N/A N/A 

coils 
22% 26% 35% 42% N/A N/A

 motors 
46% 55% 20% 28% 5.33 5.82

 electronics 
54% 64% 41% 66% 3.35 3.19 

Total electric 28% 37% 28% 45% 6.00 5.47 

Natural gas Space heating 5% 12% N/A 5% N/A 3.17 
Space cooling 0% 0% N/A N/A N/A N/A 
Water heating (5) 13% 17% 39% 53% 1.87 1.84 
Cooking (5) (5) 10% N/A N/A N/A N/A 
Clothes dryers (5) (5) (5) N/A N/A N/A N/A 
Other Uses 9% 10% N/A N/A N/A N/A 
Total gas 5% 12% 21% 22% 2.11 2.27 
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Table D-1.1mod (continued). Summary of residential buildings sector program effectiveness and costs, by end-use, residential moderate case 

Fuel End-use 2010 2020 
business as usual case 

Technoeconomic potential 

% savings relative to 

2010 2020 
potential that is achieved 

Achievable potential 

% of technoeconomic 

2010 2020 
1997$/MBtu 

Technology cost1,2,3,4 

Distillate oil Space heating 4% 11% N/A N/A N/A N/A 
Water heating 15% 20% 28% 49% 1.87 1.84 
Other Uses 0% 0% N/A N/A N/A N/A 
Total oil 6% 13% N/A N/A N/A N/A 

LPG Space heating 2% 10% N/A N/A N/A N/A 
Water heating 14% 15% N/A N/A N/A N/A 
Cooking 19% 31% N/A N/A N/A N/A 
Other Uses 9% 10% N/A N/A N/A N/A 
Total LPG 6% 13% N/A N/A N/A N/A 

Renewables Wood 0% 0% N/A N/A N/A N/A 

Other fuels Coal + kerosene 0% 0% N/A N/A N/A N/A 

Totals 14% 21% 24% 36% 5.23 4.89 
Notes to table D.1.1mod 
(1) Technology cost is the incremental cost of efficiency measures, expressed as a cost of conserved energy (CCE). It does not include program 
implementation costs. 
(2) CCEs for electricity expressed in terms of site energy at 3412 Btus/kWh 
(3) CCEs calculated using a real discount rate of 7% and lifetimes as shown in Appendix C-1. 
(4) CCEs for individual policies were weighted by the savings attributable to each policy to obtain average CCE's for each end-use. Subtotals 
for each fuel type are similarly weighted by the mix of savings attributable to each end-use. 
(5) Technoeconomic potential for water heating, cooking and clothes dryers includes the effect of fuel switching. Programs that promote changing 
from electric to gas appliances reduce electricity use but increase natural gas use. It is therefore possible to have negative technoeconomic 
potentials for gas appliances. This is the case for gas clothes dryers in 2010 and 2020 and gas cooking in 2010. Technoeconomic potential savings 
would actually increase gas cooking energy use by 5% in 2010 and more than double gas clothes drying energy. Of course, these increases are 
more than offset by the decrease in electricity use for these end uses. We did not present these numbers in the table to avoid confusion. Water 
heating and cooking in 2020 show a positive technoeconomic potential because savings from other (non-fuel switching) policies more than offset 
the increase in energy use due to fuel switching. The achievable case includes no fuel switching in the moderate case. 
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Table D-1.1adv. Summary of residential buildings sector program effectiveness and costs, by end-use, residential advanced case 

Fuel End-use 2010 2020 

Techno-economic potential 

business as usual case 
% savings relative to 

2010 2020 
potential that is achieved 

Achievable potential 

% of techno-economic 

2010 2020 

Technology cost1,2,3,4 

1997$/MBtu 

Electricity Space heating 8% 17% 20% 34% 12.37 8.09 
Space cooling 18% 27% 60% 70% 14.96 12.43 
Water heating 27% 30% 42% 91% 0.09 0.16 
Refrigeration 15% 31% 42% 65% 10.46 10.64 
Cooking 12% 11% 8% 20% N/A N/A 
Clothes Dryers 22% 20% 9% 22% N/A N/A 
Freezers 
Lighting

11% 21% 33% 57% 17.28 17.28 

torchieres 
77% 77% 53% 71% 17.67 16.92

 other 
43% 50% 27% 74% 3.02 2.79 

Clothes Washers 36% 50% 67% 98% 7.78 5.46 
Dishwashers 0% 0% N/A N/A N/A N/A 
Color Televisions 21% 25% 34% 72% 2.07 2.07 
Personal Computers 0% 0% N/A N/A N/A N/A 
Furnace Fans 
Other Uses

44% 75% N/A 1% N/A N/A 

coils 
22% 26% 35% 42% N/A N/A

 motors 
46% 55% 20% 31% 5.33 5.82

 electronics 
54% 64% 43% 98% 3.35 3.19 

Total electric 28% 37% 34% 65% 5.43 4.31 

Natural gas Space heating 5% 12% 14% 31% 4.25 2.85 
Space cooling 0% 0% N/A N/A N/A N/A 
Water heating (5) 13% 17% 39% 50% 1.87 1.84 
Cooking (5) (5) 10% (5) (5) N/A N/A 
Clothes dryers (5) (5) (5) (5) (5) N/A N/A 
Other Uses 9% 10% N/A N/A N/A N/A 
Total gas 5% 12% 28% 36% 2.48 1.95 
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Table D-1.1adv (continued). Summary of residential buildings sector program effectiveness and costs, by end-use, residential advanced case 

Fuel End-use 2010 2020 

Techno-economic potential 

% savings relative to 
business as usual case 

2010 2020 

Achievable potential 

% of techno-economic 
potential that is achieved 

2010 2020 

Technology cost1,2,3,4 

1997$/MBtu 

Distillate oil Space heating 4% 11% N/A 8% N/A 1.91 
Water heating 15% 20% 31% 50% 1.87 1.84 
Other Uses 0% 0% N/A N/A N/A N/A 
Total oil 6% 13% N/A 18% N/A 1.88 

LPG Space heating 2% 10% N/A 10% N/A 3.17 
Water heating 14% 15% N/A N/A N/A N/A 
Cooking 19% 31% N/A N/A N/A N/A 
Other Uses 9% 10% N/A N/A N/A N/A 
Total LPG 6% 13% N/A N/A N/A N/A 

Renewables Wood 0% 0% N/A N/A N/A N/A 

Other fuels Coal + kerosene 0% 0% N/A N/A N/A N/A 

Totals 14% 21% 31% 55% 5.13 4.00 
Notes to table D.1.1adv 
(1) Technology cost is the incremental cost of efficiency measures, expressed as a cost of conserved energy (CCE). It does not 
include program implementation costs. 
(2) CCEs for electricity expressed in terms of site energy at 3412 Btus/kWh 
(3) CCEs calculated using a real discount rate of 7% and lifetimes as shown in Appendix C-1. 
(4) CCEs for individual policies were weighted by the savings attributable to each policy to obtain average CCE's for each 
end-use. Subtotals for each fuel type are similarly weighted by the mix of savings attributable to each end-use. 
(5) Techno-economic potential for water heating, cooking and clothes dryers includes the effect of fuel switching. Programs that 
promote changing from electric to gas appliances reduce electricity use but increase natural gas use. It is therefore possible to 
have negative techno-economic potentials for gas appliances. This is the case for gas clothes dryers in 2010 and 2020 and gas 
cooking in 2010. Techno-economic and achievable potentials are shown below for these products. Fuel switching increases gas 
cooking energy use by 5% in 2010 (negative savings should be interpreted as an increase in energy use). In our policy case, we 
implement some fuel switching for cooking, resulting in electricity savings but increased gas use equal to 42% of the technical 
potential, i.e. a 2.1% (=42% x -5%) increase in gas cooking energy use. By 2020, the fuel switching effect is more than offset 
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Notes to table D.1.1adv (continued) 
by other technological changes for a net savings of 10%. However, in our policy case, all the cooking savings come from fuel 
switching, so gas cooking energy increases in the policy case even though it decreases in the techno-economic potential case. 
2020 cooking energy increases by 3.8% in our policy case; expressed as a percent of techno-economic potential gives the 
-38% value shown in the table. Gas clothes dryer energy more than doubles due to fuel switching (-105% savings is equivalent 
to a 105% increase in energy use). Fuel switching assumptions in the policy case result in a 10% increase (= -105% x 9%) in 
gas clothes dryer energy in 2010 and a 23% increase (= -105% x 22%) in 2020. 

Techno-economic potential Achievable potential 

% savings relative to % of techno-economic 

business as usual case potential that is achieved 

2010 2020 2010 2020 

Cooking (5) -5% 10% 42% -38% 

Clothes dryers (5) -105% -105% 9% 22% 

We did not present these numbers in the main table to avoid confusion. 
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Table D-1.2mod. Summary of commercial buildings sector program effectiveness and costs, by end-use, commercial moderate case 

Fuel End-use 2010 2020 

Techno-economic potential 

% savings relative to 
business as usual case 

2010 2020 

Achievable potential 

% of techno-economic 
potential that is achieved 

2010 2020 

Technology cost1,2,3,4 

1997$/MBtu 

Electricity Space heating 20% 39% 3% N/A 1.32 N/A 
Space cooling 29% 48% 23% 36% 6.04 6.32 
Water heating 16% 11% 5% N/A 3.00 N/A 
Ventilation 26% 45% 19% 42% 1.32 1.24 
Cooking 0% 0% N/A N/A N/A N/A 
Lighting 20% 25% 36% 54% 12.74 13.47 
Refrigeration 22% 38% 14% 31% 3.03 3.03 
Office equip.-PCs 0% 0% N/A N/A N/A N/A 
Office equip.-non-PCs 
Other Uses

0% 0% N/A N/A N/A N/A 

Miscellaneous 

50% 58% 55% 75% 5.25 5.59

 District Services 
29% 46% 19% 18% 1.32 1.23

 Adjust to SEDS 
0% 0% N/A N/A N/A N/A 

Total electric 19% 26% 37% 54% 7.45 7.53 

Natural gas Space heating 27% 47% 18% 21% 1.33 1.24 
Space cooling 38% 38% 16% N/A 3.18 N/A 
Water heating 13% 15% 55% 69% 2.16 2.01 
Cooking 
Other Uses

0% 0% N/A N/A N/A N/A 

Misc. 

12% 13% N/A N/A N/A N/A

 District Services 
28% 46% 14% 19% 1.32 1.23

 Cogen 
0% 0% N/A N/A N/A N/A

 Adjust to SEDS 
0% 0% N/A N/A N/A N/A 

Total gas 16% 26% 22% 25% 1.60 1.43 
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Table D-1.2mod (continued). Summary of commercial buildings sector program effectiveness and costs, by end-use, commercial moderate case 

Fuel End-use 2010 2020 
business as usual case 

Techno-economic potential 

% savings relative to 

2010 2020 
potential that is achieved 

Achievable potential 

% of techno-economic 

2010 2020 

Technology cost1,2,3,4 

1997$/MBtu 

Distillate oil Space heating 14% 22% N/A N/A N/A N/A 
Water heating 
Other Uses

0% 0% N/A N/A N/A N/A 

Misc. 

16% 13% N/A N/A N/A N/A

 District Services 
28% 45% 16% 15% 1.32 1.23

 Adjust to SEDS 
0% 0% N/A N/A N/A N/A 

Total oil 16% 26% N/A N/A N/A N/A 

Renewables Biomass 0% 0% N/A N/A N/A N/A 

Other fuels Coal + kerosene 0% 0% N/A N/A N/A N/A 

Totals 17% 25% 27% 37% 6.1 6.2 
Notes to Table D-1.2mod 
(1) Technology cost is the incremental cost of efficiency measures, expressed as a cost of conserved energy (CCE) calculated using a real 
discount rate of 7%. It does not include program implementation costs. 
(2) CCEs for electricity expressed in terms of site energy at 3412 Btus/kWh 
(3) See Appendix C-1 for detailed CCEs by technology 
(4) CCEs for individual policies were weighted by the savings attributable to each policy to obtain average CCE's for each 
end-use. Subtotals for each fuel type are similarly weighted by the mix of savings attributable to each end-use. 
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COM 
Advanced 

Table D-1.2adv. Summary of commercial buildings sector program effectiveness and costs, by end-use, commercial advanced case 

Fuel End-use 2010 2020 
business as usual case 

Techno-economic potential 

% savings relative to 

2010 2020 

% of techno-economic 
potential that is achieved 

Achievable potential 

2010 2020 

Technology cost1,2,3 

1997$/MBtu 

Electricity Space heating 20% 39% 9% 3% 1.27 1.11 
Space cooling 29% 48% 29% 49% 5.63 6.62 
Water heating 16% 11% 18% N/A 2.72 N/A 
Ventilation 26% 45% 30% 64% 1.26 1.12 
Cooking 0% 0% N/A N/A N/A N/A 
Lighting 20% 25% 43% 64% 11.71 12.11 
Refrigeration 22% 38% 14% 31% 3.03 3.03 
Office equip.-PCs 0% 0% N/A N/A N/A N/A 
Office equip.-non-PCs 
Other Uses

0% 0% N/A N/A N/A N/A 

Miscellaneous 

50% 58% 58% 79% 5.28 5.63

 District Services 
29% 46% 25% 27% 1.23 1.10

 Adjust to SEDS 
0% 0% N/A N/A N/A N/A 

Total electric 19% 26% 42% 62% 7.14 7.13 

Natural gas Space heating 27% 47% 23% 35% 1.31 1.53 
Space cooling 38% 38% 21% N/A 3.74 N/A 
Water heating 13% 15% 69% 87% 2.12 1.83 
Cooking 
Other Uses

0% 0% N/A N/A N/A N/A 

Misc. 

12% 13% N/A N/A N/A N/A

 District Services 
28% 46% 22% 34% 1.29 1.55

 Cogen 
0% 0% N/A N/A N/A N/A

 Adjust to SEDS 
0% 0% N/A N/A N/A N/A 

Total gas 16% 26% 29% 40% 1.59 1.57 
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COM 
Advanced 

Table D-1.2adv (continued). Summary of commercial buildings sector program effectiveness and costs, by end-use, commercial advanced case 

Fuel End-use 2010 2020 

Techno-economic potential 

business as usual case 
% savings relative to 

2010 2020 

Achievable potential 

potential that is achieved 
% of techno-economic 

2010 2020 

Technology cost1,2,3 

1997$/MBtu 

Distillate oil Space heating 14% 22% N/A N/A N/A N/A 
Water heating 
Other Uses

0% 0% N/A N/A N/A N/A 

Misc. 

16% 13% N/A N/A N/A N/A

 District Services 
28% 45% 22% 24% 1.29 1.55

 Adjust to SEDS 
0% 0% N/A N/A N/A N/A 

Total oil 16% 26% N/A N/A N/A N/A 

Renewables Biomass 0% 0% N/A N/A N/A N/A 

Other fuels Coal + kerosene 0% 0% N/A N/A N/A N/A 

Totals 17% 25% 33% 48% 5.4 5.3 
Notes to Table D-1.2adv 
(1) Technology cost is the incremental cost of efficiency measures, expressed as a cost of conserved energy (CCE) calculated using a real 
discount rate of 7%. It does not include program implementation costs. 
(2) CCEs for electricity expressed in terms of site energy at 3412 Btus/kWh 
(3) See Appendix C-1 for detailed CCEs by technology 
(4) CCEs for individual policies were weighted by the savings attributable to each policy to obtain average CCE's for each 
end-use. Subtotals for each fuel type are similarly weighted by the mix of savings attributable to each end-use. 
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Table D-1.3mod. Shares of U.S. residential sector energy saving by end-use and policy type 
under moderate implementation of efficiency resources 

Equip Building Voluntary Utility Tax R&D 
Standards Codes Programs Programs Credits Programs 

2010 2010 2010 2010 2010 2010 
Electricity Space heating

 New Buildings 20% 22% 36% 0% 13% 10%
 Existing Buildings 67% 0% 13% 0% 20% 0%
 Total 40% 12% 26% 0% 16% 5% 

Space cooling
 New Buildings 66% 9% 17% 0% 5% 4%
 Existing Buildings 77% 0% 12% 0% 10% 0%
 Total 74% 2% 13% 0% 9% 1% 

Water heating
 New Buildings 67% 0% 16% 3% 5% 9%
 Existing Buildings 69% 0% 14% 3% 3% 10%
 Total 69% 0% 14% 3% 3% 10% 

Refrigeration 91% 0% 4% 4% 0% 0% 
Cooking N/A N/A N/A N/A N/A N/A 
Clothes Dryers N/A N/A N/A N/A N/A N/A 
Freezers 100% 0% 0% 0% 0% 0% 
Lighting

 torchieres 0% 0% 25% 0% 0% 75%
 other 0% 0% 98% 0% 0% 2% 

Clothes Washers 84% 0% 16% 0% 0% 0% 
Dishwashers N/A N/A N/A N/A N/A N/A 
Color Televisions 0% 0% 100% 0% 0% 0% 
Personal Computers N/A N/A N/A N/A N/A N/A 
Furnace Fans N/A N/A N/A N/A N/A N/A 
Other Uses

 coils N/A N/A N/A N/A N/A N/A
 motors 0% 0% 63% 0% 0% 37%
 electronics 0% 0% 100% 0% 0% 0% 

Total electric 46% 1% 47% 1% 2% 3% 

Natural gas Space heating
 New Buildings 0% 25% 49% 0% 12% 15%
 Existing Buildings 0% 0% 100% 0% 0% 0%
 Total 0% 16% 67% 0% 8% 9% 

Space cooling N/A N/A N/A N/A N/A N/A 
Water heating

 New Buildings 96% 0% 2% 0% 2% 0%
 Existing Buildings 97% 0% 1% 0% 2% 0%
 Total 97% 0% 1% 0% 2% 0% 

Cooking N/A N/A N/A N/A N/A N/A 
Clothes Dryers N/A N/A N/A N/A N/A N/A 
Other Uses N/A N/A N/A N/A N/A N/A 
Total gas 71% 4% 19% 0% 4% 2% 

(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.3mod �continued�. Shares of U.S. residential sector energy saving by end-use 
and policy type under moderate implementation of efficiency resources 

Equip 
Standards 

2010 

Building 
Codes 
2010 

Voluntary 
Programs 

2010 

Utility 
Programs 

2010 

Tax 
Credits 
2010 

R&D 
Programs 

2010 
Distillate oil 

LPG 

Renewables 

Other fuels 

Totals 

Space heating
 New Buildings 
Existing Buildings 
Total 

Water heating 
Other Uses 
Total oil 

Space heating
 New Buildings 
Existing Buildings 
Total 

Water heating 
Cooking 
Other Uses 
Total LPG 

Wood 

Coal + kerosene 

0% 
0% 
0% 
97% 
N/A 
48% 

0% 
0% 
0% 
N/A 
N/A 
N/A 
0% 

N/A 

N/A 

53% 

21% 
0% 

15% 
0% 
N/A 
7% 

25% 
0% 

16% 
N/A 
N/A 
N/A 
16% 

N/A 

N/A 

2% 

51% 
100% 
65% 
1% 
N/A 
33% 

49% 
100% 
66% 
N/A 
N/A 
N/A 
66% 

N/A 

N/A 

38% 

0% 
0% 
0% 
0% 
N/A 
0% 

0% 
0% 
0% 
N/A 
N/A 
N/A 
0% 

N/A 

N/A 

1% 

16% 
0% 

11% 
2% 
N/A 
7% 

12% 
0% 
8% 
N/A 
N/A 
N/A 
8% 

N/A 

N/A 

3% 

13%
0%
9% 
0% 
N/A 
5% 

15%
0%

10% 
N/A 
N/A 
N/A 
10% 

N/A 

N/A 

3% 
(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.3mod �continued�. Shares of U.S. residential sector energy saving by end-use 
and policy type under moderate implementation of efficiency resources 

Equip Building Voluntary Utility Tax R&D 
Standards Codes Programs Programs Credits Programs 

2020 2020 2020 2020 2020 2020 
Electricity Space heating

 New Buildings 15% 27% 26% 0% 4% 29%
 Existing Buildings 67% 0% 33% 0% 0% 0%
 Total 31% 18% 28% 0% 3% 20% 

Space cooling
 New Buildings 59% 13% 14% 0% 2% 12%
 Existing Buildings 83% 0% 17% 0% 0% 0%
 Total 74% 5% 16% 0% 1% 5% 

Water heating
 New Buildings 66% 0% 17% 5% 3% 9%
 Existing Buildings 66% 0% 16% 5% 3% 10%
 Total 66% 0% 16% 5% 3% 10% 

Refrigeration 89% 0% 5% 6% 0% 0% 
Cooking N/A N/A N/A N/A N/A N/A 
Clothes Dryers N/A N/A N/A N/A N/A N/A 
Freezers 100% 0% 0% 0% 0% 0% 
Lighting

 torchieres 0% 0% 57% 0% 0% 43%
 other 0% 0% 77% 0% 0% 23% 

Clothes Washers 99% 0% 1% 0% 0% 0% 
Dishwashers N/A N/A N/A N/A N/A N/A 
Color Televisions 0% 0% 100% 0% 0% 0% 
Personal Computers N/A N/A N/A N/A N/A N/A 
Furnace Fans N/A N/A N/A N/A N/A N/A 
Other Uses

 coils N/A N/A N/A N/A N/A N/A
 motors 0% 0% 49% 0% 0% 51%
 electronics 0% 0% 100% 0% 0% 0% 

Total electric 41% 1% 47% 2% 1% 8% 

Natural gas Space heating
 New Buildings 0% 28% 33% 0% 4% 36%
 Existing Buildings 0% 0% 100% 0% 0% 0%
 Total 0% 19% 53% 0% 3% 25% 

Space cooling N/A N/A N/A N/A N/A N/A 
Water heating

 New Buildings 98% 0% 1% 0% 1% 0%
 Existing Buildings 99% 0% 1% 0% 1% 0%
 Total 99% 0% 1% 0% 1% 0% 

Cooking N/A N/A N/A N/A N/A N/A 
Clothes Dryers N/A N/A N/A N/A N/A N/A 
Other Uses N/A N/A N/A N/A N/A N/A 
Total gas 60% 8% 22% 0% 1% 10% 

(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.3mod �continued�. Shares of U.S. residential sector energy saving by end-use 
and policy type under moderate implementation of efficiency resources 

Equip 
Standards 

2020 

Building 
Codes 
2020 

Voluntary 
Programs 

2020 

Utility 
Programs 

2020 

Tax 
Credits 
2020 

R&D 
Programs 

2020 
Distillate oil Space heating

 New Buildings 
Existing Buildings 
Total 

Water heating 
Other Uses 
Total oil 

LPG Space heating
 New Buildings 
Existing Buildings 
Total 

Water heating 
Cooking 
Other Uses 
Total LPG 

Renewables Wood 

Other fuels Coal + kerosene 

Totals 

0% 
0% 
0% 
99% 
N/A 
37% 

0% 
0% 
0% 
N/A 
N/A 
N/A 
0% 

N/A 

N/A 

47% 

25% 
0% 

19% 
0% 
N/A 
12% 

28% 
0% 

20% 
N/A 
N/A 
N/A 
20% 

N/A 

N/A 

4% 

35% 
100% 
51% 
1% 
N/A 
32% 

33% 
100% 
51% 
N/A 
N/A 
N/A 
51% 

N/A 

N/A 

38% 

0% 
0% 
0% 
0% 
N/A 
0% 

0% 
0% 
0% 
N/A 
N/A 
N/A 
0% 

N/A 

N/A 

1% 

5% 
0% 
4% 
1% 
N/A 
3% 

4% 
0% 
3% 
N/A 
N/A 
N/A 
3% 

N/A 

N/A 

1% 

35%
0%

26% 
0% 
N/A 
16% 

36%
0%

26% 
N/A 
N/A 
N/A 
26% 

N/A 

N/A 

9% 
(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.3adv. Shares of U.S. residential sector energy saving by end-use and policy type 
under advanced implementation of efficiency resources 

Equip Building Voluntary Utility Tax R&D 
Standards Codes Programs Programs Credits Programs 

2010 2010 2010 2010 2010 2010 
Electricity Space heating

 New Buildings 9% 16% 38% 0% 29% 8%
 Existing Buildings 23% 0% 7% 38% 32% 0%
 Total 16% 8% 23% 19% 30% 4% 

Space cooling
 New Buildings 44% 10% 25% 0% 15% 5%
 Existing Buildings 50% 0% 13% 0% 37% 0%
 Total 49% 3% 16% 0% 31% 1% 

Water heating
 New Buildings 68% 0% 12% 1% 7% 12%
 Existing Buildings 73% 0% 7% 1% 6% 13%
 Total 72% 0% 8% 1% 6% 13% 

Refrigeration 93% 0% 3% 4% 0% 0% 
Cooking N/A N/A N/A N/A N/A N/A 
Clothes Dryers N/A N/A N/A N/A N/A N/A 
Freezers 100% 0% 0% 0% 0% 0% 
Lighting

 torchieres 0% 0% 51% 0% 0% 97%
 other 0% 0% 90% 0% 0% 10% 

Clothes Washers 95% 0% 5% 0% 0% 0% 
Dishwashers N/A N/A N/A N/A N/A N/A 
Color Televisions 19% 0% 81% 0% 0% 0% 
Personal Computers N/A N/A N/A N/A N/A N/A 
Furnace Fans N/A N/A N/A N/A N/A N/A 
Other Uses

 coils N/A N/A N/A N/A N/A N/A
 motors 0% 0% 66% 0% 0% 34%
 electronics 0% 0% 100% 0% 0% 0% 

Total electric 40% 1% 44% 1% 8% 5% 

Natural gas Space heating
 New Buildings 0% 17% 42% 0% 30% 11%
 Existing Buildings 0% 0% 100% 0% 0% 0%
 Total 0% 12% 58% 0% 22% 8% 

Space cooling N/A N/A N/A N/A N/A N/A 
Water heating

 New Buildings 96% 0% 1% 0% 3% 0%
 Existing Buildings 97% 0% 1% 0% 3% 0%
 Total 97% 0% 1% 0% 3% 0% 

Cooking N/A N/A N/A N/A N/A N/A 
Clothes Dryers N/A N/A N/A N/A N/A N/A 
Other Uses N/A N/A N/A N/A N/A N/A 
Total gas 56% 5% 24% 0% 11% 3% 

(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.3adv �continued�. Shares of U.S. residential sector energy saving by end-use 
and policy type under advanced implementation of efficiency resources 

Equip 
Standards 

2010 

Building 
Codes 
2010 

Voluntary 
Programs 

2010 

Utility 
Programs 

2010 

Tax 
Credits 
2010 

R&D 
Programs 

2010 
Distillate oil 

LPG 

Renewables 

Other fuels 

Totals 

Space heating
 New Buildings 
Existing Buildings 
Total 

Water heating 
Other Uses 
Total oil 

Space heating
 New Buildings 
Existing Buildings 
Total 

Water heating 
Cooking 
Other Uses 
Total LPG 

Wood 

Coal + kerosene 

0% 
0% 
0% 
97% 
N/A 
34% 

0% 
0% 
0% 
N/A 
N/A 
N/A 
0% 

N/A 

N/A 

45% 

16% 
0% 

12% 
0% 
N/A 
8% 

17% 
0% 

13% 
N/A 
N/A 
N/A 
13% 

N/A 

N/A 

3% 

45% 
100% 
56% 
1% 
N/A 
36% 

42% 
100% 
56% 
N/A 
N/A 
N/A 
56% 

N/A 

N/A 

38% 

0% 
0% 
0% 
0% 
N/A 
0% 

0% 
0% 
0% 
N/A 
N/A 
N/A 
0% 

N/A 

N/A 

1% 

29% 
0% 

23% 
3% 
N/A 
16% 

30% 
0% 

23% 
N/A 
N/A 
N/A 
23% 

N/A 

N/A 

9% 

10%
0%
8% 
0% 
N/A 
5% 

11%
0%
8% 
N/A 
N/A 
N/A 
8% 

N/A 

N/A 

5% 
(1) End-use percentage savings are weighted by site energy to calculate totals. 

Carrie A Webber
Appendix D-1                                                                   D-1.29                                                           Buildings



Table D-1.3adv �continued�. Shares of U.S. residential sector energy saving by end-use 
and policy type under advanced implementation of efficiency resources 

Equip Building Voluntary Utility Tax R&D 
Standards Codes Programs Programs Credits Programs 

2020 2020 2020 2020 2020 2020 
Electricity Space heating

 New Buildings 7% 21% 34% 0% 8% 30%
 Existing Buildings 27% 0% 22% 50% 1% 0%
 Total 14% 14% 30% 17% 6% 20% 

Space cooling
 New Buildings 37% 15% 24% 0% 5% 19%
 Existing Buildings 74% 0% 25% 0% 1% 0%
 Total 57% 7% 24% 0% 3% 9% 

Water heating
 New Buildings 51% 0% 21% 8% 4% 17%
 Existing Buildings 58% 0% 16% 10% 4% 12%
 Total 56% 0% 17% 9% 4% 14% 

Refrigeration 97% 0% 1% 1% 0% 0% 
Cooking N/A N/A N/A N/A N/A N/A 
Clothes Dryers N/A N/A N/A N/A N/A N/A 
Freezers 100% 0% 0% 0% 0% 0% 
Lighting

 torchieres 0% 0% 67% 0% 0% 87%
 other 0% 0% 70% 0% 0% 30% 

Clothes Washers 100% 0% 0% 0% 0% 0% 
Dishwashers N/A N/A N/A N/A N/A N/A 
Color Televisions 85% 0% 15% 0% 0% 0% 
Personal Computers N/A N/A N/A N/A N/A N/A 
Furnace Fans N/A N/A N/A N/A N/A N/A 
Other Uses

 coils N/A N/A N/A N/A N/A N/A
 motors 0% 0% 70% 0% 0% 30%
 electronics 0% 0% 100% 0% 0% 0% 

Total electric 34% 1% 52% 2% 1% 10% 

Natural gas Space heating
 New Buildings 0% 21% 37% 0% 9% 34%
 Existing Buildings 0% 0% 100% 0% 0% 0%
 Total 0% 16% 51% 0% 7% 26% 

Space cooling N/A N/A N/A N/A N/A N/A 
Water heating

 New Buildings 99% 0% 0% 0% 1% 0%
 Existing Buildings 99% 0% 0% 0% 1% 0%
 Total 99% 0% 0% 0% 1% 0% 

Cooking N/A N/A N/A N/A N/A N/A 
Clothes Dryers N/A N/A N/A N/A N/A N/A 
Other Uses N/A N/A N/A N/A N/A N/A 
Total gas 43% 9% 29% 0% 4% 15% 

(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.3adv �continued�. Shares of U.S. residential sector energy saving by end-use 
and policy type under advanced implementation of efficiency resources 

Equip 
Standards 

2020 

Building 
Codes 
2020 

Voluntary 
Programs 

2020 

Utility 
Programs 

2020 

Tax 
Credits 
2020 

R&D 
Programs 

2020 
Distillate oil Space heating

 New Buildings 
Existing Buildings 
Total 

Water heating 
Other Uses 
Total oil 

LPG Space heating
 New Buildings 
Existing Buildings 
Total 

Water heating 
Cooking 
Other Uses 
Total LPG 

Renewables Wood 

Other fuels Coal + kerosene 

Totals 

0% 
0% 
0% 
97% 
N/A 
22% 

0% 
0% 
0% 
N/A 
N/A 
N/A 
0% 

N/A 

N/A 

36% 

19% 
0% 

16% 
0% 
N/A 
12% 

21% 
0% 

17% 
N/A 
N/A 
N/A 
17% 

N/A 

N/A 

4% 

39% 
100% 
49% 
1% 
N/A 
38% 

37% 
100% 
49% 
N/A 
N/A 
N/A 
49% 

N/A 

N/A 

44% 

0% 
0% 
0% 
0% 
N/A 
0% 

0% 
0% 
0% 
N/A 
N/A 
N/A 
0% 

N/A 

N/A 

1% 

9% 
0% 
8% 
3% 
N/A 
6% 

9% 
0% 
7% 
N/A 
N/A 
N/A 
7% 

N/A 

N/A 

2% 

33%
0%

28% 
0% 
N/A 
21% 

34%
0%

27% 
N/A 
N/A 
N/A 
27% 

N/A 

N/A 

12% 
(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.4mod. Shares of U.S. commercial sector energy saving by end-use and policy 
type, moderate case 

Equip Building Voluntary Utility Tax R&D 
Standards Codes Programs Programs Credits Programs 

Fuel End-use 2010 2010 2010 2010 2010 2010 
Electricity Space heating

 New Buildings 0% 1.1% 0% 0% 0% 99%
 Existing Buildings 0% 0.0% 76% 0% 0% 24%
 Total 0% 0.2% 61% 0% 0% 39% 

Space cooling
 New Buildings 74% 0.3% 0% 0% 0% 26%
 Existing Buildings 25% 0.0% 60% 0% 0% 15%
 Total 43% 0.1% 37% 0% 0% 19% 

Water heating
 New Buildings 0% 1.0% 0% 38% 0% 61%
 Existing Buildings 0% 0.0% 66% 16% 0% 18%
 Total 0% 0.1% 56% 20% 0% 24% 

Ventilation
 New Buildings 0% 0.9% 0% 0% 0% 99%
 Existing Buildings 0% 0.0% 78% 0% 0% 22%
 Total 0% 0.2% 56% 0% 0% 44% 

Cooking NA NA NA NA NA NA 
Lighting

 New Buildings 84% 0.3% 0% 0% 0% 16%
 Existing Buildings 54% 0.0% 40% 0% 0% 6%
 Total 61% 0.1% 30% 0% 0% 8% 

Refrigeration 0% 0.0% 100% 0% 0% 0% 
Office equip.-PCs NA NA NA NA NA NA 
Office equip.-other NA NA NA NA NA NA 
Other Uses

 Miscellaneous 0% 0.0% 100% 0% 0% 0%
 District Services NA NA NA NA NA NA
 Adjust to SEDS NA NA NA NA NA NA 

Total electric 43% 0.1% 45% 0% 0% 11% 

Natural gas Space heating
 New Buildings 0% 1.1% 0% 0% 0% 99%
 Existing Buildings 0% 0.0% 76% 0% 0% 24%
 Total 0% 0.1% 71% 0% 0% 28% 

Space cooling
 New Buildings 0% 1.0% 0% 0% 0% 99%
 Existing Buildings 0% 0.0% 79% 0% 0% 21%
 Total 0% 0.2% 65% 0% 0% 35% 

Water heating
 New Buildings 0% 1.6% 0% 0% 0% 98%
 Existing Buildings 0% 0.0% 78% 0% 0% 22%
 Total 0% 0.2% 70% 0% 0% 30% 

Cooking NA NA NA NA NA NA 
(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.4mod (continued). Shares of U.S. commercial sector energy saving by end-use 
and policy type, moderate case 

Fuel End-use 

Equip 
Standards 

2010 

Building 
Codes 
2010 

Voluntary 
Programs 

2010 

Utility 
Programs 

2010 

Tax 
Credits 
2010 

R&D 
Programs 

2010 
Other Uses

 Misc. 
District Services 
Cogen 
Adjust to SEDS 

Total gas 

Distillate oil Space heating
 New Buildings 
Existing Buildings 
Total 

Water heating
 New Buildings 
Existing Buildings 
Total 

Other Uses
 Misc. 
District Services 
Adjust to SEDS 

Total oil 

Renewables Biomass 

Other fuels Coal + kerosene 

Totals 

NA 
NA 
NA 
NA 
0% 

0% 
0% 
0% 

0% 
0% 
0% 

NA 
NA 
NA 
0% 

NA 

NA 

31% 

NA 
NA 
NA 
NA 

0.1% 

1.1% 
0.0% 
0.2% 

1.6% 
0.0% 
0.2% 

NA 
NA 
NA 

0.2% 

NA 

NA 

0.1% 

NA 
NA 
NA 
NA 
70% 

0% 
76% 
61% 

0% 
78% 
70% 

NA 
NA 
NA 
63% 

NA 

NA 

52% 

NA 
NA 
NA 
NA 
0% 

0% 
0% 
0% 

0% 
0% 
0% 

NA 
NA 
NA 
0% 

NA 

NA 

0% 

NA 
NA 
NA 
NA 
0% 

0% 
0% 
0% 

0% 
0% 
0% 

NA 
NA 
NA 
0% 

NA 

NA 

0% 

NA
NA
NA
NA 
29% 

99%
24%
39% 

98%
22%
30% 

NA
NA
NA 
37% 

NA 

NA 

17% 

(1) End-use percentage savings are weighted by site energy to calculate totals. 

Carrie A Webber
Appendix D-1                                                                   D-1.33                                                           Buildings



Table D-1.4mod (continued). Shares of U.S. commercial sector energy saving by end-use 
and policy type, moderate case 

Equip Building Voluntary Utility Tax R&D 
Standards Codes Programs Programs Credits Programs 

Fuel End-use 2020 2020 2020 2020 2020 2020 
Electricity Space heating

 New Buildings 0% 7% 0% 0% 0% 93%
 Existing Buildings 0% 0% 49% 0% 0% 51%
 Total 0% 3% 30% 0% 0% 67% 

Space cooling
 New Buildings 65% 2% 0% 0% 0% 32%
 Existing Buildings 29% 0% 40% 0% 0% 31%
 Total 48% 1% 19% 0% 0% 32% 

Water heating
 New Buildings 0% 6% 0% 39% 0% 55%
 Existing Buildings 0% 0% 39% 26% 0% 35%
 Total 0% 2% 23% 31% 0% 43% 

Ventilation
 New Buildings 0% 5% 0% 0% 0% 95%
 Existing Buildings 0% 0% 52% 0% 0% 48%
 Total 0% 2% 33% 0% 0% 65% 

Cooking NA NA NA NA NA NA 
Lighting

 New Buildings 75% 3% 0% 0% 0% 22%
 Existing Buildings 55% 0% 31% 0% 0% 14%
 Total 63% 1% 19% 0% 0% 17% 

Refrigeration 0% 0% 100% 0% 0% 0% 
Office equip.-PCs NA NA NA NA NA NA 
Office equip.-other NA NA NA NA NA NA 
Other Uses

 Miscellaneous 0% 0% 100% 0% 0% 0%
 District Services NA NA NA NA NA NA
 Adjust to SEDS NA NA NA NA NA NA 

Total electric 40% 1% 35% 0% 0% 23% 

Natural gas Space heating
 New Buildings 0% 7% 0% 0% 0% 93%
 Existing Buildings 0% 0% 49% 0% 0% 51%
 Total 0% 2% 32% 0% 0% 66% 

Space cooling
 New Buildings 0% 6% 0% 0% 0% 94%
 Existing Buildings 0% 0% 55% 0% 0% 45%
 Total 0% 2% 36% 0% 0% 62% 

Water heating
 New Buildings 0% 9% 0% 0% 0% 91%
 Existing Buildings 0% 0% 53% 0% 0% 47%
 Total 0% 3% 33% 0% 0% 63% 

Cooking NA NA NA NA NA NA 
(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.4mod (continued). Shares of U.S. commercial sector energy saving by end-use 
and policy type, moderate case 

Fuel End-use 

Equip 
Standards 

2020 

Building 
Codes 
2020 

Voluntary 
Programs 

2020 

Utility 
Programs 

2020 

Tax 
Credits 
2020 

R&D 
Programs 

2020 
Other Uses

 Misc. 
District Services 
Cogen 
Adjust to SEDS 

Total gas 

Distillate oil Space heating
 New Buildings 
Existing Buildings 
Total 

Water heating
 New Buildings 
Existing Buildings 
Total 

Other Uses
 Misc. 
District Services 
Adjust to SEDS 

Total oil 

Renewables Biomass 

Other fuels Coal + kerosene 

Totals 

NA 
NA 
NA 
NA 
0% 

0% 
0% 
0% 

0% 
0% 
0% 

NA 
NA 
NA 
0% 

NA 

NA 

29% 

NA 
NA 
NA 
NA 
3% 

7% 
0% 
3% 

9% 
0% 
3% 

NA 
NA 
NA 
3% 

NA 

NA 

2% 

NA 
NA 
NA 
NA 
33% 

0% 
49% 
30% 

0% 
53% 
33% 

NA 
NA 
NA 
31% 

NA 

NA 

34% 

NA 
NA 
NA 
NA 
0% 

0% 
0% 
0% 

0% 
0% 
0% 

NA 
NA 
NA 
0% 

NA 

NA 

0% 

NA 
NA 
NA 
NA 
0% 

0% 
0% 
0% 

0% 
0% 
0% 

NA 
NA 
NA 
0% 

NA 

NA 

0% 

NA
NA
NA
NA 
65% 

93%
51%
67% 

91%
47%
63% 

NA
NA
NA 
67% 

NA 

NA 

35% 

(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.4adv. Shares of U.S. commercial sector energy saving by end-use and policy type, 
advanced case 

Equip Building Voluntary Utility Tax R&D 
Standards Codes Programs Programs Credits Programs 

Fuel End-use 2010 2010 2010 2010 2010 2010 
Electricity Space heating

 New Buildings 0% 13% 0% 0% 0% 87%
 Existing Buildings 0% 0% 73% 0% 0% 27%
 Total 0% 3% 56% 0% 0% 41% 

Space cooling
 New Buildings 65% 4% 0% 0% 0% 31%
 Existing Buildings 20% 0% 61% 0% 0% 18%
 Total 37% 1% 39% 0% 0% 23% 

Water heating
 New Buildings 0% 13% 0% 26% 0% 61%
 Existing Buildings 0% 0% 68% 11% 0% 21%
 Total 0% 2% 58% 13% 0% 27% 

Ventilation
 New Buildings 0% 10% 0% 0% 0% 90%
 Existing Buildings 0% 0% 75% 0% 0% 25%
 Total 0% 3% 51% 0% 0% 46% 

Cooking NA NA NA NA NA NA 
Lighting

 New Buildings 74% 5% 0% 0% 0% 20%
 Existing Buildings 45% 0% 47% 0% 0% 8%
 Total 52% 1% 36% 0% 0% 11% 

Refrigeration 0% 0% 100% 0% 0% 0% 
Office equip.-PCs NA NA NA NA NA NA 
Office equip.-other NA NA NA NA NA NA 
Other Uses

 Miscellaneous 33% 0% 67% 0% 0% 0%
 District Services NA NA NA NA NA NA
 Adjust to SEDS NA NA NA NA NA NA 

Total electric 40% 1% 44% 0% 0% 14% 

Natural gas Space heating
 New Buildings 17% 10% 0% 0% 0% 73%
 Existing Buildings 7% 0% 69% 0% 0% 25%
 Total 9% 2% 57% 0% 0% 33% 

Space cooling
 New Buildings 0% 12% 0% 0% 0% 88%
 Existing Buildings 0% 0% 76% 0% 0% 24%
 Total 0% 2% 60% 0% 0% 38% 

Water heating
 New Buildings 0% 17% 0% 0% 0% 83%
 Existing Buildings 0% 0% 77% 0% 0% 23%
 Total 0% 2% 67% 0% 0% 31% 

Cooking NA NA NA NA NA NA 
(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.4adv (continued). Shares of U.S. commercial sector energy saving by end-use 
and policy type, advanced case 

Fuel End-use 

Equip 
Standards 

2010 

Building 
Codes 
2010 

Voluntary 
Programs 

2010 

Utility 
Programs 

2010 

Tax 
Credits 
2010 

R&D 
Programs 

2010 
Other Uses

 Misc 
District Services 
Cogen 
Adjust to SEDS 

Total gas 

Distillate oil Space heating
 New Buildings 
Existing Buildings 
Total 

Water heating
 New Buildings 
Existing Buildings 
Total 

Other Uses
 Misc 
District Services 
Adjust to SEDS 

Total oil 

Renewables Biomass 

Other fuels Coal + kerosene 

Totals 

NA 
NA 
NA 
NA 
5% 

17% 
7% 
9% 

0% 
0% 
0% 

NA 
NA 
NA 
7% 

NA 

NA 

28% 

NA 
NA 
NA 
NA 
2% 

10% 
0% 
2% 

17% 
0% 
2% 

NA 
NA 
NA 
2% 

NA 

NA 

2% 

NA 
NA 
NA 
NA 
61% 

0% 
69% 
53% 

0% 
77% 
67% 

NA 
NA 
NA 
56% 

NA 

NA 

49% 

NA 
NA 
NA 
NA 
0% 

0% 
0% 
0% 

0% 
0% 
0% 

NA 
NA 
NA 
0% 

NA 

NA 

0% 

NA 
NA 
NA 
NA 
0% 

0% 
0% 
0% 

0% 
0% 
0% 

NA 
NA 
NA 
0% 

NA 

NA 

0% 

NA
NA
NA
NA 
32% 

73%
25%
36% 

83%
23%
31% 

NA
NA
NA 
35% 

NA 

NA 

20% 

(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.4adv (continued). Shares of U.S. commercial sector energy saving by end-use 
and policy type, advanced case 

Equip Building Voluntary Utility Tax R&D 
Standards Codes Programs Programs Credits Programs 

Fuel End-use 2020 2020 2020 2020 2020 2020 
Electricity Space heating

 New Buildings 0% 13% 0% 0% 0% 87%
 Existing Buildings 0% 0% 44% 0% 0% 56%
 Total 0% 5% 27% 0% 0% 68% 

Space cooling
 New Buildings 66% 3% 0% 0% 0% 31%
 Existing Buildings 29% 0% 36% 0% 0% 34%
 Total 48% 2% 17% 0% 0% 33% 

Water heating
 New Buildings 0% 12% 0% 28% 0% 60%
 Existing Buildings 0% 0% 40% 19% 0% 41%
 Total 0% 5% 24% 22% 0% 48% 

Ventilation
 New Buildings 0% 10% 0% 0% 0% 90%
 Existing Buildings 0% 0% 44% 0% 0% 56%
 Total 0% 4% 27% 0% 0% 69% 

Cooking NA NA NA NA NA NA 
Lighting

 New Buildings 65% 8% 0% 0% 0% 28%
 Existing Buildings 46% 0% 35% 0% 0% 20%
 Total 53% 3% 21% 0% 0% 23% 

Refrigeration 0% 0% 100% 0% 0% 0% 
Office equip.-PCs NA NA NA NA NA NA 
Office equip.-other NA NA NA NA NA NA 
Other Uses

 Miscellaneous 36% 0% 64% 0% 0% 0%
 District Services NA NA NA NA NA NA
 Adjust to SEDS NA NA NA NA NA NA 

Total electric 40% 2% 29% 0% 0% 28% 

Natural gas Space heating
 New Buildings 44% 5% 0% 0% 0% 51%
 Existing Buildings 30% 0% 31% 0% 0% 39%
 Total 36% 2% 17% 0% 0% 44% 

Space cooling
 New Buildings 0% 11% 0% 0% 0% 89%
 Existing Buildings 0% 0% 49% 0% 0% 51%
 Total 0% 4% 31% 0% 0% 65% 

Water heating
 New Buildings 0% 17% 0% 0% 0% 83%
 Existing Buildings 0% 0% 50% 0% 0% 50%
 Total 0% 6% 31% 0% 0% 62% 

Cooking NA NA NA NA NA NA 
(1) End-use percentage savings are weighted by site energy to calculate totals. 
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Table D-1.4adv (continued). Shares of U.S. commercial sector energy saving by end-use 
and policy type, advanced case 

Fuel End-use 

Equip 
Standards 

2020 

Building 
Codes 
2020 

Voluntary 
Programs 

2020 

Utility 
Programs 

2020 

Tax 
Credits 
2020 

R&D 
Programs 

2020 
Other Uses

 Misc 
District Services 
Cogen 
Adjust to SEDS 

Total gas 

Distillate oil Space heating
 New Buildings 
Existing Buildings 
Total 

Water heating
 New Buildings 
Existing Buildings 
Total 

Other Uses
 Misc 
District Services 
Adjust to SEDS 

Total oil 

Renewables Biomass 

Other fuels Coal + kerosene 

Totals 

NA 
NA 
NA 
NA 
27% 

44% 
30% 
36% 

0% 
0% 
0% 

NA 
NA 
NA 
31% 

NA 

NA 

36% 

NA 
NA 
NA 
NA 
3% 

5% 
0% 
2% 

17% 
0% 
6% 

NA 
NA 
NA 
3% 

NA 

NA 

3% 

NA 
NA 
NA 
NA 
21% 

0% 
31% 
19% 

0% 
50% 
31% 

NA 
NA 
NA 
20% 

NA 

NA 

26% 

NA 
NA 
NA 
NA 
0% 

0% 
0% 
0% 

0% 
0% 
0% 

NA 
NA 
NA 
0% 

NA 

NA 

0% 

NA 
NA 
NA 
NA 
0% 

0% 
0% 
0% 

0% 
0% 
0% 

NA 
NA 
NA 
0% 

NA 

NA 

0% 

NA
NA
NA
NA 
49% 

51%
39%
44% 

83%
50%
62% 

NA
NA
NA 
46% 

NA 

NA 

35% 

(1) End-use percentage savings are weighted by site energy to calculate totals. 
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RES HVAC 

Table D-1.5: Techno-Economic Potential Energy Savings for Existing Residential Building HVAC End-Uses 
(Equipment replacements only - no shell retrofits)1 

Year 
End-Use Equipment type 

Measure 
Efficiency2 

Measure 
Energy 
Savings3 

(%) 
2010 2020 

Market Share of Measure in 
Techno-Economic Potential 
Case4 (% of shipments of 

given equipment) 

Market 
Share 
Notes 

2010 2020 
annual replacements) 

End-Use 
Weighting Factor5 

(fraction of 

2010 2020 

Techno-Economic Potential 
Case6 (% of frozen 

efficiency consumption) 

Potential Energy Savings in 

Electric Heating 
Air Source Heat Pump frozen effic. (7.17 HSPF) 0.0% 0% 0% 7 

7.4 HSPF/12 SEER 3.1% 30% 30% 7 
7.6 HSPF/13 SEER 5.6% 60% 60% 7 
8.5 HSPF/15 SEER 15.6% 10% 10% 7 

Total (all measures) - 100% 100% 0.49 0.35 5.9% 5.9% 

Geothermal Heat Pump frozen efficiency 0.0% 100% 100% 8 
Total (all measures) - 100% 100% 0.02 0.02 0% 0% 

Resistance frozen efficiency 0.0% 74% 74% 9 
switch to HP (7.4 HSPF) 53.9% 26% 26% 9 

Total (all measures) - 100% 100% 0.49 0.63 14.1% 14.1% 

End-Use Average 1.00 1.00 2.8% 2.0% 
Electric Cooling 

Central A/C 12 SEER 13.2% 35% 35% 1 0 
13 SEER 19.8% 60% 60% 1 0 
15 SEER 30.5% 5% 5% 1 0 

Total (all measures) - 100% 100% 0.61 0.54 18.0% 18.0% 

Air Source Heat Pump 12 SEER 9.2% 30% 30% 7 
13 SEER 16.2% 60% 60% 7 
15 SEER 27.4% 10% 10% 7 

Total (all measures) - 100% 100% 0.13 0.12 15.3% 15.3% 

Geothermal Heat Pump frozen efficiency 0.0% 100% 100% 8 
Total (all measures) - 100% 100% 0.01 0.01 0.0% 0.0% 
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Table D-1.5: Techno-Economic Potential Energy Savings for Existing Residential Building HVAC End-Uses 
(Equipment replacements only - no shell retrofits)1 

Year 
End-Use Equipment type 

Measure 
Efficiency2 

Measure 
Energy 
Savings3 

(%) 
2010 2020 

Market Share of Measure in 
Techno-Economic Potential 
Case4 (% of shipments of 

given equipment) 

Market 
Share 
Notes 

2010 2020 
annual replacements) 

End-Use 
Weighting Factor5 

(fraction of 

2010 2020 

Techno-Economic Potential 
Case6 (% of frozen 

efficiency consumption) 

Potential Energy Savings in 

Elec Cooling, cont Room A/C 9.7 EER 5.9% 60% 0% 1 0 
10.5 EER 13.0% 35% 75% 1 0 
12 EER 23.9% 5% 20% 1 0 
13 EER 29.8% 0% 5% 1 0 

Total (all measures) - 100% 100% 0.26 0.34 9.3% 16.1% 

End-Use Average 1.00 1.00 12.9% 11.5% 
Gas Heating 

Central Furnace froz. effic. (81.7 AFUE) 0.0% 54% 30% 1 1 
90 AFUE 9.2% 46% 70% 1 1 

Total (all measures) - 100% 100% 0.71 0.71 4.3% 6.4% 

Heat Pump (gas-fired) frozen efficiency 0.0% 100% 100% 1 2 
Total (all measures) - 100% 100% 0.002 0.001 0.0% 0.0% 

Boiler froz. effic. (80.0 AFUE) 0.0% 55% 20% 1 3 
86 AFUE 7.0% 45% 60% 1 3 
90 AFUE 11.1% 0% 20% 1 3 

Total (all measures) - 100% 100% 0.29 0.29 3.2% 6.4% 

End-Use Average 1.00 1.00 3.0% 4.6% 
Oil Heating 

Central Furnace froz. effic. (81.9 AFUE) 0.0% 40% 25% 1 4 
90 AFUE 9.0% 60% 75% 1 4 

Total (all measures) - 100% 100% 1 4 0.43 0.50 5.4% 6.8% 

Boiler froz. effic. (80.4 AFUE) 0.0% 56% 20% 1 5 
86 AFUE 6.5% 44% 60% 1 5 
90 AFUE 10.6% 0% 20% 1 5 

Total (all measures) - 100% 100% 0.57 0.50 2.9% 6.0% 

End-Use Average 1.00 1.00 2.3% 3.4% 
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Table D-1.5: Techno-Economic Potential Energy Savings for Existing Residential Building HVAC End-Uses 
(Equipment replacements only - no shell retrofits)1 

Measure 
Efficiency2 

Measure 
Energy 
Savings3 

Market Share of Measure in 
Techno-Economic Potential 
Case4 (% of shipments of 

Market 
Share 
Notes 

End-Use 
Weighting Factor5 

(fraction of 
Techno-Economic Potential 

Case6 (% of frozen 

Potential Energy Savings in 

(%) given equipment) annual replacements) efficiency consumption) 
Year 2010 2020 2010 2020 2010 2020 

End-Use Equipment type 
LPG Heating 

Central Furnace froz. effic. (82.2 AFUE) 0.0% 54% 30% 1 6 
90 AFUE 9.5% 46% 70% 1 6 

Total (all measures) - 100% 100% 1.00 1.00 4.4% 6.6% 

End-Use Average 1.00 1.00 0.0% 0.0% 
Notes 

1 The techno-economic potential energy savings in this table are only for HVAC equipment replacements in homes built before 2000. We did not evaluate energy savings due to 
residential building shell retrofits in this study.
 

2 Efficiency of unit bought to replace an existing retired unit. Measure efficiency levels in this table are used to determine overall energy savings possible in the techno-economic case.
 
3 Energy savings for a replacement of given efficiency, as a percent of the "frozen efficiency" consumption for the given equipment type. The frozen efficiency consumption is the 


average annual energy consumption of a new unit bought in 2000 to replace a retired unit in an existing home (a home built before 2000), from an output file of the CEF-NEMS model. 
Percent energy savings in this table are estimates based on the ratio of equipment efficiencies for the frozen efficiency unit and the measure (see Appendix C-1 for more details). 

4 LBNL estimate of the percent of all replacements in 2010 or 2020 that are cost-effective at the given efficiency level, in the techno-economic potential case. For example, in 2020, 

we estimate that it would be cost-effective to replace 30% of all the retiring air source heat pumps with a 7.4 HSPF heat pump (which is the new NAECA standard efficiency 

as of 2006), 60% of replacements would be cost-effective at 7.6 HSPF, and the remaining 10% would be cost-effective at 8.5 HSPF.
 

5 Equipment Type Weighting Factor is the number of equipment replacements of given equipment type, in 2010 or 2020, as a fraction of all equipment replacements for that end-use in 

2010 or 2020. For example, in 2020, 63% of all electric heating equipment replacements were replacements of electric resistance heating equipment. It is used to weight the average 

energy savings for each equipment type in order to calculate the average techno-economic potential energy savings for each end-use. The equipment replacements in each year 

were calculated using the method described in the "Introduction to the Residential HVAC Tables" text preceding Table C-1.1.mod.
 

6	 Techno-economic potential energy savings is shown by equipment type and by end-use (averaged over all equipment types for the end-use). The energy savings potential by 

equipment type is an average of the energy savings for the different equipment efficiency levels (described in note 2), weighted by the estimated market share of each in the 

techno-economic potential case (described in note 3). The "End-use Average" energy savings potential is the average of the energy savings by equipment type, weighted by the 

end-use weighting factor for each equipment type (the weighting factor is based on the replacments in each year - see note 5 for more details).
 
The techno-economic potential energy savings is relative to the average consumption of a new unit of frozen efficiency in 2000 in an existing home (from an output file of the 
CEF-NEMS model). 

7 Assumptions for electric air source heat pumps are LBNL estimates. 
8 We did not evaluate the technical potential for geothermal heat pump improvements, so we assumed 0% improvement over frozen efficiency in the techno-economic potential case. 
9 Electric resistance heated homes were divided into those with CAC and those without CAC. For homes with CAC, we assumed that a fraction of the homes could be 

cost-effectively switched to an electric air source heat pump. We assumed they would switch to a heat pump of efficiency equal to the minimum efficiency allowed by the 2006 NAECA 
standard (7.4 HSPF/12 SEER). Measure market share in 2010 and 2020 is based on the assumption that 80% of single-family and manufactured homes in the South and 20% in the North 
could cost-effectively switch; of multifamily homes, we assume that 30% in the South and 5% in the North could cost-effectively switch to a standard heat pump. 
Homes not switched to a heat pump are replaced with the same equipment as they had before (i.e., an electric resistance unit of baseline efficiency 100% AFUE). 
For electric resistance heated homes that do not have CAC, we assumed that it would not be cost-effective to switch to a heat pump and that there is no energy savings potential. 

1 0 Assumptions for central and room air conditioners are LBNL estimates. 
1 1 In 2010, we assume that some of the gas furnace replacements can be cost-effectively upgraded to the EPA ENERGY STAR level (90 AFUE). The measure market share is based on 

the assumption that the upgrade is cost-effective in 75% of Northern and 10% of Southern single-family and manufactured homes, and in 54% of Northern and 22% of Southern 
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Table D-1.5 Notes, continued 

multifamily buildings. The rest of the equipment is replaced with a frozen efficiency unit (average efficiency of a unit bought in 2000 to replace retired equipment - 81.7 AFUE 
from an output file of the CEF-NEMS reference case). In 2020, we assume that the cost of condensing gas furnaces has decreased significantly, making the technology cost-effective 
in more applications. 

1 2 We did not evaluate the technical potential for gas-fired heat pump improvements, so we assumed 0% improvement over frozen efficiency in the techno-economic potential case. 
1 3 In 2010, we assume that some of the gas boiler replacements can be cost-effectively upgraded to the EPA ENERGY STAR level (86 AFUE). The measure market share is based on the 

assumption that the upgrade is cost-effective in 40% of Northern and 10% of Southern single family and manufactured homes, and in 54% of Northern and 22% of Southern multifamily 
buildings. The rest of the equipment is replaced with a frozen efficiency unit (average efficiency of a unit bought in 2000 to replace retired equipment - 80.0 AFUE from an output file 
of the CEF-NEMS reference case). In 2020, we assume that the cost of ENERGY STAR gas boilers and condensing gas boilers (90 AFUE) have decreased significantly, making these 
technologies more cost-effective. 

1 4 Oil furnace measure efficiencies and measure market shares are based on the same assumptions as gas furnaces (see Note 11). The measure market shares are different for oil furnaces 
because the fraction of existing homes with oil furnaces is distributed differently by house type and region. The measure energy savings is different for oil furnaces because the frozen 
efficiency of an oil furnace is not the same as a gas furnace (oil furnace frozen efficiency is 81.9 AFUE, from an output file of the CEF-NEMS reference case). 

1 5 Oil boiler measure efficiencies and measure market shares are based on the same assumptions as gas boilers (see Note 13). The measure market shares are different for oil furnaces 
because the fraction of existing homes with oil boilers is distributed differently by house type and region. The measure energy savings is different for oil boilers because the 
frozen efficiency of an oil boiler is not the same as a gas boiler (oil boiler frozen efficiency is 80.4 AFUE, from an output file of the CEF-NEMS reference case). 

1 6 LPG furnace measure efficiencies and market shares are assumed to be the same as for gas furnaces (see Note 11). The measure energy savings is different for a LPG furnace because 
the frozen efficiency is different (LPG furnace is 82.2 AFUE, from an output file of the CEF-NEMS reference case). 
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Table D-1.6: Techno-Economic Potential Energy Savings for New Residential Buildings 

End-Use 

House 

Type 

Efficiency 
Level2 

Annual Market Share by House type and Efficiency Level1 

2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2015  2020  

Electric Heating 
SF 20% 10% 9% 8% 7% 6% 5% 4% 3% 2% 1% 0% 0% 0% 

30% 15% 14% 13% 12% 11% 10% 9% 8% 7% 6% 5% 5% 5% 
40% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 35% 25% 
50% 30% 32% 34% 36% 38% 40% 42% 44% 46% 48% 50% 60% 70% 

MH 20% 30% 29% 28% 27% 26% 25% 24% 23% 22% 21% 20% 10% 0% 
30% 45% 45% 44% 44% 43% 43% 42% 42% 41% 41% 40% 30% 20% 
40% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 30% 40% 
50% 5% 7% 8% 10% 11% 13% 14% 16% 17% 19% 20% 30% 40% 

MF 20% 60% 59% 58% 57% 56% 55% 54% 53% 52% 51% 50% 40% 30% 
30% 35% 36% 36% 37% 37% 38% 38% 39% 39% 40% 40% 43% 45% 
50% 5% 6% 6% 7% 7% 8% 8% 9% 9% 10% 10% 18% 25% 

Electric Cooling 
SF 20% 20% 19% 18% 17% 16% 15% 14% 13% 12% 11% 10% 5% 0% 

40% 30% 29% 28% 27% 26% 25% 24% 23% 22% 21% 20% 10% 0% 
50% 30% 31% 31% 32% 32% 33% 33% 34% 34% 35% 35% 33% 30% 
60% 20% 22% 23% 25% 26% 28% 29% 31% 32% 34% 35% 53% 70% 

MH 20% 45% 44% 42% 41% 39% 38% 36% 35% 33% 32% 30% 15% 0% 
40% 45% 45% 44% 44% 43% 43% 42% 42% 41% 41% 40% 30% 20% 
50% 5% 7% 8% 10% 11% 13% 14% 16% 17% 19% 20% 30% 40% 
60% 0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 25% 40% 

MF 20% 75% 73% 70% 68% 65% 63% 60% 58% 55% 53% 50% 40% 30% 
30% 20% 22% 24% 26% 28% 30% 32% 34% 36% 38% 40% 43% 45% 
50% 5% 6% 6% 7% 7% 8% 8% 9% 9% 10% 10% 18% 25% 

Gas, LPG, or Oil Heating 
SF 20% 35% 34% 33% 32% 31% 30% 29% 28% 27% 26% 25% 13% 0% 

30% 45% 44% 43% 42% 41% 40% 39% 38% 37% 36% 35% 23% 10% 
40% 15% 17% 18% 20% 21% 23% 24% 26% 27% 29% 30% 45% 60% 
50% 5% 6% 6% 7% 7% 8% 8% 9% 9% 10% 10% 20% 30% 

MH 20% 40% 39% 38% 37% 36% 35% 34% 33% 32% 31% 30% 15% 0% 
30% 45% 45% 44% 44% 43% 43% 42% 42% 41% 41% 40% 30% 20% 
40% 15% 16% 16% 17% 17% 18% 18% 19% 19% 20% 20% 30% 40% 
50% 0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 25% 40% 

MF 20% 60% 59% 58% 57% 56% 55% 54% 53% 52% 51% 50% 40% 30% 
30% 35% 36% 36% 37% 37% 38% 38% 39% 39% 40% 40% 43% 45% 
50% 5% 6% 6% 7% 7% 8% 8% 9% 9% 10% 10% 18% 25% 

Techno-Economic Potential Energy Savings3 (% of baseline in 2000) 

Electric Heating all all 33.5% 33.8% 34.1% 34.5% 34.8% 34.9% 35.2% 35.4% 35.7% 35.9% 36.3% 39.4% 41.7% 
Electric Cooling all all 36.4% 36.8% 37.3% 37.8% 38.4% 38.9% 39.4% 39.8% 40.2% 40.6% 41.1% 45.8% 50.5% 
Gas or LPG Heating all all 28.1% 28.5% 28.8% 29.1% 29.4% 29.7% 30.0% 30.3% 30.6% 30.8% 31.2% 35.6% 40.1% 
Oil Heating all all 28.6% 28.9% 29.2% 29.5% 29.9% 30.2% 30.5% 30.8% 31.1% 31.5% 31.8% 36.5% 41.3% 

SF = Single-family, MH = Manufactured Housing, MF = Multifamily 
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RES HVAC 

Table D-1.6 Notes 

1 LBNL estimates of cost-effective energy savings by house type, in the techno-economic potential case. The table presents the market share 
  of new homes in each year that could be cost-effectively built to each of several energy efficiency levels. For heating in single-family and 
  manufactured housing, the energy efficiency levels considered are 20%, 30%, 40%, and 50% better than average construction in 2000. For 
  heating in multifamily homes, we consider three energy efficiency levels: 20%, 30%, and 50% better than average construction of multifamily 
  homes in 2000. Cooling efficiency levels considered for single-family and manufactured homes are 20%, 40%, 50%, and 60%; and for 
  multifamily homes: 20%, 30%, and 50%. The efficiency levels and market shares for heating and cooling are assumed to be completely independent. For example, houses with 50% cooling savings potential do not necessarily have a 50% heating savings potential. 

2Cost-effective energy efficiency levels in the techno-economic potential case. The efficiency levels are expressed as percent savings 
relative to the average consumption of homes built in 2000, from the CEF-NEMS 1999 reference case forecast. 

3Average annual energy savings potential per house in the techno-economic potential case, expressed as a percent of the average consumption 
  of homes built in 2000 (from the CEF-NEMS 1999 reference case). This is the average savings potential for all house types (single-family, 
  multifamily, and manufactured homes). It was calculated from the market shares and efficiency levels shown in this table, which were 
  weighted by the annual housing starts for each house type (from the CEF-NEMS model). The techno-economic potential is larger in 2020 
  than in 2010 because of assumptions about increased availability and decreased cost of higher-efficiency equipment, and improvements 
  in average building practices. Oil heating techno-economic potential forecast is different than gas/LPG forecast, even though they have the
   same market share forecast, because the number of oil-heated starts of each house type differs from the number of gas or LPG heated starts of each house type. 
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Table D-1.7: Residential Sector Forecast Summary (Quadrillion Btu) 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 

carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 

1997 2000 2005 2010 2015 2020 

Site Electricity 
Space Heating 0.44 0.45 0.47 0.47 0.49 0.52 

Space Cooling 0.46 0.50 0.52 0.55 0.58 0.60 

Water Heating 0.35 0.36 0.37 0.37 0.39 0.40 

Refrigeration 0.39 0.37 0.32 0.29 0.27 0.28 

Cooking 0.13 0.14 0.14 0.15 0.16 0.17 

Clothes Dryers 0.19 0.20 0.21 0.22 0.24 0.25 

Freezers 0.12 0.11 0.08 0.07 0.07 0.07 

Lighting 0.34 0.36 0.38 0.40 0.43 0.46 

Clothes Washers 0.03 0.03 0.03 0.03 0.04 0.04 

Dishwashers 0.05 0.05 0.05 0.05 0.06 0.06 

Color Televisions 0.21 0.25 0.29 0.30 0.31 0.33 

Personal Computers 0.02 0.02 0.03 0.04 0.04 0.05 

Furnace Fans 0.09 0.10 0.11 0.12 0.13 0.14 

Other Uses 0.83 1.08 1.32 1.52 1.73 1.91 

Total Site Electricity 3.65 4.02 4.32 4.58 4.94 5.28 

Natural Gas 
Space Heating 3.58 3.61 3.67 3.81 3.99 4.11 

Space Cooling 0.00 0.00 0.00 0.00 0.00 0.01 

Water Heating 1.27 1.29 1.32 1.38 1.46 1.51 

Cooking 0.16 0.16 0.17 0.17 0.18 0.19 

Clothes Dryers 0.05 0.05 0.05 0.06 0.06 0.06 

Other Uses 0.09 0.10 0.10 0.11 0.11 0.12 

Total Natural Gas 5.15 5.21 5.31 5.53 5.80 6.00 

Distillate 
Space Heating 0.84 0.77 0.69 0.64 0.60 0.56 

Water Heating 0.10 0.09 0.09 0.09 0.09 0.09 

Other Uses 0.00 0.00 0.00 0.00 0.00 0.00 

Total Distillate 0.94 0.86 0.78 0.73 0.69 0.65 

LPG 
Space Heating 0.32 0.32 0.32 0.31 0.30 0.28 

Water Heating 0.07 0.08 0.08 0.08 0.08 0.07 

Cooking 0.03 0.03 0.03 0.03 0.03 0.03 

Other Uses 0.01 0.01 0.01 0.01 0.01 0.01 

Total LPG 0.43 0.44 0.44 0.43 0.42 0.39 

Renewable (1) 
Biomass 0.6 0.6 0.61 0.62 0.64 0.65 

Other Fuels 
Other Uses 0.15 0.13 0.13 0.12 0.12 0.12 

3.65 4.02 4.32 4.58 4.94 5.28Total Site Electricity 
7.27 7.24 7.27 7.43 7.67 7.81Total Fuels 

10.92 11.26 11.59 12.01 12.61 13.09Total Site Energy 

8.07 8.76 8.93 9.17 9.62 10.11Electricity Related Losses 
18.99 20.02 20.52 21.18 22.23 23.20Total Primary Energy 

3.21 3.18 3.07 3.00 2.95 2.91Average Heatrate (kWh.primary/kWh.site) 

(1) Non-marketed renewables are not included. 
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Table D-1.8: Commercial Sector Forecast Summary (Quadrillion Btu) 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 

carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 

1997 2000 2005 2010 2015 2020 

Site Electricity 
Space Heating 0.13 0.13 0.13 0.12 0.12 0.12 

Space Cooling 0.34 0.35 0.35 0.36 0.36 0.36 

Water Heating 0.07 0.07 0.07 0.07 0.06 0.06 

Ventilation 0.17 0.17 0.18 0.18 0.19 0.19 

Cooking 0.02 0.02 0.02 0.02 0.02 0.02 

Lighting 1.22 1.25 1.26 1.29 1.32 1.33 

Refrigeration 0.18 0.19 0.19 0.20 0.21 0.21 

Office Equipment (PC) 0.12 0.14 0.18 0.20 0.22 0.24 

Office Equipment (Non-PC) 0.29 0.32 0.37 0.42 0.48 0.53 

Other Uses 0.91 1.05 1.23 1.41 1.58 1.70 

Total Site Electricity 3.45 3.69 3.98 4.27 4.56 4.76 

Natural Gas 
Space Heating 1.31 1.31 1.34 1.38 1.42 1.42 

Space Cooling 0.01 0.02 0.02 0.03 0.03 0.03 

Water Heating 0.62 0.64 0.66 0.69 0.72 0.73 

Cooking 0.23 0.25 0.26 0.28 0.30 0.30 

Other Uses 1.20 1.33 1.40 1.47 1.53 1.55 

Total Natural Gas 3.37 3.55 3.68 3.85 4.00 4.03 

Distillate 
Space Heating 0.21 0.23 0.22 0.20 0.19 0.18 

Water Heating 0.05 0.05 0.05 0.05 0.04 0.04 

Other Uses 0.23 0.10 0.09 0.09 0.10 0.09 

Total Distillate 0.49 0.38 0.36 0.34 0.33 0.31 

Renewable 
Biomass 0.00 0.00 0.00 0.00 0.00 0.00 

Other Fuels 
Other Uses 0.32 0.30 0.31 0.32 0.33 0.33 

Total Electricity 3.45 3.69 3.98 4.27 4.56 4.76 

Total Fuels 4.18 4.23 4.35 4.51 4.66 4.67 

Total Site Energy 7.63 7.92 8.33 8.78 9.22 9.43 

Electricity Related Losses 7.59 8.06 8.23 8.55 8.89 9.07 

Total Primary Energy 15.22 15.98 16.56 17.33 18.11 18.50 

Average Heatrate (kWh.primary/kWh.site) 3.20 3.18 3.07 3.00 2.95 2.91 
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Table D-1.9: Residential Sector Forecast Summary (MtC) 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 

carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 

1997 2000 2005 2010 2015 2020 

Electricity 
Space Heating 22.0 23.1 23.4 23.2 23.8 25.1 

Space Cooling 23.0 25.7 25.9 27.1 28.2 28.9 

Water Heating 17.5 18.5 18.4 18.2 19.0 19.3 

Refrigeration 19.5 19.0 15.9 14.3 13.1 13.5 

Cooking 6.5 7.2 7.0 7.4 7.8 8.2 

Clothes Dryers 9.5 10.3 10.5 10.8 11.7 12.1 

Freezers 6.0 5.7 4.0 3.4 3.4 3.4 

Lighting 17.0 18.5 18.9 19.7 20.9 22.2 

Clothes Wahers 1.5 1.5 1.5 1.5 1.9 1.9 

Dishwashers 2.5 2.6 2.5 2.5 2.9 2.9 

Color Televisions 10.5 12.9 14.4 14.8 15.1 15.9 

Personal Computers 1.0 1.0 1.5 2.0 1.9 2.4 

Furnace Fans 4.5 5.1 5.5 5.9 6.3 6.7 

Other Uses 41.5 55.6 65.7 74.9 84.1 92.1 

Total Electricity 182.3 206.8 215.0 225.7 240.1 254.5 

Natural Gas 
Space Heating 51.5 52.0 52.9 54.9 57.5 59.1 

Space Cooling 0.0 0.0 0.0 0.0 0.0 0.1 

Water Heating 18.3 18.6 19.0 19.9 21.0 21.7 

Cooking 2.3 2.3 2.4 2.5 2.6 2.7 

Clothes Dryers 0.7 0.7 0.7 0.9 0.9 0.9 

Other Uses 1.3 1.4 1.4 1.6 1.6 1.7 

Total Natural Gas 74.1 75.0 76.5 79.7 83.6 86.3 

Distillate 
Space Heating 17.9 16.2 14.5 13.4 12.6 12.0 

Water Heating 2.1 1.9 1.9 1.9 1.9 1.9 

Other Uses 0.0 0.0 0.0 0.0 0.0 0.0 

Total Distillate 20.0 18.1 16.4 15.3 14.5 13.9 

LPG 
Space Heating 5.8 5.7 5.7 5.5 5.4 5.1 

Water Heating 1.3 1.4 1.4 1.4 1.4 1.3 

Cooking 0.5 0.5 0.5 0.5 0.5 0.5 

Other Uses 0.2 0.2 0.2 0.2 0.2 0.2 

Total LPG 7.8 7.9 7.9 7.7 7.5 7.1 

Renewable (1) 
Biomass 0.0 0.0 0.0 0.0 0.0 0.0 

Other Fuels 
Other Uses 1.4 1.5 1.4 1.3 1.3 1.3 

285.6 309.3 317.2 329.7 347.0 363.1Total Carbon Emissions 

(1) Non-marketed renewables are not included. 
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Table D-1.10: Commercial Sector Forecast Summary (MtC) 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 

carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 

1997 2000 2005 2010 2015 2020 

Electricity 
Space Heating 6.46 6.70 6.47 5.91 5.84 5.76 

Space Cooling 16.90 18.04 17.43 17.74 17.52 17.27 

Water Heating 3.48 3.61 3.49 3.45 2.92 2.88 

Ventilation 8.45 8.76 8.96 8.87 9.25 9.12 

Cooking 0.99 1.03 1.00 0.99 0.97 0.96 

Lighting 60.65 64.43 62.75 63.56 64.23 63.82 

Refrigeration 8.95 9.79 9.46 9.85 10.22 10.08 

Office Equipment (PC) 5.97 7.22 8.96 9.85 10.71 11.52 

Office Equipment (Non-PC) 14.42 16.49 18.43 20.70 23.36 25.43 

Other Uses 45.24 54.12 61.25 69.48 76.89 81.57 

Total Electricity 171.50 190.20 198.20 210.40 221.90 228.40 

Natural Gas 
Space Heating 18.89 18.86 19.34 19.86 20.41 20.44 

Space Cooling 0.14 0.29 0.29 0.43 0.43 0.43 

Water Heating 8.94 9.21 9.52 9.93 10.35 10.51 

Cooking 3.32 3.60 3.75 4.03 4.31 4.32 

Other Uses 17.31 19.14 20.20 21.15 21.99 22.31 

Total Natural Gas 48.60 51.10 53.10 55.40 57.50 58.00 

Distillate 
Space Heating 6.17 7.02 6.91 6.53 6.33 6.15 

Water Heating 1.47 1.53 1.57 1.63 1.33 1.37 

Other Uses 6.76 3.05 2.83 2.94 3.33 3.08 

Total Distillate 14.40 11.60 11.30 11.10 11.00 10.60 

Renewable 
Biomass 0.00 0.00 0.00 0.00 0.00 0.00 

Other Fuels 
Other Uses 2.10 2.30 2.40 2.50 2.60 2.60 

Total Carbon emissions 236.60 255.20 265.00 279.40 293.00 299.60 
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Table D-1.11: Residential Sector Forecast Summary (Quadrillion Btu) 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 

carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 

1997 2000 2005 2010 2015 2020 

Site Electricity 
Space Heating 0.44 0.45 0.47 0.48 0.49 0.51 

Space Cooling 0.46 0.50 0.52 0.52 0.50 0.50 

Water Heating 0.35 0.36 0.35 0.34 0.34 0.33 

Refrigeration 0.39 0.36 0.31 0.27 0.25 0.24 

Cooking 0.13 0.14 0.14 0.15 0.16 0.17 

Clothes Dryers 0.19 0.20 0.21 0.22 0.23 0.25 

Freezers 0.12 0.11 0.08 0.07 0.07 0.07 

Lighting 0.34 0.36 0.37 0.38 0.39 0.39 

Clothes Washers 0.03 0.03 0.03 0.03 0.03 0.03 

Dishwashers 0.05 0.05 0.05 0.05 0.06 0.06 

Color Televisions 0.21 0.25 0.28 0.27 0.27 0.29 

Personal Computers 0.02 0.02 0.03 0.04 0.04 0.05 

Furnace Fans 0.09 0.10 0.11 0.12 0.13 0.13 

Other Uses 0.83 1.08 1.26 1.33 1.38 1.41 

Total Site Electricity 3.65 4.01 4.21 4.27 4.34 4.43 

Natural Gas 
Space Heating 3.58 3.61 3.69 3.83 4.00 4.13 

Space Cooling 0.00 0.00 0.00 0.00 0.00 0.01 

Water Heating 1.27 1.29 1.30 1.33 1.38 1.39 

Cooking 0.16 0.16 0.17 0.17 0.18 0.19 

Clothes Dryers 0.05 0.05 0.05 0.06 0.06 0.06 

Other Uses 0.09 0.10 0.10 0.11 0.11 0.12 

Total Natural Gas 5.15 5.21 5.31 5.50 5.73 5.90 

Distillate 
Space Heating 0.84 0.77 0.69 0.64 0.61 0.57 

Water Heating 0.10 0.09 0.09 0.09 0.09 0.09 

Other Uses 0.00 0.00 0.00 0.00 0.00 0.00 

Total Distillate 0.94 0.86 0.78 0.73 0.70 0.66 

LPG 
Space Heating 0.32 0.32 0.32 0.31 0.29 0.28 

Water Heating 0.07 0.08 0.08 0.08 0.08 0.07 

Cooking 0.03 0.03 0.03 0.03 0.03 0.03 

Other Uses 0.01 0.01 0.01 0.01 0.01 0.01 

Total LPG 0.43 0.44 0.44 0.43 0.41 0.39 

Renewable (1) 
Biomass 0.6 0.6 0.61 0.62 0.64 0.65 

Other Fuels 
Other Uses 0.15 0.13 0.12 0.12 0.12 0.12 

3.65 4.01 4.21 4.27 4.34 4.43Total Site Electricity 
7.27 7.24 7.26 7.40 7.60 7.72Total Fuels 

10.92 11.25 11.47 11.67 11.94 12.15Total Site Energy 

8.07 8.75 8.79 8.75 8.85 8.96Electricity Related Losses 
18.99 20.00 20.26 20.42 20.79 21.11Total Primary Energy 

3.21 3.18 3.09 3.05 3.04 3.02Average Heatrate (kWh.primary/kWh.site) 

(1) Non-marketed renewables are not included. 
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Table D-1.12: Commercial Sector Forecast Summary (Quadrillion Btu) 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 

carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 

1997 2000 2005 2010 2015 2020 

Site Electricity 
Space Heating 0.13 0.13 0.13 0.13 0.12 0.12 

Space Cooling 0.34 0.35 0.33 0.31 0.30 0.29 

Water Heating 0.07 0.07 0.07 0.06 0.06 0.05 

Ventilation 0.17 0.17 0.17 0.17 0.17 0.17 

Cooking 0.02 0.02 0.02 0.02 0.02 0.02 

Lighting 1.22 1.25 1.20 1.22 1.20 1.17 

Refrigeration 0.18 0.19 0.19 0.20 0.20 0.20 

Office Equipment (PC) 0.12 0.14 0.16 0.21 0.23 0.25 

Office Equipment (Non-PC) 0.29 0.32 0.36 0.42 0.51 0.53 

Other Uses 0.91 1.05 1.17 1.28 1.30 1.35 

Total Site Electricity 3.45 3.69 3.80 4.02 4.11 4.15 

Natural Gas 
Space Heating 1.31 1.31 1.29 1.31 1.33 1.32 

Space Cooling 0.01 0.02 0.03 0.03 0.04 0.04 

Water Heating 0.62 0.64 0.64 0.66 0.68 0.69 

Cooking 0.23 0.25 0.27 0.29 0.30 0.31 

Other Uses 1.20 1.33 1.40 1.46 1.48 1.46 

Total Natural Gas 3.37 3.55 3.63 3.75 3.83 3.82 

Distillate 
Space Heating 0.21 0.23 0.22 0.22 0.21 0.20 

Water Heating 0.05 0.05 0.05 0.05 0.05 0.04 

Other Uses 0.23 0.10 0.09 0.09 0.10 0.10 

Total Distillate 0.49 0.38 0.36 0.36 0.36 0.34 

Renewable 
Biomass 0.00 0.00 0.00 0.00 0.00 0.00 

Other Fuels 
Other Uses 0.32 0.30 0.31 0.32 0.33 0.33 

Total Electricity 3.45 3.69 3.80 4.02 4.11 4.15 

Total Fuels 4.18 4.23 4.30 4.43 4.52 4.49 

Total Site Energy 7.63 7.92 8.10 8.45 8.63 8.64 

Electricity Related Losses 7.59 8.05 7.90 8.22 8.40 8.39 

Total Primary Energy 15.22 15.97 16.00 16.67 17.03 17.03 

Average Heatrate (kWh.primary/kWh.site) 3.20 3.18 3.08 3.04 3.04 3.02 
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Table D-1.13: Residential Sector Forecast Summary (MtC) 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 

carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 

1997 2000 2005 2010 2015 2020 

Electricity 
Space Heating 22.0 23.1 23.0 23.3 23.8 24.9 

Space Cooling 23.0 25.7 25.4 25.2 24.3 24.4 

Water Heating 17.5 18.5 17.1 16.5 16.5 16.1 

Refrigeration 19.5 18.5 15.2 13.1 12.1 11.7 

Cooking 6.5 7.2 6.8 7.3 7.8 8.3 

Clothes Dryers 9.5 10.3 10.3 10.7 11.2 12.2 

Freezers 6.0 5.7 3.9 3.4 3.4 3.4 

Lighting 17.0 18.5 18.1 18.4 18.9 19.0 

Clothes Wahers 1.5 1.5 1.5 1.5 1.5 1.5 

Dishwashers 2.5 2.6 2.4 2.4 2.9 2.9 

Color Televisions 10.5 12.8 13.7 13.1 13.1 14.2 

Personal Computers 1.0 1.0 1.5 1.9 1.9 2.4 

Furnace Fans 4.5 5.1 5.4 5.8 6.3 6.3 

Other Uses 41.5 55.5 61.6 64.5 67.0 68.8 

Total Electricity 182.3 206.1 205.9 207.2 210.6 216.2 

Natural Gas 
Space Heating 51.5 52.0 53.2 55.2 57.7 59.5 

Space Cooling 0.0 0.0 0.0 0.0 0.0 0.1 

Water Heating 18.3 18.6 18.7 19.2 19.9 20.0 

Cooking 2.3 2.3 2.4 2.4 2.6 2.7 

Clothes Dryers 0.7 0.7 0.7 0.9 0.9 0.9 

Other Uses 1.3 1.4 1.4 1.6 1.6 1.7 

Total Natural Gas 74.1 75.0 76.5 79.2 82.7 85.0 

Distillate 
Space Heating 17.9 16.2 14.5 13.5 12.9 12.1 

Water Heating 2.1 1.9 1.9 1.9 1.9 1.9 

Other Uses 0.0 0.0 0.0 0.0 0.0 0.0 

Total Distillate 20.0 18.1 16.4 15.4 14.8 14.0 

LPG 
Space Heating 5.8 5.7 5.7 5.6 5.2 5.0 

Water Heating 1.3 1.4 1.4 1.4 1.4 1.3 

Cooking 0.5 0.5 0.5 0.5 0.5 0.5 

Other Uses 0.2 0.2 0.2 0.2 0.2 0.2 

Total LPG 7.8 7.9 7.8 7.7 7.3 7.0 

Renewable (1) 
Biomass 0.0 0.0 0.0 0.0 0.0 0.0 

Other Fuels 
Other Uses 1.4 1.5 1.4 1.3 1.3 1.3 

285.6 308.6 308.0 310.8 316.7 323.5Total Carbon Emissions 

(1) Non-marketed renewables are not included. 
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Table D-1.14: Commercial Sector Forecast Summary (MtC) 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 

carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 

1997 2000 2005 2010 2015 2020 

Electricity 
Space Heating 6.46 6.68 6.33 6.29 5.84 5.85 

Space Cooling 16.90 17.99 16.07 15.01 14.59 14.14 

Water Heating 3.48 3.60 3.41 2.90 2.92 2.44 

Ventilation 8.45 8.74 8.28 8.23 8.27 8.29 

Cooking 0.99 1.03 0.97 0.97 0.97 0.98 

Lighting 60.65 64.26 58.45 59.06 58.36 57.06 

Refrigeration 8.95 9.77 9.26 9.68 9.73 9.75 

Office Equipment (PC) 5.97 7.20 7.79 10.17 11.19 12.19 

Office Equipment (Non-PC) 14.42 16.45 17.54 20.33 24.81 25.85 

Other Uses 45.24 53.98 56.99 61.96 63.23 65.84 

Total Electricity 171.50 189.70 185.10 194.60 199.90 202.40 

Natural Gas 
Space Heating 18.89 18.86 18.51 18.90 19.13 19.01 

Space Cooling 0.14 0.29 0.43 0.43 0.58 0.58 

Water Heating 8.94 9.21 9.19 9.52 9.78 9.93 

Cooking 3.32 3.60 3.88 4.18 4.32 4.46 

Other Uses 17.31 19.14 20.09 21.06 21.29 21.02 

Total Natural Gas 48.60 51.10 52.10 54.10 55.10 55.00 

Distillate 
Space Heating 6.17 7.08 7.03 7.03 6.65 6.53 

Water Heating 1.47 1.54 1.60 1.60 1.58 1.31 

Other Uses 6.76 3.08 2.88 2.88 3.17 3.26 

Total Distillate 14.40 11.70 11.50 11.50 11.40 11.10 

Renewable 
Biomass 0.00 0.00 0.00 0.00 0.00 0.00 

Other Fuels 
Other Uses 2.10 2.30 2.40 2.50 2.60 2.60 

Total Carbon emissions 236.60 254.80 251.10 262.70 269.00 271.10 
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Table D-1.15: Residential Sector Forecast Summary (Quadrillion Btu) 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 

carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 

1997 2000 2005 2010 2015 2020 

Site Electricity 
Space Heating 0.44 0.45 0.46 0.46 0.46 0.47 

Space Cooling 0.46 0.50 0.49 0.47 0.45 0.45 

Water Heating 0.35 0.36 0.35 0.34 0.33 0.31 

Refrigeration 0.39 0.37 0.31 0.27 0.24 0.22 

Cooking 0.13 0.14 0.14 0.15 0.16 0.18 

Clothes Dryers 0.19 0.20 0.20 0.21 0.23 0.24 

Freezers 0.12 0.11 0.08 0.07 0.07 0.07 

Lighting 0.34 0.36 0.35 0.35 0.31 0.27 

Clothes Washers 0.03 0.03 0.03 0.03 0.02 0.02 

Dishwashers 0.05 0.05 0.05 0.05 0.05 0.06 

Color Televisions 0.21 0.25 0.27 0.27 0.26 0.27 

Personal Computers 0.02 0.02 0.03 0.04 0.04 0.05 

Furnace Fans 0.09 0.10 0.10 0.11 0.11 0.11 

Other Uses 0.83 1.08 1.21 1.28 1.25 1.18 

Total Site Electricity 3.65 4.02 4.07 4.10 3.98 3.90 

Natural Gas 
Space Heating 3.58 3.61 3.54 3.64 3.76 3.83 

Space Cooling 0.00 0.00 0.00 0.00 0.00 0.01 

Water Heating 1.27 1.29 1.25 1.29 1.33 1.34 

Cooking 0.16 0.16 0.17 0.17 0.18 0.19 

Clothes Dryers 0.05 0.05 0.05 0.05 0.06 0.06 

Other Uses 0.09 0.10 0.10 0.10 0.11 0.12 

Total Natural Gas 5.15 5.21 5.11 5.25 5.44 5.55 

Distillate 
Space Heating 0.84 0.77 0.67 0.61 0.57 0.53 

Water Heating 0.10 0.09 0.09 0.09 0.09 0.08 

Other Uses 0.00 0.00 0.00 0.00 0.00 0.00 

Total Distillate 0.94 0.86 0.76 0.70 0.66 0.61 

LPG 
Space Heating 0.32 0.32 0.31 0.30 0.28 0.27 

Water Heating 0.07 0.08 0.08 0.07 0.07 0.07 

Cooking 0.03 0.03 0.03 0.03 0.03 0.03 

Other Uses 0.01 0.01 0.01 0.01 0.01 0.01 

Total LPG 0.43 0.44 0.43 0.41 0.39 0.38 

Renewable (1) 
Biomass 0.6 0.6 0.61 0.62 0.64 0.65 

Other Fuels 
Other Uses 0.15 0.13 0.12 0.12 0.11 0.11 

3.65 4.02 4.07 4.10 3.98 3.90Total Site Electricity 
7.27 7.24 7.03 7.10 7.24 7.30Total Fuels 

10.92 11.26 11.10 11.20 11.22 11.20Total Site Energy 

8.07 8.60 7.99 8.04 7.69 7.14Electricity Related Losses 
18.99 19.86 19.09 19.24 18.91 18.34Total Primary Energy 

3.21 3.14 2.96 2.96 2.93 2.83Average Heatrate (kWh.primary/kWh.site) 

(1) Non-marketed renewables are not included. 
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Table D-1.16: Commercial Sector Forecast Summary (Quadrillion Btu) 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 

carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 

1997 2000 2005 2010 2015 2020 

Site Electricity 
Space Heating 0.13 0.13 0.11 0.10 0.09 0.08 

Space Cooling 0.34 0.35 0.32 0.30 0.29 0.28 

Water Heating 0.07 0.07 0.07 0.06 0.06 0.05 

Ventilation 0.17 0.17 0.16 0.16 0.16 0.16 

Cooking 0.02 0.02 0.02 0.02 0.02 0.02 

Lighting 1.22 1.25 1.18 1.19 1.15 1.11 

Refrigeration 0.18 0.19 0.19 0.20 0.20 0.20 

Office Equipment (PC) 0.12 0.14 0.15 0.20 0.23 0.24 

Office Equipment (Non-PC) 0.29 0.32 0.35 0.42 0.50 0.53 

Other Uses 0.91 1.05 1.13 1.24 1.27 1.26 

Total Site Electricity 3.45 3.69 3.68 3.89 3.97 3.93 

Natural Gas 
Space Heating 1.31 1.27 1.23 1.30 1.34 1.36 

Space Cooling 0.01 0.02 0.03 0.03 0.04 0.04 

Water Heating 0.62 0.64 0.61 0.64 0.66 0.66 

Cooking 0.23 0.25 0.26 0.27 0.28 0.29 

Other Uses 1.20 1.37 1.38 1.44 1.39 1.35 

Total Natural Gas 3.37 3.55 3.51 3.68 3.71 3.70 

Distillate 
Space Heating 0.21 0.25 0.23 0.20 0.18 0.15 

Water Heating 0.05 0.05 0.05 0.05 0.04 0.04 

Other Uses 0.23 0.08 0.07 0.07 0.07 0.07 

Total Distillate 0.49 0.38 0.35 0.32 0.29 0.26 

Renewable 
Biomass 0.00 0.00 0.00 0.00 0.00 0.00 

Other Fuels 
Other Uses 0.32 0.30 0.31 0.32 0.33 0.33 

Total Electricity 3.45 3.69 3.68 3.89 3.97 3.93 

Total Fuels 4.18 4.23 4.17 4.32 4.33 4.29 

Total Site Energy 7.63 7.92 7.85 8.21 8.30 8.22 

Electricity Related Losses 7.59 7.91 7.20 7.63 7.62 7.20 

Total Primary Energy 15.22 15.83 15.05 15.84 15.92 15.42 

Average Heatrate (kWh.primary/kWh.site) 3.20 3.14 2.96 2.96 2.92 2.83 
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Table D-1.17: Residential Sector Forecast Summary (MtC) 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 

carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 

1997 2000 2005 2010 2015 2020 

Electricity 
Space Heating 22.0 22.6 19.3 18.0 17.2 15.5 

Space Cooling 23.0 25.1 20.6 18.4 16.8 14.8 

Water Heating 17.5 18.1 14.7 13.3 12.3 10.2 

Refrigeration 19.5 18.6 13.0 10.6 9.0 7.3 

Cooking 6.5 7.0 5.9 5.9 6.0 5.9 

Clothes Dryers 9.5 10.0 8.4 8.2 8.6 7.9 

Freezers 6.0 5.5 3.4 2.7 2.6 2.3 

Lighting 17.0 18.1 14.7 13.7 11.6 8.9 

Clothes Wahers 1.5 1.5 1.3 1.2 0.7 0.7 

Dishwashers 2.5 2.5 2.1 2.0 1.9 2.0 

Color Televisions 10.5 12.6 11.3 10.6 9.7 8.9 

Personal Computers 1.0 1.0 1.3 1.6 1.5 1.6 

Furnace Fans 4.5 5.0 4.2 4.3 4.1 3.6 

Other Uses 41.5 54.3 50.7 50.1 46.6 38.9 

Total Electricity 182.3 202.0 170.7 160.5 148.5 128.6 

Natural Gas 
Space Heating 51.5 52.0 51.0 52.6 54.1 55.0 

Space Cooling 0.0 0.0 0.0 0.0 0.0 0.1 

Water Heating 18.3 18.6 18.0 18.6 19.1 19.2 

Cooking 2.3 2.3 2.4 2.5 2.6 2.7 

Clothes Dryers 0.7 0.7 0.7 0.7 0.9 0.9 

Other Uses 1.3 1.4 1.4 1.4 1.6 1.7 

Total Natural Gas 74.1 75.0 73.6 75.8 78.3 79.7 

Distillate 
Space Heating 17.9 16.2 14.0 12.9 12.1 11.4 

Water Heating 2.1 1.9 1.9 1.9 1.9 1.7 

Other Uses 0.0 0.0 0.0 0.0 0.0 0.0 

Total Distillate 20.0 18.1 15.9 14.8 14.0 13.1 

LPG 
Space Heating 5.8 5.7 5.5 5.4 5.0 4.9 

Water Heating 1.3 1.4 1.4 1.3 1.3 1.3 

Cooking 0.5 0.5 0.5 0.5 0.5 0.5 

Other Uses 0.2 0.2 0.2 0.2 0.2 0.2 

Total LPG 7.8 7.9 7.6 7.3 7.0 6.9 

Renewable (1) 
Biomass 0.0 0.0 0.0 0.0 0.0 0.0 

Other Fuels 
Other Uses 1.4 1.5 1.4 1.3 1.3 1.3 

285.6 304.5 269.2 259.7 249.1 229.6Total Carbon Emissions 

(1) Non-marketed renewables are not included. 
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Table D-1.18: Commercial Sector Forecast Summary (MtC) 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 

carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 

1997 2000 2005 2010 2015 2020 

Electricity 
Space Heating 6.46 6.55 4.59 3.92 3.34 2.64 

Space Cooling 16.90 17.63 13.37 11.75 10.75 9.23 

Water Heating 3.48 3.53 2.92 2.35 2.22 1.65 

Ventilation 8.45 8.56 6.68 6.27 5.93 5.27 

Cooking 0.99 1.01 0.84 0.78 0.74 0.66 

Lighting 60.65 62.97 49.28 46.62 42.64 36.58 

Refrigeration 8.95 9.57 7.94 7.84 7.42 6.59 

Office Equipment (PC) 5.97 7.05 6.26 7.84 8.53 7.91 

Office Equipment (Non-PC) 14.42 16.12 14.62 16.45 18.54 17.46 

Other Uses 45.24 52.90 47.20 48.58 47.09 41.52 

Total Electricity 171.50 185.90 153.70 152.40 147.20 129.50 

Natural Gas 
Space Heating 18.89 18.21 17.73 18.72 19.32 19.63 

Space Cooling 0.14 0.29 0.43 0.43 0.58 0.58 

Water Heating 8.94 9.18 8.79 9.22 9.52 9.53 

Cooking 3.32 3.58 3.75 3.89 4.04 4.19 

Other Uses 17.31 19.64 19.89 20.74 20.04 19.48 

Total Natural Gas 48.60 50.90 50.60 53.00 53.50 53.40 

Distillate 
Space Heating 6.17 7.70 7.16 6.56 6.27 5.54 

Water Heating 1.47 1.54 1.56 1.64 1.39 1.48 

Other Uses 6.76 2.46 2.18 2.30 2.44 2.58 

Total Distillate 14.40 11.70 10.90 10.50 10.10 9.60 

Renewable 
Biomass 0.00 0.00 0.00 0.00 0.00 0.00 

Other Fuels 
Other Uses 2.10 2.30 2.30 2.40 2.40 2.50 

Total Carbon emissions 236.60 250.80 217.50 218.30 213.20 195.00 

Carrie A Webber
Appendix D-1                                                                   D-1.57                                                           Buildings



 

  

APPENDIX D-1 REFERENCES 

Interlaboratory Working Group. 1997. Scenarios of U.S. Carbon Reductions:  Potential Impacts 
of Energy-Efficient and Low-Carbon Technologies by 2010 and Beyond. Oak Ridge, TN and 
Berkeley, CA: Oak Ridge National Laboratory and Lawrence Berkeley National Laboratory. 
ORNL-444 and LBNL-40533.  September. 

Koomey, Jonathan G., R. Cooper Richey, Skip Laitner, Robert J. Markel, and Chris Marnay. 
1998b. Technology and greenhouse gas emissions:  An integrated analysis using the LBNL-
NEMS model. Berkeley, CA: Ernest Orlando Lawrence Berkeley National Laboratory. LBNL­
42054. September. 

US DOE. 1998a. Annual Energy Outlook 1999, with Projections to 2020. Washington, DC: 
Energy Information Administration, U.S. Department of Energy. DOE/EIA-0383(99). 
December. 

Carrie A Webber
Appendix D-1                                                                   D-1.58                                                           Buildings



APPENDIX D
 

DETAILED RESULTS
 

APPENDIX D-2
 

INDUSTRY
 



Industrial Sector Forecast Summary Page 1 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 

1997 2000 2005 2010 2015 2020 

Energy Consumption (Quadrillion Btu) 
Purchased Electricity 3.5 3.6 3.8 4.1 4.3 4.5 
Natural Gas 9.9 10.3 10.6 11.1 11.6 11.9 
Stream Coal 1.6 1.6 1.6 1.7 1.7 1.7 
Metallurgical Coal and Coke 0.8 0.7 0.7 0.7 0.7 0.7 
Residual Fuel 0.3 0.3 0.3 0.3 0.3 0.3 
Distillate 1.1 1.1 1.2 1.3 1.4 1.5 
Liquefied Petroleum Gas 2.1 2.2 2.3 2.4 2.5 2.6 
Petrochemical Feedstocks 1.5 1.5 1.4 1.5 1.6 1.7 
Other Petroleum 4.3 4.7 4.9 5.2 5.2 5.3 
Renewables 1.9 2.0 2.1 2.3 2.5 2.6 
Total Site Energy 27.0 27.9 29.1 30.6 31.7 32.7 

Electricity Related Losses 7.8 7.9 7.9 8.2 8.4 8.6 
Electricity + Losses 11.3 11.5 11.7 12.3 12.7 13.0 
Fossil Fuels 21.6 22.4 23.1 24.2 25.0 25.7 
Renewables 1.9 2.0 2.1 2.3 2.5 2.6 
Total Primary Energy 34.8 35.8 37.0 38.8 40.1 41.2 

Average Heatrate (kWh.primary/kWh.site) 3.21 3.18 3.07 3.00 2.95 2.91 

Sub-sector Industry Output (billion 1987$) 
refining 139 142 148 157 161 165 
food 395 413 438 470 498 522 
paper 125 131 140 150 157 162 
bulk chemicals 152 152 161 172 183 193 
glass 20 19 20 20 21 22 
cement 5 5 5 5 5 5 
iron and steel 69 70 76 78 81 81 
aluminum 29 28 29 29 29 29 
agriculture 248 259 275 295 311 325 
construction 428 453 504 568 611 657 
mining 136 136 143 150 157 161 
metal durables 1382 1461 1737 2081 2342 2617 
other manufacturing 854 883 965 1061 1137 1193 
total 3982 4151 4640 5237 5695 6133 

Average Efficiency (kBtu/1987$ output) 8.7 8.6 8.0 7.4 7.0 6.7 
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Industrial Sector Forecast Summary Page 2 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Sub-sector Energy Consumption (Quadrillion Btu) 
Refining 

petroleum 2.126 2.422 2.383 2.460 2.368 2.291 
natural gas 0.800 0.903 1.061 1.143 1.241 1.300 
coal 0.003 0.000 0.000 0.000 0.000 0.000 
site electricity 0.110 0.153 0.169 0.195 0.197 0.200 
total 3.039 3.478 3.613 3.798 3.806 3.791 

Food 
petroleum 0.209 0.236 0.251 0.253 0.265 0.272 
natural gas 0.625 0.652 0.643 0.662 0.683 0.701 
coal 0.183 0.191 0.200 0.210 0.218 0.228 
renewables 0.014 0.015 0.016 0.018 0.019 0.020 
site electricity 0.208 0.215 0.221 0.231 0.242 0.251 
total 1.240 1.309 1.331 1.373 1.426 1.471 

Paper 
petroleum 0.122 0.130 0.122 0.109 0.103 0.096 
natural gas 0.672 0.656 0.575 0.502 0.462 0.427 
coal 0.394 0.383 0.352 0.314 0.290 0.269 
renewables 1.483 1.550 1.667 1.807 1.915 1.997 
site electricity 0.258 0.262 0.267 0.269 0.272 0.274 
total 2.929 2.981 2.982 3.001 3.042 3.065 

Bulk Chemicals (energy) 
petroleum 0.479 0.519 0.539 0.534 0.561 0.576 
natural gas 2.188 2.216 2.198 2.244 2.320 2.395 
coal 0.175 0.170 0.182 0.197 0.210 0.227 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
site electricity 0.637 0.628 0.642 0.671 0.703 0.738 
total 3.479 3.534 3.561 3.645 3.794 3.935 

Bulk Chemicals (feedstocks) 
petrochemicals 1.855 1.823 1.949 2.066 2.168 2.266 
natural gas 1.461 1.470 1.435 1.519 1.593 1.665 
LPG 0.660 0.686 0.698 0.739 0.775 0.810 
total 3.976 3.979 4.082 4.324 4.536 4.741 

Glass 
petroleum 0.003 0.003 0.003 0.003 0.003 0.003 
natural gas 0.155 0.152 0.146 0.142 0.143 0.142 
coal 0.000 0.000 0.000 0.000 0.000 0.000 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
site electricity 0.031 0.029 0.030 0.030 0.031 0.031 
total 0.189 0.185 0.178 0.175 0.176 0.176 

Cement 
petroleum 0.036 0.034 0.036 0.036 0.035 0.033 
natural gas 0.018 0.018 0.016 0.015 0.015 0.014 
coal 0.315 0.312 0.311 0.317 0.316 0.313 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
site electricity 0.030 0.029 0.030 0.031 0.031 0.031 
total 0.399 0.393 0.393 0.398 0.395 0.391 

Iron and Steel 
petroleum 0.118 0.122 0.124 0.114 0.109 0.103 
natural gas 0.541 0.531 0.485 0.446 0.418 0.390 
coal 0.873 0.809 0.816 0.799 0.798 0.783 
site electricity 0.173 0.170 0.178 0.175 0.178 0.176 
total 1.705 1.633 1.602 1.534 1.503 1.452 
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Industrial Sector Forecast Summary Page 3 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Sub-sector Energy Consumption (Quadrillion Btu) (continued) 
Aluminum 

petroleum 0.000 0.000 0.000 0.000 0.000 0.000 
natural gas 0.081 0.080 0.073 0.068 0.064 0.060 
site electricity 0.183 0.176 0.174 0.166 0.160 0.153 
total 0.264 0.256 0.248 0.234 0.224 0.213 

Agriculture 
petroleum 0.782 0.793 0.871 0.932 0.979 1.020 
natural gas 0.063 0.068 0.069 0.073 0.076 0.079 
coal 0.001 0.001 0.001 0.000 0.000 0.000 
renewables 0.023 0.024 0.026 0.028 0.030 0.032 
site electricity 0.132 0.137 0.144 0.152 0.159 0.165 
total 1.001 1.022 1.111 1.186 1.245 1.297 

Construction 
petroleum 1.602 1.632 1.835 2.041 2.181 2.327 
natural gas 0.200 0.218 0.231 0.256 0.273 0.290 
site electricity 0.123 0.129 0.139 0.153 0.163 0.173 
total 1.924 1.979 2.205 2.450 2.617 2.790 

Mining 
petroleum 0.217 0.211 0.227 0.236 0.243 0.248 
natural gas 1.661 1.720 1.919 2.072 2.231 2.358 
coal 0.073 0.073 0.075 0.078 0.080 0.081 
renewables 0.001 0.001 0.001 0.001 0.002 0.002 
site electricity 0.296 0.292 0.300 0.310 0.319 0.323 
total 2.248 2.297 2.522 2.697 2.874 3.012 

Metal Based Durables 
petroleum 0.051 0.058 0.062 0.068 0.072 0.075 
natural gas 0.763 0.823 0.906 1.029 1.109 1.186 
coal 0.117 0.122 0.137 0.158 0.171 0.184 
renewables 0.001 0.001 0.001 0.001 0.002 0.002 
site electricity 0.589 0.616 0.701 0.811 0.893 0.977 
total 1.520 1.620 1.807 2.068 2.247 2.423 

Other Manufacturing 
petroleum 0.233 0.303 0.309 0.322 0.329 0.320 
natural gas 1.497 1.545 1.612 1.704 1.763 1.791 
coal 0.230 0.238 0.257 0.279 0.291 0.297 
renewables 0.356 0.370 0.408 0.451 0.485 0.510 
site electricity 0.754 0.770 0.825 0.891 0.945 0.981 
total 3.070 3.226 3.411 3.647 3.813 3.900 

Total 
petroleum 8.493 8.972 9.410 9.911 10.189 10.440 
natural gas 10.726 11.051 11.368 11.876 12.391 12.799 
coal 2.363 2.298 2.330 2.353 2.372 2.383 
renewables 1.878 1.962 2.120 2.307 2.452 2.562 
site electricity 3.523 3.608 3.818 4.083 4.293 4.473 
total 26.983 27.890 29.046 30.530 31.698 32.656 
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Industrial Sector Forecast Summary Electricity as Primary energy Page 4 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Sub-sector Energy Consumption (Quadrillion Btu) 
Refining 

petroleum 2.126 2.422 2.383 2.460 2.368 2.291 
natural gas 0.800 0.903 1.061 1.143 1.241 1.300 
coal 0.003 0.000 0.000 0.000 0.000 0.000 
primary electricity 0.352 0.488 0.519 0.585 0.581 0.583 
total 3.281 3.812 3.963 4.188 4.190 4.174 

Food 
petroleum 0.209 0.236 0.251 0.253 0.265 0.272 
natural gas 0.625 0.652 0.643 0.662 0.683 0.701 
coal 0.183 0.191 0.200 0.210 0.218 0.228 
renewables 0.014 0.015 0.016 0.018 0.019 0.020 
primary electricity 0.667 0.684 0.679 0.694 0.712 0.731 
total 1.699 1.778 1.789 1.837 1.897 1.951 

Paper 
petroleum 0.122 0.130 0.122 0.109 0.103 0.096 
natural gas 0.672 0.656 0.575 0.502 0.462 0.427 
coal 0.394 0.383 0.352 0.314 0.290 0.269 
renewables 1.483 1.550 1.667 1.807 1.915 1.997 
primary electricity 0.829 0.835 0.818 0.807 0.802 0.799 
total 3.500 3.553 3.534 3.539 3.572 3.589 

Bulk Chemicals (energy) 
petroleum 0.479 0.519 0.539 0.534 0.561 0.576 
natural gas 2.188 2.216 2.198 2.244 2.320 2.395 
coal 0.175 0.170 0.182 0.197 0.210 0.227 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
primary electricity 2.046 2.000 1.972 2.015 2.074 2.148 
total 4.888 4.905 4.891 4.990 5.164 5.346 

Bulk Chemicals (feedstocks) 
petrochemicals 1.855 1.823 1.949 2.066 2.168 2.266 
natural gas 1.461 1.470 1.435 1.519 1.593 1.665 
LPG 0.660 0.686 0.698 0.739 0.775 0.810 
total 3.976 3.979 4.082 4.324 4.536 4.741 

Glass 
petroleum 0.003 0.003 0.003 0.003 0.003 0.003 
natural gas 0.155 0.152 0.146 0.142 0.143 0.142 
coal 0.000 0.000 0.000 0.000 0.000 0.000 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
primary electricity 0.098 0.093 0.091 0.090 0.090 0.091 
total 0.256 0.249 0.239 0.235 0.236 0.235 

Cement 
petroleum 0.036 0.034 0.036 0.036 0.035 0.033 
natural gas 0.018 0.018 0.016 0.015 0.015 0.014 
coal 0.315 0.312 0.311 0.317 0.316 0.313 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
primary electricity 0.096 0.091 0.091 0.092 0.091 0.089 
total 0.465 0.456 0.454 0.459 0.455 0.450 

Iron and Steel 
petroleum 0.118 0.122 0.124 0.114 0.109 0.103 
natural gas 0.541 0.531 0.485 0.446 0.418 0.390 
coal 0.873 0.809 0.816 0.799 0.798 0.783 
primary electricity 0.556 0.542 0.545 0.527 0.525 0.511 
total 2.087 2.005 1.970 1.886 1.850 1.787 
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Industrial Sector Forecast Summary Electricity as Primary energy Page 5 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Sub-sector Energy Consumption (Quadrillion Btu) (continued) 
Aluminum 

petroleum 0.000 0.000 0.000 0.000 0.000 0.000 
natural gas 0.081 0.080 0.073 0.068 0.064 0.060 
primary electricity 0.588 0.561 0.535 0.498 0.472 0.445 
total 0.669 0.641 0.609 0.566 0.537 0.505 

Agriculture 
petroleum 0.782 0.793 0.871 0.932 0.979 1.020 
natural gas 0.063 0.068 0.069 0.073 0.076 0.079 
coal 0.001 0.001 0.001 0.000 0.000 0.000 
renewables 0.023 0.024 0.026 0.028 0.030 0.032 
primary electricity 0.423 0.437 0.442 0.457 0.470 0.482 
total 1.292 1.322 1.409 1.491 1.556 1.613 

Construction 
petroleum 1.602 1.632 1.835 2.041 2.181 2.327 
natural gas 0.200 0.218 0.231 0.256 0.273 0.290 
primary electricity 0.394 0.411 0.427 0.459 0.479 0.504 
total 2.195 2.260 2.493 2.756 2.933 3.121 

Mining 
petroleum 0.217 0.211 0.227 0.236 0.243 0.248 
natural gas 1.661 1.720 1.919 2.072 2.231 2.358 
coal 0.073 0.073 0.075 0.078 0.080 0.081 
renewables 0.001 0.001 0.001 0.001 0.002 0.002 
primary electricity 0.950 0.929 0.920 0.930 0.940 0.942 
total 2.903 2.933 3.143 3.318 3.495 3.631 

Metal Based Durables 
petroleum 0.051 0.058 0.062 0.068 0.072 0.075 
natural gas 0.763 0.823 0.906 1.029 1.109 1.186 
coal 0.117 0.122 0.137 0.158 0.171 0.184 
renewables 0.001 0.001 0.001 0.001 0.002 0.002 
primary electricity 1.890 1.961 2.152 2.438 2.634 2.845 
total 2.821 2.965 3.258 3.694 3.988 4.292 

Other Manufacturing 
petroleum 0.233 0.303 0.309 0.322 0.329 0.320 
natural gas 1.497 1.545 1.612 1.704 1.763 1.791 
coal 0.230 0.238 0.257 0.279 0.291 0.297 
renewables 0.356 0.370 0.408 0.451 0.485 0.510 
primary electricity 2.421 2.451 2.533 2.678 2.788 2.857 
total 4.736 4.907 5.119 5.434 5.655 5.776 

Total 
petroleum 8.493 8.972 9.410 9.911 10.189 10.440 
natural gas 10.726 11.051 11.368 11.876 12.391 12.799 
coal 2.363 2.298 2.330 2.353 2.372 2.383 
renewables 1.878 1.962 2.120 2.307 2.452 2.562 
primary electricity 11.310 11.482 11.725 12.269 12.659 13.028 
total 34.8 35.8 37.0 38.7 40.1 41.2 
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Industrial Sector Forecast Summary (MtC) Page 1 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 

1997 2000 2005 2010 2015 2020 
Sub-sector carbon emissions (MtC) 
Refining 

petroleum 34.71 37.66 36.44 37.19 35.48 34.03 
natural gas 10.94 12.22 14.50 15.59 16.93 17.71 
coal 0.08 0.00 0.00 0.00 0.00 0.00 
site electricity 5.46 7.90 8.44 9.59 9.59 9.64 
total 51.19 57.78 59.37 62.37 61.99 61.37 

Food 
petroleum 3.42 3.68 3.84 3.82 3.96 4.04 
natural gas 8.55 8.82 8.78 9.03 9.31 9.55 
coal 4.53 4.84 5.06 5.34 5.52 5.77 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 10.36 11.09 11.04 11.39 11.75 12.07 
total 26.86 28.43 28.72 29.57 30.55 31.42 

Paper 
petroleum 1.99 2.03 1.87 1.65 1.54 1.43 
natural gas 9.20 8.87 7.86 6.85 6.31 5.82 
coal 9.75 9.69 8.92 7.97 7.34 6.83 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 12.87 13.53 13.30 13.24 13.23 13.20 
total 33.81 34.12 31.94 29.71 28.42 27.28 

Bulk Chemicals (energy) 
petroleum 7.82 8.07 8.24 8.07 8.40 8.55 
natural gas 29.93 30.00 30.03 30.61 31.64 32.62 
coal 4.33 4.31 4.61 4.99 5.32 5.75 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 31.77 32.42 32.04 33.06 34.21 35.48 
total 73.85 74.79 74.93 76.73 79.57 82.41 

Bulk Chemicals (feedstocks) 
petrochemicals 6.06 5.67 5.96 6.25 6.50 6.73 
natural gas 15.47 15.40 15.18 16.04 16.82 17.55 
LPG 2.15 2.13 2.13 2.23 2.32 2.41 
total 23.68 23.21 23.27 24.52 25.64 26.69 

Glass 
petroleum 0.04 0.05 0.04 0.04 0.04 0.04 
natural gas 2.12 2.06 1.99 1.94 1.95 1.94 
coal 0.00 0.00 0.00 0.00 0.00 0.00 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 1.52 1.51 1.47 1.47 1.49 1.50 
total 3.69 3.62 3.51 3.45 3.47 3.47 

Cement 
petroleum 0.59 0.53 0.55 0.54 0.52 0.49 
natural gas 0.25 0.25 0.22 0.21 0.20 0.19 
coal 7.80 7.90 7.89 8.04 8.00 7.94 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 1.49 1.48 1.47 1.50 1.49 1.48 
total fuel 10.13 10.16 10.13 10.29 10.20 10.10 
process emissions 11.16 10.69 11.34 12.02 12.25 12.41 
total 21.29 20.85 21.48 22.31 22.45 22.51 

Iron and Steel 
petroleum 1.93 1.90 1.90 1.72 1.64 1.53 
natural gas 7.40 7.19 6.62 6.08 5.70 5.31 
coal 21.61 20.50 20.70 20.28 20.21 19.85 
site electricity 8.63 8.79 8.86 8.65 8.66 8.45 
total 39.56 38.38 38.08 36.72 36.21 35.14 
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Industrial Sector Forecast Summary (MtC) Page 2 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Sub-sector carbon emissions (MtC) 
Aluminum 

petroleum 0.00 0.00 0.00 0.00 0.00 0.00 
natural gas 1.11 1.08 1.00 0.93 0.88 0.82 
site electricity 9.14 9.09 8.70 8.16 7.79 7.35 
total 10.24 10.17 9.70 9.09 8.67 8.17 

Agriculture 
petroleum 12.77 12.32 13.32 14.08 14.67 15.15 
natural gas 0.87 0.92 0.95 1.00 1.04 1.08 
coal 0.01 0.01 0.01 0.01 0.01 0.01 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 6.57 7.08 7.18 7.50 7.75 7.96 
total 20.22 20.33 21.46 22.59 23.47 24.19 

Construction 
petroleum 26.15 25.38 28.06 30.85 32.68 34.56 
natural gas 2.73 2.95 3.15 3.49 3.72 3.95 
site electricity 6.11 6.65 6.93 7.54 7.91 8.32 
total 35.00 34.98 38.14 41.88 44.31 46.83 

Mining 
petroleum 3.54 3.27 3.47 3.56 3.64 3.68 
natural gas 22.72 23.29 26.22 28.27 30.43 32.12 
coal 1.81 1.84 1.91 1.99 2.02 2.05 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 14.75 15.05 14.95 15.26 15.50 15.56 
total 42.83 43.45 46.55 49.08 51.60 53.42 

Metal Based Durables 
petroleum 0.83 0.89 0.95 1.03 1.08 1.11 
natural gas 10.44 11.14 12.38 14.04 15.13 16.15 
coal 2.89 3.08 3.48 4.00 4.32 4.66 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 29.34 31.79 34.97 40.00 43.45 47.00 
total 43.50 46.90 51.77 59.06 63.98 68.93 

Other Manufacturing 
petroleum 3.81 4.71 4.72 4.86 4.93 4.76 
natural gas 20.48 20.92 22.03 23.24 24.05 24.39 
coal 5.69 6.03 6.53 7.09 7.36 7.53 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 37.59 39.72 41.16 43.94 45.98 47.20 
total 67.56 71.38 74.43 79.13 82.32 83.88 

Total (including some feedstocks in C emissions) 
petroleum 105.80 108.30 111.50 115.90 117.40 118.50 
natural gas 142.20 145.10 150.90 157.30 164.10 169.20 
coal 58.50 58.20 59.10 59.70 60.10 60.40 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 175.60 186.10 190.50 201.30 208.80 215.20 
total fuel 482.10 497.70 512.00 534.20 550.40 563.30 
process emissions 11.16 10.69 11.34 12.02 12.25 12.41 
total 493.26 508.39 523.34 546.22 562.65 575.71 
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CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 

1997 2000 2005 2010 2015 2020 

Energy Consumption (Quadrillion Btu) 
Purchased Electricity 3.5 3.6 3.7 3.9 3.9 4.0 
Natural Gas 9.9 10.3 10.4 10.7 11.1 11.3 
Stream Coal 1.6 1.6 1.5 1.5 1.5 1.5 
Metallurgical Coal and Coke 0.8 0.7 0.7 0.7 0.7 0.6 
Residual Fuel 0.3 0.3 0.3 0.3 0.2 0.2 
Distillate 1.1 1.1 1.2 1.2 1.3 1.3 
Liquefied Petroleum Gas 2.1 2.1 2.2 2.3 2.4 2.4 
Petrochemical Feedstocks 1.5 1.5 1.4 1.5 1.5 1.5 
Other Petroleum 4.3 4.7 4.8 4.9 4.8 4.7 
Renewables 1.9 2.0 2.1 2.3 2.4 2.5 
Total Site Energy 27.0 27.9 28.4 29.3 29.7 30.0 

Electricity Related Losses 7.8 7.8 7.7 7.9 8.0 8.0 
Electricity + Losses 11.3 11.4 11.4 11.8 11.9 11.9 
Fossil Fuels 21.6 22.3 22.5 23.1 23.4 23.6 
Renewables 1.9 2.0 2.1 2.3 2.4 2.5 
Total Primary Energy 34.8 35.7 36.1 37.2 37.7 38.0 

Average Heatrate (kWh.primary/kWh.site) 3.21 3.18 3.08 3.05 3.04 3.02 

Sub-sector Industry Output (billion 1987$) 
refining 139 142 148 157 161 165 
food 395 413 438 470 498 522 
paper 125 131 140 150 157 162 
bulk chemicals 152 152 161 172 183 193 
glass 20 19 20 20 21 22 
cement 5 5 5 5 5 5 
iron and steel 69 70 76 78 81 81 
aluminum 29 28 29 29 29 29 
agriculture 248 259 275 295 311 325 
construction 428 453 504 568 611 657 
mining 136 136 143 150 157 161 
metal durables 1382 1461 1737 2081 2342 2617 
other manufacturing 854 883 965 1061 1137 1193 
total 3982 4151 4640 5237 5695 6133 

Average Efficiency (kBtu/1987$ output) 8.7 8.6 7.8 7.1 6.6 6.2 
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Industrial Sector Forecast Summary Page 2 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Sub-sector Energy Consumption (Quadrillion Btu) 
Refining 

petroleum 2.126 2.418 2.375 2.405 2.226 2.137 
natural gas 0.800 0.908 1.071 1.145 1.229 1.224 
coal 0.003 0.000 0.000 0.000 0.000 0.000 
site electricity 0.110 0.153 0.169 0.187 0.184 0.178 
total 3.039 3.479 3.615 3.737 3.639 3.539 

Food 
petroleum 0.210 0.238 0.242 0.245 0.251 0.251 
natural gas 0.630 0.658 0.650 0.670 0.693 0.710 
coal 0.184 0.192 0.197 0.205 0.209 0.213 
renewables 0.014 0.015 0.016 0.018 0.019 0.020 
site electricity 0.208 0.215 0.215 0.220 0.223 0.224 
total 1.246 1.317 1.321 1.358 1.395 1.419 

Paper 
petroleum 0.123 0.131 0.114 0.101 0.092 0.084 
natural gas 0.677 0.662 0.573 0.520 0.495 0.508 
coal 0.395 0.382 0.325 0.283 0.251 0.229 
renewables 1.483 1.550 1.662 1.779 1.864 1.924 
site electricity 0.259 0.262 0.257 0.255 0.250 0.243 
total 2.936 2.987 2.932 2.937 2.952 2.988 

Bulk Chemicals (energy) 
petroleum 0.479 0.515 0.459 0.414 0.372 0.312 
natural gas 2.204 2.247 2.220 2.306 2.451 2.648 
coal 0.176 0.168 0.162 0.159 0.153 0.145 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
site electricity 0.639 0.625 0.611 0.612 0.603 0.585 
total 3.498 3.555 3.452 3.490 3.579 3.690 

Bulk Chemicals (feedstocks) 
petrochemicals 1.855 1.818 1.903 1.978 2.031 2.075 
natural gas 1.461 1.465 1.401 1.455 1.493 1.526 
LPG 0.660 0.683 0.681 0.707 0.726 0.742 
total 3.976 3.966 3.985 4.140 4.250 4.343 

Glass 
petroleum 0.003 0.003 0.003 0.003 0.002 0.002 
natural gas 0.156 0.154 0.147 0.144 0.145 0.143 
coal 0.000 0.000 0.000 0.000 0.000 0.000 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
site electricity 0.031 0.029 0.029 0.029 0.029 0.029 
total 0.190 0.187 0.179 0.176 0.176 0.174 

Cement 
petroleum 0.036 0.034 0.036 0.034 0.033 0.031 
natural gas 0.018 0.019 0.018 0.018 0.017 0.017 
coal 0.316 0.312 0.305 0.304 0.295 0.288 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
site electricity 0.030 0.029 0.029 0.030 0.029 0.028 
total 0.400 0.394 0.388 0.386 0.374 0.364 

Iron and Steel 
petroleum 0.118 0.126 0.125 0.116 0.110 0.102 
natural gas 0.529 0.516 0.453 0.402 0.367 0.336 
coal 0.873 0.820 0.823 0.808 0.803 0.787 
site electricity 0.173 0.171 0.171 0.164 0.159 0.150 
total 1.693 1.633 1.571 1.490 1.439 1.375 
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Industrial Sector Forecast Summary Page 3 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Sub-sector Energy Consumption (Quadrillion Btu) (continued) 
Aluminum 

petroleum 0.000 0.000 0.000 0.000 0.000 0.000 
natural gas 0.081 0.081 0.074 0.068 0.064 0.060 
site electricity 0.184 0.176 0.168 0.156 0.148 0.139 
total 0.265 0.257 0.242 0.224 0.211 0.199 

Agriculture 
petroleum 0.782 0.789 0.842 0.875 0.894 0.903 
natural gas 0.063 0.068 0.069 0.074 0.078 0.084 
coal 0.001 0.000 0.000 0.000 0.000 0.000 
renewables 0.023 0.024 0.026 0.028 0.030 0.032 
site electricity 0.131 0.136 0.138 0.142 0.143 0.143 
total 1.000 1.017 1.075 1.119 1.145 1.162 

Construction 
petroleum 1.601 1.626 1.784 1.942 2.031 2.118 
natural gas 0.200 0.217 0.225 0.244 0.254 0.262 
site electricity 0.122 0.127 0.134 0.144 0.149 0.154 
total 1.923 1.970 2.143 2.330 2.434 2.535 

Mining 
petroleum 0.217 0.209 0.219 0.221 0.222 0.220 
natural gas 1.661 1.717 1.854 1.947 2.019 2.106 
coal 0.073 0.072 0.073 0.075 0.075 0.074 
renewables 0.001 0.001 0.001 0.001 0.001 0.001 
site electricity 0.295 0.288 0.288 0.289 0.289 0.284 
total 2.246 2.287 2.435 2.534 2.606 2.686 

Metal Based Durables 
petroleum 0.050 0.056 0.058 0.061 0.062 0.062 
natural gas 0.759 0.809 0.848 0.921 0.947 0.963 
coal 0.116 0.120 0.129 0.142 0.148 0.152 
renewables 0.001 0.001 0.001 0.001 0.002 0.002 
site electricity 0.588 0.615 0.684 0.775 0.830 0.884 
total 1.515 1.601 1.719 1.900 1.988 2.063 

Other Manufacturing 
petroleum 0.232 0.299 0.278 0.281 0.274 0.260 
natural gas 1.487 1.513 1.532 1.570 1.573 1.535 
coal 0.228 0.232 0.242 0.254 0.259 0.259 
renewables 0.356 0.370 0.409 0.454 0.490 0.518 
site electricity 0.754 0.767 0.808 0.860 0.891 0.904 
total 3.056 3.181 3.269 3.419 3.487 3.476 

Total 
petroleum 8.491 8.944 9.118 9.383 9.325 9.299 
natural gas 10.726 11.033 11.133 11.484 11.824 12.121 
coal 2.363 2.298 2.257 2.231 2.192 2.147 
renewables 1.878 1.962 2.115 2.282 2.406 2.496 
site electricity 3.523 3.593 3.702 3.862 3.927 3.946 
total 26.982 27.830 28.325 29.241 29.674 30.010 
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Industrial Sector Forecast Summary Electricity as Primary energy Page 4 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Sub-sector Energy Consumption (Quadrillion Btu) 
Refining 

petroleum 2.126 2.418 2.375 2.405 2.226 2.137 
natural gas 0.800 0.908 1.071 1.145 1.229 1.224 
coal 0.003 0.000 0.000 0.000 0.000 0.000 
primary electricity 0.352 0.486 0.522 0.571 0.558 0.537 
total 3.281 3.813 3.968 4.121 4.013 3.898 

Food 
petroleum 0.210 0.238 0.242 0.245 0.251 0.251 
natural gas 0.630 0.658 0.650 0.670 0.693 0.710 
coal 0.184 0.192 0.197 0.205 0.209 0.213 
renewables 0.014 0.015 0.016 0.018 0.019 0.020 
primary electricity 0.669 0.685 0.664 0.671 0.678 0.676 
total 1.706 1.787 1.769 1.809 1.850 1.871 

Paper 
petroleum 0.123 0.131 0.114 0.101 0.092 0.084 
natural gas 0.677 0.662 0.573 0.520 0.495 0.508 
coal 0.395 0.382 0.325 0.283 0.251 0.229 
renewables 1.483 1.550 1.662 1.779 1.864 1.924 
primary electricity 0.831 0.833 0.793 0.776 0.761 0.735 
total 3.508 3.558 3.467 3.459 3.462 3.479 

Bulk Chemicals (energy) 
petroleum 0.479 0.515 0.459 0.414 0.372 0.312 
natural gas 2.204 2.247 2.220 2.306 2.451 2.648 
coal 0.176 0.168 0.162 0.159 0.153 0.145 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
primary electricity 2.051 1.989 1.883 1.864 1.833 1.766 
total 4.909 4.919 4.724 4.743 4.809 4.871 

Bulk Chemicals (feedstocks) 
petrochemicals 1.855 1.818 1.903 1.978 2.031 2.075 
natural gas 1.461 1.465 1.401 1.455 1.493 1.526 
LPG 0.660 0.683 0.681 0.707 0.726 0.742 
total 3.976 3.966 3.985 4.140 4.250 4.343 

Glass 
petroleum 0.003 0.003 0.003 0.003 0.002 0.002 
natural gas 0.156 0.154 0.147 0.144 0.145 0.143 
coal 0.000 0.000 0.000 0.000 0.000 0.000 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
primary electricity 0.098 0.094 0.089 0.088 0.088 0.087 
total 0.257 0.251 0.239 0.235 0.235 0.232 

Cement 
petroleum 0.036 0.034 0.036 0.034 0.033 0.031 
natural gas 0.018 0.019 0.018 0.018 0.017 0.017 
coal 0.316 0.312 0.305 0.304 0.295 0.288 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
primary electricity 0.096 0.091 0.090 0.090 0.088 0.086 
total 0.467 0.457 0.449 0.447 0.434 0.421 

Iron and Steel 
petroleum 0.118 0.126 0.125 0.116 0.110 0.102 
natural gas 0.529 0.516 0.453 0.402 0.367 0.336 
coal 0.873 0.820 0.823 0.808 0.803 0.787 
primary electricity 0.557 0.545 0.527 0.499 0.482 0.453 
total 2.076 2.006 1.928 1.825 1.762 1.678 
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Industrial Sector Forecast Summary Electricity as Primary energy Page 5 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Sub-sector Energy Consumption (Quadrillion Btu) (continued) 
Aluminum 

petroleum 0.000 0.000 0.000 0.000 0.000 0.000 
natural gas 0.081 0.081 0.074 0.068 0.064 0.060 
primary electricity 0.590 0.560 0.518 0.475 0.448 0.419 
total 0.671 0.641 0.592 0.543 0.512 0.479 

Agriculture 
petroleum 0.782 0.789 0.842 0.875 0.894 0.903 
natural gas 0.063 0.068 0.069 0.074 0.078 0.084 
coal 0.001 0.000 0.000 0.000 0.000 0.000 
renewables 0.023 0.024 0.026 0.028 0.030 0.032 
primary electricity 0.421 0.431 0.426 0.431 0.435 0.433 
total 1.290 1.312 1.363 1.409 1.437 1.451 

Construction 
petroleum 1.601 1.626 1.784 1.942 2.031 2.118 
natural gas 0.200 0.217 0.225 0.244 0.254 0.262 
primary electricity 0.392 0.405 0.414 0.439 0.453 0.465 
total 2.193 2.248 2.423 2.625 2.738 2.845 

Mining 
petroleum 0.217 0.209 0.219 0.221 0.222 0.220 
natural gas 1.661 1.717 1.854 1.947 2.019 2.106 
coal 0.073 0.072 0.073 0.075 0.075 0.074 
renewables 0.001 0.001 0.001 0.001 0.001 0.001 
primary electricity 0.946 0.917 0.889 0.882 0.877 0.856 
total 2.897 2.916 3.036 3.126 3.194 3.258 

Metal Based Durables 
petroleum 0.050 0.056 0.058 0.061 0.062 0.062 
natural gas 0.759 0.809 0.848 0.921 0.947 0.963 
coal 0.116 0.120 0.129 0.142 0.148 0.152 
renewables 0.001 0.001 0.001 0.001 0.002 0.002 
primary electricity 1.889 1.955 2.108 2.360 2.521 2.669 
total 2.815 2.942 3.143 3.486 3.679 3.847 

Other Manufacturing 
petroleum 0.232 0.299 0.278 0.281 0.274 0.260 
natural gas 1.487 1.513 1.532 1.570 1.573 1.535 
coal 0.228 0.232 0.242 0.254 0.259 0.259 
renewables 0.356 0.370 0.409 0.454 0.490 0.518 
primary electricity 2.419 2.439 2.493 2.619 2.708 2.729 
total 4.721 4.853 4.953 5.179 5.304 5.300 

Total 
petroleum 8.491 8.944 9.118 9.383 9.325 9.299 
natural gas 10.726 11.033 11.133 11.484 11.824 12.121 
coal 2.363 2.298 2.257 2.231 2.192 2.147 
renewables 1.878 1.962 2.115 2.282 2.406 2.496 
primary electricity 11.310 11.430 11.416 11.766 11.930 11.909 
total 34.8 35.7 36.0 37.1 37.7 38.0 
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Industrial Sector Forecast Summary (MtC) Page 1 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 

1997 2000 2005 2010 2015 2020 
Sub-sector carbon emissions (MtC) 
Refining 

petroleum 34.71 37.71 36.21 36.30 33.02 31.30 
natural gas 10.94 12.26 14.62 15.61 16.77 16.70 
coal 0.08 0.00 0.00 0.00 0.00 0.00 
site electricity 5.46 7.85 8.27 9.08 8.91 8.67 
total 51.19 57.82 59.10 61.00 58.69 56.67 

Food 
petroleum 3.42 3.71 3.70 3.69 3.72 3.68 
natural gas 8.62 8.87 8.87 9.14 9.46 9.69 
coal 4.55 4.86 4.99 5.20 5.30 5.41 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 10.38 11.05 10.51 10.68 10.83 10.92 
total 26.97 28.49 28.07 28.71 29.30 29.69 

Paper 
petroleum 2.00 2.04 1.74 1.52 1.36 1.22 
natural gas 9.26 8.93 7.82 7.09 6.75 6.93 
coal 9.78 9.70 8.25 7.16 6.37 5.80 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 12.90 13.44 12.54 12.35 12.15 11.86 
total 33.94 34.11 30.36 28.12 26.63 25.81 

Bulk Chemicals (energy) 
petroleum 7.82 8.03 7.00 6.24 5.52 4.57 
natural gas 30.15 30.32 30.31 31.44 33.44 36.13 
coal 4.35 4.27 4.11 4.03 3.87 3.67 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 31.84 32.10 29.80 29.66 29.29 28.52 
total 74.16 74.72 71.22 71.37 72.11 72.89 

Bulk Chemicals (feedstocks) 
petrochemicals 6.06 5.67 5.80 5.97 6.02 6.08 
natural gas 15.47 15.30 14.81 15.36 15.76 16.12 
LPG 2.15 2.13 2.08 2.13 2.15 2.17 
total 23.68 23.10 22.69 23.46 23.94 24.37 

Glass 
petroleum 0.04 0.05 0.04 0.04 0.04 0.03 
natural gas 2.14 2.08 2.00 1.97 1.97 1.96 
coal 0.00 0.00 0.00 0.00 0.00 0.00 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 1.53 1.51 1.42 1.40 1.40 1.40 
total 3.71 3.64 3.46 3.41 3.41 3.39 

Cement 
petroleum 0.59 0.53 0.54 0.52 0.48 0.45 
natural gas 0.25 0.25 0.25 0.24 0.24 0.23 
coal 7.83 7.92 7.74 7.70 7.49 7.29 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 1.50 1.47 1.42 1.44 1.41 1.38 
total fuel 10.16 10.19 9.95 9.90 9.62 9.36 
process emissions 11.16 10.69 11.23 11.32 10.97 10.56 
total 21.32 20.88 21.18 21.22 20.59 19.92 

Iron and Steel 
petroleum 1.93 1.96 1.90 1.76 1.64 1.49 
natural gas 7.23 6.96 6.18 5.48 5.00 4.58 
coal 21.60 20.79 20.86 20.46 20.36 19.95 
site electricity 8.64 8.80 8.35 7.94 7.70 7.31 
total 39.41 38.51 37.29 35.64 34.70 33.33 
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Industrial Sector Forecast Summary (MtC) Page 2 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Sub-sector carbon emissions (MtC) 
Aluminum 

petroleum 0.00 0.00 0.00 0.00 0.00 0.00 
natural gas 1.11 1.09 1.00 0.93 0.87 0.81 
site electricity 9.16 9.04 8.21 7.56 7.16 6.77 
total 10.27 10.13 9.21 8.49 8.03 7.59 

Agriculture 
petroleum 12.77 12.30 12.83 13.21 13.25 13.23 
natural gas 0.87 0.91 0.95 1.01 1.07 1.14 
coal 0.01 0.01 0.01 0.01 0.01 0.01 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 6.54 6.96 6.74 6.86 6.95 6.99 
total 20.19 20.19 20.52 21.09 21.28 21.36 

Construction 
petroleum 26.14 25.36 27.20 29.31 30.12 31.02 
natural gas 2.73 2.92 3.07 3.32 3.46 3.58 
site electricity 6.08 6.54 6.56 6.98 7.24 7.51 
total 34.96 34.83 36.82 39.62 40.83 42.11 

Mining 
petroleum 3.54 3.26 3.34 3.34 3.30 3.23 
natural gas 22.72 23.17 25.31 26.55 27.54 28.74 
coal 1.80 1.82 1.85 1.89 1.89 1.88 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 14.68 14.81 14.08 14.03 14.01 13.81 
total 42.74 43.06 44.58 45.81 46.74 47.66 

Metal Based Durables 
petroleum 0.82 0.88 0.88 0.93 0.93 0.91 
natural gas 10.38 10.92 11.58 12.55 12.92 13.14 
coal 2.87 3.04 3.27 3.60 3.75 3.85 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 29.33 31.56 33.36 37.55 40.27 43.09 
total 43.40 46.39 49.09 54.63 57.86 60.99 

Other Manufacturing 
petroleum 3.78 4.66 4.24 4.24 4.06 3.81 
natural gas 20.34 20.41 20.92 21.41 21.46 20.95 
coal 5.64 5.89 6.12 6.44 6.56 6.55 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 37.56 39.37 39.46 41.67 43.26 44.06 
total 67.32 70.33 70.74 73.76 75.34 75.37 

Total (including some feedstocks in C emissions) 
petroleum 105.80 108.30 107.50 109.20 105.60 103.20 
natural gas 142.20 144.40 147.70 152.10 156.70 160.70 
coal 58.50 58.30 57.20 56.50 55.60 54.40 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 175.60 184.50 180.70 187.20 190.60 192.30 
total fuel 482.10 495.50 493.10 505.00 508.50 510.60 
process emissions 11.16 10.69 11.23 11.32 10.97 10.56 
total 493.26 506.19 504.33 516.32 519.47 521.16 
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Industrial Sector Forecast Summary Page 1 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 

1997 2000 2005 2010 2015 2020 

Energy Consumption (Quadrillion Btu) 
Purchased Electricity 3.5 3.6 3.6 3.6 3.6 3.5 
Natural Gas 9.9 10.2 10.2 10.1 10.3 10.6 
Stream Coal 1.6 1.6 1.3 1.3 1.3 1.3 
Metallurgical Coal and Coke 0.8 0.7 0.6 0.5 0.5 0.4 
Residual Fuel 0.3 0.3 0.2 0.2 0.2 0.2 
Distillate 1.1 1.1 1.2 1.2 1.2 1.2 
Liquefied Petroleum Gas 2.1 2.1 2.2 2.3 2.3 2.3 
Petrochemical Feedstocks 1.5 1.5 1.4 1.4 1.5 1.5 
Other Petroleum 4.3 4.7 4.6 4.6 4.3 4.2 
Renewables 1.9 2.0 2.2 2.4 2.6 2.8 
Total Site Energy 27.0 27.9 27.5 27.6 27.7 27.8 

Electricity Related Losses 7.8 7.7 7.0 7.0 6.9 6.5 
Electricity + Losses 11.3 11.3 10.5 10.6 10.5 10.0 
Fossil Fuels 21.6 22.3 21.7 21.6 21.5 21.5 
Renewables 1.9 2.0 2.2 2.4 2.6 2.8 
Total Primary Energy 34.8 35.6 34.4 34.7 34.6 34.3 

Average Heatrate (kWh.primary/kWh.site) 3.21 3.14 2.95 2.96 2.93 2.84 

Sub-sector Industry Output (billion 1987$) 
refining 139 142 148 157 161 165 
food 395 413 438 470 498 522 
paper 125 131 140 150 157 162 
bulk chemicals 152 152 161 172 183 193 
glass 20 19 20 20 21 22 
cement 5 5 5 5 5 5 
iron and steel 69 70 76 78 81 81 
aluminum 29 28 29 29 29 29 
agriculture 248 259 275 295 311 325 
construction 428 453 504 568 611 657 
mining 136 136 143 150 157 161 
metal durables 1382 1461 1737 2081 2342 2617 
other manufacturing 854 883 965 1061 1137 1193 
total 3982 4151 4640 5237 5695 6133 

Average Efficiency (kBtu/1987$ output) 8.7 8.6 7.4 6.6 6.1 5.6 
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Industrial Sector Forecast Summary Page 2 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Sub-sector Energy Consumption (Quadrillion Btu) 
Refining 

petroleum 2.126 2.423 2.335 2.247 1.966 1.799 
natural gas 0.800 0.892 1.075 1.055 1.027 1.014 
coal 0.003 0.000 0.000 0.000 0.000 0.000 
site electricity 0.110 0.153 0.165 0.162 0.139 0.126 
total 3.039 3.468 3.575 3.464 3.132 2.939 

Food 
petroleum 0.210 0.240 0.237 0.236 0.240 0.242 
natural gas 0.630 0.654 0.638 0.661 0.691 0.718 
coal 0.184 0.190 0.145 0.150 0.151 0.155 
renewables 0.014 0.015 0.017 0.019 0.021 0.022 
site electricity 0.208 0.215 0.204 0.203 0.206 0.206 
total 1.246 1.314 1.240 1.269 1.308 1.343 

Paper 
petroleum 0.123 0.130 0.098 0.075 0.070 0.068 
natural gas 0.677 0.655 0.472 0.364 0.389 0.429 
coal 0.395 0.377 0.201 0.123 0.112 0.107 
renewables 1.483 1.550 1.721 1.935 2.082 2.186 
site electricity 0.259 0.263 0.241 0.224 0.213 0.201 
total 2.936 2.976 2.733 2.721 2.867 2.990 

Bulk Chemicals (energy) 
petroleum 0.479 0.512 0.415 0.331 0.279 0.206 
natural gas 2.204 2.240 2.141 2.197 2.383 2.611 
coal 0.176 0.167 0.111 0.099 0.091 0.080 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
site electricity 0.639 0.625 0.561 0.537 0.517 0.478 
total 3.498 3.544 3.227 3.164 3.270 3.375 

Bulk Chemicals (feedstocks) 
petrochemicals 1.855 1.818 1.893 1.949 1.980 2.001 
natural gas 1.461 1.465 1.394 1.434 1.456 1.471 
LPG 0.660 0.682 0.677 0.697 0.708 0.715 
total 3.976 3.965 3.964 4.080 4.144 4.187 

Glass 
petroleum 0.003 0.003 0.002 0.002 0.002 0.002 
natural gas 0.156 0.153 0.132 0.122 0.123 0.124 
coal 0.000 0.000 0.000 0.000 0.000 0.000 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
site electricity 0.031 0.029 0.028 0.027 0.027 0.026 
total 0.190 0.186 0.162 0.151 0.151 0.152 

Cement 
petroleum 0.036 0.035 0.041 0.039 0.036 0.034 
natural gas 0.018 0.019 0.032 0.032 0.031 0.030 
coal 0.316 0.310 0.252 0.244 0.230 0.216 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
site electricity 0.030 0.029 0.031 0.030 0.029 0.028 
total 0.401 0.393 0.356 0.344 0.325 0.308 

Iron and Steel 
petroleum 0.118 0.116 0.060 0.036 0.021 0.020 
natural gas 0.529 0.508 0.442 0.376 0.355 0.336 
coal 0.873 0.903 0.784 0.764 0.758 0.758 
site electricity 0.173 0.170 0.159 0.148 0.146 0.140 
total 1.693 1.697 1.445 1.323 1.280 1.254 
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Industrial Sector Forecast Summary Page 3 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Sub-sector Energy Consumption (Quadrillion Btu) (continued) 
Aluminum 

petroleum 0.000 0.000 0.000 0.000 0.000 0.000 
natural gas 0.081 0.081 0.071 0.065 0.062 0.058 
site electricity 0.184 0.176 0.157 0.139 0.134 0.129 
total 0.265 0.256 0.228 0.204 0.196 0.187 

Agriculture 
petroleum 0.782 0.787 0.831 0.844 0.839 0.829 
natural gas 0.063 0.068 0.068 0.071 0.073 0.078 
coal 0.001 0.000 0.000 0.000 0.000 0.000 
renewables 0.023 0.024 0.027 0.031 0.033 0.036 
site electricity 0.131 0.135 0.136 0.136 0.134 0.131 
total 1.000 1.015 1.061 1.081 1.080 1.073 

Construction 
petroleum 1.601 1.625 1.775 1.916 1.985 2.055 
natural gas 0.200 0.217 0.221 0.238 0.244 0.249 
site electricity 0.122 0.127 0.133 0.141 0.144 0.146 
total 1.923 1.969 2.130 2.295 2.373 2.451 

Mining 
petroleum 0.217 0.208 0.215 0.213 0.209 0.204 
natural gas 1.661 1.723 1.892 1.930 1.992 2.094 
coal 0.073 0.071 0.070 0.071 0.068 0.066 
renewables 0.001 0.001 0.001 0.001 0.001 0.001 
site electricity 0.295 0.288 0.284 0.279 0.272 0.261 
total 2.246 2.292 2.463 2.493 2.542 2.626 

Metal Based Durables 
petroleum 0.050 0.057 0.059 0.059 0.057 0.055 
natural gas 0.759 0.808 0.826 0.865 0.856 0.837 
coal 0.116 0.119 0.104 0.111 0.109 0.107 
renewables 0.001 0.001 0.001 0.001 0.002 0.002 
site electricity 0.588 0.615 0.665 0.739 0.778 0.815 
total 1.515 1.598 1.655 1.775 1.802 1.816 

Other Manufacturing 
petroleum 0.232 0.303 0.292 0.274 0.259 0.235 
natural gas 1.487 1.505 1.481 1.470 1.408 1.323 
coal 0.228 0.230 0.200 0.201 0.190 0.178 
renewables 0.356 0.370 0.407 0.450 0.483 0.507 
site electricity 0.754 0.767 0.794 0.828 0.846 0.844 
total 3.056 3.175 3.173 3.223 3.185 3.087 

Total 
petroleum 8.491 8.940 8.930 8.916 8.652 8.465 
natural gas 10.726 10.987 10.884 10.879 11.089 11.370 
coal 2.363 2.367 1.868 1.762 1.709 1.667 
renewables 1.878 1.962 2.174 2.437 2.621 2.754 
site electricity 3.523 3.591 3.556 3.592 3.583 3.530 
total 26.982 27.847 27.412 27.586 27.655 27.786 

Appendix D-2.xls D-2.17 Industry 



Industrial Sector Forecast Summary Electricity as Primary energy Page 4 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Sub-sector Energy Consumption (Quadrillion Btu) 
Refining 

petroleum 2.126 2.423 2.335 2.247 1.966 1.799 
natural gas 0.800 0.892 1.075 1.055 1.027 1.014 
coal 0.003 0.000 0.000 0.000 0.000 0.000 
primary electricity 0.352 0.479 0.488 0.481 0.406 0.356 
total 3.281 3.794 3.898 3.783 3.399 3.169 

Food 
petroleum 0.210 0.240 0.237 0.236 0.240 0.242 
natural gas 0.630 0.654 0.638 0.661 0.691 0.718 
coal 0.184 0.190 0.145 0.150 0.151 0.155 
renewables 0.014 0.015 0.017 0.019 0.021 0.022 
primary electricity 0.668 0.676 0.601 0.602 0.602 0.584 
total 1.706 1.775 1.637 1.667 1.704 1.721 

Paper 
petroleum 0.123 0.130 0.098 0.075 0.070 0.068 
natural gas 0.677 0.655 0.472 0.364 0.389 0.429 
coal 0.395 0.377 0.201 0.123 0.112 0.107 
renewables 1.483 1.550 1.721 1.935 2.082 2.186 
primary electricity 0.831 0.827 0.710 0.663 0.624 0.569 
total 3.508 3.540 3.203 3.160 3.278 3.359 

Bulk Chemicals (energy) 
petroleum 0.479 0.512 0.415 0.331 0.279 0.206 
natural gas 2.204 2.240 2.141 2.197 2.383 2.611 
coal 0.176 0.167 0.111 0.099 0.091 0.080 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
primary electricity 2.051 1.965 1.655 1.591 1.513 1.356 
total 4.909 4.884 4.322 4.218 4.266 4.253 

Bulk Chemicals (feedstocks) 
petrochemicals 1.855 1.818 1.893 1.949 1.980 2.001 
natural gas 1.461 1.465 1.394 1.434 1.456 1.471 
LPG 0.660 0.682 0.677 0.697 0.708 0.715 
total 3.976 3.965 3.964 4.080 4.144 4.187 

Glass 
petroleum 0.003 0.003 0.002 0.002 0.002 0.002 
natural gas 0.156 0.153 0.132 0.122 0.123 0.124 
coal 0.000 0.000 0.000 0.000 0.000 0.000 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
primary electricity 0.098 0.092 0.081 0.079 0.078 0.075 
total 0.257 0.249 0.215 0.203 0.202 0.200 

Cement 
petroleum 0.036 0.035 0.041 0.039 0.036 0.034 
natural gas 0.018 0.019 0.032 0.032 0.031 0.030 
coal 0.316 0.310 0.252 0.244 0.230 0.216 
renewables 0.000 0.000 0.000 0.000 0.000 0.000 
primary electricity 0.096 0.090 0.091 0.089 0.085 0.078 
total 0.467 0.454 0.416 0.403 0.381 0.358 

Iron and Steel 
petroleum 0.118 0.116 0.060 0.036 0.021 0.020 
natural gas 0.529 0.508 0.442 0.376 0.355 0.336 
coal 0.873 0.903 0.784 0.764 0.758 0.758 
primary electricity 0.557 0.533 0.470 0.437 0.427 0.397 
total 2.076 2.060 1.756 1.613 1.561 1.511 
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Industrial Sector Forecast Summary Electricity as Primary energy Page 5 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Sub-sector Energy Consumption (Quadrillion Btu) (continued) 
Aluminum 

petroleum 0.000 0.000 0.000 0.000 0.000 0.000 
natural gas 0.081 0.081 0.071 0.065 0.062 0.058 
primary electricity 0.590 0.551 0.465 0.411 0.393 0.366 
total 0.671 0.632 0.536 0.476 0.455 0.424 

Agriculture 
petroleum 0.782 0.787 0.831 0.844 0.839 0.829 
natural gas 0.063 0.068 0.068 0.071 0.073 0.078 
coal 0.001 0.000 0.000 0.000 0.000 0.000 
renewables 0.023 0.024 0.027 0.031 0.033 0.036 
primary electricity 0.421 0.425 0.401 0.402 0.392 0.371 
total 1.290 1.304 1.326 1.347 1.338 1.313 

Construction 
petroleum 1.601 1.625 1.775 1.916 1.985 2.055 
natural gas 0.200 0.217 0.221 0.238 0.244 0.249 
primary electricity 0.392 0.400 0.393 0.417 0.421 0.415 
total 2.192 2.242 2.390 2.571 2.650 2.719 

Mining 
petroleum 0.217 0.208 0.215 0.213 0.209 0.204 
natural gas 1.661 1.723 1.892 1.930 1.992 2.094 
coal 0.073 0.071 0.070 0.071 0.068 0.066 
renewables 0.001 0.001 0.001 0.001 0.001 0.001 
primary electricity 0.946 0.905 0.838 0.825 0.795 0.740 
total 2.897 2.909 3.017 3.039 3.066 3.105 

Metal Based Durables 
petroleum 0.050 0.057 0.059 0.059 0.057 0.055 
natural gas 0.759 0.808 0.826 0.865 0.856 0.837 
coal 0.116 0.119 0.104 0.111 0.109 0.107 
renewables 0.001 0.001 0.001 0.001 0.002 0.002 
primary electricity 1.889 1.931 1.964 2.187 2.279 2.311 
total 2.815 2.915 2.954 3.223 3.303 3.312 

Other Manufacturing 
petroleum 0.232 0.303 0.292 0.274 0.259 0.235 
natural gas 1.487 1.505 1.481 1.470 1.408 1.323 
coal 0.228 0.230 0.200 0.201 0.190 0.178 
renewables 0.356 0.370 0.407 0.450 0.483 0.507 
primary electricity 2.419 2.409 2.343 2.452 2.475 2.392 
total 4.721 4.817 4.722 4.847 4.815 4.635 

Total 
petroleum 8.491 8.940 8.930 8.916 8.652 8.465 
natural gas 10.726 10.987 10.884 10.879 11.089 11.370 
coal 2.363 2.367 1.868 1.762 1.709 1.667 
renewables 1.878 1.962 2.174 2.437 2.621 2.754 
primary electricity 11.309 11.284 10.499 10.635 10.488 10.010 
total 34.8 35.5 34.4 34.6 34.6 34.3 
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Industrial Sector Forecast Summary (MtC) Page 1 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 

1997 2000 2005 2010 2015 2020 
Sub-sector carbon emissions (MtC) 
Refining 

petroleum 34.71 37.74 35.29 33.18 28.66 25.53 
natural gas 10.94 12.06 14.66 14.35 13.96 13.83 
coal 0.08 0.00 0.00 0.00 0.00 0.00 
site electricity 5.46 7.67 6.90 6.35 5.16 4.15 
total 51.19 57.48 56.85 53.88 47.78 43.51 

Food 
petroleum 3.42 3.74 3.58 3.48 3.50 3.43 
natural gas 8.62 8.84 8.70 8.99 9.39 9.79 
coal 4.55 4.82 3.67 3.80 3.83 3.93 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 10.38 10.81 8.49 7.95 7.65 6.80 
total 26.97 28.21 24.44 24.22 24.37 23.96 

Paper 
petroleum 2.00 2.03 1.48 1.11 1.02 0.97 
natural gas 9.26 8.86 6.44 4.95 5.29 5.84 
coal 9.78 9.54 5.09 3.12 2.84 2.71 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 12.90 13.24 10.04 8.76 7.94 6.63 
total 33.94 33.68 23.05 17.93 17.09 16.15 

Bulk Chemicals (energy) 
petroleum 7.82 7.97 6.27 4.88 4.07 2.92 
natural gas 30.15 30.29 29.19 29.89 32.40 35.60 
coal 4.35 4.24 2.81 2.52 2.32 2.03 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 31.84 31.45 23.39 21.01 19.22 15.80 
total 74.16 73.95 61.66 58.31 58.01 56.34 

Bulk Chemicals (feedstocks) 
petrochemicals 6.06 5.66 5.72 5.76 5.77 5.68 
natural gas 15.47 15.33 14.71 15.10 15.32 15.52 
LPG 2.15 2.13 2.05 2.06 2.06 2.03 
total 23.68 23.12 22.48 22.91 23.16 23.23 

Glass 
petroleum 0.04 0.05 0.03 0.03 0.03 0.02 
natural gas 2.14 2.07 1.80 1.66 1.67 1.69 
coal 0.00 0.00 0.00 0.00 0.00 0.00 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 1.53 1.47 1.15 1.04 0.99 0.87 
total 3.71 3.60 2.98 2.73 2.68 2.58 

Cement 
petroleum 0.59 0.55 0.62 0.57 0.52 0.49 
natural gas 0.25 0.26 0.44 0.43 0.42 0.41 
coal 7.83 7.85 6.39 6.19 5.81 5.49 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 1.50 1.44 1.28 1.18 1.08 0.91 
total fuel 10.16 10.10 8.73 8.37 7.83 7.29 
process emissions 11.16 10.69 11.23 11.32 10.97 10.56 
total 21.32 20.79 19.96 19.69 18.80 17.85 

Iron and Steel 
petroleum 1.93 1.81 0.91 0.53 0.31 0.29 
natural gas 7.23 6.86 6.02 5.12 4.82 4.57 
coal 21.60 22.89 19.86 19.37 19.20 19.24 
site electricity 8.64 8.53 6.64 5.78 5.42 4.62 
total 39.41 40.10 33.43 30.79 29.76 28.72 
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Industrial Sector Forecast Summary (MtC) Page 2 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Sub-sector carbon emissions (MtC) 
Aluminum 

petroleum 0.00 0.00 0.00 0.00 0.00 0.00 
natural gas 1.11 1.09 0.97 0.88 0.84 0.79 
site electricity 9.16 8.83 6.57 5.43 4.99 4.26 
total 10.27 9.92 7.53 6.32 5.83 5.06 

Agriculture 
petroleum 12.77 12.26 12.55 12.46 12.24 11.77 
natural gas 0.87 0.92 0.92 0.96 1.00 1.06 
coal 0.01 0.01 0.01 0.01 0.01 0.01 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 6.54 6.80 5.66 5.31 4.98 4.32 
total 20.19 19.99 19.15 18.74 18.22 17.15 

Construction 
petroleum 26.14 25.31 26.83 28.29 28.94 29.17 
natural gas 2.73 2.93 3.02 3.23 3.32 3.40 
site electricity 6.08 6.41 5.56 5.51 5.35 4.83 
total 34.96 34.65 35.40 37.03 37.61 37.40 

Mining 
petroleum 3.54 3.25 3.26 3.15 3.05 2.89 
natural gas 22.72 23.30 25.79 26.26 27.08 28.55 
coal 1.80 1.80 1.78 1.79 1.73 1.66 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 14.68 14.48 11.85 10.89 10.11 8.62 
total 42.74 42.83 42.68 42.09 41.97 41.73 

Metal Based Durables 
petroleum 0.82 0.88 0.89 0.87 0.83 0.78 
natural gas 10.38 10.92 11.26 11.77 11.64 11.41 
coal 2.87 3.01 2.63 2.81 2.77 2.72 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 29.33 30.91 27.76 28.89 28.96 26.92 
total 43.40 45.72 42.54 44.34 44.20 41.83 

Other Manufacturing 
petroleum 3.78 4.72 4.42 4.05 3.78 3.33 
natural gas 20.34 20.35 20.19 20.00 19.14 18.04 
coal 5.64 5.83 5.05 5.09 4.80 4.51 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 37.56 38.55 33.12 32.40 31.46 27.86 
total 67.32 69.46 62.78 61.54 59.19 53.75 

Total (including some feedstocks in C emissions) 
petroleum 105.80 108.10 103.90 100.40 94.80 89.30 
natural gas 142.20 144.10 144.10 143.60 146.30 150.50 
coal 58.50 60.00 47.30 44.70 43.30 42.30 
renewables 0.00 0.00 0.00 0.00 0.00 0.00 
site electricity 175.60 180.60 148.40 140.50 133.30 116.60 
total fuel 482.10 492.80 443.70 429.20 417.70 398.70 
process emissions 11.16 10.69 11.23 11.32 10.97 10.56 
total 493.26 503.49 454.93 440.52 428.67 409.26 
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Transportation Sector Forecast Summary Page 1 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Level of Travel by Mode (Billion) 
Light Duty Vehicles (vehicle miles traveled) 2301 2388 2634 2887 3098 3303 
Commercial Light Trucks (vehicle miles traveled) 69 74 82 90 97 104 
Freight Trucks (vehicle miles traveled) 177 200 222 243 258 270 
Air (seat miles demanded) 1049 1216 1479 1813 2127 2462 
Rail (ton miles traveled) 1231 1313 1409 1517 1614 1694 
Marine (ton miles traveled) 756 777 822 876 924 961 

Energy Efficiency Indicator by Mode 
New Vehicle (MPG) 24 23.5 24.3 25.5 26.1 26.5 
New Car (MPG) 27.9 28.3 30.1 31.7 32.1 32.1 
New Light Truck (MPG) 20.2 19.4 19.9 20.8 21.5 22 
Light-Duty Fleet (MPG) 20.5 20.3 20.1 20.3 20.9 21.4 
New Commercial Light Truck (MPG) 19.9 18.7 19.1 19.8 20.5 21 
Stock Commercial Light Truck (MPG) 14.6 14.7 14.8 15 15.2 15.6 
Aircraft (seat miles/gallon) 51 52.1 53.9 55.7 57.6 59.6 
Freight Truck (MPG) 5.6 5.7 5.9 6.1 6.2 6.3 
Rail (ton miles/kBtu) 2.7 2.8 2.8 2.9 3 3.1 

Site Energy Use by Mode (Quadrillion Btu) 
Light-Duty Vehicles 13.9 15.0 16.7 18.1 18.9 19.6 
Commercial Light Trucks 0.6 0.6 0.7 0.8 0.8 0.8 
Freight Trucks 4.2 4.7 5.0 5.3 5.5 5.7 
Air 3.4 3.8 4.4 5.2 5.8 6.4 
Rail 0.5 0.6 0.6 0.6 0.6 0.7 
Marine 1.3 1.3 1.5 1.6 1.8 2.0 
Pipeline Fuel 0.7 0.7 0.8 0.9 0.9 1.0 
Other 0.2 0.3 0.3 0.3 0.3 0.3 
Total 24.9 27.0 30.0 32.8 34.6 36.4 

Energy Use by Fuel Type (Quadrillion Btu) 
Distillate Fuel 4.6 5.1 5.6 6.0 6.3 6.6 
Jet Fuel 3.3 3.8 4.4 5.1 5.7 6.3 
Motor Gasoline 15.1 16.1 17.5 18.7 19.3 19.9 
Residual Fuel 0.8 0.7 0.9 1.0 1.2 1.3 
Liquefied Petroleum Gas 0.0 0.1 0.1 0.2 0.2 0.2 
Other Petroleum 0.3 0.3 0.3 0.3 0.4 0.4 
Petroleum Subtotal 24.10 26.12 28.77 31.32 33.02 34.67 
Pipeline Fuel Natural Gas 0.7 0.7 0.8 0.9 0.9 1.0 
Compressed Natural Gas 0.0 0.1 0.2 0.3 0.3 0.4 
Renewables (E85) 0.0 0.0 0.0 0.1 0.1 0.1 
Methanol 0.0 0.0 0.1 0.1 0.1 0.1 
Liquid Hydrogen 0.0 0.0 0.0 0.0 0.0 0.0 
Electricity 0.1 0.1 0.1 0.2 0.2 0.2 
Total Site Energy 24.9 27.0 30.0 32.8 34.6 36.4 

Electricity Related Losses 0.1 0.1 0.2 0.3 0.4 0.4 
Total Primary Energy 25.0 27.1 30.2 33.1 35.0 36.8 
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Transportation Sector Forecast Summary Page 2 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Site Energy Use By Mode and Fuel Type (Quadrillion Btu) 

Light-Duty Vehicle 
Motor Gasoline 13.902 14.895 16.311 17.442 18.013 18.603 
Methanol 0.001 0.018 0.051 0.076 0.095 0.109 
Ethanol 0.001 0.010 0.030 0.051 0.065 0.074 
Compressed Natural Gas 0.012 0.058 0.173 0.235 0.270 0.295 
Liquid Petroleum Gas 0.021 0.039 0.105 0.155 0.181 0.200 
Electricity 0.000 0.002 0.040 0.083 0.116 0.147 
Liquid Hydrogen 0.000 0.000 0.000 0.000 0.000 0.000 
Distillate (diesel) 0.007 0.007 0.012 0.047 0.111 0.170 
Total 13.944 15.029 16.722 18.088 18.852 19.598 

Commercial Light Trucks 
Motor Gasoline 0.592 0.628 0.690 0.756 0.800 0.838 
Total 0.592 0.628 0.690 0.756 0.800 0.838 

Freight Trucks 
Motor Gasoline 0.330 0.285 0.213 0.170 0.141 0.122 
Distillate (diesel) 3.636 4.106 4.517 4.834 5.050 5.228 
Compressed Natural Gas 0.002 0.003 0.008 0.024 0.040 0.050 
Liquid Petroleum Gas 0.020 0.019 0.019 0.021 0.023 0.024 
Total 3.988 4.413 4.756 5.050 5.254 5.424 

Freight Rail 
Distillate (diesel) 0.451 0.474 0.496 0.521 0.540 0.553 
Total 0.451 0.474 0.496 0.521 0.540 0.553 

Domestic Shipping 
Distillate (diesel) 0.218 0.221 0.228 0.237 0.244 0.247 
Residual Oil 0.092 0.093 0.096 0.100 0.102 0.104 
Motor Gasoline 0.000 0.000 0.000 0.000 0.000 0.000 
Total 0.310 0.314 0.324 0.337 0.346 0.351 

International Shipping 
Distillate (diesel) 0.066 0.073 0.087 0.104 0.120 0.136 
Residual Oil 0.649 0.643 0.766 0.914 1.049 1.191 
Total 0.715 0.717 0.853 1.018 1.169 1.327 

Air Transportation 
Jet Fuel 2.744 3.274 3.853 4.573 5.182 5.798 
Aviation Gasoline 0.043 0.043 0.042 0.042 0.042 0.042 
Total 2.787 3.317 3.895 4.615 5.224 5.840 

Military Use 
Jet Fuel 0.564 0.519 0.516 0.550 0.549 0.539 
Residual Fuel 0.007 0.007 0.007 0.007 0.007 0.007 
Distillate 0.060 0.057 0.057 0.061 0.061 0.060 
Total 0.631 0.584 0.579 0.618 0.617 0.605 

Bus Transportation 
Transit Bus (motor gasoline) 0.004 0.004 0.004 0.004 0.004 0.004 
Transit Bus (diesel) 0.072 0.072 0.073 0.073 0.073 0.074 
Intercity Bus (diesel) 0.022 0.022 0.022 0.022 0.023 0.023 
School Bus (motor gasoline) 0.005 0.005 0.005 0.005 0.005 0.005 
School Bus (diesel) 0.085 0.085 0.086 0.086 0.086 0.087 
Total 0.188 0.189 0.190 0.191 0.192 0.193 
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Transportation Sector Forecast Summary Page 3 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Site Energy Use By Mode and Fuel Type (Quadrillion Btu) (continued) 

Rail Transportation 
Intercity Rail (electricity) 0.008 0.008 0.009 0.009 0.010 0.010 
Intercity Rail (diesel) 0.012 0.013 0.013 0.014 0.015 0.016 
Transit Rail (electricity) 0.045 0.047 0.050 0.052 0.055 0.058 
Commuter Rail (electricity) 0.006 0.006 0.006 0.006 0.007 0.007 
Commuter Rail (diesel) 0.008 0.009 0.009 0.010 0.010 0.011 
Total 0.079 0.082 0.087 0.092 0.097 0.101 

Miscellaneous 
Recreation Boats 0.246 0.258 0.268 0.279 0.289 0.299 
Lubricants 0.244 0.261 0.277 0.300 0.313 0.322 
Pipeline Fuel Natural Gas 0.733 0.739 0.828 0.886 0.938 0.981 
Total 1.223 1.259 1.373 1.465 1.540 1.602 

Total Site Energy Use 24.908 27.003 29.967 32.750 34.631 36.433 
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Transportation Sector Forecast Summary (MtC) Page 1 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

These carbon emissions are calculated in the spreadsheet, not in NEMS, so they differ slightly from the NEMS totals 

Carbon emissions by mode (MtC) 
Light-Duty Vehicles 267.0 287.4 319.8 346.4 361.4 376.3
 
Commercial Light Trucks
 11.3 12.0 13.2 14.5 15.3 16.1
 
Freight Trucks
 82.4 88.2 95.0 100.8 104.8 108.0
 
Air
 63.3 73.4 84.4 98.8 110.5 122.1
 
Rail
 12.2 12.9 13.4 14.1 14.6 15.0
 
Marine
 27.3 26.4 29.7 33.7 37.2 40.8
 
Pipeline Fuel
 10.6 10.6 11.9 12.8 13.5 14.1
 
Other
 3.8 6.9 7.1 7.4 7.6 7.7
 
Total 
 477.8 517.8 574.6 628.4 664.9 700.2 

Carbon emissions by fuel type (MtC) 
Distillate Fuel 91.6 101.5 110.6 118.7 125.1 130.4
 
Jet Fuel 
 63.3 72.6 83.6 98.0 109.7 121.3
 
Motor Gasoline
 289.7 308.8 335.9 358.2 369.6 381.5
 
Residual Fuel
 15.9 15.8 18.5 21.7 24.6 27.7
 
Liquefied Petroleum Gas
 0.7 1.0 2.1 3.0 3.4 3.8
 
Other Petroleum
 3.0 3.2 3.4 3.6 3.8 3.9 

petroleum subtotal 464.1 502.8 554.0 603.2 636.2 668.5 
Pipeline Fuel Natural Gas 10.6 10.6 11.9 12.8 13.5 14.1
 
Compressed Natural Gas
 0.2 0.9 2.6 3.7 4.4 4.9
 
Renewables (E85)
 0.0 0.0 0.0 0.0 0.0 0.0
 
Methanol
 0.0 0.3 0.9 1.3 1.7 1.9
 
Liquid Hydrogen
 0.0 0.0 0.0 0.0 0.0 0.0
 
Electricity
 2.9 3.2 5.2 7.4 9.1 10.7
 
Total
 477.8 517.8 574.6 628.4 664.9 700.2 

total from carbon worksheet from NEMS 475.3 515.6 572.7 625.8 661.5 696.1 
Ratio of our C numbers to those from NEMS 1.005 1.004 1.003 1.004 1.005 1.006 
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Transportation Sector Forecast Summary (MtC) Page 2 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Carbon emissions By Mode and Fuel Type (MtC) 

Light-Duty Vehicle 
Motor Gasoline 266.31 285.34 312.46 334.13 345.07 356.37 
Methanol 0.02 0.32 0.89 1.33 1.66 1.90 
Ethanol 0.00 0.00 0.00 0.00 0.00 0.00 
Compressed Natural Gas 0.17 0.82 2.46 3.34 3.85 4.21 
Liquid Petroleum Gas 0.35 0.66 1.76 2.60 3.04 3.35 
Electricity 0.01 0.08 1.99 4.07 5.63 7.09 
Liquid Hydrogen 0.00 0.00 0.00 0.00 0.00 0.00 
Distillate (diesel) 0.15 0.13 0.25 0.93 2.18 3.36 
Total 267.02 287.35 319.81 346.39 361.44 376.28 

Commercial Light Trucks 
Motor Gasoline 11.34 12.03 13.23 14.48 15.32 16.05 
Total 11.34 12.03 13.23 14.48 15.32 16.05 

Freight Trucks 
Motor Gasoline 6.32 5.46 4.07 3.26 2.70 2.33 
Distillate (diesel) 71.81 81.10 89.21 95.47 99.74 103.26 
Compressed Natural Gas 0.03 0.04 0.11 0.35 0.58 0.72 
Liquid Petroleum Gas 0.33 0.32 0.32 0.36 0.39 0.40 
Total 78.49 86.91 93.72 99.44 103.40 106.71 

Freight Rail 
Distillate (diesel) 8.90 9.36 9.79 10.28 10.66 10.92 
Total 8.90 9.36 9.79 10.28 10.66 10.92 

Domestic Shipping 
Distillate (diesel) 4.30 4.37 4.51 4.68 4.82 4.88 
Residual Oil 1.96 1.97 2.04 2.12 2.18 2.21 
Motor Gasoline 0.00 0.00 0.00 0.00 0.00 0.00 
Total 6.26 6.34 6.54 6.80 6.99 7.09 

International Shipping 
Distillate (diesel) 1.31 1.45 1.73 2.06 2.37 2.68 
Residual Oil 13.80 13.68 16.29 19.44 22.32 25.34 
Total 15.11 15.13 18.01 21.50 24.68 28.02 

Air Transportation 
Jet Fuel 52.51 62.65 73.73 87.51 99.17 110.95 
Aviation Gasoline 0.82 0.82 0.81 0.81 0.81 0.81 
Total 53.33 63.47 74.54 88.32 99.97 111.76 

Military Use 
Jet Fuel 10.79 9.94 9.86 10.52 10.51 10.31 
Residual Fuel 0.15 0.14 0.14 0.15 0.15 0.15 
Distillate 1.19 1.13 1.13 1.20 1.20 1.18 
Total 12.14 11.22 11.14 11.88 11.87 11.64 

Bus Transportation 
Transit Bus (motor gasoline) 0.08 0.08 0.08 0.08 0.08 0.08 
Transit Bus (diesel) 1.42 1.43 1.44 1.44 1.45 1.46 
Intercity Bus (diesel) 0.44 0.44 0.44 0.44 0.45 0.45 
School Bus (motor gasoline) 0.09 0.10 0.10 0.10 0.10 0.10 
School Bus (diesel) 1.67 1.68 1.69 1.70 1.71 1.72 
Total 3.70 3.73 3.76 3.76 3.78 3.82 
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Transportation Sector Forecast Summary (MtC) Page 3 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Carbon emissions By Mode and Fuel Type (MtC), continued 

Rail Transportation 
Intercity Rail (electricity) 0.39 0.42 0.43 0.45 0.47 0.49 
Intercity Rail (diesel) 0.24 0.25 0.26 0.28 0.29 0.31 
Transit Rail (electricity) 2.22 2.40 2.47 2.57 2.67 2.78 
Commuter Rail (electricity) 0.27 0.29 0.30 0.31 0.33 0.34 
Commuter Rail (diesel) 0.17 0.17 0.18 0.19 0.20 0.21 
Total 3.29 3.54 3.65 3.80 3.96 4.13 

Miscellaneous 
Recreation Boats 4.71 4.95 5.14 5.35 5.54 5.73 
Lubricants 2.97 3.17 3.36 3.64 3.80 3.91 
Pipeline Fuel Natural Gas 10.55 10.64 11.92 12.76 13.51 14.12 
Total 18.23 18.77 20.42 21.75 22.85 23.76 

Total carbon emissions 477.82 517.85 574.61 628.40 664.94 700.16 
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Transportation Sector Forecast Summary Page 1 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Level of Travel by Mode (Billion) 
Light Duty Vehicles (vehicle miles traveled) 2301 2388 2635 2892 3111 3320 
Commercial Light Trucks (vehicle miles traveled) 69 74 82 91 98 104 
Freight Trucks (vehicle miles traveled) 178 201 224 245 260 272 
Air (seat miles demanded) 1050 1218 1482 1818 2135 2471 
Rail (ton miles traveled) 1235 1321 1400 1508 1595 1666 
Marine (ton miles traveled) 757 782 827 882 930 967 

Energy Efficiency Indicator by Mode 
New Vehicle (MPG) 24 23.7 25.1 27.4 29.1 30.5 
New Car (MPG) 27.9 28.6 31.2 34.7 36.4 38 
New Light Truck (MPG) 20.2 19.5 20.4 22.1 23.6 24.8 
Light-Duty Fleet (MPG) 20.5 20.3 20.3 20.9 22.1 23.4 
New Commercial Light Truck (MPG) 19.9 18.8 19.5 21.1 22.4 23.5 
Stock Commercial Light Truck (MPG) 14.6 14.7 14.9 15.3 15.8 16.5 
Aircraft (seat miles/gallon) 51.1 52.2 54 56.7 59.7 62.6 
Freight Truck (MPG) 5.6 5.8 6 6.5 7 7.6 
Rail (ton miles/kBtu) 2.7 2.8 3 3.1 3.3 3.5 

Site Energy Use by Mode (Quadrillion Btu) 
Light-Duty Vehicles 13.9 15.0 16.6 17.7 18.0 18.2 
Commercial Light Trucks 0.6 0.6 0.7 0.7 0.8 0.8 
Freight Trucks 4.2 4.7 4.9 5.0 4.9 4.8 
Air 3.4 3.8 4.4 5.1 5.6 6.1 
Rail 0.5 0.6 0.6 0.6 0.6 0.6 
Marine 1.3 1.3 1.5 1.6 1.8 2.0 
Pipeline Fuel 0.7 0.7 0.8 0.8 0.9 0.9 
Other 0.2 0.3 0.3 0.3 0.3 0.3 
Total 24.9 27.0 29.7 31.9 32.9 33.7 

Energy Use by Fuel Type (Quadrillion Btu) 
Distillate Fuel 4.6 5.1 5.5 5.7 5.9 6.1 
Jet Fuel 3.3 3.8 4.4 5.0 5.5 6.0 
Motor Gasoline 15.1 16.1 17.4 18.1 18.1 17.8 
Residual Fuel 0.8 0.7 0.9 1.0 1.2 1.3 
Liquefied Petroleum Gas 0.0 0.1 0.1 0.1 0.2 0.2 
Other Petroleum 0.3 0.3 0.3 0.3 0.4 0.4 
Petroleum Subtotal 24.10 26.09 28.53 30.38 31.16 31.75 
Pipeline Fuel Natural Gas 0.7 0.7 0.8 0.8 0.9 0.9 
Compressed Natural Gas 0.0 0.1 0.2 0.2 0.3 0.3 
Renewables (E85) 0.0 0.0 0.0 0.1 0.1 0.2 
Methanol 0.0 0.0 0.1 0.2 0.3 0.3 
Liquid Hydrogen 0.0 0.0 0.0 0.0 0.0 0.0 
Electricity 0.1 0.1 0.1 0.2 0.2 0.2 
Total Site Energy 24.9 26.9 29.7 31.9 32.8 33.6 

Electricity Related Losses 0.1 0.1 0.2 0.3 0.4 0.5 
Total Primary Energy 25.0 27.1 30.0 32.2 33.3 34.1 
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Transportation Sector Forecast Summary Page 2 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Site Energy Use By Mode and Fuel Type (Quadrillion Btu) 

Light-Duty Vehicle 
Motor Gasoline 13.902 14.897 16.193 16.899 16.799 16.506 
Methanol 0.001 0.012 0.077 0.168 0.246 0.305 
Ethanol 0.001 0.005 0.038 0.091 0.135 0.166 
Compressed Natural Gas 0.012 0.048 0.144 0.188 0.210 0.222 
Liquid Petroleum Gas 0.021 0.032 0.082 0.118 0.135 0.145 
Electricity 0.000 0.001 0.041 0.087 0.123 0.157 
Liquid Hydrogen 0.000 0.000 0.000 0.000 0.000 0.000 
Distillate (diesel) 0.007 0.007 0.018 0.101 0.343 0.673 
Total 13.944 15.001 16.594 17.651 17.991 18.173 

Commercial Light Trucks 
Motor Gasoline 0.592 0.627 0.686 0.741 0.771 0.792 
Total 0.592 0.627 0.686 0.741 0.771 0.792 

Freight Trucks 
Motor Gasoline 0.330 0.285 0.212 0.167 0.134 0.113 
Distillate (diesel) 3.637 4.097 4.445 4.560 4.497 4.379 
Compressed Natural Gas 0.002 0.003 0.008 0.024 0.039 0.046 
Liquid Petroleum Gas 0.020 0.019 0.019 0.020 0.020 0.019 
Total 3.989 4.404 4.684 4.771 4.690 4.557 

Freight Rail 
Distillate (diesel) 0.450 0.467 0.471 0.482 0.485 0.482 
Total 0.450 0.467 0.471 0.482 0.485 0.482 

Domestic Shipping 
Distillate (diesel) 0.218 0.221 0.226 0.233 0.237 0.238 
Residual Oil 0.092 0.092 0.094 0.097 0.099 0.099 
Motor Gasoline 0.000 0.000 0.000 0.000 0.000 0.000 
Total 0.310 0.313 0.320 0.329 0.335 0.336 

International Shipping 
Distillate (diesel) 0.066 0.074 0.088 0.105 0.121 0.137 
Residual Oil 0.649 0.644 0.766 0.915 1.050 1.191 
Total 0.715 0.718 0.854 1.020 1.171 1.328 

Air Transportation 
Jet Fuel 2.743 3.272 3.851 4.500 5.023 5.544 
Aviation Gasoline 0.043 0.043 0.042 0.042 0.042 0.042 
Total 2.786 3.315 3.893 4.542 5.065 5.586 

Military Use 
Jet Fuel 0.565 0.520 0.516 0.551 0.550 0.540 
Residual Fuel 0.007 0.007 0.007 0.007 0.007 0.007 
Distillate 0.060 0.058 0.058 0.061 0.061 0.060 
Total 0.633 0.585 0.581 0.619 0.619 0.607 

Bus Transportation 
Transit Bus (motor gasoline) 0.004 0.004 0.004 0.004 0.004 0.004 
Transit Bus (diesel) 0.072 0.072 0.072 0.069 0.066 0.062 
Intercity Bus (diesel) 0.022 0.022 0.022 0.021 0.020 0.019 
School Bus (motor gasoline) 0.005 0.005 0.005 0.005 0.005 0.004 
School Bus (diesel) 0.085 0.085 0.085 0.081 0.077 0.073 
Total 0.188 0.189 0.188 0.180 0.171 0.163 
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Transportation Sector Forecast Summary Page 3 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Site Energy Use By Mode and Fuel Type (Quadrillion Btu) (continued) 

Rail Transportation 
Intercity Rail (electricity) 0.008 0.008 0.009 0.010 0.011 0.011 
Intercity Rail (diesel) 0.012 0.013 0.014 0.015 0.017 0.018 
Transit Rail (electricity) 0.045 0.047 0.052 0.056 0.061 0.065 
Commuter Rail (electricity) 0.006 0.006 0.006 0.007 0.007 0.008 
Commuter Rail (diesel) 0.008 0.009 0.010 0.011 0.011 0.012 
Total 0.080 0.083 0.091 0.099 0.107 0.115 

Miscellaneous 
Recreation Boats 0.246 0.258 0.268 0.279 0.289 0.299 
Lubricants 0.244 0.261 0.277 0.300 0.313 0.322 
Pipeline Fuel Natural Gas 0.733 0.739 0.797 0.840 0.860 0.886 
Total 1.223 1.259 1.342 1.419 1.462 1.506 

Total Site Energy Use 24.909 26.961 29.703 31.854 32.867 33.645 
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Transportation Sector Forecast Summary (MtC) Page 1 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

These carbon emissions are calculated in the spreadsheet, not in NEMS, so they differ slightly from the NEMS totals 

Carbon emissions by mode (MtC) 
Light-Duty Vehicles 267.0 287.0 317.3 337.5 344.1 348.1
 
Commercial Light Trucks
 11.3 12.0 13.1 14.2 14.8 15.2
 
Freight Trucks
 82.4 88.0 93.6 95.3 93.6 91.0
 
Air
 63.3 73.4 84.4 97.5 107.5 117.2
 
Rail
 12.3 12.8 13.1 13.6 14.0 14.3
 
Marine
 27.3 26.4 29.6 33.5 37.0 40.6
 
Pipeline Fuel
 10.6 10.6 11.5 12.1 12.4 12.7
 
Other
 3.8 6.9 7.1 7.2 7.2 7.1
 
Total 
 477.9 517.2 569.7 610.9 630.5 646.1 

Carbon emissions by fuel type (MtC) 
Distillate Fuel 91.6 101.2 108.8 113.4 117.2 121.5
 
Jet Fuel 
 63.3 72.6 83.6 96.7 106.7 116.4
 
Motor Gasoline
 289.7 308.8 333.5 347.4 345.7 340.2
 
Residual Fuel
 15.9 15.8 18.4 21.7 24.6 27.6
 
Liquefied Petroleum Gas
 0.7 0.9 1.7 2.3 2.6 2.7
 
Other Petroleum
 3.0 3.2 3.4 3.6 3.8 3.9 

petroleum subtotal 464.1 502.4 549.4 585.1 600.5 612.4 
Pipeline Fuel Natural Gas 10.6 10.6 11.5 12.1 12.4 12.7
 
Compressed Natural Gas
 0.2 0.7 2.2 3.0 3.5 3.8
 
Renewables (E85)
 0.0 0.0 0.0 0.0 0.0 0.0
 
Methanol
 0.0 0.2 1.4 2.9 4.3 5.3
 
Liquid Hydrogen
 0.0 0.0 0.0 0.0 0.0 0.0
 
Electricity
 3.0 3.2 5.3 7.8 9.8 11.8
 
Total
 477.9 517.2 569.7 610.9 630.5 646.1 

total from carbon worksheet from NEMS 475.4 514.9 567.8 606 622.8 637.6 
Ratio of our C numbers to those from NEMS 1.005 1.004 1.003 1.008 1.012 1.013 
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Transportation Sector Forecast Summary (MtC) Page 2 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Carbon emissions By Mode and Fuel Type (MtC) 

Light-Duty Vehicle 
Motor Gasoline 266.31 285.37 310.20 323.73 321.81 316.20 
Methanol 0.02 0.21 1.35 2.93 4.29 5.33 
Ethanol 0.00 0.00 0.00 0.00 0.00 0.00 
Compressed Natural Gas 0.17 0.68 2.05 2.67 2.99 3.16 
Liquid Petroleum Gas 0.35 0.53 1.38 1.98 2.26 2.43 
Electricity 0.01 0.05 2.01 4.25 5.98 7.65 
Liquid Hydrogen 0.00 0.00 0.00 0.00 0.00 0.00 
Distillate (diesel) 0.14 0.14 0.36 2.00 6.77 13.30 
Total 267.00 286.99 317.35 337.55 344.11 348.06 

Commercial Light Trucks 
Motor Gasoline 11.34 12.01 13.14 14.20 14.78 15.17 
Total 11.34 12.01 13.14 14.20 14.78 15.17 

Freight Trucks 
Motor Gasoline 6.32 5.46 4.06 3.20 2.57 2.17 
Distillate (diesel) 71.83 80.92 87.79 90.06 88.82 86.49 
Compressed Natural Gas 0.03 0.04 0.12 0.34 0.55 0.65 
Liquid Petroleum Gas 0.33 0.32 0.31 0.33 0.33 0.32 
Total 78.51 86.74 92.28 93.94 92.27 89.62 

Freight Rail 
Distillate (diesel) 8.89 9.23 9.30 9.52 9.58 9.51 
Total 8.89 9.23 9.30 9.52 9.58 9.51 

Domestic Shipping 
Distillate (diesel) 4.30 4.37 4.46 4.59 4.67 4.69 
Residual Oil 1.95 1.96 2.00 2.06 2.10 2.10 
Motor Gasoline 0.00 0.00 0.00 0.00 0.00 0.00 
Total 6.26 6.33 6.46 6.65 6.77 6.80 

International Shipping 
Distillate (diesel) 1.31 1.46 1.74 2.08 2.39 2.71 
Residual Oil 13.81 13.69 16.30 19.46 22.34 25.34 
Total 15.12 15.16 18.04 21.54 24.72 28.05 

Air Transportation 
Jet Fuel 52.49 62.62 73.70 86.12 96.12 106.09 
Aviation Gasoline 0.82 0.82 0.81 0.81 0.81 0.81 
Total 53.31 63.43 74.50 86.92 96.93 106.90 

Military Use 
Jet Fuel 10.81 9.96 9.88 10.54 10.53 10.33 
Residual Fuel 0.15 0.15 0.14 0.15 0.15 0.15 
Distillate 1.19 1.14 1.14 1.21 1.21 1.19 
Total 12.16 11.25 11.16 11.90 11.89 11.67 

Bus Transportation 
Transit Bus (motor gasoline) 0.08 0.08 0.08 0.08 0.07 0.07 
Transit Bus (diesel) 1.42 1.43 1.42 1.36 1.30 1.23 
Intercity Bus (diesel) 0.44 0.44 0.44 0.42 0.40 0.38 
School Bus (motor gasoline) 0.09 0.10 0.09 0.09 0.09 0.08 
School Bus (diesel) 1.67 1.68 1.67 1.60 1.53 1.45 
Total 3.71 3.73 3.70 3.55 3.38 3.21 
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Transportation Sector Forecast Summary (MtC) Page 3 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Carbon emissions By Mode and Fuel Type (MtC), continued 

Rail Transportation 
Intercity Rail (electricity) 0.40 0.43 0.45 0.48 0.52 0.56 
Intercity Rail (diesel) 0.24 0.26 0.28 0.30 0.33 0.35 
Transit Rail (electricity) 2.30 2.43 2.54 2.74 2.95 3.20 
Commuter Rail (electricity) 0.28 0.30 0.31 0.33 0.36 0.39 
Commuter Rail (diesel) 0.17 0.18 0.19 0.21 0.23 0.24 
Total 3.39 3.58 3.77 4.07 4.37 4.74 

Miscellaneous 
Recreation Boats 4.71 4.94 5.13 5.35 5.54 5.73 
Lubricants 2.97 3.17 3.36 3.64 3.80 3.91 
Pipeline Fuel Natural Gas 10.55 10.64 11.48 12.10 12.38 12.75 
Total 18.23 18.76 19.98 21.08 21.72 22.39 

Total carbon emissions 477.92 517.19 569.68 610.92 630.53 646.11 
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Transportation Sector Forecast Summary Page 1 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Level of Travel by Mode (Billion) 
Light Duty Vehicles (vehicle miles traveled) 2301 2388 2587 2829 2960 3184 
Commercial Light Trucks (vehicle miles traveled) 69 74 81 90 95 103 
Freight Trucks (vehicle miles traveled) 178 202 224 246 260 273 
Air (seat miles demanded) 1067 1237 1498 1781 2095 2425 
Rail (ton miles traveled) 1236 1316 1286 1352 1412 1428 
Marine (ton miles traveled) 758 783 828 883 931 968 

Energy Efficiency Indicator by Mode 
New Vehicle (MPG) 24 24 27.3 32.8 36.6 41.6 
New Car (MPG) 27.9 29 34 41.5 45.9 51.4 
New Light Truck (MPG) 20.2 19.8 22.1 26.4 29.6 33.9 
Light-Duty Fleet (MPG) 20.5 20.4 20.8 22.8 25.3 28.3 
New Commercial Light Truck (MPG) 19.9 19.1 20.6 24.3 26.7 29.2 
Stock Commercial Light Truck (MPG) 14.6 14.7 15.1 16 17.2 18.7 
Aircraft (seat miles/gallon) 52 53.2 56.5 59.9 62.9 65.8 
Freight Truck (MPG) 5.6 5.8 6.1 6.8 7.9 9 
Rail (ton miles/kBtu) 2.8 2.9 3.1 3.4 3.6 3.9 

Site Energy Use by Mode (Quadrillion Btu) 
Light-Duty Vehicles 13.9 15.0 15.9 15.9 15.0 14.4 
Commercial Light Trucks 0.6 0.6 0.7 0.7 0.7 0.7 
Freight Trucks 4.2 4.7 4.9 4.8 4.4 4.0 
Air 3.4 3.8 4.3 4.8 5.3 5.8 
Rail 0.5 0.5 0.5 0.5 0.5 0.5 
Marine 1.3 1.3 1.4 1.6 1.8 2.0 
Pipeline Fuel 0.7 0.8 0.8 0.9 0.9 0.9 
Other 0.2 0.3 0.3 0.3 0.3 0.3 
Total 24.9 26.9 28.9 29.5 28.8 28.6 

Energy Use by Fuel Type (Quadrillion Btu) 
Distillate Fuel 4.6 5.1 5.6 5.9 5.8 5.7 
Jet Fuel 3.3 3.8 4.2 4.7 5.2 5.7 
Motor Gasoline 15.1 16.1 16.6 16.1 14.7 13.7 
Residual Fuel 0.8 0.7 0.9 1.0 1.2 1.3 
Liquefied Petroleum Gas 0.0 0.1 0.1 0.1 0.1 0.1 
Other Petroleum 0.3 0.3 0.3 0.3 0.4 0.4 
Petroleum Subtotal 24.10 26.07 27.70 28.13 27.33 26.83 
Pipeline Fuel Natural Gas 0.7 0.8 0.8 0.9 0.9 0.9 
Compressed Natural Gas 0.0 0.1 0.2 0.2 0.2 0.2 
Renewables (E85) 0.0 0.0 0.0 0.0 0.0 0.0 
Methanol 0.0 0.0 0.1 0.1 0.1 0.2 
Liquid Hydrogen 0.0 0.0 0.0 0.0 0.0 0.1 
Electricity 0.1 0.1 0.1 0.2 0.2 0.2 
Total Site Energy 24.9 26.9 28.9 29.5 28.8 28.5 

Electricity Related Losses 0.1 0.1 0.2 0.3 0.4 0.4 
Total Primary Energy 25.0 27.1 29.1 29.8 29.2 28.9 
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Transportation Sector Forecast Summary Page 2 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Site Energy Use By Mode and Fuel Type (Quadrillion Btu) 

Light-Duty Vehicle 
Motor Gasoline 13.902 14.871 15.452 14.890 13.536 12.535 
Methanol 0.001 0.011 0.055 0.102 0.131 0.173 
Ethanol 0.000 0.003 0.018 0.035 0.041 0.043 
Compressed Natural Gas 0.012 0.047 0.140 0.172 0.183 0.184 
Liquid Petroleum Gas 0.021 0.031 0.079 0.105 0.112 0.114 
Electricity 0.000 0.001 0.040 0.083 0.110 0.136 
Liquid Hydrogen 0.000 0.000 0.000 0.000 0.015 0.104 
Distillate (diesel) 0.007 0.015 0.154 0.509 0.878 1.125 
Total 13.943 14.980 15.937 15.896 15.006 14.413 

Commercial Light Trucks 
Motor Gasoline 0.592 0.627 0.673 0.702 0.694 0.686 
Total 0.592 0.627 0.673 0.702 0.694 0.686 

Freight Trucks 
Motor Gasoline 0.330 0.286 0.212 0.165 0.128 0.098 
Distillate (diesel) 3.639 4.101 4.427 4.381 3.977 3.666 
Compressed Natural Gas 0.002 0.003 0.008 0.024 0.037 0.042 
Liquid Petroleum Gas 0.020 0.019 0.019 0.020 0.019 0.018 
Total 3.991 4.408 4.667 4.591 4.160 3.823 

Freight Rail 
Distillate (diesel) 0.448 0.456 0.413 0.403 0.390 0.366 
Total 0.448 0.456 0.413 0.403 0.390 0.366 

Domestic Shipping 
Distillate (diesel) 0.217 0.219 0.220 0.223 0.224 0.221 
Residual Oil 0.092 0.091 0.092 0.093 0.093 0.092 
Motor Gasoline 0.000 0.000 0.000 0.000 0.000 0.000 
Total 0.309 0.310 0.312 0.316 0.317 0.313 

International Shipping 
Distillate (diesel) 0.066 0.074 0.088 0.105 0.121 0.137 
Residual Oil 0.649 0.644 0.767 0.916 1.051 1.193 
Total 0.716 0.718 0.855 1.021 1.172 1.330 

Air Transportation 
Jet Fuel 2.734 3.263 3.719 4.176 4.678 5.171 
Aviation Gasoline 0.043 0.043 0.042 0.042 0.042 0.042 
Total 2.777 3.306 3.761 4.218 4.720 5.213 

Military Use 
Jet Fuel 0.574 0.528 0.525 0.559 0.559 0.548 
Residual Fuel 0.007 0.007 0.007 0.007 0.007 0.007 
Distillate 0.060 0.058 0.058 0.061 0.061 0.060 
Total 0.641 0.593 0.589 0.628 0.627 0.615 

Bus Transportation 
Transit Bus (motor gasoline) 0.004 0.004 0.004 0.004 0.003 0.003 
Transit Bus (diesel) 0.072 0.072 0.071 0.066 0.057 0.052 
Intercity Bus (diesel) 0.022 0.022 0.022 0.020 0.018 0.016 
School Bus (motor gasoline) 0.005 0.005 0.005 0.005 0.004 0.004 
School Bus (diesel) 0.085 0.085 0.084 0.078 0.067 0.061 
Total 0.188 0.189 0.186 0.172 0.149 0.135 
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Transportation Sector Forecast Summary Page 3 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Site Energy Use By Mode and Fuel Type (Quadrillion Btu) (continued) 

Rail Transportation 
Intercity Rail (electricity) 0.008 0.009 0.009 0.011 0.012 0.013 
Intercity Rail (diesel) 0.012 0.013 0.015 0.016 0.018 0.020 
Transit Rail (electricity) 0.046 0.048 0.054 0.060 0.066 0.073 
Commuter Rail (electricity) 0.006 0.006 0.007 0.007 0.008 0.009 
Commuter Rail (diesel) 0.009 0.009 0.010 0.011 0.012 0.014 
Total 0.080 0.085 0.095 0.105 0.115 0.128 

Miscellaneous 
Recreation Boats 0.246 0.259 0.269 0.280 0.290 0.300 
Lubricants 0.244 0.261 0.277 0.299 0.313 0.322 
Pipeline Fuel Natural Gas 0.733 0.745 0.841 0.846 0.867 0.907 
Total 1.223 1.265 1.387 1.424 1.470 1.528 

Total Site Energy Use 24.908 26.938 28.874 29.476 28.820 28.550 
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Transportation Sector Forecast Summary (MtC) Page 1 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

These carbon emissions are calculated in the spreadsheet, not in NEMS, so they differ slightly from the NEMS totals 

Carbon emissions by mode (MtC) 
Light-Duty Vehicles 267.0 286.6 305.0 304.5 287.5 274.4
 
Commercial Light Trucks
 11.3 12.0 12.9 13.4 13.3 13.1
 
Freight Trucks
 82.4 88.1 93.2 91.7 83.2 76.5
 
Air
 63.3 73.4 82.0 91.4 101.0 110.3
 
Rail
 12.2 12.6 11.6 11.6 11.5 11.0
 
Marine
 27.3 26.4 29.5 33.3 36.7 40.2
 
Pipeline Fuel
 10.6 10.7 12.1 12.2 12.5 13.1
 
Other
 3.8 6.9 7.0 7.0 6.7 6.6
 
Total 
 477.9 516.7 553.3 565.2 552.4 545.1 

Carbon emissions by fuel type (MtC) 
Distillate Fuel 91.6 101.2 109.8 116.0 115.0 113.3
 
Jet Fuel 
 63.3 72.6 81.2 90.6 100.2 109.4
 
Motor Gasoline
 289.7 308.3 319.1 308.2 281.5 261.8
 
Residual Fuel
 15.9 15.8 18.4 21.6 24.5 27.5
 
Liquefied Petroleum Gas
 0.7 0.8 1.6 2.1 2.2 2.2
 
Other Petroleum
 3.0 3.2 3.4 3.6 3.8 3.9 

petroleum subtotal 464.1 501.9 533.6 542.1 527.3 518.2 
Pipeline Fuel Natural Gas 10.6 10.7 12.1 12.2 12.5 13.1
 
Compressed Natural Gas
 0.2 0.7 2.1 2.8 3.1 3.2
 
Renewables (E85)
 0.0 0.0 0.0 0.0 0.0 0.0
 
Methanol
 0.0 0.2 1.0 1.8 2.3 3.0
 
Liquid Hydrogen
 0.0 0.0 0.0 0.0 0.0 0.0
 
Electricity
 3.0 3.2 4.6 6.3 7.3 7.6
 
Total
 477.9 516.7 553.3 565.2 552.4 545.1 

total from carbon worksheet from NEMS 475.4 514.4 551 559.6 542.7 533.3 
Ratio of our C numbers to those from NEMS 1.005 1.005 1.004 1.010 1.018 1.022 
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Transportation Sector Forecast Summary (MtC) Page 2 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Carbon emissions By Mode and Fuel Type (MtC) 

Light-Duty Vehicle 
Motor Gasoline 266.31 284.88 296.01 285.24 259.30 240.13 
Methanol 0.02 0.18 0.96 1.78 2.28 3.02 
Ethanol 0.00 0.00 0.00 0.00 0.00 0.00 
Compressed Natural Gas 0.17 0.67 2.00 2.46 2.61 2.62 
Liquid Petroleum Gas 0.35 0.52 1.32 1.76 1.89 1.91 
Electricity 0.02 0.06 1.67 3.25 4.12 4.48 
Liquid Hydrogen 0.00 0.00 0.00 0.00 0.00 0.00 
Distillate (diesel) 0.14 0.30 3.04 10.05 17.33 22.22 
Total 267.00 286.62 304.99 304.53 287.53 274.37 

Commercial Light Trucks 
Motor Gasoline 11.34 12.01 12.89 13.44 13.29 13.14 
Total 11.34 12.01 12.89 13.44 13.29 13.14 

Freight Trucks 
Motor Gasoline 6.32 5.47 4.07 3.17 2.44 1.87 
Distillate (diesel) 71.87 81.00 87.44 86.53 78.55 72.41 
Compressed Natural Gas 0.03 0.04 0.12 0.35 0.52 0.60 
Liquid Petroleum Gas 0.33 0.32 0.32 0.34 0.32 0.29 
Total 78.55 86.83 91.94 90.38 81.83 75.17 

Freight Rail 
Distillate (diesel) 8.85 9.00 8.16 7.95 7.70 7.22 
Total 8.85 9.00 8.16 7.95 7.70 7.22 

Domestic Shipping 
Distillate (diesel) 4.29 4.32 4.35 4.41 4.42 4.37 
Residual Oil 1.95 1.94 1.95 1.98 1.98 1.96 
Motor Gasoline 0.00 0.00 0.00 0.00 0.00 0.00 
Total 6.24 6.26 6.30 6.38 6.40 6.33 

International Shipping 
Distillate (diesel) 1.31 1.46 1.74 2.08 2.39 2.71 
Residual Oil 13.81 13.71 16.32 19.48 22.36 25.38 
Total 15.12 15.17 18.06 21.56 24.75 28.09 

Air Transportation 
Jet Fuel 52.32 62.44 71.17 79.91 89.52 98.96 
Aviation Gasoline 0.82 0.82 0.81 0.81 0.81 0.81 
Total 53.14 63.26 71.98 80.72 90.33 99.76 

Military Use 
Jet Fuel 10.98 10.11 10.04 10.70 10.69 10.49 
Residual Fuel 0.15 0.15 0.14 0.15 0.15 0.15 
Distillate 1.19 1.15 1.14 1.21 1.21 1.19 
Total 12.32 11.40 11.32 12.07 12.06 11.83 

Bus Transportation 
Transit Bus (motor gasoline) 0.08 0.08 0.08 0.07 0.06 0.06 
Transit Bus (diesel) 1.42 1.43 1.40 1.30 1.13 1.02 
Intercity Bus (diesel) 0.44 0.44 0.43 0.40 0.35 0.31 
School Bus (motor gasoline) 0.09 0.10 0.09 0.09 0.08 0.07 
School Bus (diesel) 1.67 1.68 1.65 1.53 1.33 1.20 
Total 3.71 3.73 3.66 3.39 2.94 2.65 

Appendix D-3.xls D-3.17 Transportation 



Transportation Sector Forecast Summary (MtC) Page 3 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Carbon emissions By Mode and Fuel Type (MtC), continued 

Rail Transportation 
Intercity Rail (electricity) 0.40 0.43 0.40 0.41 0.43 0.42 
Intercity Rail (diesel) 0.24 0.26 0.29 0.32 0.35 0.39 
Transit Rail (electricity) 2.30 2.42 2.26 2.35 2.45 2.40 
Commuter Rail (electricity) 0.28 0.30 0.27 0.29 0.30 0.29 
Commuter Rail (diesel) 0.17 0.18 0.20 0.22 0.25 0.27 
Total 3.39 3.59 3.42 3.60 3.78 3.78 

Miscellaneous 
Recreation Boats 4.71 4.96 5.15 5.36 5.55 5.75 
Lubricants 2.97 3.17 3.36 3.63 3.80 3.91 
Pipeline Fuel Natural Gas 10.55 10.73 12.11 12.17 12.48 13.05 
Total 18.23 18.86 20.62 21.16 21.83 22.70 

Total carbon emissions 477.91 516.72 553.34 565.20 552.45 545.05 
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Electricity Sector Forecast Summary Page 1 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Electricity Generation (TWh) (no cogeneration) 
Coal 1796 1927 1970 2021 2092 2172 
Petroleum 82 98 34 22 20 18 
Natural Gas 299 337 628 893 1108 1269 
Nuclear Power 629 660 633 579 550 521 
Renewables 389 382 400 409 422 442

 Hydro 351 322 323 323 324 324
 Wind 3 6 7 8 8 9
 Biomass 4 14 26 26 27 31
 Geothermal 16 15 17 24 34 47
 Other 15 24 26 28 30 31 

Other -3 -1 -1 -1 -1 -1 
Total 3192 3401 3663 3924 4190 4421 
Net Imports 32 43 33 30 27 27 

Electricity Cogeneration (TWh) 
Coal 60 58 57 57 57 57 
Petroleum 10 8 7 7 7 7 
Natural Gas 210 211 214 221 231 233 
Other Gaseous Fuels 4 5 5 5 5 5 
Renewables 41 48 52 57 61 63

 Biomass 33 41 45 50 53 56
 MSW 2 2 2 2 2 2
 Hydro 6 5 5 5 5 5 

Other 4 4 4 4 4 4 
Total 328 335 340 352 365 370 
Sales to Utilities 183 178 179 180 182 183 
Generation for Own Use 146 157 162 172 183 187 

Generation Capacity (GW) (no cogeneration) 
Coal Steam 305 305 305 307 311 320 
Other Fossil Steam 139 138 102 81 79 77 
Combined Cycle 16 27 88 126 164 199 
Combustion Turbine/Diesel 78 98 137 149 171 184 
Nuclear Power 99 95 87 78 75 72 
Renewable 88 90 91 93 95 98

 Hydro 78 78 78 79 79 79
 Wind 2 3 3 3 3 4
 Biomass 2 2 2 2 3 3
 Geothermal 3 3 3 4 5 7
 Other 4 4 4 5 5 5 

Other 20 22 22 22 22 22 
Total 744 775 832 855 916 971 

Cogeneration Capacity (GW) 
Coal 9 10 10 10 10 10 
Petroleum 1 1 2 2 2 2 
Natural Gas 33 35 35 36 37 38 
Other Gaseous Fuels 1 1 1 1 1 1 
Renewables 7 8 8 8 9 9

 Biomass 5 6 7 7 7 8
 MSW 0 0 0 0 0 0
 Hydro 1 1 1 1 1 1 

Other 0 0 0 0 0 0 
Total 52 55 56 57 59 60 

Cumulative Retirements (GW) 15 20 69 101 111 118 
Cumulative Additions (GW) 23 59 164 221 291 353 
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Electricity Sector Forecast Summary Page 2 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Capacity Factor (excludes cogeneration) 
Coal 67% 72% 74% 75% 77% 77% 
Natural Gas and Petroleum 19% 19% 23% 29% 31% 32% 
Nuclear Power 72% 79% 83% 85% 84% 83% 
Renewables 51% 49% 50% 50% 51% 52%

 Hydro 52% 47% 47% 47% 47% 47%
 Wind 21% 25% 25% 26% 26% 27%
 Biomass 29% 92% 149% 133% 116% 109%
 Geothermal 62% 56% 63% 71% 77% 80%
 Other 46% 70% 69% 68% 67% 66% 

Total 49% 50% 50% 52% 52% 52% 

Fuel Consumption (Quadrillion Btu) (no cogeneration) 
Coal 18.6 20.1 20.7 21.2 21.8 22.4 
Natural Gas 3.4 3.3 4.9 6.6 7.9 8.8 
Distillate 0.1 0.1 0.0 0.0 0.0 0.0 
Residual 0.8 1.0 0.3 0.2 0.2 0.2 
Nuclear 6.7 7.1 6.8 6.2 5.9 5.6 
Renewable 4.4 4.3 4.5 4.8 5.1 5.6 
Electricity Imports 0.3 0.4 0.3 0.3 0.3 0.3 
Total 34.3 36.2 37.5 39.3 41.2 42.9 

Electricity Prices (1997¢/kWh) 
Residential 8.5 7.9 7.7 7.6 7.3 6.9 
Commercial 7.6 7.2 6.8 6.5 6.1 5.8 
Industrial 4.6 4.4 4.3 4 3.7 3.5 
Transportation 5.6 5.4 5.1 4.9 4.7 4.4 
Average 6.9 6.6 6.3 6.1 5.8 5.5 

Price Components (1997¢/kWh) 
Capital Component 3.6 3.4 3.2 3 2.8 2.6 
Fuel Component 1.1 1.1 1.1 1.2 1.2 1.2 
O&M Component 2 1.9 1.8 1.8 1.7 1.7 
Wholesale Power Cost 0.2 0.2 0.2 0.1 0.1 0.1 
Total 6.9 6.6 6.3 6.1 5.8 5.5 

Carbon Emissions (MtC) 
Petroleum 17.6 21.6 7.2 4.6 4.1 3.7 
Natural Gas 43.8 47.3 70.2 95.4 114 127.1 
Coal 471 517.3 531.5 544.8 561.8 577.9 
Total 532.4 586.2 608.9 644.8 679.9 708.7 

SO2 Emissions (MtSO2) 11.6 10.4 9.5 8.4 8.1 8.2 
SO2 Allowance Price 50.95 134.5 143.6 224 154.4 113.6 

NOx Emissions (MtNOx) 5.3 4.2 3.6 3.7 3.8 3.8 

Electricity Generation Shares by Fuel Type 
Coal 56% 57% 54% 52% 50% 49% 
Petroleum 3% 3% 1% 1% 0% 0% 
Natural Gas 9% 10% 17% 23% 26% 29% 
Nuclear Power 20% 19% 17% 15% 13% 12% 
Renewables 12% 11% 11% 10% 10% 10%

 Hydro 11% 9% 9% 8% 8% 7%
 Wind 0% 0% 0% 0% 0% 0%
 Biomass 0% 0% 1% 1% 1% 1%
 Geothermal 0% 0% 0% 1% 1% 1%
 Other 0% 1% 1% 1% 1% 1% 

Other 0% 0% 0% 0% 0% 0% 
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Electricity Sector Forecast Summary Page 3 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Cumulative Planned Additions (GW) 
Advanced Coal 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Coal 0.1 0.9 1.4 1.4 1.4 1.4 
Other Fossil Steam 0.1 0.1 0.1 0.1 0.1 0.1 
Advanced Combined Cycle 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Combined Cycle 0.7 2.0 5.3 5.3 5.3 5.3 
Advanced Combustion Turbine/Diesel 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Combustion Turbine/Diesel 1.5 6.7 18.6 18.6 18.6 18.6 
Nuclear Power 0.0 0.0 0.0 0.0 0.0 0.0 
Pumped Storage 0.0 2.0 2.0 2.0 2.0 2.0 
Fuel Cells 0.0 0.0 0.0 0.0 0.0 0.0 
Renewable Sources 0.1 1.6 2.5 2.8 2.8 2.8 
Total 2.5 13.3 29.8 30.1 30.2 30.2 

Cumulative Unplanned Additions (GW) 
Advanced Coal 0.0 0.0 0.3 2.4 6.5 15.4 
Conventional Coal 0.0 0.0 0.9 1.7 2.5 3.2 
Other Fossil Steam 0.0 0.0 0.0 0.0 0.0 0.0 
Advanced Combined Cycle 0.0 5.1 61.1 99.6 137.4 172.6 
Conventional Combined Cycle 0.0 4.2 5.7 5.7 5.7 5.7 
Advanced Combustion Turbine/Diesel 0.0 2.5 24.0 34.0 53.8 64.9 
Conventional Combustion Turbine/Diesel 19.9 32.6 40.7 44.2 49.8 53.0 
Nuclear Power 0.0 0.0 0.0 0.0 0.0 0.0 
Pumped Storage 0.0 0.0 0.0 0.0 0.0 0.0 
Fuel Cells 0.0 0.0 0.0 0.0 0.0 0.0 
Renewable Sources 0.8 0.9 1.5 3.0 5.3 8.2 
Total 20.7 45.3 134.2 190.5 261.0 323.1 

Cumulative Retirements (GW) 
Advanced Coal 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Coal 1.6 1.7 4.4 5.1 5.7 6.3 
Other Fossil Steam 7.2 7.5 43.1 64.1 66.2 68.3 
Advanced Combined Cycle 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Combined Cycle 0.1 0.1 0.1 0.1 0.1 0.1 
Advanced Combustion Turbine/Diesel 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Combustion Turbine/Diesel 0.8 0.8 3.5 4.5 8.6 9.9 
Nuclear Power 5.1 9.3 16.8 26.1 29.3 32.4 
Pumped Storage 0.0 0.0 0.0 0.0 0.0 0.0 
Fuel Cells 0.0 0.0 0.0 0.0 0.0 0.0 
Renewable Sources 0.3 0.3 0.6 0.8 1.1 1.2 
Total 15.0 19.7 68.5 100.8 111.0 118.1 
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Energy Bill Estimate (1) 
CEF-NEMS Business As Usual (990811) 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2020 

Energy Bill (Billion 1997$) (2) 
Residential Sector Petroleum Bill 9.9 11.7 11.6 9.5 9.9 10.2 10.4 10.6 10.8 10.9 11.1 11.1 11.1 11.0 10.9 10.9 10.9 10.9 10.7 10.6 10.6 10.2 
Residential Sector Gas Bill 30.4 33.8 35.0 30.7 34.3 34.0 33.7 33.4 33.1 33.0 33.0 33.1 33.2 33.2 33.0 32.9 32.9 32.9 32.9 32.9 32.9 33.5 
Residential Sector Other Bill 
Residential Sector Electricity Bill 89.6 91.8 90.9 90.5 92.0 93.3 94.4 94.5 95.9 97.4 97.8 98.6 99.5 100.6 101.1 102.1 102.6 103.0 103.4 104.3 105.0 107.4 
Residential Sector Total Bill 129.9 137.4 137.5 130.6 136.2 137.5 138.4 138.5 139.8 141.3 141.9 142.8 143.8 144.8 145.0 145.9 146.4 146.8 147.0 147.8 148.4 151.1 

Commercial Sector Petroleum Bill 2.6 3.0 2.8 1.7 1.7 1.8 1.9 1.9 2.0 2.1 2.1 2.1 2.2 2.2 2.1 2.1 2.1 2.2 2.2 2.2 2.1 2.1 
Commercial Sector Gas Bill 16.0 17.3 18.9 16.7 18.9 18.9 18.9 19.0 19.1 19.2 19.3 19.5 19.6 19.7 19.7 19.7 19.7 19.8 19.8 19.8 19.8 19.9 
Commercial Sector Other Bill 
Commercial Sector Electricity Bill 73.6 75.3 76.7 77.1 77.6 77.6 77.6 77.2 78.4 79.1 79.3 79.9 80.3 80.4 80.7 81.3 81.2 81.0 81.4 81.6 81.7 81.1 
Commercial Sector Total Bill 92.1 95.7 98.4 95.5 98.3 98.3 98.4 98.1 99.5 100.3 100.8 101.5 102.1 102.3 102.5 103.2 103.0 103.0 103.3 103.5 103.6 103.1 

Industrial Sector Petroleum Bill 19.6 24.5 24.5 15.3 16.0 16.7 17.7 18.7 19.9 21.1 22.4 23.4 24.0 23.8 24.0 24.4 24.7 25.0 25.6 26.1 26.1 28.8 
Industrial Sector Gas Bill 23.9 30.1 29.4 26.5 28.3 28.4 29.4 30.1 30.5 30.9 31.4 32.3 33.0 33.3 33.7 34.0 34.1 34.5 34.6 35.1 35.5 37.0 
Industrial Sector Other Bill 3.6 3.8 3.6 3.5 3.5 3.4 3.4 3.4 3.3 3.3 3.2 3.2 3.2 3.1 3.1 3.0 3.0 2.9 2.9 2.9 2.8 2.7 
Industrial Sector Electricity Bill 48.4 47.8 47.7 46.9 47.0 47.0 47.2 47.5 48.1 48.0 47.7 47.7 47.7 47.5 47.8 47.9 47.3 46.9 46.8 46.7 46.8 46.5 
Industrial Sector Total Bill 95.5 106.2 105.2 92.2 94.9 95.6 97.7 99.7 101.7 103.2 104.6 106.5 107.9 107.7 108.6 109.3 109.1 109.3 109.9 110.7 111.3 115.0 

Transportation Sector Petroleum Bill 193.2 211.1 205.9 178.0 183.9 195.7 205.6 214.7 225.4 237.2 247.0 256.6 264.4 271.4 274.8 280.0 280.1 285.2 289.4 291.2 294.4 309.6 
Transportation Sector Gas Bill 4.0 4.5 4.6 4.8 5.0 5.2 5.5 5.8 6.1 6.4 6.7 7.1 7.4 7.6 7.9 8.2 8.3 8.5 8.6 8.8 9.0 9.5 
Transportation Sector Other Bill 0.0 0.0 0.0 0.1 0.2 0.3 0.4 0.6 0.8 1.0 1.1 1.3 1.5 1.6 1.8 1.9 1.9 2.1 2.2 2.2 2.5 2.7 
Transportation Sector Electricity Bill 1.0 1.0 1.0 1.0 1.0 0.9 0.9 0.9 1.2 1.4 1.5 1.6 1.8 1.9 2.0 2.2 2.3 2.4 2.4 2.5 2.6 2.9 
Transportation Sector Total Bill 198.2 216.6 211.4 183.9 190.2 202.2 212.4 222.0 233.6 245.9 256.3 266.6 275.0 282.5 286.4 292.2 292.6 298.2 302.6 304.7 308.5 324.7 

Total Energy Bill 515.8 555.8 552.5 502.2 519.6 533.7 546.9 558.3 574.6 590.8 603.7 617.4 628.9 637.3 642.6 650.7 651.2 657.3 662.9 666.8 671.9 693.9 

(1) The energy bill calculation is the sum of the product of energy consumption and energy price for each major fuel type within a sector (consumption and prices taken from Table 2 and 3 of fort.20.) 
(2) The following fuels bills are not accounted for in tr energy bill calculations: 

residential sector kerosene, coal, and "renewable energy" 
commercial sector kerosene, LPG, motor gasoline, coal, and "renewable energy" 
industrial sector petrochemical feedstocks, motor gasoline, other petroleum, coal coke imports, and renewable energy 
transportation sector other petroleum, and liquid hydrogen 
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Electricity Sector Forecast Summary Page 1 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Electricity Generation (TWh) (no cogeneration) 
Coal 1796 1916 1908 1939 1980 1997 
Petroleum 82 97 22 17 16 15 
Natural Gas 299 346 541 683 733 830 
Nuclear Power 629 660 633 579 531 463 
Renewables 389 386 439 463 489 498

 Hydro 351 322 323 323 323 323
 Wind 3 7 29 37 48 51
 Biomass 4 18 36 37 34 26
 Geothermal 16 15 25 37 54 67
 Other 15 24 26 28 30 31 

Other -3 -1 -1 -1 -1 -1 
Total 3192 3402 3541 3679 3748 3801 
Net Imports 32 43 33 30 28 28 

Electricity Cogeneration (TWh) 
Coal 60 58 57 56 56 56 
Petroleum 10 8 7 7 7 7 
Natural Gas 210 212 225 243 266 290 
Other Gaseous Fuels 4 5 5 5 5 5 
Renewables 41 48 52 56 58 60

 Biomass 33 41 45 48 51 53
 MSW 2 2 2 2 2 2
 Hydro 6 5 5 5 5 5 

Other 4 4 4 4 4 4 
Total 328 336 350 372 397 422 
Sales to Utilities 183 178 180 184 188 192 
Generation for Own Use 146 158 170 188 210 230 

Generation Capacity (GW) (no cogeneration) 
Coal Steam 305 305 304 303 304 305 
Other Fossil Steam 139 138 99 76 66 56 
Combined Cycle 16 28 85 107 119 134 
Combustion Turbine/Diesel 77 100 135 142 144 145 
Nuclear Power 99 95 87 78 72 64 
Renewable 88 90 99 103 108 111

 Hydro 78 78 78 79 79 79
 Wind 2 3 10 12 15 15
 Biomass 2 2 3 3 3 3
 Geothermal 3 3 4 5 7 9
 Other 4 4 4 5 5 5 

Other 20 22 22 22 22 22 
Total 744 778 831 831 835 837 

Cogeneration Capacity (GW) 
Coal 9 10 10 10 10 10 
Petroleum 1 1 2 2 2 2 
Natural Gas 33 35 37 39 42 46 
Other Gaseous Fuels 1 1 1 1 1 1 
Renewables 7 8 8 8 9 9

 Biomass 5 6 6 7 7 7
 MSW 0 0 0 0 0 0
 Hydro 1 1 1 1 1 1 

Other 0 0 0 0 0 0 
Total 52 55 57 60 63 67 

Cumulative Retirements (GW) 15 20 73 109 128 150 
Cumulative Additions (GW) 23 62 168 203 228 251 
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Electricity Sector Forecast Summary Page 2 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Capacity Factor (excludes cogeneration) 
Coal 67% 72% 72% 73% 74% 75% 
Natural Gas and Petroleum 19% 19% 20% 25% 26% 29% 
Nuclear Power 72% 79% 83% 85% 84% 82% 
Renewables 51% 49% 51% 51% 52% 51%

 Hydro 52% 47% 47% 47% 47% 47%
 Wind 21% 25% 34% 35% 37% 37%
 Biomass 29% 116% 161% 154% 134% 101%
 Geothermal 62% 56% 71% 80% 86% 88%
 Other 46% 70% 69% 68% 67% 66% 

Total 49% 50% 49% 51% 51% 52% 

Fuel Consumption (Quadrillion Btu) (no cogeneration) 
Coal 18.6 20.0 20.0 20.2 20.6 20.7 
Natural Gas 3.4 3.3 4.1 5.0 5.3 5.9 
Distillate 0.1 0.1 0.0 0.0 0.0 0.0 
Residual 0.8 1.0 0.2 0.1 0.1 0.1 
Nuclear 6.7 7.1 6.8 6.2 5.7 4.9 
Renewable 4.4 4.3 5.1 5.6 6.2 6.6 
Electricity Imports 0.3 0.4 0.3 0.3 0.3 0.3 
Total 34.3 36.1 36.4 37.5 38.3 38.6 

Electricity Prices (1997¢/kWh) 
Residential 8.5 7.8 7.2 7.2 7.1 6.9 
Commercial 7.6 7.1 6.3 5.8 5.6 5.4 
Industrial 4.6 4.5 4 3.6 3.5 3.4 
Transportation 5.6 5.3 4.9 4.8 4.7 4.5 
Average 6.9 6.5 5.9 5.6 5.5 5.3 

Price Components (1997¢/kWh) 
Capital Component 3.6 3.3 2.9 2.6 2.6 2.5 
Fuel Component 1.1 1.1 1 1 1 1 
O&M Component 2 1.9 1.9 1.8 1.7 1.7 
Wholesale Power Cost 0.2 0.2 0.2 0.1 0.1 0.1 
Total 6.9 6.5 5.9 5.6 5.5 5.3 

Carbon Emissions (MtC) 
Petroleum 17.6 21.4 4.5 3.4 3.4 3 
Natural Gas 43.8 47.9 59.2 72.3 76.5 85 
Coal 471 514.2 513.3 521 531.1 534.5 
Total 532.4 583.5 577 596.7 611 622.5 

SO2 Emissions (MtSO2) 11.7 10.4 9.5 8.3 8.2 8.2 
SO2 Allowance Price 43.24 127 107.1 211 107 96.44 

NOx Emissions (MtNOx) 5.3 4.2 3.4 3.5 3.5 3.5 

Electricity Generation Shares by Fuel Type 
Coal 56% 56% 54% 53% 53% 53% 
Petroleum 3% 3% 1% 0% 0% 0% 
Natural Gas 9% 10% 15% 19% 20% 22% 
Nuclear Power 20% 19% 18% 16% 14% 12% 
Renewables 12% 11% 12% 13% 13% 13%

 Hydro 11% 9% 9% 9% 9% 9%
 Wind 0% 0% 1% 1% 1% 1%
 Biomass 0% 1% 1% 1% 1% 1%
 Geothermal 0% 0% 1% 1% 1% 2%
 Other 0% 1% 1% 1% 1% 1% 

Other 0% 0% 0% 0% 0% 0% 
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Electricity Sector Forecast Summary Page 3 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Cumulative Planned Additions (GW) 
Advanced Coal 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Coal 0.1 0.9 1.4 1.4 1.4 1.4 
Other Fossil Steam 0.1 0.1 0.1 0.1 0.1 0.1 
Advanced Combined Cycle 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Combined Cycle 0.7 2.0 5.3 5.3 5.3 5.3 
Advanced Combustion Turbine/Diesel 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Combustion Turbine/Diesel 1.5 6.7 18.6 18.6 18.6 18.6 
Nuclear Power 0.0 0.0 0.0 0.0 0.0 0.0 
Pumped Storage 0.0 2.0 2.0 2.0 2.0 2.0 
Fuel Cells 0.0 0.0 0.0 0.0 0.0 0.0 
Renewable Sources 0.1 1.6 2.5 2.8 2.8 2.8 
Total 2.5 13.3 29.8 30.1 30.2 30.2 

Cumulative Unplanned Additions (GW) 
Advanced Coal 0.0 0.0 1.1 3.2 5.4 7.0 
Conventional Coal 0.0 0.0 0.2 0.2 0.2 0.2 
Other Fossil Steam 0.0 0.0 0.0 0.0 0.0 0.0 
Advanced Combined Cycle 0.0 9.0 62.8 84.4 96.9 111.9 
Conventional Combined Cycle 0.0 1.0 1.2 1.2 1.2 1.2 
Advanced Combustion Turbine/Diesel 0.0 4.5 28.9 36.2 40.5 45.0 
Conventional Combustion Turbine/Diesel 19.5 32.7 34.0 34.2 34.4 34.5 
Nuclear Power 0.0 0.0 0.0 0.0 0.0 0.0 
Pumped Storage 0.0 0.0 0.0 0.0 0.0 0.0 
Fuel Cells 0.0 0.0 0.0 0.0 0.0 0.0 
Renewable Sources 0.8 1.0 9.5 13.6 18.8 21.5 
Total 20.3 48.3 137.7 173.1 197.4 221.3 

Cumulative Retirements (GW) 
Advanced Coal 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Coal 1.6 1.7 5.1 8.0 9.3 9.9 
Other Fossil Steam 7.2 7.5 46.7 69.5 78.6 88.6 
Advanced Combined Cycle 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Combined Cycle 0.1 0.1 0.1 0.1 0.1 0.1 
Advanced Combustion Turbine/Diesel 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Combustion Turbine/Diesel 0.8 0.8 4.2 4.6 6.6 10.2 
Nuclear Power 5.1 9.3 16.8 26.1 32.3 40.1 
Pumped Storage 0.0 0.0 0.0 0.0 0.0 0.0 
Fuel Cells 0.0 0.0 0.0 0.0 0.0 0.0 
Renewable Sources 0.3 0.3 0.6 0.8 1.1 1.2 
Total 15.0 19.7 73.4 109.1 128.0 150.0 
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Energy Bill Estimate (1) 
CEF-NEMS Moderate Scenario (991213) 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Energy Bill (Billion 1997$) (2) 
Residential Sector Petroleum Bill 9.9 11.7 11.6 9.5 9.9 10.2 10.4 10.6 10.7 10.9 11.1 11.0 11.1 11.0 10.9 10.9 10.7 10.6 10.5 10.6 10.3 10.3 10.3 10.1 10.0 10.1 
Residential Sector Gas Bill 30.4 33.8 35.0 30.7 34.3 34.0 33.6 33.3 32.9 32.6 32.4 32.3 32.2 32.0 31.8 31.7 31.6 31.6 31.5 31.5 31.3 31.4 31.3 31.4 31.4 31.5 
Residential Sector Other Bill 
Residential Sector Electricity Bill 89.6 91.8 90.8 90.4 91.3 92.1 92.4 90.8 90.4 89.9 89.1 89.2 89.1 89.5 89.8 90.7 90.6 90.1 90.3 89.8 90.6 90.8 90.0 90.8 88.9 90.2 
Residential Sector Total Bill 129.9 137.4 137.4 130.6 135.5 136.4 136.3 134.7 134.1 133.4 132.6 132.5 132.4 132.5 132.5 133.3 133.0 132.4 132.3 131.8 132.3 132.5 131.6 132.3 130.3 131.8 

Commercial Sector Petroleum Bill 2.6 3.0 2.8 1.7 1.7 1.8 1.9 2.0 2.0 2.1 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 
Commercial Sector Gas Bill 16.0 17.3 18.9 16.7 18.9 18.9 18.6 18.6 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.4 18.3 18.2 18.1 18.0 18.0 17.9 17.8 17.8 17.6 
Commercial Sector Other Bill 
Commercial Sector Electricity Bill 73.6 75.3 76.7 77.1 77.3 76.9 75.1 73.2 72.2 70.7 70.0 69.6 68.5 66.9 66.4 68.4 67.1 66.4 68.1 65.9 67.7 66.5 65.2 68.0 63.2 65.6 
Commercial Sector Total Bill 92.1 95.7 98.4 95.5 98.0 97.6 95.6 93.7 92.7 91.3 90.6 90.3 89.2 87.6 87.1 89.0 87.7 86.9 88.6 86.2 87.8 86.6 85.3 88.0 83.1 85.4 

Industrial Sector Petroleum Bill 19.6 24.5 24.5 15.3 16.0 16.7 17.5 18.4 19.4 20.4 21.4 22.3 22.8 22.9 22.7 22.8 23.0 23.2 23.5 23.7 23.6 23.9 24.5 24.5 24.4 24.6 
Industrial Sector Gas Bill 23.9 30.1 29.4 26.5 28.3 28.3 28.9 29.1 28.8 28.7 28.6 29.0 29.2 29.1 29.2 29.3 29.3 29.3 29.3 29.2 29.4 29.5 29.3 29.4 29.3 29.4 
Industrial Sector Other Bill 3.6 3.8 3.6 3.5 3.5 3.5 3.4 3.4 3.2 3.2 3.1 3.1 3.0 3.0 2.9 2.9 2.8 2.8 2.7 2.7 2.7 2.6 2.6 2.6 2.5 2.4 
Industrial Sector Electricity Bill 48.4 47.8 47.7 46.9 47.4 47.2 47.6 47.6 46.9 45.3 43.3 42.0 40.9 40.0 40.2 40.8 40.6 40.0 40.0 39.4 40.2 40.0 39.5 40.3 38.6 39.3 
Industrial Sector Total Bill 95.5 106.2 105.2 92.2 95.3 95.7 97.5 98.5 98.4 97.6 96.5 96.4 96.0 95.1 95.1 95.9 95.7 95.2 95.6 95.1 95.9 96.1 95.9 96.8 94.8 95.7 

Transportation Sector Petroleum Bill 193.2 211.1 205.9 178.0 183.8 195.4 205.4 214.1 224.1 234.4 243.6 251.7 258.2 262.4 262.5 264.5 263.7 263.3 262.7 262.2 261.5 262.9 262.3 263.4 263.2 263.6 
Transportation Sector Gas Bill 4.0 4.5 4.6 4.6 4.7 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.3 6.4 6.6 6.7 6.8 6.9 7.0 7.0 7.1 7.1 7.2 7.2 7.2 7.3 
Transportation Sector Other Bill 0.0 0.0 0.0 0.0 0.1 0.1 0.4 0.5 0.8 1.2 1.6 2.1 2.4 2.9 3.3 3.7 4.0 4.4 4.8 5.1 5.5 5.6 5.9 6.3 6.4 6.7 
Transportation Sector Electricity Bill 1.0 1.0 1.0 1.0 1.0 0.9 0.9 1.1 1.2 1.5 1.6 1.7 1.8 2.0 2.1 2.2 2.4 2.5 2.6 2.6 2.7 2.9 3.0 3.1 3.0 3.2 
Transportation Sector Total Bill 198.2 216.6 211.4 183.5 189.6 201.3 211.7 220.8 231.5 242.6 252.7 261.6 268.7 273.7 274.5 277.2 276.8 277.1 277.1 276.9 276.8 278.5 278.4 280.0 279.8 280.7 

Total Energy Bill 515.8 555.8 552.4 501.8 518.4 530.9 541.0 547.7 556.6 564.9 572.4 580.7 586.3 588.8 589.2 595.4 593.2 591.6 593.5 589.9 592.9 593.7 591.2 597.1 587.9 593.6 

(1) The energy bill calculation is the sum of the product of energy consumption and energy price for each major fuel type within a sector (consumption and prices taken from Table 2 and 3 of fort.20.) 
(2) The following fuels bills are not accounted for in tr energy bill calculations: 

residential sector kerosene, coal, and "renewable energy" 
commercial sector kerosene, LPG, motor gasoline, coal, and "renewable energy" 
industrial sector petrochemical feedstocks, motor gasoline, other petroleum, coal coke imports, and renewable energy 
transportation sector other petroleum, and liquid hydrogen 
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Electricity Sector Forecast Summary Page 1 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Electricity Generation (TWh) (no cogeneration) 
Coal 1796 1866 1478 1400 1299 1065 
Petroleum 82 93 15 14 12 11 
Natural Gas 299 406 832 884 953 1139 
Nuclear Power 629 664 645 630 614 600 
Renewables 389 386 468 592 622 629

 Hydro 351 322 323 323 323 323
 Wind 3 7 49 143 155 159
 Biomass 4 18 41 47 52 48
 Geothermal 16 15 28 50 62 67
 Other 15 24 26 28 30 31 

Other -3 -1 -1 -1 -1 -1 
Total 3192 3414 3435 3518 3497 3442 
Net Imports 32 31 35 32 27 27 

Electricity Cogeneration (TWh) 
Coal 60 58 49 47 45 45 
Petroleum 10 8 6 6 6 6 
Natural Gas 210 213 219 239 265 293 
Other Gaseous Fuels 4 5 5 5 5 5 
Renewables 41 48 54 61 67 70

 Biomass 33 41 47 54 59 63
 MSW 2 2 2 2 2 2
 Hydro 6 5 5 5 5 5 

Other 4 4 4 4 4 4 
Total 328 336 337 363 392 423 
Sales to Utilities 183 178 164 168 171 175 
Generation for Own Use 146 158 173 195 221 248 

Generation Capacity (GW) (no cogeneration) 
Coal Steam 305 305 291 262 253 225 
Other Fossil Steam 139 138 93 56 43 33 
Combined Cycle 16 36 114 122 133 149 
Combustion Turbine/Diesel 78 106 130 135 139 133 
Nuclear Power 99 96 91 87 85 83 
Renewable 88 90 106 136 142 145

 Hydro 78 78 78 79 79 79
 Wind 2 3 16 43 46 47
 Biomass 2 2 3 4 5 5
 Geothermal 3 3 4 7 8 9
 Other 4 4 4 5 5 5 

Other 20 22 22 22 22 22 
Total 744 792 846 819 817 789 

Cogeneration Capacity (GW) 
Coal 9 10 10 10 10 10 
Petroleum 1 1 2 2 2 2 
Natural Gas 33 35 37 40 43 47 
Other Gaseous Fuels 1 1 1 1 1 1 
Renewables 7 8 8 9 9 10

 Biomass 5 6 7 7 8 8
 MSW 0 0 0 0 0 0
 Hydro 1 1 1 1 1 1 

Other 0 0 0 0 0 0 
Total 52 55 57 61 65 69 

Cumulative Retirements (GW) 15 19 87 162 186 234 
Cumulative Additions (GW) 23 75 196 244 268 300 
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Electricity Sector Forecast Summary Page 2 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Capacity Factor (excludes cogeneration) 
Coal 67% 70% 58% 61% 59% 54% 
Natural Gas and Petroleum 19% 20% 29% 33% 35% 42% 
Nuclear Power 72% 79% 81% 83% 83% 82% 
Renewables 51% 49% 51% 49% 50% 50%

 Hydro 52% 47% 47% 47% 47% 47%
 Wind 21% 26% 36% 38% 39% 39%
 Biomass 29% 116% 169% 143% 125% 108%
 Geothermal 62% 56% 73% 83% 87% 88%
 Other 46% 70% 69% 68% 67% 66% 

Total 49% 49% 46% 49% 49% 50% 

Fuel Consumption (Quadrillion Btu) (no cogeneration) 
Coal 18.6 19.5 15.2 14.4 13.3 10.9 
Natural Gas 3.4 3.5 5.8 6.1 6.4 7.2 
Distillate 0.1 0.1 0.0 0.0 0.0 0.0 
Residual 0.8 0.9 0.1 0.1 0.1 0.1 
Nuclear 6.7 7.1 6.9 6.7 6.6 6.4 
Renewable 4.4 4.3 5.4 7.2 7.7 7.9 
Electricity Imports 0.3 0.3 0.4 0.3 0.3 0.3 
Total 34.3 35.7 33.8 34.8 34.3 32.8 

Electricity Prices (1997¢/kWh) 
Residential 8.5 7.8 8.1 8.0 7.8 7.6 
Commercial 7.6 7.1 7.4 6.9 6.5 6.4 
Industrial 4.6 4.5 5 4.7 4.4 4.3 
Transportation 5.6 5.3 5.5 5.4 5.2 5 
Average 6.9 6.5 6.9 6.6 6.3 6.1 

Price Components (1997¢/kWh) 
Capital Component 3.6 3.4 3.1 2.9 2.8 2.8 
Fuel Component 1.1 1.1 1.7 1.6 1.6 1.5 
O&M Component 2 1.9 1.9 1.9 1.7 1.7 
Wholesale Power Cost 0.2 0.2 0.2 0.2 0.2 0.2 
Total 6.9 6.5 6.9 6.6 6.3 6.1 

Carbon Emissions (MtC) 
Petroleum 17.6 20.6 3 2.9 2.4 2.1 
Natural Gas 43.8 51 82.9 87.1 91.2 98.2 
Coal 471 500.3 391.6 369.5 342.7 282 
Total 532.4 571.9 477.5 459.5 436.3 382.3 

SO2 Emissions (MtSO2) 11.5 10.4 9.6 8.5 6.8 4.3 
SO2 Allowance Price 69.15 144.3 51.92 98.4 90.51 160.7 

NOx Emissions (MtNOx) 5.3 4.1 2.9 2.7 2.6 2.2 

Electricity Generation Shares by Fuel Type 
Coal 56% 55% 43% 40% 37% 31% 
Petroleum 3% 3% 0% 0% 0% 0% 
Natural Gas 9% 12% 24% 25% 27% 33% 
Nuclear Power 20% 19% 19% 18% 18% 17% 
Renewables 12% 11% 14% 17% 18% 18%

 Hydro 11% 9% 9% 9% 9% 9%
 Wind 0% 0% 1% 4% 4% 5%
 Biomass 0% 1% 1% 1% 1% 1%
 Geothermal 0% 0% 1% 1% 2% 2%
 Other 0% 1% 1% 1% 1% 1% 

Other 0% 0% 0% 0% 0% 0% 
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Electricity Sector Forecast Summary Page 3 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Cumulative Planned Additions (GW) 
Advanced Coal 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Coal 0.1 0.9 1.4 1.4 1.4 1.4 
Other Fossil Steam 0.1 0.1 0.1 0.1 0.1 0.1 
Advanced Combined Cycle 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Combined Cycle 0.7 2.0 5.3 5.3 5.3 5.3 
Advanced Combustion Turbine/Diesel 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Combustion Turbine/Diesel 1.5 6.7 18.6 18.6 18.6 18.6 
Nuclear Power 0.0 0.0 0.0 0.0 0.0 0.0 
Pumped Storage 0.0 2.0 2.0 2.0 2.0 2.0 
Fuel Cells 0.0 0.0 0.0 0.0 0.0 0.0 
Renewable Sources 0.1 1.6 2.5 2.8 2.8 2.8 
Total 2.5 13.3 29.8 30.1 30.2 30.2 

Cumulative Unplanned Additions (GW) 
Advanced Coal 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Coal 0.0 0.0 0.0 0.0 0.0 0.0 
Other Fossil Steam 0.0 0.0 0.0 0.0 0.0 0.0 
Advanced Combined Cycle 0.0 17.9 92.8 100.9 112.1 127.6 
Conventional Combined Cycle 0.0 0.1 0.1 0.1 0.1 0.1 
Advanced Combustion Turbine/Diesel 0.0 6.8 21.4 29.4 35.3 38.0 
Conventional Combustion Turbine/Diesel 19.7 35.6 36.2 36.6 36.7 36.9 
Nuclear Power 0.0 0.0 0.0 0.0 0.0 0.0 
Pumped Storage 0.0 0.0 0.0 0.0 0.0 0.0 
Fuel Cells 0.0 0.0 0.0 0.0 0.0 0.0 
Renewable Sources 0.8 1.2 16.0 46.7 52.8 55.3 
Total 20.5 61.7 166.5 213.7 238.1 270.1 

Cumulative Retirements (GW) 
Advanced Coal 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Coal 1.6 1.7 16.7 46.3 54.6 83.1 
Other Fossil Steam 7.2 7.5 52.8 90.4 102.4 111.9 
Advanced Combined Cycle 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Combined Cycle 0.1 0.1 0.1 0.1 0.1 0.1 
Advanced Combustion Turbine/Diesel 0.0 0.0 0.0 0.0 0.0 0.0 
Conventional Combustion Turbine/Diesel 0.8 0.8 3.4 6.4 8.6 17.5 
Nuclear Power 5.1 8.7 13.7 17.5 19.5 20.7 
Pumped Storage 0.0 0.0 0.0 0.0 0.0 0.0 
Fuel Cells 0.0 0.0 0.0 0.0 0.0 0.0 
Renewable Sources 0.3 0.3 0.6 0.8 1.1 1.2 
Total 15.0 19.0 87.3 161.5 186.3 234.4 
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Energy Bill Estimate (1) 
CEF_NEMS Advanced Scenario (991213) 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Energy Bill (Billion 1997$) (2) 
Residential Sector Petroleum Bill 9.9 11.7 11.6 9.5 9.9 10.2 10.4 10.8 11.2 11.5 11.7 11.8 11.7 11.6 11.5 11.5 11.2 11.2 11.0 10.9 10.8 10.8 10.6 10.5 10.4 10.3 
Residential Sector Gas Bill 30.4 33.8 35.0 30.7 34.3 34.1 33.7 34.0 34.4 35.0 35.7 35.7 35.6 35.5 35.2 35.1 34.9 34.8 34.5 34.4 34.1 34.1 34.0 33.9 34.0 34.0 
Residential Sector Other Bill 
Residential Sector Electricity Bill 89.6 91.8 90.9 90.6 91.5 92.3 92.4 93.0 94.7 96.0 97.6 96.6 95.3 94.9 95.5 96.6 95.7 93.9 92.7 91.8 90.8 90.5 88.7 89.0 86.5 86.6 
Residential Sector Total Bill 129.9 137.4 137.5 130.7 135.7 136.6 136.4 137.8 140.3 142.4 145.1 144.1 142.6 142.0 142.3 143.1 141.8 139.9 138.2 137.0 135.7 135.4 133.3 133.4 130.9 131.0 

Commercial Sector Petroleum Bill 2.6 3.0 2.8 1.7 1.7 1.8 2.0 2.1 2.2 2.3 2.4 2.4 2.4 2.4 2.3 2.4 2.3 2.3 2.3 2.2 2.2 2.2 2.2 2.1 2.1 2.1 
Commercial Sector Gas Bill 16.0 17.3 18.9 16.7 18.9 18.9 18.8 19.2 19.6 20.2 20.8 21.0 21.1 21.1 21.1 21.1 21.0 20.7 20.5 20.4 20.2 20.1 20.0 19.9 19.8 19.8 
Commercial Sector Other Bill 
Commercial Sector Electricity Bill 73.6 75.3 76.7 77.2 77.4 76.9 75.1 75.1 76.1 76.8 79.3 78.9 77.4 76.1 76.0 79.0 76.9 75.7 77.0 74.9 75.9 74.7 73.2 76.3 71.5 73.1 
Commercial Sector Total Bill 92.1 95.7 98.4 95.5 98.1 97.6 95.8 96.5 98.0 99.3 102.6 102.3 100.9 99.7 99.5 102.5 100.2 98.7 99.8 97.5 98.3 97.0 95.4 98.3 93.4 95.0 

Industrial Sector Petroleum Bill 19.6 24.5 24.5 15.3 16.0 16.6 17.4 19.1 20.9 22.1 23.8 24.9 25.5 25.2 25.2 25.6 25.2 25.1 24.7 25.0 25.0 24.8 24.9 24.9 24.6 24.9 
Industrial Sector Gas Bill 23.9 30.1 29.4 26.5 28.3 28.3 28.8 30.4 31.9 33.7 36.0 36.0 36.0 35.8 35.4 35.4 35.1 34.7 34.4 34.4 34.0 34.0 33.9 33.8 33.8 33.6 
Industrial Sector Other Bill 3.6 3.8 3.6 3.5 3.5 3.6 3.5 4.1 4.5 4.9 5.3 5.3 5.2 5.1 5.0 4.8 4.7 4.7 4.6 4.5 4.5 4.4 4.3 4.3 4.2 4.2 
Industrial Sector Electricity Bill 48.4 47.8 47.7 47.0 47.5 47.2 47.1 48.6 49.4 49.9 51.7 50.3 48.9 48.1 48.2 48.9 48.2 47.1 46.8 46.1 45.9 46.0 45.3 46.0 44.2 44.3 
Industrial Sector Total Bill 95.5 106.2 105.2 92.3 95.4 95.6 96.9 102.1 106.7 110.6 116.8 116.4 115.5 114.2 113.9 114.7 113.3 111.6 110.5 110.0 109.4 109.3 108.4 108.9 106.8 106.9 

Transportation Sector Petroleum Bill 193.2 211.1 205.9 178.0 183.7 195.0 204.5 219.2 233.1 245.5 258.7 263.1 266.4 264.7 262.9 262.0 258.8 255.9 247.0 238.8 236.3 234.5 231.1 229.2 226.1 225.0 
Transportation Sector Gas Bill 4.0 4.5 4.6 4.6 4.7 4.9 5.0 5.3 5.8 6.3 6.8 7.0 7.2 7.3 7.4 7.6 7.5 7.6 7.6 7.6 7.7 7.7 7.7 7.7 7.7 7.8 
Transportation Sector Other Bill 0.0 0.0 0.0 0.0 0.1 0.1 0.4 0.5 0.5 0.7 1.1 1.2 1.5 1.6 1.8 1.9 2.2 2.3 2.3 2.2 2.4 2.5 2.5 2.6 2.8 2.9 
Transportation Sector Electricity Bill 1.0 1.0 1.0 1.0 1.0 0.9 1.1 1.1 1.2 1.6 1.8 1.9 2.1 2.2 2.4 2.5 2.6 2.8 2.8 2.9 3.0 3.1 3.2 3.3 3.3 3.4 
Transportation Sector Total Bill 198.2 216.6 211.4 183.5 189.5 200.9 211.0 226.1 240.6 254.0 268.5 273.2 277.2 275.9 274.5 274.0 271.1 268.6 259.7 251.6 249.3 247.8 244.5 242.8 239.9 239.1 

Total Energy Bill 515.8 555.8 552.5 502.0 518.7 530.7 540.1 562.6 585.5 606.3 632.9 636.0 636.2 631.7 630.1 634.3 626.5 618.7 608.2 596.1 592.7 589.5 581.6 583.4 571.1 572.0 

(1) The energy bill calculation is the sum of the product of energy consumption and energy price for each major fuel type within a sector (consumption and prices taken from Table 2 and 3 of fort.20.) 
(2) The following fuels bills are not accounted for in tr energy bill calculations: 

residential sector kerosene, coal, and "renewable energy" 
commercial sector kerosene, LPG, motor gasoline, coal, and "renewable energy" 
industrial sector petrochemical feedstocks, motor gasoline, other petroleum, coal coke imports, and renewable energy 
transportation sector other petroleum, and liquid hydrogen 
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Carbon emissions by fuel, in MtC per quad 
1997 emissions at 

adj. Emm. Fctr % combusted full combustion 
Motor gasoline 19.16 0.99 19.35 
LPG 16.79 0.995 16.87 
jet fuel 19.14 0.99 19.33 
Distillate oil 19.75 0.99 19.95 
Residual fuel 21.28 0.99 21.49 

Aviation gas 18.68 0.99 18.87 
kerosene 19.52 0.99 19.72 

Coal 
Res/comml 25.66 0.99 25.92 
Industrial coking 25.29 0.99 25.55 
Other industrial 25.35 0.99 25.61 
electric utility 25.48 0.99 25.74 

Natural gas 14.40 0.995 14.47 
Crude oil 0.00 20.24 

Source: Emissions of Greenhouse Gases in the United States, 1997 , Table B1, page 106. 

lubricants 

compressed nat gas 

Renewables (E85) 

Methanol 

Liquid Hydrogen 

Feedstocks 
LPG 

Petrochemicals 
Natural gas 

Implicit Price Deflators 
1992 
1995 
1996 
1997 

12.14 0.6 20.24 

14.25 0.99 14.40 0% 

0.00 0.99 0 

17.45 0.99 17.63 0% 

0.00 0.995 0 

3.42 0.2 17.11 
3.87 0.2 19.37 

11.20 0.774 14.47 

100 
107.6 

110.21 
112.4 

except for bolded numbers, which are 
from the AEO99 documentation, Table 
2 

compressed nat gas assumed to have 
a C burden of natural gas, with no 
additional penalty for compression (as 
per EIA's assumptions) 
Ethanol assumed to generated 
renewably, so C burden is zero 

methanol assumed to have a carbon 
burden of 17.45, as per EIA 
assumptions (Pers. Comm. With Dan 
Skelly, 990420). We assume % 
combusted of 0.99 and fiddle with 
emisions at full combustion until 
adjusted emissions factor is 17.45. 

liquid hydrogen assumed to generated 
renewably, so C burden is zero 

short tons to metric tons0.907185 

kg.C/ton.Clinker 125.4 
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INTEGRATED RESULTS
 



All-Sector Forecast Summary 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 20.0 20.5 21.2 22.2 23.2 
Commercial 15.2 16.0 16.6 17.3 18.1 18.5 
Industrial 34.8 35.8 37.0 38.8 40.1 41.2 
Transportation 25.0 27.1 30.2 33.1 35.0 36.8 
Total 94.0 98.9 104.3 110.3 115.4 119.8 

Electricity Sales (TWh) 
Residential 1072 1175 1263 1342 1447 1551 
Commercial 1008 1081 1164 1251 1337 1392 
Industrial 1033 1057 1119 1197 1258 1311 
Transportation 17 18 31 44 55 65 
Total 3130 3331 3577 3833 4097 4318 

Carbon Emissions by Sector (MtC) 
Residential 286 309 317 330 347 363 
Commercial 237 255 265 280 293 300 
Industrial 482 498 512 534 551 563 
Transportation 475 516 573 626 662 696 
Total 1480 1578 1667 1769 1852 1922

 Utilities 532 586 609 645 680 709 

Carbon Emissions by Source (MtC) 
Petroleum 628 668 706 755 787 818 
Natural Gas 319 330 365 404 437 460 
Coal 533 579 594 608 626 642 
Other 0 0 1 1 2 2 
Total 1480 1578 1667 1769 1852 1922 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.57 7.76 8.12 8.16 8.25 
Natural Gas 4.32 4.12 4.08 4.02 3.92 3.90 
Coal 1.28 1.21 1.14 1.07 1.00 0.94 
Electricity 20.25 19.25 18.54 17.85 16.89 16.15 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.44 1.49 1.54 1.55 1.54 
Petroleum Products 2.88 2.28 3.13 3.79 3.90 4.19 
Distillate Fuel 4.47 3.84 4.88 5.22 5.33 5.51 
Residual Fuel 2.76 2.18 2.97 3.57 3.66 3.94 
Natural Gas 2.70 2.62 2.90 3.01 3.02 3.04 
Steam Coal 1.27 1.20 1.12 1.06 0.99 0.93 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.9 41.2 44.1 46.0 47.9 
Natural Gas 22.6 23.1 25.5 28.3 30.5 32.1 
Coal Subtotal 21.1 22.6 23.1 23.7 24.3 25.0 
Nuclear Power 6.7 7.1 6.8 6.2 5.9 5.6 
Renewable Energy 6.8 6.9 7.3 7.8 8.3 8.9 
Electricity Imports 0.3 0.4 0.3 0.3 0.3 0.3 
Others 0.0 0.0 0.1 0.1 0.1 0.1 
Total 94.0 98.9 104.3 110.3 115.4 119.8 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 553 534 604 651 672 694 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.6 9.9 9.5 9.1 
Carbon/GDP Ratio (gC/1997$) 181 179 169 159 153 146 

Electricity Sector Carbon Coefficient (gC/kWh) 170 176 170 168 166 164 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Business As Usual (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 24.3 23 22 21 
Natural Gas 74.1 75 76.5 79.7 83.6 86.3 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 206.8 215 225.7 240.1 254.5 
Total 285.6 309.3 317.2 329.7 347 363 

Commercial 
Petroleum 14.4 11.6 11.3 11.1 11 10.6 
Natural Gas 48.6 51.1 53.1 55.4 57.5 58 
Coal 2.1 2.3 2.4 2.5 2.6 2.6 
Electricity 171.5 190.2 198.2 210.4 221.9 228.4 
Total 236.6 255.2 265 279.5 292.9 299.6 

Industrial 
Petroleum 105.8 108.3 111.5 115.9 117.4 118.5 
Natural Gas 142.2 145.1 150.9 157.3 164.1 169.2 
Coal 58.5 58.2 59.1 59.7 60.1 60.4 
Electricity 175.6 186.1 190.5 201.3 208.8 215.2 
Total Fuel 482.1 497.8 511.9 534.2 550.5 563.3 
Process Emissions 11.16 10.69 11.34 12.02 12.25 12.41 
Total 493.26 508.49 523.24 546.22 562.75 575.71 

Transportation 
Petroleum 461.9 500.6 552.1 600.5 632.7 664.4 
Natural Gas 10.5 11.5 14.5 16.5 18 19.1 
Other 0 0.3 0.9 1.3 1.7 1.9 
Electricity 2.9 3.2 5.2 7.4 9.1 10.7 
Total 475.3 515.6 572.7 625.8 661.5 696.1 

Total Carbon Emissions 
Petroleum 609.9 646.6 699.2 750.6 783.1 814.5 
Natural Gas 275.4 282.7 295 308.9 323.2 332.6 
Coal 62 62 62.8 63.5 64 64.3 
Other 0 0.3 0.9 1.3 1.7 1.9 
Electricity 532.4 586.3 608.9 644.9 679.9 708.8 
Total 1480 1578 1667 1769 1852 1922 

Electric Generators 
Petroleum 17.6 21.6 7.2 4.6 4.1 3.7 
Natural Gas 43.8 47.3 70.2 95.4 114 127.1 
Coal 471 517.3 531.5 544.8 561.8 577.9 
Total 532.4 586.3 608.9 644.9 679.9 708.8 

Total Carbon Emissions 
Petroleum 627.5 668.2 706.3 755.3 787.2 818.3 
Natural Gas 319.1 330 365.2 404.3 437.2 459.7 
Coal 533 579.3 594.3 608.3 625.8 642.2 
Other 0 0.3 0.9 1.3 1.7 1.9 
Total 1480 1578 1667 1769 1852 1922 
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All-Sector Forecast Summary 
CEF-NEMS Business As Usual with $25/t C-Charge (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 25 25 25 25 

supply side efficiency Base Base Base Base Base Base 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 20.0 20.1 20.9 21.9 22.9 
Commercial 15.2 15.9 16.1 17.0 17.7 18.2 
Industrial 34.8 35.8 36.6 38.3 39.7 40.8 
Transportation 25.0 27.1 30.1 32.9 34.8 36.6 
Total 94.0 98.8 102.9 109.1 114.0 118.5 

Electricity Sales (TWh) 
Residential 1072 1175 1241 1318 1420 1518 
Commercial 1008 1081 1141 1223 1306 1359 
Industrial 1033 1057 1111 1183 1244 1293 
Transportation 17 18 31 44 55 65 
Total 3130 3331 3524 3768 4025 4235 

Carbon Emissions by Sector (MtC) 
Residential 286 308 303 315 327 337 
Commercial 237 254 252 265 274 277 
Industrial 482 496 497 517 528 536 
Transportation 475 516 571 623 658 691 
Total 1480 1573 1622 1720 1786 1842

 Utilities 532 582 575 608 628 645 

Carbon Emissions by Source (MtC) 
Petroleum 628 668 702 751 782 813 
Natural Gas 319 331 368 402 436 459 
Coal 533 575 552 565 566 569 
Other 0 0 1 1 2 2 
Total 1480 1573 1622 1720 1786 1842 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.57 8.18 8.52 8.57 8.62 
Natural Gas 4.32 4.12 4.43 4.35 4.26 4.23 
Coal 1.28 1.21 1.78 1.72 1.64 1.59 
Electricity 20.25 19.28 20.06 19.36 18.34 17.54 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.44 2.10 2.13 2.15 2.16 
Petroleum Products 2.88 2.29 3.71 4.27 4.52 4.75 
Distillate Fuel 4.47 3.83 5.29 5.69 5.78 5.96 
Residual Fuel 2.76 2.18 3.53 4.06 4.29 4.52 
Natural Gas 2.70 2.61 3.25 3.33 3.36 3.38 
Steam Coal 1.27 1.20 1.77 1.70 1.62 1.57 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.9 41.0 43.9 45.7 47.6 
Natural Gas 22.6 23.2 25.7 28.1 30.4 32.0 
Coal Subtotal 21.1 22.4 21.5 22.0 22.0 22.1 
Nuclear Power 6.7 7.1 6.9 6.7 6.5 6.4 
Renewable Energy 6.8 6.9 7.4 8.0 8.9 10.1 
Electricity Imports 0.3 0.4 0.4 0.3 0.3 0.3 
Others 0.0 0.0 0.1 0.1 0.1 0.1 
Total 94.0 98.8 102.9 109.1 114.0 118.5 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 553 534 640 688 710 731 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.4 9.8 9.4 9.0 
Carbon/GDP Ratio (gC/1997$) 181 179 165 155 147 140 

Electricity Sector Carbon Coefficient (gC/kWh) 170 175 163 161 156 152 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Business As Usual with $25/t C-Charge (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 25 25 25 25 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 23.9 22.6 21.5 20.5 
Natural Gas 74.1 75 75.2 78.2 81.9 84.4 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 205.2 202.4 212.9 221.7 231.2 
Total 285.6 307.7 302.9 315 326.5 337.4 

Commercial 
Petroleum 14.4 11.7 11.1 10.9 10.7 10.4 
Natural Gas 48.6 51.1 52.1 54.4 56.3 56.8 
Coal 2.1 2.3 2.3 2.4 2.5 2.5 
Electricity 171.5 188.8 186.1 197.4 203.9 207 
Total 236.6 253.8 251.5 265.1 273.5 276.7 

Industrial 
Petroleum 105.8 108.2 110.9 115.4 117 117.8 
Natural Gas 142.2 145.1 149.9 155.8 161.7 166.2 
Coal 58.5 58.3 54.5 54.6 55.2 55.3 
Electricity 175.6 184.7 181.2 191 194.2 196.9 
Total Fuel 482.1 496.3 496.5 516.8 528.1 536.2 
Process Emissions 11.16 10.69 11.34 12.02 12.25 12.41 
Total 493.26 506.99 507.84 528.82 540.35 548.61 

Transportation 
Petroleum 461.9 500.6 550.7 598 629.5 660.5 
Natural Gas 10.5 11.5 14.6 16.4 17.9 19 
Other 0 0.3 0.9 1.4 1.7 1.9 
Electricity 2.9 3.2 5 7.1 8.6 9.9 
Total 475.3 515.6 571.1 622.9 657.6 691.3 

Total Carbon Emissions 
Petroleum 609.9 646.5 696.5 746.9 778.8 809.3 
Natural Gas 275.4 282.7 291.8 304.8 317.8 326.5 
Coal 62 62 58.2 58.4 59 59 
Other 0 0.3 0.9 1.4 1.7 1.9 
Electricity 532.4 581.9 574.7 608.4 628.4 645 
Total 1480 1573 1622 1720 1786 1842 

Electric Generators 
Petroleum 17.6 21.1 5.3 4.5 3.6 3.4 
Natural Gas 43.8 48.2 75.7 97.1 117.7 132 
Coal 471 512.7 493.6 506.8 507.2 509.5 
Total 532.4 581.9 574.7 608.4 628.4 645 

Total Carbon Emissions 
Petroleum 627.5 667.6 701.9 751.3 782.3 812.7 
Natural Gas 319.1 330.8 367.5 401.9 435.5 458.5 
Coal 533 574.7 551.8 565.2 566.2 568.5 
Other 0 0.3 0.9 1.4 1.7 1.9 
Total 1480 1573 1622 1720 1786 1842 
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All-Sector Forecast Summary 
CEF-NEMS Business As Usual with $50/t C-Charge (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Base Base Base Base Base Base 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 20.0 19.6 20.3 21.2 22.2 
Commercial 15.2 15.9 15.6 16.4 17.1 17.6 
Industrial 34.8 35.8 36.2 38.1 39.4 40.5 
Transportation 25.0 27.1 30.0 32.7 34.5 36.3 
Total 94.0 98.8 101.4 107.5 112.2 116.5 

Electricity Sales (TWh) 
Residential 1072 1174 1221 1291 1391 1486 
Commercial 1008 1080 1116 1191 1276 1329 
Industrial 1033 1057 1103 1179 1240 1289 
Transportation 17 18 30 44 55 65 
Total 3130 3330 3470 3706 3961 4170 

Carbon Emissions by Sector (MtC) 
Residential 286 306 286 296 303 307 
Commercial 237 253 236 247 252 250 
Industrial 482 495 482 503 510 513 
Transportation 475 516 570 618 652 685 
Total 1480 1570 1573 1663 1717 1755

 Utilities 532 578 534 562 571 571 

Carbon Emissions by Source (MtC) 
Petroleum 628 668 699 745 776 806 
Natural Gas 319 332 376 409 445 471 
Coal 533 569 498 508 494 477 
Other 0 0 1 1 2 2 
Total 1480 1570 1573 1663 1717 1755 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.57 8.59 8.94 8.88 8.97 
Natural Gas 4.32 4.11 4.80 4.75 4.63 4.62 
Coal 1.28 1.21 2.43 2.37 2.29 2.23 
Electricity 20.24 19.31 21.63 21.03 19.85 18.96 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.45 2.75 2.78 2.79 2.82 
Petroleum Products 2.88 2.28 4.31 4.90 4.98 5.37 
Distillate Fuel 4.47 3.83 5.75 6.18 6.19 6.44 
Residual Fuel 2.76 2.18 4.13 4.69 4.77 5.16 
Natural Gas 2.70 2.60 3.66 3.74 3.74 3.78 
Steam Coal 1.27 1.20 2.42 2.36 2.27 2.21 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.9 40.8 43.6 45.4 47.2 
Natural Gas 22.6 23.3 26.3 28.6 31.1 32.9 
Coal Subtotal 21.1 22.2 19.4 19.8 19.2 18.5 
Nuclear Power 6.7 7.1 7.0 6.8 6.8 6.7 
Renewable Energy 6.8 6.9 7.5 8.3 9.3 10.8 
Electricity Imports 0.3 0.5 0.4 0.4 0.4 0.4 
Others 0.0 0.0 0.1 0.1 0.1 0.1 
Total 94.0 98.8 101.4 107.5 112.2 116.5 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 553 535 678 728 747 769 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.3 9.7 9.2 8.9 
Carbon/GDP Ratio (gC/1997$) 181 178 160 150 141 134 

Electricity Sector Carbon Coefficient (gC/kWh) 170 174 154 152 144 137 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Business As Usual with $50/t C-Charge (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 23.5 22.2 21.2 20.1 
Natural Gas 74.1 75 73.9 76.5 80 82.3 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 203.8 187.7 195.9 200.4 203.5 
Total 285.6 306.3 286.4 295.9 302.9 307.2 

Commercial 
Petroleum 14.4 11.6 10.8 10.6 10.5 10.1 
Natural Gas 48.6 51.1 50.9 53.1 55 55.4 
Coal 2.1 2.3 2.3 2.4 2.4 2.5 
Electricity 171.5 187.5 171.5 180.7 183.8 182 
Total 236.6 252.5 235.6 246.7 251.7 250 

Industrial 
Petroleum 105.8 108.7 110.7 115.3 117.1 117.8 
Natural Gas 142.2 144.6 150.4 156.8 162.4 166.9 
Coal 58.5 58.3 51.2 51.6 52.1 52 
Electricity 175.6 183.5 169.6 178.9 178.7 176.6 
Total Fuel 482.1 495.2 481.9 502.6 510.3 513.3 
Process Emissions 11.16 10.69 11.34 12.02 12.25 12.41 
Total 493.26 505.89 493.24 514.62 522.55 525.71 

Transportation 
Petroleum 461.9 500.6 549.1 593.3 624.4 654.8 
Natural Gas 10.5 11.6 14.9 16.6 18.2 19.3 
Other 0 0.3 0.9 1.3 1.6 1.9 
Electricity 2.9 3.2 4.7 6.7 7.9 8.8 
Total 475.3 515.7 569.6 617.9 652.1 684.9 

Total Carbon Emissions 
Petroleum 609.9 647 694.1 741.3 773.2 802.9 
Natural Gas 275.4 282.3 290.1 303 315.6 324 
Coal 62 62 54.9 55.3 55.8 55.7 
Other 0 0.3 0.9 1.3 1.6 1.9 
Electricity 532.4 578 533.5 562.1 570.8 571 
Total 1480 1570 1573 1663 1717 1755 

Electric Generators 
Petroleum 17.6 20.9 4.4 3.8 3.2 3 
Natural Gas 43.8 49.8 85.6 105.8 129.6 146.7 
Coal 471 507.3 443.4 452.5 438 421.2 
Total 532.4 578 533.5 562.1 570.8 571 

Total Carbon Emissions 
Petroleum 627.5 667.9 698.6 745.1 776.4 805.9 
Natural Gas 319.1 332.1 375.7 408.8 445.1 470.7 
Coal 533 569.3 498.3 507.8 493.8 477 
Other 0 0.3 0.9 1.3 1.6 1.9 
Total 1480 1570 1573 1663 1717 1755 
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All-Sector Forecast Summary 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 20.0 20.3 20.4 20.8 21.1 
Commercial 15.2 16.0 16.0 16.7 17.0 17.0 
Industrial 34.8 35.7 36.1 37.2 37.7 38.0 
Transportation 25.0 27.1 29.9 32.2 33.3 34.1 
Total 94.0 98.8 102.3 106.5 108.8 110.3 

Electricity Sales (TWh) 
Residential 1072 1177 1237 1253 1272 1300 
Commercial 1008 1083 1112 1176 1207 1218 
Industrial 1033 1053 1085 1132 1151 1157 
Transportation 17 18 32 47 59 71 
Total 3130 3332 3465 3608 3689 3745 

Carbon Emissions by Sector (MtC) 
Residential 286 309 308 311 317 323 
Commercial 237 255 251 263 269 271 
Industrial 482 495 493 505 509 511 
Transportation 475 515 568 606 623 638 
Total 1480 1574 1620 1684 1717 1743

 Utilities 532 584 577 597 611 623 

Carbon Emissions by Source (MtC) 
Petroleum 628 668 695 727 735 742 
Natural Gas 319 330 349 373 387 402 
Coal 533 576 574 581 591 593 
Other 0 0 1 3 4 5 
Total 1480 1574 1620 1684 1717 1743 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.56 7.75 7.96 7.77 7.76 
Natural Gas 4.32 4.11 3.95 3.80 3.66 3.56 
Coal 1.28 1.21 1.13 1.06 0.99 0.93 
Electricity 20.24 19.10 17.26 16.44 15.98 15.51 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.44 1.40 1.38 1.32 1.29 
Petroleum Products 2.88 2.28 3.26 3.78 3.90 4.14 
Distillate Fuel 4.47 3.84 4.81 5.04 5.14 5.28 
Residual Fuel 2.76 2.18 3.06 3.54 3.67 3.92 
Natural Gas 2.70 2.61 2.67 2.67 2.60 2.54 
Steam Coal 1.27 1.20 1.11 1.05 0.97 0.92 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.8 40.5 42.5 43.2 43.7 
Natural Gas 22.6 23.1 24.4 26.1 27.0 28.1 
Coal Subtotal 21.1 22.4 22.4 22.6 23.0 23.0 
Nuclear Power 6.7 7.1 6.8 6.2 5.7 4.9 
Renewable Energy 6.8 6.9 7.8 8.6 9.4 9.9 
Electricity Imports 0.3 0.4 0.3 0.3 0.3 0.3 
Others 0.0 0.0 0.1 0.2 0.3 0.3 
Total 94.0 98.8 102.3 106.5 108.8 110.3 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 552 531 572 595 593 594 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.4 9.6 9.0 8.4 
Carbon/GDP Ratio (gC/1997$) 181 179 164 151 141 133 

Electricity Sector Carbon Coefficient (gC/kWh) 170 175 167 165 166 166 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Moderate Scenario (991213) 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Mod Mod Mod Mod Mod Mod 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 24.2 23.1 22.1 21 
Natural Gas 74.1 75 76.5 79.2 82.7 85 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 206.1 205.9 207.2 210.6 216.2 
Total 285.6 308.6 308.1 310.8 316.7 323.4 

Commercial 
Petroleum 14.4 11.7 11.5 11.5 11.4 11.1 
Natural Gas 48.6 51.1 52.1 54.1 55.1 55 
Coal 2.1 2.3 2.4 2.5 2.6 2.6 
Electricity 171.5 189.7 185.1 194.6 199.9 202.4 
Total 236.6 254.7 251.1 262.6 269 271.2 

Industrial 
Petroleum 105.8 108.3 107.5 109.2 105.6 103.2 
Natural Gas 142.2 144.4 147.7 152.1 156.7 160.7 
Coal 58.5 58.3 57.2 56.5 55.6 54.4 
Electricity 175.6 184.5 180.7 187.2 190.6 192.3 
Total Fuel 482.1 495.4 493.1 505 508.5 510.6 
Process Emissions 11.16 10.69 11.30 11.72 11.70 11.60 
Total 493.26 506.09 504.40 516.72 520.20 522.20 

Transportation 
Petroleum 461.9 500.1 547.5 580.1 592.7 603.9 
Natural Gas 10.5 11.4 13.7 15.1 16 16.6 
Other 0 0.2 1.4 2.9 4.3 5.3 
Electricity 3 3.2 5.3 7.8 9.8 11.8 
Total 475.4 514.9 567.8 606 622.8 637.6 

Total Carbon Emissions 
Petroleum 609.9 646.1 690.7 723.8 731.9 739.2 
Natural Gas 275.4 281.8 290 300.5 310.5 317.2 
Coal 62 62 61 60.4 59.4 58.3 
Other 0 0.2 1.4 2.9 4.3 5.3 
Electricity 532.4 583.5 577 596.7 611 622.6 
Total 1480 1574 1620 1684 1717 1743 

Electric Generators 
Petroleum 17.6 21.4 4.5 3.4 3.4 3 
Natural Gas 43.8 47.9 59.2 72.3 76.5 85 
Coal 471 514.2 513.3 521 531.1 534.5 
Total 532.4 583.5 577 596.7 611 622.6 

Total Carbon Emissions 
Petroleum 627.5 667.5 695.3 727.2 735.2 742.3 
Natural Gas 319.1 329.7 349.2 372.9 386.9 402.3 
Coal 533 576.2 574.2 581.4 590.5 592.8 
Other 0 0.2 1.4 2.9 4.3 5.3 
Total 1480 1574 1620 1684 1717 1743 
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All-Sector Forecast Summary 
CEF-NEMS Moderate Scenario (991213) w/$25/t Carbon Charge 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 25 25 25 25 

supply side efficiency Mod Mod Mod Mod Mod Mod 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 20.0 19.8 20.1 20.5 20.8 
Commercial 15.2 16.0 15.6 16.3 16.7 16.8 
Industrial 34.8 35.7 35.6 36.6 37.3 37.6 
Transportation 25.0 27.1 29.9 32.0 33.0 33.8 
Total 94.0 98.7 100.8 104.9 107.4 109.0 

Electricity Sales (TWh) 
Residential 1072 1177 1218 1234 1252 1279 
Commercial 1008 1083 1093 1149 1180 1191 
Industrial 1033 1053 1075 1112 1129 1133 
Transportation 17 18 32 47 59 71 
Total 3130 3332 3418 3542 3620 3674 

Carbon Emissions by Sector (MtC) 
Residential 286 307 293 295 297 298 
Commercial 237 253 237 247 249 247 
Industrial 482 494 476 482 482 480 
Transportation 475 515 566 601 617 630 
Total 1480 1569 1572 1625 1645 1654

 Utilities 532 579 540 556 557 554 

Carbon Emissions by Source (MtC) 
Petroleum 628 667 692 721 728 733 
Natural Gas 319 331 356 374 391 404 
Coal 533 570 523 527 522 512 
Other 0 0 1 3 4 5 
Total 1480 1569 1572 1625 1645 1654 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.57 8.17 8.37 8.17 8.15 
Natural Gas 4.32 4.11 4.31 4.19 4.00 3.87 
Coal 1.28 1.22 1.77 1.70 1.63 1.57 
Electricity 20.24 19.09 18.62 18.06 17.51 16.96 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.44 2.04 2.01 1.95 1.90 
Petroleum Products 2.88 2.27 3.85 4.26 4.37 4.61 
Distillate Fuel 4.47 3.82 5.23 5.51 5.57 5.73 
Residual Fuel 2.76 2.17 3.65 4.05 4.17 4.40 
Natural Gas 2.70 2.59 3.06 3.04 2.92 2.81 
Steam Coal 1.27 1.20 1.75 1.69 1.61 1.55 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.8 40.3 42.2 42.9 43.3 
Natural Gas 22.6 23.2 24.9 26.2 27.3 28.2 
Coal Subtotal 21.1 22.2 20.4 20.5 20.3 19.9 
Nuclear Power 6.7 7.1 6.8 6.3 6.0 5.8 
Renewable Energy 6.8 6.9 8.0 9.3 10.5 11.2 
Electricity Imports 0.3 0.4 0.3 0.3 0.3 0.3 
Others 0.0 0.0 0.1 0.2 0.3 0.3 
Total 94.0 98.7 100.8 104.9 107.4 109.1 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 552 531 608 633 629 628 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.2 9.4 8.8 8.3 
Carbon/GDP Ratio (gC/1997$) 181 178 159 146 135 126 

Electricity Sector Carbon Coefficient (gC/kWh) 170 174 158 157 154 151 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Moderate Scenario (991213) w/$25/t Carbon Charge 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 25 25 25 25 

retirements(coal/gas&oil) Mod Mod Mod Mod Mod Mod 

1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 23.9 22.6 21.6 20.6 
Natural Gas 74.1 75 75 77.4 80.7 83 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 204.5 192.6 193.5 192.8 193 
Total 285.6 307 292.9 294.8 296.5 297.8 

Commercial 
Petroleum 14.4 11.7 11.2 11.1 11.1 10.8 
Natural Gas 48.6 51.1 51 52.9 54 54 
Coal 2.1 2.3 2.3 2.4 2.5 2.5 
Electricity 171.5 188.2 172.8 180.3 181.6 179.7 
Total 236.6 253.2 237.4 246.8 249.3 247.1 

Industrial 
Petroleum 105.8 108.3 107.3 107.8 104.5 101.8 
Natural Gas 142.2 144.4 146.3 149.4 154.5 158.9 
Coal 58.5 58.3 52.2 50.5 49.3 48.4 
Electricity 175.6 183 170 174.4 173.9 170.9 
Total Fuel 482.1 494 475.8 482.2 482.2 480 
Process Emissions 11.16 10.69 11.30 11.72 11.70 11.60 
Total 493.26 504.69 487.10 493.92 493.90 491.60 

Transportation 
Petroleum 461.9 500.1 545.7 575.7 587.2 596.7 
Natural Gas 10.5 11.4 13.9 15.2 16.1 16.8 
Other 0 0.2 1.4 2.9 4.3 5.4 
Electricity 3 3.2 5 7.4 9.1 10.6 
Total 475.4 514.9 566 601.1 616.8 629.5 

Total Carbon Emissions 
Petroleum 609.9 646.1 688.1 717.3 724.5 730 
Natural Gas 275.4 281.9 286.2 294.9 305.4 312.7 
Coal 62 62 56 54.3 53.1 52.2 
Other 0 0.2 1.4 2.9 4.3 5.4 
Electricity 532.4 578.9 540.4 555.6 557.4 554.2 
Total 1480 1569 1572 1625 1645 1654 

Electric Generators 
Petroleum 17.6 21 3.7 3.4 3.4 3.1 
Natural Gas 43.8 49.4 70.1 79.4 85.6 91 
Coal 471 508.4 466.5 472.8 468.4 460.1 
Total 532.4 578.9 540.4 555.6 557.4 554.2 

Total Carbon Emissions 
Petroleum 627.5 667.1 691.9 720.6 727.9 733.1 
Natural Gas 319.1 331.3 356.3 374.3 391 403.7 
Coal 533 570.4 522.5 527.1 521.5 512.3 
Other 0 0.2 1.4 2.9 4.3 5.4 
Total 1480 1569 1572 1625 1645 1654 
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All-Sector Forecast Summary 
CEF-NEMS Moderate Scenario (991213) w/$50/t Carbon Charge 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Mod Mod Mod Mod Mod Mod 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 20.0 19.3 19.6 20.0 20.4 
Commercial 15.2 15.9 15.1 15.8 16.3 16.4 
Industrial 34.8 35.6 35.2 36.2 36.8 37.3 
Transportation 25.0 27.1 29.8 31.7 32.8 33.6 
Total 94.0 98.6 99.4 103.2 105.8 107.7 

Electricity Sales (TWh) 
Residential 1072 1177 1200 1214 1233 1257 
Commercial 1008 1083 1071 1124 1158 1171 
Industrial 1033 1053 1062 1096 1109 1111 
Transportation 17 18 32 47 59 70 
Total 3130 3332 3364 3481 3559 3609 

Carbon Emissions by Sector (MtC) 
Residential 286 306 275 270 266 263 
Commercial 237 252 220 223 221 216 
Industrial 482 493 458 458 452 447 
Transportation 475 515 564 595 610 621 
Total 1480 1567 1517 1547 1550 1547

 Utilities 532 577 494 490 476 461 

Carbon Emissions by Source (MtC) 
Petroleum 628 667 688 713 720 724 
Natural Gas 319 331 365 381 394 409 
Coal 533 568 463 449 431 409 
Other 0 0 1 3 4 5 
Total 1480 1567 1517 1547 1550 1547 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.57 8.58 8.79 8.59 8.46 
Natural Gas 4.32 4.11 4.66 4.58 4.35 4.16 
Coal 1.28 1.22 2.42 2.36 2.27 2.22 
Electricity 20.24 19.10 20.20 19.68 18.89 18.16 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.44 2.69 2.67 2.58 2.51 
Petroleum Products 2.88 2.27 4.47 4.87 5.03 5.24 
Distillate Fuel 4.47 3.82 5.70 6.02 6.05 6.24 
Residual Fuel 2.76 2.16 4.26 4.67 4.83 5.05 
Natural Gas 2.70 2.59 3.46 3.45 3.28 3.11 
Steam Coal 1.27 1.20 2.41 2.34 2.26 2.20 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.8 40.1 41.9 42.4 42.9 
Natural Gas 22.6 23.2 25.5 26.6 27.5 28.6 
Coal Subtotal 21.1 22.1 18.0 17.5 16.8 15.9 
Nuclear Power 6.7 7.1 7.0 6.8 6.7 6.6 
Renewable Energy 6.8 6.9 8.3 9.9 11.8 13.2 
Electricity Imports 0.3 0.5 0.4 0.4 0.3 0.3 
Others 0.0 0.0 0.1 0.2 0.3 0.3 
Total 94.0 98.6 99.4 103.2 105.8 107.7 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 552 531 645 671 663 656 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.1 9.3 8.7 8.2 
Carbon/GDP Ratio (gC/1997$) 181 178 154 139 128 118 

Electricity Sector Carbon Coefficient (gC/kWh) 170 173 147 141 134 128 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Moderate Scenario (991213) w/$50/t Carbon Charge 

demand side efficiency Mod Mod Mod Mod Mod Mod 
carbon charge ($/t) 0 0 50 50 50 50 

retirements(coal/gas&oil) Mod Mod Mod Mod Mod Mod 

1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 23.5 22.2 21.2 20.2 
Natural Gas 74.1 75 73.7 75.6 79 81.3 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 203.6 176.1 171 165 160.6 
Total 285.6 306.1 274.8 270.2 266.4 263.4 

Commercial 
Petroleum 14.4 11.7 10.9 10.8 10.8 10.5 
Natural Gas 48.6 51.1 49.9 51.7 52.9 53 
Coal 2.1 2.3 2.3 2.4 2.4 2.5 
Electricity 171.5 187.4 157.3 158.4 154.9 149.7 
Total 236.6 252.4 220.4 223.3 221.1 215.7 

Industrial 
Petroleum 105.8 108.3 106.8 106.8 103.5 100.7 
Natural Gas 142.2 144.4 146.9 149.8 154.3 159.7 
Coal 58.5 58.3 48.7 47.1 45.7 44.9 
Electricity 175.6 182.3 155.9 154.3 148.5 142 
Total Fuel 482.1 493.3 458.3 458 452 447.3 
Process Emissions 11.16 10.69 11.30 11.72 11.70 11.60 
Total 493.26 503.99 469.60 469.72 463.70 458.90 

Transportation 
Petroleum 461.9 500.1 543.7 570.3 581.8 589.3 
Natural Gas 10.5 11.4 14.2 15.4 16.2 16.9 
Other 0 0.2 1.4 3 4.4 5.3 
Electricity 3 3.2 4.6 6.6 7.9 9 
Total 475.4 514.9 564 595.3 610.2 620.5 

Total Carbon Emissions 
Petroleum 609.9 646.1 685 710.1 717.3 720.7 
Natural Gas 275.4 281.9 284.8 292.5 302.4 310.9 
Coal 62 62 52.4 50.8 49.5 48.6 
Other 0 0.2 1.4 3 4.4 5.3 
Electricity 532.4 576.5 493.9 490.3 476.2 461.4 
Total 1480 1567 1517 1547 1550 1547 

Electric Generators 
Petroleum 17.6 21 3.2 3.1 2.9 2.8 
Natural Gas 43.8 49.2 80 88.7 91.6 98.3 
Coal 471 506.3 410.8 398.5 381.7 360.3 
Total 532.4 576.5 493.9 490.3 476.2 461.4 

Total Carbon Emissions 
Petroleum 627.5 667 688.2 713.2 720.2 723.5 
Natural Gas 319.1 331 364.7 381.3 394 409.2 
Coal 533 568.3 463.1 449.3 431.2 408.9 
Other 0 0.2 1.4 3 4.4 5.3 
Total 1480 1567 1517 1547 1550 1547 
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All-Sector Forecast Summary 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 19.9 19.1 19.3 18.9 18.3 
Commercial 15.2 15.8 15.1 15.9 15.9 15.4 
Industrial 34.8 35.6 34.4 34.7 34.6 34.3 
Transportation 25.0 27.1 29.1 29.8 29.2 28.9 
Total 94.0 98.3 97.7 99.5 98.6 97.0 

Electricity Sales (TWh) 
Residential 1072 1177 1199 1203 1169 1140 
Commercial 1008 1083 1080 1142 1159 1149 
Industrial 1033 1053 1042 1053 1050 1035 
Transportation 17 19 32 47 57 67 
Total 3130 3332 3353 3444 3436 3392 

Carbon Emissions by Sector (MtC) 
Residential 286 305 269 260 249 230 
Commercial 237 251 218 218 213 195 
Industrial 482 493 444 429 418 399 
Transportation 475 514 551 560 543 533 
Total 1480 1563 1482 1467 1423 1357

 Utilities 532 572 478 460 436 382 

Carbon Emissions by Source (MtC) 
Petroleum 628 666 673 673 646 627 
Natural Gas 319 332 365 375 385 398 
Coal 533 564 443 418 390 328 
Other 0 0 1 2 2 3 
Total 1480 1563 1482 1467 1423 1357 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.57 8.50 8.58 8.08 7.92 
Natural Gas 4.32 4.11 4.67 4.55 4.29 4.14 
Coal 1.28 1.21 2.42 2.35 2.28 2.22 
Electricity 20.24 19.10 20.15 19.32 18.38 17.92 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.45 2.71 2.67 2.59 2.57 
Petroleum Products 2.88 2.29 4.62 5.01 5.32 5.56 
Distillate Fuel 4.47 3.84 5.82 6.16 6.22 6.34 
Residual Fuel 2.76 2.19 4.41 4.80 5.13 5.39 
Natural Gas 2.70 2.62 3.47 3.40 3.22 3.09 
Steam Coal 1.27 1.20 2.40 2.34 2.26 2.20 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.8 39.3 39.7 38.5 37.8 
Natural Gas 22.6 23.3 25.5 26.2 27.0 28.2 
Coal Subtotal 21.1 22.0 17.3 16.3 15.2 12.7 
Nuclear Power 6.7 7.1 6.9 6.7 6.6 6.4 
Renewable Energy 6.8 6.9 8.2 10.2 11.0 11.3 
Electricity Imports 0.3 0.3 0.4 0.3 0.3 0.3 
Others 0.0 0.0 0.1 0.1 0.1 0.3 
Total 94.0 98.3 97.7 99.5 98.6 97.0 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 552 531 633 634 593 572 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 9.9 8.9 8.1 7.4 
Carbon/GDP Ratio (gC/1997$) 181 178 150 132 117 103 

Electricity Sector Carbon Coefficient (gC/kWh) 170 172 142 133 127 113 
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Carbon Emissions Forecast Summary (MtC) 
CEF_NEMS Advanced Scenario (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 23.5 22.1 21 20 
Natural Gas 74.1 75 73.6 75.8 78.3 79.7 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 202 170.7 160.5 148.5 128.6 
Total 285.6 304.5 269.3 259.7 249.1 229.5 

Commercial 
Petroleum 14.4 11.7 10.9 10.5 10.1 9.6 
Natural Gas 48.6 50.9 50.6 53 53.5 53.4 
Coal 2.1 2.3 2.3 2.4 2.4 2.5 
Electricity 171.5 185.9 153.7 152.4 147.2 129.5 
Total 236.6 250.8 217.6 218.3 213.3 195 

Industrial 
Petroleum 105.8 108.1 103.9 100.4 94.8 89.3 
Natural Gas 142.2 144.1 144.1 143.6 146.3 150.5 
Coal 58.5 60 47.3 44.7 43.3 42.3 
Electricity 175.6 180.6 148.4 140.5 133.3 116.6 
Total Fuel 482.1 492.8 443.8 429.1 417.7 398.7 
Process Emissions 11.16 10.69 11.23 11.32 10.97 10.56 
Total 493.26 503.49 455.03 440.42 428.67 409.26 

Transportation 
Petroleum 461.9 499.6 531.2 536.6 517.5 506.4 
Natural Gas 10.5 11.4 14.2 15 15.6 16.3 
Other 0 0.2 1 1.8 2.3 3 
Electricity 3 3.2 4.6 6.3 7.3 7.6 
Total 475.4 514.4 551 559.6 542.7 533.3 

Total Carbon Emissions 
Petroleum 609.9 645.4 669.6 669.6 643.4 625.3 
Natural Gas 275.4 281.4 282.6 287.4 293.7 299.9 
Coal 62 63.7 51 48.4 47.1 46 
Other 0 0.2 1 1.8 2.3 3 
Electricity 532.4 571.8 477.5 459.6 436.3 382.3 
Total 1480 1563 1482 1467 1423 1357 

Electric Generators 
Petroleum 17.6 20.6 3 2.9 2.4 2.1 
Natural Gas 43.8 51 82.9 87.1 91.2 98.2 
Coal 471 500.3 391.6 369.5 342.7 282 
Total 532.4 571.8 477.5 459.6 436.3 382.3 

Total Carbon Emissions 
Petroleum 627.5 666 672.6 672.5 645.8 627.4 
Natural Gas 319.1 332.3 365.4 374.5 384.9 398.1 
Coal 533 564 442.7 417.9 389.8 328 
Other 0 0.2 1 1.8 2.3 3 
Total 1480 1563 1482 1467 1423 1357 
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All-Sector Forecast Summary 
CEF-NEMS Advanced Scenario Demand Only No Carbon Charge (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 20.0 20.0 20.1 19.9 19.8 
Commercial 15.2 16.0 15.9 16.6 16.8 16.7 
Industrial 34.8 35.7 35.6 36.1 36.1 36.3 
Transportation 25.0 27.1 29.4 30.3 29.7 29.4 
Total 94.0 98.8 100.8 103.1 102.4 102.2 

Electricity Sales (TWh) 
Residential 1072 1175 1211 1220 1195 1180 
Commercial 1008 1081 1102 1170 1193 1193 
Industrial 1033 1052 1064 1089 1093 1088 
Transportation 17 19 32 48 58 68 
Total 3130 3327 3409 3527 3538 3529 

Carbon Emissions by Sector (MtC) 
Residential 286 309 307 310 305 303 
Commercial 237 255 253 267 268 267 
Industrial 482 497 488 491 485 486 
Transportation 475 515 557 574 562 555 
Total 1480 1575 1604 1641 1620 1609

 Utilities 532 585 575 596 591 587 

Carbon Emissions by Source (MtC) 
Petroleum 628 667 683 691 668 653 
Natural Gas 319 329 347 369 376 383 
Coal 533 579 573 580 575 571 
Other 0 0 1 2 2 3 
Total 1480 1575 1604 1641 1620 1609 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.56 7.69 7.74 7.38 7.12 
Natural Gas 4.32 4.11 3.96 3.79 3.60 3.45 
Coal 1.28 1.22 1.13 1.06 0.98 0.92 
Electricity 20.24 19.25 18.46 17.34 16.12 15.10 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.44 1.40 1.38 1.29 1.23 
Petroleum Products 2.88 2.28 3.21 3.81 4.18 4.55 
Distillate Fuel 4.47 3.84 4.90 5.17 5.28 5.39 
Residual Fuel 2.76 2.18 3.03 3.58 3.95 4.34 
Natural Gas 2.70 2.61 2.70 2.64 2.51 2.38 
Steam Coal 1.27 1.20 1.12 1.05 0.97 0.90 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.8 39.9 40.5 39.4 38.7 
Natural Gas 22.6 23.1 24.3 25.8 26.2 26.7 
Coal Subtotal 21.1 22.6 22.3 22.6 22.3 22.2 
Nuclear Power 6.7 7.1 6.7 6.2 5.8 5.3 
Renewable Energy 6.8 6.9 7.3 7.7 8.2 8.6 
Electricity Imports 0.3 0.4 0.3 0.3 0.3 0.3 
Others 0.0 0.0 0.1 0.1 0.1 0.3 
Total 94.0 98.8 100.8 103.1 102.4 102.2 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 552 532 575 575 537 507 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.2 9.3 8.4 7.8 
Carbon/GDP Ratio (gC/1997$) 181 179 163 148 133 123 

Electricity Sector Carbon Coefficient (gC/kWh) 170 176 169 169 167 166 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Advanced Scenario Demand Only No Carbon Charge (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 24.2 23 22 20.9 
Natural Gas 74.1 75 76.5 79.6 82.4 84.3 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 206.4 204.4 206.1 199.4 196.1 
Total 285.6 308.9 306.6 310 305.1 302.5 

Commercial 
Petroleum 14.4 11.7 11.6 11.2 10.8 10.2 
Natural Gas 48.6 51 52.7 55.4 55.7 55.7 
Coal 2.1 2.3 2.4 2.5 2.6 2.6 
Electricity 171.5 189.9 186 197.6 199.2 198.3 
Total 236.6 254.9 252.7 266.6 268.3 266.8 

Industrial 
Petroleum 105.8 108 105.1 103.7 98.2 95.1 
Natural Gas 142.2 143.9 145.4 147 149 151.3 
Coal 58.5 59.9 57.7 56.3 55.5 58.3 
Electricity 175.6 184.9 179.5 183.9 182.4 180.9 
Total Fuel 482.1 496.8 487.8 490.9 485.2 485.6 
Process Emissions 11.16 10.69 11.23 11.32 10.97 10.56 
Total 493.26 507.49 499.03 502.22 496.17 496.16 

Transportation 
Petroleum 461.9 499.7 537.1 549 534.3 524.5 
Natural Gas 10.5 11.3 13.6 14.9 15.4 15.7 
Other 0 0.2 1 1.7 2.2 2.9 
Electricity 3 3.3 5.5 8 9.7 11.3 
Total 475.4 514.5 557.1 573.6 561.5 554.5 

Total Carbon Emissions 
Petroleum 609.9 645.4 678.1 686.9 665.3 650.7 
Natural Gas 275.4 281.2 288.2 296.9 302.5 307 
Coal 62 63.7 61.5 60.1 59.4 62.2 
Other 0 0.2 1 1.7 2.2 2.9 
Electricity 532.4 584.5 575.4 595.6 590.8 586.6 
Total 1480 1575 1604 1641 1620 1609 

Electric Generators 
Petroleum 17.6 21.4 5.2 3.8 2.7 2.2 
Natural Gas 43.8 47.5 58.7 72.2 73 75.7 
Coal 471 515.6 511.5 519.6 515.1 508.7 
Total 532.4 584.5 575.4 595.6 590.8 586.6 

Total Carbon Emissions 
Petroleum 627.5 666.8 683.4 690.7 668 652.9 
Natural Gas 319.1 328.7 347 369 375.5 382.7 
Coal 533 579.3 572.9 579.7 574.5 570.9 
Other 0 0.2 1 1.7 2.2 2.9 
Total 1480 1575 1604 1641 1620 1609 
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All-Sector Forecast Summary 
CEF-NEMS Advanced Scenario, Supply Only No Carbon Charge (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Adv Adv Adv Adv Adv Adv 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 19.9 20.2 20.4 20.4 20.1 
Commercial 15.2 15.9 16.6 17.5 18.0 17.9 
Industrial 34.8 35.7 36.7 38.6 39.5 40.1 
Transportation 25.0 27.2 30.0 32.5 33.4 34.5 
Total 94.0 98.7 103.5 109.0 111.3 112.6 

Electricity Sales (TWh) 
Residential 1072 1177 1245 1270 1270 1263 
Commercial 1008 1083 1172 1261 1332 1365 
Industrial 1033 1057 1112 1183 1225 1251 
Transportation 17 20 36 51 61 71 
Total 3130 3337 3564 3764 3888 3950 

Carbon Emissions by Sector (MtC) 
Residential 286 307 308 307 305 297 
Commercial 237 253 261 272 279 274 
Industrial 482 496 504 521 529 531 
Transportation 475 516 569 613 626 646 
Total 1480 1572 1643 1714 1739 1748

 Utilities 532 580 591 604 610 593 

Carbon Emissions by Source (MtC) 
Petroleum 628 667 699 738 746 760 
Natural Gas 319 331 362 393 419 452 
Coal 533 573 581 580 572 533 
Other 0 1 1 2 3 3 
Total 1480 1572 1643 1714 1739 1748 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.57 7.73 8.01 7.73 7.78 
Natural Gas 4.32 4.12 4.05 3.96 3.83 3.75 
Coal 1.28 1.22 1.13 1.07 1.01 0.98 
Electricity 20.28 19.11 17.45 16.61 16.30 16.41 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.44 1.45 1.47 1.48 1.56 
Petroleum Products 2.88 2.27 3.27 3.83 4.14 4.41 
Distillate Fuel 4.47 3.84 4.86 5.30 5.34 5.53 
Residual Fuel 2.76 2.17 3.08 3.59 3.89 4.16 
Natural Gas 2.70 2.61 2.80 2.85 2.83 2.81 
Steam Coal 1.27 1.20 1.12 1.05 0.99 0.96 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.9 40.8 43.3 44.1 45.0 
Natural Gas 22.6 23.2 25.3 27.5 29.3 31.5 
Coal Subtotal 21.1 22.3 22.6 22.6 22.2 20.6 
Nuclear Power 6.7 7.1 6.4 5.9 5.3 4.6 
Renewable Energy 6.8 6.9 8.0 9.4 10.0 10.4 
Electricity Imports 0.3 0.4 0.3 0.3 0.3 0.3 
Others 0.0 0.0 0.1 0.1 0.2 0.2 
Total 94.0 98.7 103.5 109.0 111.3 112.6 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 553 533 586 619 618 634 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.5 9.8 9.2 8.6 
Carbon/GDP Ratio (gC/1997$) 181 179 167 154 143 133 

Electricity Sector Carbon Coefficient (gC/kWh) 170 174 166 161 157 150 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Advanced Scenario, Supply Only No Carbon Charge (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 24.2 22.9 21.9 20.7 
Natural Gas 74.1 75 76.4 79.3 82.8 85.2 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 204.5 206.3 203.8 199.3 189.6 
Total 285.6 306.9 308.3 307.3 305.3 296.7 

Commercial 
Petroleum 14.4 11.7 11.3 10.8 10.5 10 
Natural Gas 48.6 51.1 53.4 56.1 56.9 56.9 
Coal 2.1 2.3 2.4 2.5 2.6 2.6 
Electricity 171.5 188.1 194.2 202.3 209.1 204.8 
Total 236.6 253.1 261.3 271.8 279 274.3 

Industrial 
Petroleum 105.8 108 111 114.7 115.2 114.1 
Natural Gas 142.2 145.7 150.3 158 163.5 170.8 
Coal 58.5 58.3 58.6 58.7 58.5 58.1 
Electricity 175.6 183.6 184.2 189.9 192.3 187.7 
Total Fuel 482.1 495.5 504.1 521.3 529.4 530.8 
Process Emissions 11.16 10.69 11.23 11.32 10.97 10.56 
Total 493.26 506.19 515.33 532.62 540.37 541.36 

Transportation 
Petroleum 461.9 500.6 546.9 585.9 595.3 612.2 
Natural Gas 10.5 11.7 14.9 16.8 18.1 19.5 
Other 0 0.5 1.4 2.1 2.7 3.3 
Electricity 2.9 3.5 5.9 8.2 9.5 10.6 
Total 475.3 516.2 569.2 613.1 625.6 645.7 

Total Carbon Emissions 
Petroleum 609.9 646.2 693.4 734.3 742.8 757 
Natural Gas 275.4 283.4 295 310.3 321.3 332.4 
Coal 62 62 62.4 62.6 62.4 62 
Other 0 0.5 1.4 2.1 2.7 3.3 
Electricity 532.4 579.6 590.7 604.2 610.2 592.9 
Total 1480 1572 1643 1714 1739 1748 

Electric Generators 
Petroleum 17.6 21.2 5.2 3.9 3.1 2.7 
Natural Gas 43.8 47.7 67.4 82.7 97.5 119.2 
Coal 471 510.8 518.1 517.6 509.7 470.9 
Total 532.4 579.6 590.7 604.2 610.2 592.9 

Total Carbon Emissions 
Petroleum 627.5 667.4 698.6 738.2 745.9 759.8 
Natural Gas 319.1 331.1 362.4 393 418.7 451.6 
Coal 533 572.7 580.5 580.2 572.1 532.9 
Other 0 0.5 1.4 2.1 2.7 3.3 
Total 1480 1572 1643 1714 1739 1748 
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All-Sector Forecast Summary 
CEF-NEMS Advanced Scenario No Carbon Charge (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Adv Adv Adv Adv Adv Adv 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 19.9 20.1 20.2 19.7 19.4 
Commercial 15.2 15.9 16.0 16.8 16.8 16.4 
Industrial 34.8 35.6 35.5 36.1 35.9 35.9 
Transportation 25.0 27.1 29.4 30.3 29.7 29.4 
Total 94.0 98.6 101.0 103.4 102.1 101.1 

Electricity Sales (TWh) 
Residential 1072 1177 1235 1236 1202 1178 
Commercial 1008 1083 1123 1192 1209 1197 
Industrial 1033 1052 1070 1099 1098 1076 
Transportation 17 19 32 48 58 68 
Total 3130 3331 3460 3574 3567 3519 

Carbon Emissions by Sector (MtC) 
Residential 286 307 306 303 295 291 
Commercial 237 253 252 261 260 257 
Industrial 482 495 485 485 477 476 
Transportation 475 514 557 571 556 549 
Total 1480 1569 1599 1620 1588 1572

 Utilities 532 578 570 576 563 553 

Carbon Emissions by Source (MtC) 
Petroleum 628 666 683 688 662 646 
Natural Gas 319 330 349 369 382 394 
Coal 533 574 567 562 542 530 
Other 0 0 1 2 2 3 
Total 1480 1569 1599 1620 1588 1572 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.57 7.69 7.73 7.27 7.12 
Natural Gas 4.32 4.11 3.94 3.79 3.58 3.47 
Coal 1.28 1.22 1.13 1.06 1.00 0.94 
Electricity 20.28 19.10 17.11 16.30 15.65 15.26 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.44 1.40 1.38 1.35 1.30 
Petroleum Products 2.88 2.26 3.36 3.89 4.25 4.51 
Distillate Fuel 4.47 3.83 4.91 5.20 5.26 5.37 
Residual Fuel 2.76 2.17 3.16 3.66 4.03 4.30 
Natural Gas 2.70 2.61 2.65 2.61 2.51 2.42 
Steam Coal 1.27 1.20 1.11 1.04 0.98 0.92 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.8 39.9 40.5 39.4 38.7 
Natural Gas 22.6 23.0 24.4 25.8 26.7 27.5 
Coal Subtotal 21.1 22.3 22.1 21.9 21.0 20.6 
Nuclear Power 6.7 7.1 6.4 5.9 5.3 4.5 
Renewable Energy 6.8 6.9 7.9 9.0 9.3 9.4 
Electricity Imports 0.3 0.4 0.3 0.3 0.3 0.3 
Others 0.0 0.0 0.1 0.1 0.1 0.3 
Total 94.0 98.6 101.0 103.4 102.1 101.1 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 553 531 562 565 529 511 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.2 9.3 8.4 7.7 
Carbon/GDP Ratio (gC/1997$) 181 178 162 146 131 120 

Electricity Sector Carbon Coefficient (gC/kWh) 170 174 165 161 158 157 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Advanced Scenario No Carbon Charge (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 0 0 0 0 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 24.2 23 21.9 20.9 
Natural Gas 74.1 75 76.4 79.2 81.9 83.6 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 204.3 203.6 199.3 189.9 185.2 
Total 285.6 306.8 305.6 302.9 295.1 290.9 

Commercial 
Petroleum 14.4 11.7 11.6 11.2 10.8 10.2 
Natural Gas 48.6 50.9 52.7 55.4 55.7 55.5 
Coal 2.1 2.3 2.4 2.5 2.6 2.6 
Electricity 171.5 188 185 192.2 190.9 188.1 
Total 236.6 253 251.7 261.2 260 256.5 

Industrial 
Petroleum 105.8 107.5 105.5 103.4 97.5 93.4 
Natural Gas 142.2 144.9 145 148 149.4 154 
Coal 58.5 60 57.6 56.3 56.5 59.2 
Electricity 175.6 182.7 176.3 177.1 173.4 169.1 
Total Fuel 482.1 495.1 484.5 484.8 476.8 475.7 
Process Emissions 11.16 10.69 11.23 11.32 10.97 10.56 
Total 493.26 505.79 495.73 496.12 487.77 486.26 

Transportation 
Petroleum 461.9 499.6 537 547 529.3 519.4 
Natural Gas 10.5 11.3 13.7 14.9 15.6 16.1 
Other 0 0.2 0.9 1.7 2.2 3 
Electricity 3 3.3 5.3 7.7 9.2 10.7 
Total 475.4 514.4 557 571.3 556.3 549.2 

Total Carbon Emissions 
Petroleum 609.9 644.9 678.4 684.6 659.6 643.9 
Natural Gas 275.4 282.2 287.8 297.6 302.6 309.2 
Coal 62 63.7 61.4 60.1 60.4 63 
Other 0 0.2 0.9 1.7 2.2 3 
Electricity 532.4 578.3 570.2 576.3 563.4 553.1 
Total 1480 1569 1599 1620 1588 1572 

Electric Generators 
Petroleum 17.6 20.9 4.4 3.3 2.5 2.2 
Natural Gas 43.8 47.3 60.8 71.3 79.6 84.3 
Coal 471 510.1 505.1 501.7 481.2 466.5 
Total 532.4 578.3 570.2 576.3 563.4 553.1 

Total Carbon Emissions 
Petroleum 627.5 665.8 682.7 687.9 662.1 646.1 
Natural Gas 319.1 329.5 348.6 368.9 382.2 393.5 
Coal 533 573.8 566.5 561.8 541.6 529.5 
Other 0 0.2 0.9 1.7 2.2 3 
Total 1480 1569 1599 1620 1588 1572 
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All-Sector Forecast Summary 
CEF-NEMS ADVANCED Scenario Demand Only & $25/t C-Charge (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 25 25 25 25 

supply side efficiency Base Base Base Base Base Base 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 20.0 19.5 19.5 19.3 19.2 
Commercial 15.2 15.9 15.5 16.1 16.3 16.3 
Industrial 34.8 35.7 34.9 35.2 35.2 35.4 
Transportation 25.0 27.1 29.2 30.1 29.4 29.2 
Total 94.0 98.7 99.1 100.9 100.3 100.0 

Electricity Sales (TWh) 
Residential 1072 1174 1189 1193 1165 1144 
Commercial 1008 1081 1079 1141 1164 1160 
Industrial 1033 1052 1047 1062 1064 1057 
Transportation 17 19 32 47 58 68 
Total 3130 3326 3347 3444 3451 3428 

Carbon Emissions by Sector (MtC) 
Residential 286 308 291 288 281 273 
Commercial 237 254 238 246 245 238 
Industrial 482 496 467 461 452 445 
Transportation 475 514 554 568 554 548 
Total 1480 1571 1550 1564 1532 1504

 Utilities 532 581 535 538 525 506 

Carbon Emissions by Source (MtC) 
Petroleum 628 666 678 683 658 644 
Natural Gas 319 329 351 372 380 387 
Coal 533 576 520 507 492 470 
Other 0 0 1 2 2 3 
Total 1480 1571 1550 1564 1532 1504 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.56 8.09 8.17 7.72 7.56 
Natural Gas 4.32 4.11 4.29 4.15 3.97 3.82 
Coal 1.28 1.22 1.77 1.70 1.62 1.55 
Electricity 20.24 19.27 20.07 19.05 17.77 16.91 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.44 2.04 2.02 1.94 1.87 
Petroleum Products 2.88 2.27 3.86 4.42 4.80 5.14 
Distillate Fuel 4.47 3.83 5.35 5.63 5.69 5.82 
Residual Fuel 2.76 2.17 3.67 4.21 4.60 4.96 
Natural Gas 2.70 2.60 3.06 3.01 2.88 2.73 
Steam Coal 1.27 1.20 1.76 1.69 1.60 1.54 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.8 39.6 40.1 39.0 38.3 
Natural Gas 22.6 23.1 24.5 26.0 26.5 27.0 
Coal Subtotal 21.1 22.4 20.3 19.8 19.1 18.3 
Nuclear Power 6.7 7.1 6.9 6.7 6.5 6.4 
Renewable Energy 6.8 6.9 7.4 7.9 8.7 9.5 
Electricity Imports 0.3 0.4 0.4 0.4 0.3 0.3 
Others 0.0 0.0 0.1 0.1 0.1 0.3 
Total 94.0 98.7 99.1 100.9 100.3 100.0 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 553 532 610 610 569 544 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.1 9.1 8.3 7.6 
Carbon/GDP Ratio (gC/1997$) 181 179 157 141 126 115 

Electricity Sector Carbon Coefficient (gC/kWh) 170 175 160 156 152 148 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS ADVANCED Scenario Demand Only & $25/t C-Charge (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 25 25 25 25 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 23.9 22.6 21.5 20.4 
Natural Gas 74.1 75 75.3 77.9 80.5 82.2 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 205.1 190.2 186.5 177.3 168.9 
Total 285.6 307.6 290.8 288.4 280.6 272.8 

Commercial 
Petroleum 14.4 11.7 11.3 10.8 10.5 9.9 
Natural Gas 48.6 50.9 51.8 54.3 54.6 54.6 
Coal 2.1 2.3 2.3 2.4 2.5 2.5 
Electricity 171.5 188.7 172.6 178.3 177.1 171.3 
Total 236.6 253.7 237.9 245.9 244.7 238.3 

Industrial 
Petroleum 105.8 108.1 104.4 102 96.1 92.7 
Natural Gas 142.2 144 143.9 144.5 146.6 149.4 
Coal 58.5 60 51.3 48.6 47.8 46.9 
Electricity 175.6 183.7 167.4 166 161.9 156.1 
Total Fuel 482.1 495.7 467 461.2 452.4 445.1 
Process Emissions 11.16 10.69 11.23 11.32 10.97 10.56 
Total 493.26 506.39 478.23 472.52 463.37 455.66 

Transportation 
Petroleum 461.9 499.6 534.4 544.3 527.6 519.1 
Natural Gas 10.5 11.3 13.7 15 15.4 15.8 
Other 0 0.2 0.9 1.7 2.2 2.9 
Electricity 3 3.3 5.2 7.4 8.8 10 
Total 475.4 514.4 554.2 568.3 553.9 547.9 

Total Carbon Emissions 
Petroleum 609.9 645.5 674 679.7 655.6 642.2 
Natural Gas 275.4 281.3 284.7 291.7 297.1 301.9 
Coal 62 63.7 55 52.4 51.6 50.7 
Other 0 0.2 0.9 1.7 2.2 2.9 
Electricity 532.4 580.8 535.3 538.3 525.1 506.3 
Total 1480 1571 1550 1564 1532 1504 

Electric Generators 
Petroleum 17.6 20.9 4 3.2 2.4 2.1 
Natural Gas 43.8 48 66.3 80.2 82.5 84.9 
Coal 471 511.9 465 455 440.2 419.3 
Total 532.4 580.8 535.3 538.3 525.1 506.3 

Total Carbon Emissions 
Petroleum 627.5 666.4 678 682.9 658 644.2 
Natural Gas 319.1 329.2 350.9 371.8 379.6 386.9 
Coal 533 575.6 520.1 507.4 491.8 470 
Other 0 0.2 0.9 1.7 2.2 2.9 
Total 1480 1571 1550 1564 1532 1504 
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All-Sector Forecast Summary 
CEF-NEMS Advanced Scenario Supply Only $25/t C-Charge (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 25 25 25 25 

supply side efficiency Adv Adv Adv Adv Adv Adv 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 19.9 19.8 20.0 20.1 20.0 
Commercial 15.2 15.9 16.1 17.0 17.6 17.8 
Industrial 34.8 35.7 36.3 38.1 39.2 40.2 
Transportation 25.0 27.2 29.9 32.3 33.1 34.2 
Total 94.0 98.6 102.1 107.5 110.0 112.1 

Electricity Sales (TWh) 
Residential 1072 1177 1229 1255 1258 1260 
Commercial 1008 1083 1153 1233 1305 1348 
Industrial 1033 1057 1104 1172 1219 1258 
Transportation 17 20 36 51 60 70 
Total 3130 3338 3521 3711 3842 3937 

Carbon Emissions by Sector (MtC) 
Residential 286 306 293 290 287 280 
Commercial 237 252 246 253 258 255 
Industrial 482 494 487 502 509 513 
Transportation 475 516 566 607 618 636 
Total 1480 1567 1592 1652 1671 1684

 Utilities 532 576 551 557 559 547 

Carbon Emissions by Source (MtC) 
Petroleum 628 668 694 732 738 752 
Natural Gas 319 333 368 397 423 448 
Coal 533 566 529 521 508 481 
Other 0 1 1 2 3 3 
Total 1480 1567 1592 1652 1671 1684 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.57 8.14 8.39 8.15 8.18 
Natural Gas 4.32 4.12 4.39 4.34 4.18 4.11 
Coal 1.28 1.22 1.77 1.71 1.64 1.60 
Electricity 20.24 19.09 18.72 18.08 17.62 17.19 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.45 2.09 2.12 2.10 2.13 
Petroleum Products 2.88 2.29 3.84 4.44 4.52 4.80 
Distillate Fuel 4.47 3.85 5.33 5.77 5.82 5.98 
Residual Fuel 2.76 2.19 3.65 4.23 4.32 4.59 
Natural Gas 2.70 2.63 3.18 3.25 3.19 3.17 
Steam Coal 1.27 1.20 1.76 1.70 1.63 1.58 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.9 40.5 43.0 43.7 44.7 
Natural Gas 22.6 23.3 25.7 27.8 29.6 31.3 
Coal Subtotal 21.1 22.1 20.6 20.3 19.8 18.6 
Nuclear Power 6.7 7.1 6.7 6.2 5.8 5.5 
Renewable Energy 6.8 6.9 8.2 9.9 10.7 11.4 
Electricity Imports 0.3 0.3 0.3 0.3 0.3 0.3 
Others 0.0 0.0 0.1 0.1 0.2 0.2 
Total 94.0 98.6 102.1 107.5 110.0 112.1 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 552 533 620 656 655 666 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.4 9.7 9.1 8.5 
Carbon/GDP Ratio (gC/1997$) 181 178 161 149 138 128 

Electricity Sector Carbon Coefficient (gC/kWh) 170 172 157 150 145 139 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Advanced Scenario Supply Only $25/t C-Charge (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 25 25 25 25 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 23.8 22.5 21.4 20.3 
Natural Gas 74.1 75 75.1 77.7 80.9 83 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 203 192.5 188.5 182.9 175 
Total 285.6 305.5 292.8 290 286.6 279.6 

Commercial 
Petroleum 14.4 11.7 11 10.5 10.2 9.7 
Natural Gas 48.6 51 52.4 55 55.7 55.7 
Coal 2.1 2.3 2.3 2.4 2.5 2.5 
Electricity 171.5 186.8 180.5 185.2 189.8 187.1 
Total 236.6 251.7 246.2 253.1 258.2 255 

Industrial 
Petroleum 105.8 108.6 110.8 114.9 114.5 115.3 
Natural Gas 142.2 144.7 149.6 157.1 163.3 169.6 
Coal 58.5 58.3 54.1 53.9 53.9 53.8 
Electricity 175.6 182.3 172.9 176 177.3 174.7 
Total Fuel 482.1 493.9 487.3 502 509 513.3 
Process Emissions 11.16 10.69 11.23 11.32 10.97 10.56 
Total 493.26 504.59 498.53 513.32 519.97 523.86 

Transportation 
Petroleum 461.9 500.5 544 580.5 588.1 603.8 
Natural Gas 10.5 11.7 15 16.9 18.2 19.4 
Other 0 0.5 1.4 2.1 2.7 3.3 
Electricity 2.9 3.4 5.6 7.6 8.7 9.7 
Total 475.3 516.2 566 607.1 617.7 636.3 

Total Carbon Emissions 
Petroleum 609.9 646.8 689.6 728.4 734.2 749.1 
Natural Gas 275.4 282.5 292.2 306.7 318.1 327.7 
Coal 62 62 57.8 57.7 57.7 57.6 
Other 0 0.5 1.4 2.1 2.7 3.3 
Electricity 532.4 575.5 551.4 557.3 558.7 546.5 
Total 1480 1567 1592 1652 1671 1684 

Electric Generators 
Petroleum 17.6 21 4.3 3.6 3.2 2.8 
Natural Gas 43.8 50.2 75.6 90.5 105 120.5 
Coal 471 504.3 471.5 463.3 450.5 423.3 
Total 532.4 575.5 551.4 557.3 558.7 546.5 

Total Carbon Emissions 
Petroleum 627.5 667.8 693.9 731.9 737.5 751.9 
Natural Gas 319.1 332.7 367.7 397.2 423.1 448.2 
Coal 533 566.3 529.4 521 508.2 480.8 
Other 0 0.5 1.4 2.1 2.7 3.3 
Total 1480 1567 1592 1652 1671 1684 
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All-Sector Forecast Summary 
CEF-NEMS Advanced Scenario with $25/t C-Charge (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 25 25 25 25 

supply side efficiency Adv Adv Adv Adv Adv Adv 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 19.9 19.6 19.7 19.3 18.9 
Commercial 15.2 15.9 15.6 16.3 16.3 16.0 
Industrial 34.8 35.6 34.9 35.2 35.1 35.0 
Transportation 25.0 27.1 29.2 30.1 29.5 29.2 
Total 94.0 98.4 99.3 101.3 100.2 99.0 

Electricity Sales (TWh) 
Residential 1072 1177 1218 1221 1190 1164 
Commercial 1008 1083 1103 1168 1186 1173 
Industrial 1033 1052 1057 1075 1072 1057 
Transportation 17 19 32 47 58 68 
Total 3130 3332 3410 3511 3505 3462 

Carbon Emissions by Sector (MtC) 
Residential 286 305 287 281 274 267 
Commercial 237 252 234 240 238 232 
Industrial 482 494 462 454 445 438 
Transportation 475 514 554 566 550 541 
Total 1480 1565 1537 1540 1507 1478

 Utilities 532 574 522 518 505 487 

Carbon Emissions by Source (MtC) 
Petroleum 628 666 678 680 654 636 
Natural Gas 319 331 356 373 384 396 
Coal 533 567 501 486 467 443 
Other 0 0 1 2 2 3 
Total 1480 1565 1537 1540 1507 1478 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.56 8.08 8.16 7.68 7.53 
Natural Gas 4.32 4.11 4.28 4.17 3.95 3.82 
Coal 1.28 1.21 1.77 1.71 1.64 1.59 
Electricity 20.24 19.09 18.49 17.69 16.88 16.59 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.45 2.06 2.04 1.98 1.95 
Petroleum Products 2.88 2.28 3.95 4.50 4.78 5.07 
Distillate Fuel 4.47 3.83 5.33 5.64 5.76 5.86 
Residual Fuel 2.76 2.18 3.74 4.28 4.60 4.90 
Natural Gas 2.70 2.62 3.03 3.02 2.87 2.78 
Steam Coal 1.26 1.20 1.76 1.70 1.62 1.57 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.8 39.6 40.1 39.0 38.3 
Natural Gas 22.6 23.2 24.9 26.1 26.8 27.6 
Coal Subtotal 21.1 22.1 19.5 18.9 18.1 17.2 
Nuclear Power 6.7 7.1 6.7 6.2 5.8 5.3 
Renewable Energy 6.8 6.9 8.2 9.7 10.0 10.1 
Electricity Imports 0.3 0.3 0.3 0.3 0.3 0.3 
Others 0.0 0.0 0.1 0.1 0.1 0.3 
Total 94.0 98.4 99.3 101.3 100.2 99.0 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 552 530 596 599 560 542 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.1 9.1 8.3 7.5 
Carbon/GDP Ratio (gC/1997$) 181 178 156 138 124 113 

Electricity Sector Carbon Coefficient (gC/kWh) 170 172 153 147 144 141 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Advanced Scenario with $25/t C-Charge (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 25 25 25 25 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 23.9 22.6 21.5 20.4 
Natural Gas 74.1 75 75 77.5 80 81.5 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 202.8 186.4 180 171.4 163.8 
Total 285.6 305.3 286.7 281.4 274.1 267 

Commercial 
Petroleum 14.4 11.7 11.3 10.8 10.5 9.9 
Natural Gas 48.6 50.9 51.7 54.2 54.6 54.5 
Coal 2.1 2.3 2.3 2.4 2.5 2.5 
Electricity 171.5 186.6 168.8 172.1 170.8 165.1 
Total 236.6 251.5 234.1 239.6 238.3 232 

Industrial 
Petroleum 105.8 108.1 104.9 101.7 95.8 92 
Natural Gas 142.2 144.3 143.4 144.6 146.8 150.3 
Coal 58.5 60 51.5 48.8 47.7 47.1 
Electricity 175.6 181.3 161.8 158.4 154.3 148.8 
Total Fuel 482.1 493.6 461.6 453.5 444.6 438.1 
Process Emissions 11.16 10.69 11.23 11.32 10.97 10.56 
Total 493.26 504.29 472.83 464.82 455.57 448.66 

Transportation 
Petroleum 461.9 499.6 534.3 541.9 523.9 511.9 
Natural Gas 10.5 11.4 13.9 15 15.6 16.1 
Other 0 0.2 1 1.7 2.3 3 
Electricity 3 3.2 4.9 7 8.3 9.5 
Total 475.4 514.4 554.1 565.6 550.1 540.5 

Total Carbon Emissions 
Petroleum 609.9 645.4 674.3 676.9 651.7 634.1 
Natural Gas 275.4 281.6 284.1 291.3 296.9 302.4 
Coal 62 63.7 55.3 52.6 51.5 50.9 
Other 0 0.2 1 1.7 2.3 3 
Electricity 532.4 574 522 517.5 504.8 487.3 
Total 1480 1565 1537 1540 1507 1478 

Electric Generators 
Petroleum 17.6 21 3.6 2.9 2.4 2.1 
Natural Gas 43.8 49.8 72.2 81.7 86.9 93.1 
Coal 471 503.2 446.2 432.9 415.5 392.1 
Total 532.4 574 522 517.5 504.8 487.3 

Total Carbon Emissions 
Petroleum 627.5 666.4 677.9 679.9 654.1 636.2 
Natural Gas 319.1 331.4 356.3 373 383.8 395.5 
Coal 533 566.9 501.4 485.5 467 443 
Other 0 0.2 1 1.7 2.3 3 
Total 1480 1565 1537 1540 1507 1478 
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All-Sector Forecast Summary 
CEF-NEMS Advanced Scenario Demand Only $50/t C-Charge (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Base Base Base Base Base Base 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 20.0 19.0 19.0 18.8 18.7 
Commercial 15.2 15.9 14.9 15.6 15.8 15.8 
Industrial 34.8 35.7 34.5 34.7 34.8 34.9 
Transportation 25.0 27.1 29.1 29.8 29.2 28.9 
Total 94.0 98.6 97.5 99.1 98.6 98.3 

Electricity Sales (TWh) 
Residential 1072 1174 1170 1170 1141 1117 
Commercial 1008 1080 1055 1111 1135 1134 
Industrial 1033 1052 1035 1047 1048 1038 
Transportation 17 19 32 47 57 67 
Total 3130 3325 3291 3375 3380 3356 

Carbon Emissions by Sector (MtC) 
Residential 286 306 273 271 259 249 
Commercial 237 252 221 228 223 215 
Industrial 482 495 449 442 431 420 
Transportation 475 514 551 563 548 542 
Total 1480 1568 1494 1504 1461 1426

 Utilities 532 577 490 493 469 443 

Carbon Emissions by Source (MtC) 
Petroleum 628 666 673 675 651 636 
Natural Gas 319 331 362 378 390 398 
Coal 533 570 459 450 418 389 
Other 0 0 1 2 2 3 
Total 1480 1568 1494 1504 1461 1426 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.57 8.50 8.59 8.14 7.98 
Natural Gas 4.32 4.11 4.67 4.56 4.35 4.16 
Coal 1.28 1.22 2.42 2.35 2.26 2.20 
Electricity 20.25 19.31 21.68 20.80 19.43 18.41 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.44 2.69 2.67 2.59 2.51 
Petroleum Products 2.88 2.28 4.52 5.14 5.45 5.68 
Distillate Fuel 4.47 3.83 5.82 6.15 6.21 6.33 
Residual Fuel 2.76 2.17 4.32 4.92 5.28 5.52 
Natural Gas 2.70 2.59 3.48 3.46 3.30 3.11 
Steam Coal 1.27 1.20 2.40 2.34 2.24 2.18 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.8 39.3 39.7 38.5 37.8 
Natural Gas 22.6 23.2 25.3 26.4 27.3 27.8 
Coal Subtotal 21.1 22.2 17.9 17.5 16.3 15.1 
Nuclear Power 6.7 7.1 7.0 6.8 6.8 6.7 
Renewable Energy 6.8 6.9 7.5 8.2 9.3 10.2 
Electricity Imports 0.3 0.5 0.4 0.4 0.4 0.4 
Others 0.0 0.0 0.1 0.1 0.1 0.3 
Total 94.0 98.6 97.5 99.1 98.6 98.3 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 553 533 646 647 604 577 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 9.9 8.9 8.1 7.5 
Carbon/GDP Ratio (gC/1997$) 181 178 152 135 120 109 

Electricity Sector Carbon Coefficient (gC/kWh) 170 174 149 146 139 132 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Advanced Scenario Demand Only $50/t C-Charge (991213) 

demand side efficiency Adv Adv Adv Adv Adv Adv 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Base Base Base Base Base Base 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 23.5 22.2 21.1 20.1 
Natural Gas 74.1 75 73.9 76.2 78.5 80.2 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 203.7 174.1 171.1 158.1 147.6 
Total 285.6 306.2 272.9 270.8 259.1 249.1 

Commercial 
Petroleum 14.4 11.7 10.9 10.5 10.1 9.6 
Natural Gas 48.6 50.9 50.7 53.1 53.4 53.4 
Coal 2.1 2.3 2.3 2.4 2.4 2.5 
Electricity 171.5 187.4 157 162.4 157.3 149.7 
Total 236.6 252.4 220.9 228.3 223.2 215.2 

Industrial 
Petroleum 105.8 108.1 103.6 100.1 94.5 90.6 
Natural Gas 142.2 144.1 144.5 143.7 147.3 150.1 
Coal 58.5 60 47.3 44.7 43.5 42.2 
Electricity 175.6 182.6 154.1 153 145.3 137.1 
Total Fuel 482.1 494.7 449.4 441.6 430.6 420 
Process Emissions 11.16 10.69 11.23 11.32 10.97 10.56 
Total 493.26 505.39 460.63 452.92 441.57 430.56 

Transportation 
Petroleum 461.9 499.6 531.4 539.7 522.5 513.9 
Natural Gas 10.5 11.4 14.1 15.1 15.7 16.1 
Other 0 0.2 1 1.7 2.2 2.9 
Electricity 3 3.3 4.8 6.9 7.9 8.9 
Total 475.4 514.4 551.3 563.4 548.4 541.7 

Total Carbon Emissions 
Petroleum 609.9 645.5 669.4 672.5 648.3 634.1 
Natural Gas 275.4 281.4 283.1 288 294.9 299.8 
Coal 62 63.7 51 48.4 47.3 45.9 
Other 0 0.2 1 1.7 2.2 2.9 
Electricity 532.4 577 490 493.3 468.5 443.2 
Total 1480 1568 1494 1504 1461 1426 

Electric Generators 
Petroleum 17.6 20.8 3.3 2.7 2.2 2 
Natural Gas 43.8 49.5 78.9 89.5 95.3 98.6 
Coal 471 506.7 407.8 401.2 371.1 342.7 
Total 532.4 577 490 493.3 468.5 443.2 

Total Carbon Emissions 
Petroleum 627.5 666.2 672.7 675.2 650.5 636.1 
Natural Gas 319.1 330.9 362.1 377.5 390.1 398.4 
Coal 533 570.4 458.7 449.6 418.4 388.6 
Other 0 0.2 1 1.7 2.2 2.9 
Total 1480 1568 1494 1504 1461 1426 
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All-Sector Forecast Summary 
CEF-NEMS Advanced Scenario, $50/t Carbon Charge, Supply Only (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 

1997 2000 2005 2010 2015 2020 
Primary Energy (Quadrillion Btu) 

Residential 19.0 19.9 19.3 19.6 19.7 19.5 
Commercial 15.2 15.8 15.6 16.5 17.2 17.3 
Industrial 34.8 35.7 36.0 37.9 39.0 40.1 
Transportation 25.0 27.2 29.7 32.0 32.7 33.8 
Total 94.0 98.5 100.6 106.0 108.6 110.8 

Electricity Sales (TWh) 
Residential 1072 1177 1211 1236 1241 1244 
Commercial 1008 1083 1130 1210 1284 1329 
Industrial 1033 1057 1096 1167 1214 1260 
Transportation 17 20 35 50 59 69 
Total 3130 3338 3472 3663 3798 3902 

Carbon Emissions by Sector (MtC) 
Residential 286 305 275 267 259 243 
Commercial 237 251 229 230 229 216 
Industrial 482 493 472 482 482 479 
Transportation 475 516 563 601 608 624 
Total 1480 1565 1539 1579 1578 1562

 Utilities 532 574 506 496 480 440 

Carbon Emissions by Source (MtC) 
Petroleum 628 668 690 725 728 741 
Natural Gas 319 334 378 404 424 441 
Coal 533 564 469 448 423 377 
Other 0 1 1 2 3 3 
Total 1480 1565 1539 1579 1578 1562 

Average Energy Prices to All Users (1997$/MBtu) 
Petroleum Products 7.69 6.57 8.55 8.79 8.55 8.50 
Natural Gas 4.32 4.12 4.77 4.73 4.53 4.44 
Coal 1.28 1.21 2.43 2.37 2.30 2.24 
Electricity 20.24 19.11 20.37 19.54 18.81 18.11 

Average Energy Price to Elec Gen (1997$/MBtu) 
Fossil Fuel Average 1.54 1.46 2.75 2.77 2.73 2.76 
Petroleum Products 2.88 2.29 4.39 4.95 5.12 5.35 
Distillate Fuel 4.47 3.84 5.82 6.24 6.26 6.46 
Residual Fuel 2.76 2.19 4.20 4.74 4.91 5.16 
Natural Gas 2.70 2.62 3.59 3.65 3.53 3.48 
Steam Coal 1.27 1.20 2.42 2.36 2.29 2.22 

Energy Consumption (Quadrillion Btu) 
Petroleum Subtotal 36.5 38.9 40.3 42.6 43.2 44.3 
Natural Gas 22.6 23.4 26.4 28.2 29.8 31.8 
Coal Subtotal 21.1 21.9 18.3 17.5 16.4 14.7 
Nuclear Power 6.7 7.1 6.9 6.7 6.6 6.4 
Renewable Energy 6.8 6.9 8.3 10.5 12.2 13.1 
Electricity Imports 0.3 0.3 0.4 0.3 0.3 0.3 
Others 0.0 0.0 0.1 0.1 0.2 0.2 
Total 94.0 98.5 100.6 106.0 108.6 110.8 

Macroeconomic Indicators 
GDP (billion 1997$) 8171 8799 9859 11123 12141 13128 
Energy Bill (billion 1997$) 553 533 659 694 689 694 
Energy/GDP Ratio (kBtu/1997$) 11.5 11.2 10.2 9.5 8.9 8.4 
Carbon/GDP Ratio (gC/1997$) 181 178 156 142 130 119 

Electricity Sector Carbon Coefficient (gC/kWh) 170 172 146 135 126 113 
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Carbon Emissions Forecast Summary (MtC) 
CEF-NEMS Advanced Scenario, $50/t Carbon Charge, Supply Only (990811) 

demand side efficiency Base Base Base Base Base Base 
carbon charge ($/t) 0 0 50 50 50 50 

supply side efficiency Adv Adv Adv Adv Adv Adv 
1997 2000 2005 2010 2015 2020 

Residential 
Petroleum 27.8 26 23.5 22.1 21 19.9 
Natural Gas 74.1 75 73.7 75.9 79.3 81.3 
Coal 1.4 1.5 1.4 1.3 1.3 1.3 
Electricity 182.3 202.4 176.4 167.3 156.9 140.1 
Total 285.6 304.8 275 266.7 258.5 242.6 

Commercial 
Petroleum 14.4 11.7 10.7 10.2 9.9 9.4 
Natural Gas 48.6 51 51.3 53.7 54.6 54.5 
Coal 2.1 2.3 2.3 2.4 2.4 2.5 
Electricity 171.5 186.1 164.7 163.8 162.3 149.7 
Total 236.6 251.1 229 230.2 229.2 216.1 

Industrial 
Petroleum 105.8 108.6 110.9 114.7 114.2 115.4 
Natural Gas 142.2 144.8 150.5 158 163.8 171.4 
Coal 58.5 58.3 50.9 51 50.6 50.3 
Electricity 175.6 181.7 159.7 158 153.4 141.9 
Total Fuel 482.1 493.4 472 481.7 482.1 479 
Process Emissions 11.16 10.69 11.23 11.32 10.97 10.56 
Total 493.26 504.09 483.23 493.02 493.07 489.56 

Transportation 
Petroleum 461.9 500.5 540.9 574.5 579.6 593.4 
Natural Gas 10.5 11.8 15.4 17 18.2 19.7 
Other 0 0.5 1.4 2.1 2.7 3.3 
Electricity 2.9 3.4 5.2 6.8 7.5 7.8 
Total 475.3 516.2 562.9 600.5 608 624.2 

Total Carbon Emissions 
Petroleum 609.9 646.8 685.9 721.6 724.8 738.2 
Natural Gas 275.4 282.5 290.9 304.6 315.9 326.8 
Coal 62 62 54.6 54.7 54.4 54 
Other 0 0.5 1.4 2.1 2.7 3.3 
Electricity 532.4 573.7 506 495.9 480.1 439.5 
Total 1480 1565 1539 1579 1578 1562 

Electric Generators 
Petroleum 17.6 21 3.9 3.3 2.9 2.7 
Natural Gas 43.8 51.1 87.4 99 108.5 113.6 
Coal 471 501.6 414.7 393.7 368.6 323.2 
Total 532.4 573.7 506 495.9 480.1 439.5 

Total Carbon Emissions 
Petroleum 627.5 667.8 689.9 724.9 727.7 740.9 
Natural Gas 319.1 333.6 378.4 403.6 424.4 440.5 
Coal 533 563.6 469.3 448.4 423 377.3 
Other 0 0.5 1.4 2.1 2.7 3.3 
Total 1480 1565 1539 1579 1578 1562 
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Appendix E-1 

Estimates of Administrative Costs for Energy Efficiency Policies and Programs1 

This appendix provides summary descriptions of the administrative costs associated with twelve 
energy policies and programs, as well as descriptions of several additional policies and programs for 
which those calculations could not be made. The summaries included in this appendix are under 
review, and additional information is being collected to include in the final document. 

Ultimately, we sought to learn how much money is invested in the administration of these policies 
and programs for each MBtu of energy saved, a figure we call the administrative cost ratio. This 
figure then is added to the incremental technology costs required to generate one delivered MBtu of 
energy savings. Specifically, the administrative cost per MBtu is multiplied by the primary energy 
savings in 2010 or 2020 to get the total annualized program costs in that year. This figure then is 
added to the annualized incremental investment costs in that year to calculate total annualized costs 
for the scenario. 

Information used to calculate administrative cost ratios was collected from telephone or face-to-face 
interviews with persons knowledgeable about the policies or programs at issue as well as documentary 
evidence. These approaches are intended to improve the estimates used in the Five-Lab Study. 

For the purposes of this effort, administrative costs include the following: 

•	 program planning, design, analysis, and evaluation; 
•	 activities designed to reach customers, bring them into the program, and deliver services such as 

marketing, audits, application processing, and bid reviews; 
•	 inspections and quality control; 
•	 staff recruitment, placement, compensation, development, training, and transportation; 
• data collection, reporting, record-keeping, and accounting; and 
• overhead costs such as office space and equipment, vehicles, and legal fees. 

This definition is encompassing, and often is broader than definitions used within the programs 
themselves. For some programs, such as information-dissemination programs, all costs were 
considered to be administrative. This approach provides conservative values to use in the Clean 
Energy Future Study. 

Because of the small sample size of programs and policies, it is not possible to explain the differences 
across programs. However, it is likely the administrative costs will be greater in the early years of a 
program and that they might be less for regulatory policies such as codes and standards than for 
programs that provide a great deal of technical assistance and information outreach. 

The average administrative cost for these 12 policies and programs is $0.53 per MBtu of primary 
energy saved. To be conservative, this cost was rounded to $0.6/MBtu. A conservative figure is used 
for two main reasons. First, it is used to account for the likelihood that new programs and policies 
with relatively high initial administrative cost ratios will begin in the coming years. In contrast, 
many of the 12 policies and programs examined in this appendix are mature; their administrative 
cost ratios are stable and relatively lower than would be anticipated for new programs and policies. 
Primarily because of the paucity of energy savings data for relatively new programs, it was difficult 
to use them as examples in this appendix. Second, and related to the first reason, a conservative 
administrative cost ratio was used to account for the possibility of a shift in the nature of energy 
saving programs and policies in coming decades. For example, regulatory policies like codes and 
standards or emissions trading programs, once adopted, appear to have relatively low administrative 
cost ratios. However, at least in the case of standards, until they are established, all costs are 
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administrative with no immediate energy savings. As another, similar, example, there appears to be a 
trend toward developing programs and policies intended to shift the market for energy-efficient 
products or energy sources. One can anticipate a time lag between when such policies or programs are 
implemented and when they effectively achieve their goals. Experience is too limited to know how 
long this time lag may be for different kinds of programs and policies. However, during this start­
up  phase, administrative costs may be high relative to the energy savings achieved. This 
conservative approach, and the $0.6/MBtu value itself, are being reviewed and may be revised as the 
result of an ongoing analysis of policy and program implementation costs. 

The $0.6/MBtu figure is used as the cost of policy implementation and administration within this 
CEF study. For end-use sector fuel savings, it is added directly to the incremental technology costs. 
For electricity savings in the end-use sectors, it is first multiplied by 2.9 to account for the difference 
between primary energy and delivered electricity. 

Based on the total administrative costs and annualized incremental technology investment costs 
presented in this appendix, these estimates of administrative costs are quite consistent with the 
findings of Berry (1991 and 1989). Berry reviewed the expenses incurred by utilities to administer 
demand-side management programs in the 1980s. Her work appears to provide the only published 
overview of administrative costs relevant to energy efficiency programs. She estimated that 
administrative costs are approximately 20% of the incremental technology costs per MBtu of 
energy saved. Similar proportions result when the administrative cost estimate of $0.53 per MBtu of 
primary energy saved is used in the Clean Energy Future Study both in 2010 and 2020, and for both 
the Moderate and Advanced Scenarios. 

The results are summarized in the following table. 
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Table E.1 A Review of Administrative Costs for Energy-Efficiency Programs 

Policy/Program Type of Policy/Program 

Administrative Cost 
per MBtu of 
Primary Energy 
Saved 

B
ui

ld
in

gs

In
du

st
ry

T
ra

ns
po

rt
at

io
n 

Residential Appliance and 
Commercial Equipment 
Program 

Regulatory policies—Codes 
and Standards $0.095 √ 

Building Standards and 
Guidelines Program 

Regulatory policies—Codes 
and Standards $0.052 √ 

Demand-Side Management 
Programs of the Bonneville 
Power Administration: 
Residential 

Financing and investment 
enabling $0.543 √ 

Demand-Side Management 
Programs of the Bonneville 
Power Administration: 
Commercial 

Financing and investment 
enabling $0.323 √ 

Weatherization Assistance 
Program 

Financing and investment 
enabling $0.899 √ 

Market Transformation 
Programs of the Southern 
California Edison: Residential 

Financing and investment 
enabling $2.486 √ 

Energy Star Programs 
Voluntary, information and 
technical assistance $0.092 √ √ 

Market Transformation 
Programs of the Southern 
California Edison: Non-
Residential 

Financing and investment 
enabling $0.515 √ √ 

Industrial Assessment Centers Voluntary, information and 
technical assistance $0.386 √ 

Demand-Side Management 
Programs of the Bonneville 
Power Administration: 
Industrial 

Financing and investment 
enabling $0.115 √ 

Energy-Related Inventions 
Program 

Public-private RD&D 
partnerships $0.697 √ √ √ 

Fuel Economy Guide Voluntary, information and 
technical assistance $0.131 √ 
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Residential Appliances/Commercial Equipment Program 

Program Summary 

Program/Policy Type 
Regulatory Policies Codes and Standards 

Sectors 
Residential and Commercial Appliances 

Goal 
The program seeks to develop and implement energy conservation standards that are 
technologically feasible and economically justified. 

Lifespan 
The program began in 1978, but the first standards were enacted in 1987. 

Program structure 
Minimum efficiency standards have been implemented through updates to the 
National Appliance Energy Conservation Act of 1987 (NAECA) and through the 
Energy Policy Act of 1992. DOE and the national laboratories it contracts develop 
testing procedures, provide labeling information to a separate program, and do the 
research and analyses necessary to develop and implement energy conservation 
standards. Part of this effort involves considerable communication efforts with the 
public and other stakeholders, including manufacturers. Evaluations have been 
conducted of minimum efficiency standards for central and room heaters, air 
conditioners, water heaters, refrigerators, freezers, ranges and ovens, dryers, 
dishwashers, clothes washers, and pool heaters. With regard to estimating energy 
savings, DOE and its contractors must distinguish program effects in terms of both 
the energy efficiency of appliances on the market and consumers  choices from 
what the situation might have been in the absence of the program. 

Administrative Costs 

Overview of Program Costs 
$200 million total federal government expenditures to implement appliance efficiency standards 
from 1978—1996 (1995$, calculated at a 7% discount rate; includes program costs and salaries of 
DOE, contractor, and other staff). All costs are administrative, according to our definition. 

Energy Savings 

In energy 
2.1 Quads primary energy savings (through 1997) 
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Administrative Cost Ratios 

Total administrative costs:total energy savings (MBtu) 
$0.0952/MBtu ($200 million/2.1 Quads) 

Sources 

Koomey, J. G., S. A. Mahler, C. A. Webber, and J. E. McMahon 1998 (February). Projected Regional 
Impacts of Appliance Efficiency Standards for the U.S. Residential Sector. LBNL-39511; UC-1600. 
Ernest Orlando Lawrence Berkeley National Laboratory, Berkeley, CA. 

McMahon, James E., Lawrence Berkeley National Laboratory, personal communication. 
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Building Standards and Guidelines Program 

Program Summary 

Program/Policy Type 
Regulatory Policies Codes and Standards 

Sectors 
Buildings 

Goal 
To improve the design and implementation of state energy codes for buildings, to 
assure at least a minimum level of energy efficiency that is cost-effective, technically 
feasible, and environmentally sound. 

Lifespan 
Initiated in 1980. 

Program structure 
DOE works in partnership with other federal agencies, state and local governments, 
the building industry (including the financial side), utilities, public interest groups, and 
building owners and users. The agency provides technical support and assistance to 
states and building industry organizations to develop and implement voluntary or 
legislatively mandated energy-efficient building codes and standards, provides State 
Energy Program Grants, promulgates federal building energy efficiency standards, and 
conducts a variety of outreach services such as a hotline, web site, newsletter, and 
annual conference. In addition, the Department develops training, software, and 
other materials that can assist in supporting and accelerating the implementation of 
energy-efficient, fiscally sound building codes and standards. 

Administrative Costs 

Overview of Program Costs 
$8 million appropriations in 1998 (crude estimate of total appropriations from 1980—1998 @ $8 
million/year = $144 million). Assume all costs are administrative, according to our definition. 

Energy Savings 

In dollars 
$1.12 billion (in 1998, but 1994 dollars) 

In energy 
154 trillion Btus primary annual energy savings (in 1998) 
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Administrative Cost Ratios 

Total administrative costs:total energy savings ($) 
$0.007/dollar energy savings ($8 million/$1.12 billion) 

Total administrative costs:total energy savings (MBtu) 
$0.0519/MBtu ($8 million/154 tBtu) 

Sources 

EERE Success Stories, Draft, 5/18/99.
 

Energy Efficiency and Renewable Energy Web Site, http://www.eren.doe.gov.
 

Shankle, Diana L., Pacific Northwest National Laboratory, Richland, WA, personal communication.
 
U.S. DOE Energy Efficiency and Renewable Energy Network, Office of Codes and Standards, web 
site, <http://www.eren.doe.gov/buildings/codes_standards/>. 
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Demand-Side Management Programs
 
Example: Bonneville Power Administration—Residential Sector
 

Program Summary 

Program/Policy Type 
Financing 

Sector 
Residential 

Goal 
To encourage the adoption of energy-conserving design, materials, and equipment. 

Lifespan 
Bonneville has engaged in DSM programs for over 20 years. However, since 1993, 
BPA has been engaged in a transition to much lower program expenditures from 
approximately $172 million in 1993 to $37 million in the year 2000. 

Program structure 
BPA partners with public utilities, state and local governments, and private firms in 
promoting energy efficiency programs and measures. As a member of the Northwest 
Energy Efficiency Alliance, Bonneville increasingly is making the transition to 
market transformation approaches to energy conservation. BPA also is involved in a 
Market Development program, which promotes energy efficiency among external 
customers and internal clients. Bonneville offers a suite of programs in residential, 
commercial, industrial, and agricultural sectors. Residential programs include 
weatherization, low-income weatherization, Super Good Cents for new home 
construction, and code savings through its early adopter program. 

Administrative Costs 

Overview of Program Costs FY1993 
$151.9 million total program costs, all sectors 

$108.75 million residential total program costs 

$80.2 million direct program expenditures for residential programs 

$13.95 million administrative costs associated with overall program (since 71.6% of total 
acquisition costs are for the residential sector, this figure is that same percentage of the overall 
program s administrative costs for all sectors, $19.5 million)
 

$14.6 million administrative costs associated with direct program expenditures (71.6% of the costs
 
for the entire program for all sectors, $20.4 million)
 

$28.55 million total administrative costs, residential
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Energy Savings—FY1993 

In energy 
33.4 aMW or 292,584 MWh. This figure is equivalent to 2.63 million MBtu (assuming 9000 Btu per 
MWh for combined gas cycle turbine, the likely marginal resource in this hydro-based system), in 
FY1993. 

Assuming these savings persist for 20 years, the energy savings is estimated to be 52.6 million MBtu 
(20 x 2.63). 

Administrative Cost Ratios 

Total administrative costs:total energy savings (MBtu) 
$10.86/MBtu (28.55 million/2.63 tBtu; FY 1993) 

$0.543/MBtu (28.55 million/52.6 tBtu, over 20 years) 

Source 

Bonneville Power Administration web site, www.bpa.gov.
 

Keating, Ken, Bonneville Power Administration, personal communication.
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Demand-Side Management Programs
 
Example: Bonneville Power Administration—Commercial Sector
 

Program Summary 

Program/Policy Type 
Financing 

Sector 
Commercial 

Goal 
To encourage the adoption of energy-conserving design, materials, and equipment 

Lifespan 
Bonneville has engaged in DSM programs for over 20 years. However, since 1993, 
BPA has been engaged in a transition to much lower program expenditures from 
approximately $172 million in 1993 to $37 million in the year 2000. 

Program structure 
BPA partners with public utilities, state and local governments, and private firms in 
promoting energy efficiency programs and measures. As a member of the Northwest 
Energy Efficiency Alliance, Bonneville increasingly is making the transition to 
market transformation approaches to energy conservation. BPA also is involved in a 
Market Development program, which promotes energy efficiency among external 
customers and internal clients. Bonneville offers a suite of programs in residential, 
commercial, industrial, and agricultural sectors. Commercial programs include its 
Energy Smart Design Assistance Program and code savings. Thousands of commercial 
establishments have benefited from BPA efforts since FY 1982. 

Administrative Costs 

Overview of Program Costs FY1993 
$151.9 million total program costs 

$29.92 million commercial total program costs 

$22.1 million direct program expenditures for commercial programs 

$3.8 million administrative costs associated with overall program (since 19.7% of total acquisition 
costs are for the commercial sector, this figure is that same percentage of the overall program s 
administrative costs for all sectors, $19.5 million)
 

$4.02 million administrative costs associated with direct program expenditures (19.7% of the costs
 
for the entire program for all sectors, $20.4 million)
 

$7.82 million total administrative costs
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Energy Savings—FY 1993 

In energy 
15.4 aMW or 134,904 MWh. This figure is equivalent to 1.21 million MBtu (assuming 9000 Btu per 
MWh for combined gas cycle turbine, the likely marginal resource in this hydro-based system), in FY 
1993. 

Assuming these savings persist for 20 years, the energy savings is estimated to be 24.2 million MBtu 
(20 x 1.21). 

Administrative Cost Ratios 

Total administrative costs:total energy savings (MBtu) 
$6.46/MBtu (7.82 million/1.21 tBtu; FY 1993) 

$0.323/MBtu (7.82 million/24.2 tBtu, over 20 years) 

Source 

Bonneville Power Administration web site, www.bpa.gov.
 

Keating, Ken, Bonneville Power Administration, personal communication.
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Weatherization Assistance Program 

Program Summary 

Program/Policy Type 
Government procurement 

Sector 
Buildings 

Goal 
To improve the energy efficiency of low-income residences. 

Lifespan 
Initiated in 1976 under the Energy Conservation and Production Act; the program s 
peak funding was in the early 1980s. 

Program structure 
The Weatherization Assistance Program delivers energy conservation services to 
low-income Americans. DOE s Office of State and Community Programs provides 
grants to states, which have some discretion in how they implement the program. In 
1989, an average of $1600 was spent per residence; in 1998 that average increased to 
$2000 per residence. During the course of the program s life, there has been a shift 
from a fairly basic, low-cost and low-technology approach to one based on more 
sophisticated diagnostics (e.g., blower doors), which requires more training and 
expertise to implement. DOE s expenditures for the Weatherization Program 
constituted about 45% of the total spent on low-income weatherization from 
1978—1996; the remainder was expended by states, utilities, and the Department of 
Health and Human Services  Low-Income Home Energy Assistance Program. 
However, most non-DOE weatherization funds were channeled through DOE s 
program and, therefore, used to weatherize residences according to DOE standard 
practice. 

Administrative Costs 

Overview of Program Costs 
$125 million (DOE) + $198 million (non-DOE) = $323 million appropriations (in 1998) 

$96.9 million administrative costs (30%, all costs other than labor and materials administration, 
training, technical assistance, evaluation, program support, with the exception of DOE and state 
staffing) 

$225K DOE office staffing (3 FTE @ $75K/person, fully loaded) 

Note: our definition of administrative costs differs from that used by the program. The program definition includes 
training and technical assistance, but does not include program implementation.  Therefore, the administrative costs 
and administrative cost ratios reported here do not mesh with the figures used by the program. 

Costs 
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Total Program Costs = $125.23 million (program appropriations + DOE staffing, in 1998)
 

Total Administrative Costs = $97.1 million (technical evaluation + program office + DOE staffing)
 

Energy Savings 

In dollars 
$35 million (in 1998; $209/home x 167,400 homes) 

$550 million (of 1998 investments, over 20-year life of measures) 

In energy 
5.4 tBtu (in 1998; 32.2MBtu/home x 167,400 homes) 

108 tBtu (of 1998 investments, over 20-year life of measures) 

Administrative Cost Ratios 

Total administrative costs:total energy savings ($) 
$2.77/dollar saved (1998) 

$0.177/dollar saved (20 years) 

Total administrative costs:total energy savings (MBtu) 
$17.98/MBtu (1998) 

$0.899/MBtu (20 years) 

Sources 

Berry, Linda, Oak Ridge National Laboratory, personal communication. 

Berry, L. G., M. A. Brown, and L. F. Kinney, 1997 (September). Progress Report of the National 
Weatherization Assistance Program. ORNL/CON-450. Oak Ridge National Laboratory, Oak Ridge, 
TN. 

Brown, M. A., L. G. Berry, R. A. Balzer, and E. Faby, 1993 (May). National Impacts of the 
Weatherization Assistance Program in Single-Family and Small Multifamily Dwellings. Oak Ridge 
National Laboratory, Oak Ridge, TN. 

BTS Success Stories, Draft, 3/23/99, with BTS Success Stories Draft Documentation, 4/13/99. 

Eisenberg, Joel, Oak Ridge National Laboratory, personal communication. 
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Demand-Side Management/Market Transformation—
 
Southern California Edison, Residential Programs
 

Program Summary 

Program/Policy Type 
Demand-side Management/Market Transformation 

Sector 
Residential 

Goal 
To promote market transformation for energy efficiency goods and services. 

Lifespan 
Following about two decades of developing and implementing demand-side 
management programs, in 1997 Southern California Edison (SCE) shifted to a market 
transformation framework. Some of the programs implemented are the same as, or 
nearly identical to, earlier demand-side management programs; but new efforts have 
been initiated, the largest being performance contracting. These new efforts 
represent a fundamental change in approach to energy conservation. 

Program structure 
SCE offers a $90 million suite of residential, commercial, and industrial programs, 
which have varied program structures. While some of these programs have been 
carried over into the market transformation era from the demand-side management 
era, others have only recently been initiated and still others are planned, but not yet 
under way. Residential programs, like small-customer-oriented non-residential 
programs, tend to be more costly to serve and operate than large-customer-oriented 
programs. An exception here may be upstream  programs that offer incentives at 
the manufacturers  level. The structure of residential programs offered by SCE 
varies some involve rebates/incentives; others, such as audits or information-
provision programs, are entirely administrative. Because programs are authorized 
annually, they may be implemented in a start-and-stop fashion. This pattern may 
result in spikes of relatively high administrative costs throughout the program s life, 
rather than just during the program s start-up phase. 

Administrative Costs 

Overview of Program Costs (1998) 
$19.3 million total program costs (excludes shareholder incentives) 

$14.7 million recorded and committed program incentives paid to customers 

$4.6 million recorded and committed administrative costs ($0.6 million SCE labor; $3.7 million 
non-labor; $0.3 million in ESCO commitments) 
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Energy Savings 

In energy 
57,033 MWh net annualized first-year savings (assuming 9000 Btu/MWh for combined gas cycle 
turbine, 0.51 million MBtu) 

205,209 MWh net savings over 20-year estimated lifetime of measures (assuming 9000 Btu/MWh, 
1.85 million MBtu) 

Administrative Cost Ratios 

Total administrative costs:total energy savings (MBtu) 
$9.02/MBtu in the first year ($4.6 million admin. costs/0.51 tBtu) 

$2.49/MBtu cumulatively ($4.6 million admin. costs/1.85 tBtu) 

Sources 

Brown, Marian, Southern California Edison, personal communication.
 

Southern California Edison, 1999 (May). 1999 Energy Efficiency Annual Report.
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 Energy Star 

Program Summary 

Program/Policy Type 
Voluntary Agreement; Market Transformation 

Sectors 
Residential, Commercial, Industrial, Agricultural 

Goal 
To develop public-private partnerships that promote cost-effective energy efficiency 
and reductions in greenhouse gas emissions, thereby resulting in market 
transformation 

Lifespan 
Initiated in 1991 with the Energy Star Computers and GreenLights programs; the 
program expanded in 1993, for example, to deal with whole buildings, and not just 
lighting. The array of Energy Star programs now include partnership programs for 
commercial, industrial, and residential buildings including a product labeling 
program, as well as for methane and environmental stewardship. 

Program structure 
The Energy Star Program is operated by the U.S. Environmental Protection 
Agency s Climate Protection Division and the U.S. Department of Energy s Office 
of Energy Efficiency and Renewable Energy. The program consists of five major 
program elements: Energy Star Buildings and Green Lights, oriented towards 
commercial and industrial buildings; Energy Star Homes; Energy Star-Labeled 
Products, equipment and appliances for offices and homes; Environmental 
Stewardship Programs, focusing on industrial processes; and Methane Partnerships to 
reduce methane and other greenhouse gas emissions from industrial, agricultural, and 
state and local government operations. The various program elements operate 
differently. For instance, in the commercial sector, private partners are asked to 
make commitments but for the residential sector, the program partners with builders 
to encourage energy-efficient construction without seeking formalized commitments. 

Administrative Costs 

Overview of Program Costs* 

Climate Protection Division Program Expenditures, 1991—1998 $242.3 million (constant dollars) 

Climate Protection Division Program Expenditures, 1998 $47.8 million (current-year dollars) 

* Notes: Figures for EPA s program costs are provided here. All program expenditures are treated as administrative. 
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Energy Savings (in 1998 dollars) 

In energy 
2,627 trillion Btus (converted from 42.3 MMTCE, cumulative, with a conversion factor of 16.1 
MtC per quad of primary energy equivalent) 

Administrative Cost Ratios 

Total administrative costs:total energy savings (MBtu) 
$0.092/MBtu ($242.3 million total administrative costs 1991—1998/2,627 tBtu energy savings) 

Sources 

Laitner, John, U.S. Environmental Protection Agency, personal communication. 

Lee, Virginia, U.S. Environmental Protection Agency, personal communication. 

U.S. Environmental Protection Agency, Climate Protection Division, 1999 (June). Driving Investment 
in Energy Efficiency: Energy Star and Other Voluntary Programs. DRAFT 1998 Annual Report. 
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Demand-Side Management/Market Transformation
 
Southern California Edison, Non-Residential Programs
 

Program Summary 

Program/Policy Type 
Demand-side Management/Market Transformation 

Sectors 
Commercial, Industrial, Agricultural 

Goal 
To assist non-residential customers and promote market transformation for energy 
efficiency goods and services, eliminating market barriers and encouraging 
privatization. 

Lifespan 
In 1997 Southern California Edison (SCE) shifted to a market transformation 
framework. Some of the programs implemented are the same as, or nearly identical 
to, earlier demand-side management programs; but new efforts have been initiated, 
the largest being performance contracting. 

Program structure 
SCE offers a $90 million suite of residential, commercial, and industrial programs, 
which have varied program structures. SCE has information provision programs, 
programs to promote energy management services, energy efficiency incentive 
programs, and upstream programs. While some of these programs have been carried 
over into the market transformation era from the demand-side management era, 
others have only recently been initiated and still others are planned, but not yet 
under way. Small-customer-oriented non-residential programs, like residential 
programs, tend to be more costly to serve and operate than large-customer-oriented 
programs. An exception here may be upstream  programs that offer incentives at 
the manufacturers  level. Annual authorizations may lead to a pattern of stop-and­
start program implementation, possibly resulting in spikes of relatively high 
administrative costs throughout the program s life, rather than just during the 
program s start-up phase. 

Administrative Costs 

Overview of Program Costs 1998
 
$36.6 million total program costs (excludes shareholder incentives)
 

$24.0 million recorded and committed program incentives paid to customers
 

$12.6 million recorded administrative costs ($8.6 million SCE labor; $3.5 million non-labor; $0.5
 
million in ESCO commitments)
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Energy Savings 

In energy 
182,410 MWh net annualized first-year savings (assuming 9000 Btu/MWh for combined gas cycle 
turbine, 1.64 million MBtu) 

2,716,677 MWh net savings over 20-year estimated lifetime of measures (assuming 9000 Btu/MWh, 
24.45 million MBtu) 

Administrative Cost Ratios 

Total administrative costs:total energy savings (MBtu) 
$7.683/MBtu in the first year ($12.6 million admin. costs/1.64 tBtu) 

$0.515/MBtu cumulatively ($12.6 million admin. costs/24.45 tBtu) 

Sources 

Brown, Marian, Southern California Edison, personal communication.
 

Southern California Edison, 1999 (May). 1999 Energy Efficiency Annual Report.
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 U.S. DOE’s Office of Industrial Technologies:
 
Industrial Assessment Centers (IACs)
 

Program Summary 

Program/Policy Type 
Technical assistance 

Sector 
Industrial 

Goal 
To conduct assessments of small- to medium-sized manufacturing facilities to reduce 
energy-consumption and energy costs, minimize manufacturing waste and waste 
costs, and to enhance productivity and reduce production costs. 

Lifespan 
Formerly known as the Energy Analysis and Diagnostic Center program, which began 
performing energy audits in 1976, and renamed the IAC program in FY 1994. The 
program has expanded considerably, growing from 4 to 30 centers. In 1994, 
assessments began to address waste reduction/pollution prevention as well as energy 
conservation. In 1996, the assessments also began to address productivity savings. 

Program structure 
Housed in U.S. DOE s Office of Industrial Technologies, the IAC program uses 30 
university-based centers to deliver assessment services. Two field management 
offices, Rutgers University and the University City Science Center, oversee 
assessment activities in the eastern and western divisions, respectively. Further, the 
Rutgers office maintains a database of results from over 8,000 assessments for the 
entire program. Annually, each Center conducts 25 comprehensive assessments, for a 
program total of 750 assessments. Each assessment includes the following activities 
and products: pre-visit client interview and data analysis, one-day site visit, 
engineering feasibility study, assessment report, and a follow-up phone call (within 6 
to 9 months) to verify implementation status of assessment recommendations. 

Administrative Costs 

Overview of Program Costs (1989—1998) 
$55.138 million appropriations from 1989 through 1998, including all staffing 

Note: by our definition, all program costs are administrative.  However, an argument can be 
made that the costs associated with the assessments themselves are non-administrative. A budget 
breakdown for 1999, with a total program budget of $8,248,329, is provided to illustrate the 
proportion of funds associated with the assessments. 

•	 Assessment-related costs (750 assessments @ $5950 each + center director travel to key 
meetings/expos + equipment maintenance + special projects) $5,055,000 

•	 OIT (DOE-HQ-related) costs $932,000 
•	 Field management costs $1,895,329 
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• Technology transfer $366,000 

Energy Savings (1989–1998) 

In dollars 
$1,420 million (includes waste- and productivity-savings in latter years) 

In energy 
142.56 trillion Btus (includes persistent savings plus spillover effects such as the replication of 
assessments in other areas of the plant or in other plants and professional impacts of program 
alumni) 

Administrative Cost Ratios 

Total administrative costs: total energy savings ($) 
$0.038/client dollar savings 

Total administrative costs: total energy savings (MBtu) 
$0.386/MBtu 

Sources 

Martin, Michaela, Oak Ridge National Laboratory, personal communication. 

Muller, Michael R. and Merritt Kirk, 1999 (March). Savings Generated by the Industrial Assessment 
Center Program: Fiscal Year 1997. Prepared by Rutgers University and University City Science 
Center for the Office of Industrial Technologies, U.S. Department of Energy. 
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Demand-Side Management Programs
 
Example: Bonneville Power Administration—Industrial Sector
 

Program Summary 

Program/Policy Type 
Financing 

Sector 
Industrial 

Goal 
To encourage the adoption of energy-conserving design, materials, and equipment. 

Lifespan 
Bonneville has engaged in DSM programs for over 20 years. However, since 1993, 
BPA has been engaged in a transition to much lower program expenditures from 
approximately $172 million in 1993 to $37 million in the year 2000. 

Program structure 
BPA partners with public utilities, state and local governments, and private firms in 
promoting energy efficiency programs and measures. As a member of the Northwest 
Energy Efficiency Alliance, Bonneville increasingly is making the transition to 
market transformation approaches to energy conservation. BPA also is involved in a 
Market Development program, which promotes energy efficiency among external 
customers and internal clients. Bonneville offers a suite of programs in residential, 
commercial, industrial, and agricultural sectors. Among BPA s significant recent 
industrial sector efforts has been its Conservation/Modernization program, an effort 
to upgrade aluminum smelters. The energy savings for this program are tracked 
separately from other industrial sector programs. In general, industrial customers 
approach BPA with ideas, and ask for co-funding based on projected energy savings. 
It can take several years for a new program to ramp up to achieve anticipated savings 

Administrative Costs 

Overview of Program Costs FY1993 
$151.9 million total program costs 

$10.04 industrial total program costs 

$7.4 million direct program expenditures for industrial programs 

$1.29 million administrative costs associated with overall program (since 6.6% of total acquisition 
costs are for the industrial sector, this figure is that same percentage of the overall program s 
administrative costs for all sectors, $19.5 million) 

$1.35 million administrative costs associated with direct program expenditures (6.6% of the costs 
for the entire program for all sectors, $20.4 million 
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$2.64 million total administrative costs 

Energy Savings—FY1993 

In energy 
14.6 aMW or 127,896 MWh. This figure is equivalent to 1.15 million MBtu (assuming 9000 Btu per 
MWh for combined gas cycle turbine, the likely marginal resource in this hydro-based system), in FY 
1993. 

Assuming these savings persist for 20 years, the energy savings is estimated to be 23.0 million MBtu 
(20 x 1.15). 

Administrative Cost Ratios 

Total administrative costs:total energy savings (MBtu) 
$2.30/MBtu (2.64 million/1.15 tBtu; FY 1993) 

$0.115/MBtu (2.64 million/23.0 tBtu, over 20 years) 

Source 

Bonneville Power Administration web site, www.bpa.gov.
 

Keating, Ken, Bonneville Power Administration, personal communication.
 

Appendix E-1 Ancillary StudiesE-1.23 

http:www.bpa.gov
http:million/1.15


 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 

Energy-Related Inventions Program 

Program Summary 

Program/Policy Type 
Research and Development 

Sectors 
All 

Goal 
To support the development of innovative, non-nuclear energy-reducing 
technologies. 

Lifespan 
Initiated in 1974; first budget appropriations in 1976; in 1998 the program was re-
engineered and now is administered differently, from a different DOE office 

Program structure 
Several steps are involved in the ERIP process. First, inventors submit applications 
to DOE-EE. DOE provides an average of $78K to each grantee and, through NIST, 
provides technical evaluations of ideas. Since 1974, NIST has evaluated over 32,000 
inventions. Of these inventions, DOE has provided commercialization and financial 
assistance for nearly 750 and grants to support about 500.DOE evaluates the 
program every 2 years. 

Administrative Costs 

Overview of Program Costs 
$84.1 million appropriations through 1995 (cumulative over life of program, 1995$) 

$34.5 million grants, cumulative through 1995 (1995$) 

$5.1 million DOE staffing over program life (1 FT director @ GS 13, 4 FT invention coordinators 
@ GS 11, 1 FT secretary @ GS 7) with multiplier (1.5) for benefits package and office space, for 15 
years (1980—1995) (1999 GS levels, grade 1, for Washington, D.C. area) 

Costs 
Total Program Costs=$89.2 million (program appropriations + DOE staffing with multiplier)
 

Total Administrative Costs=$54.7 million (tech. evaluation + program office + DOE staffing with
 
multiplier)
 

Note: we do not consider any within-grant administrative costs.
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Energy Savings 

In dollars 
$186 million (in 1995 dollars; cumulative for all inventions on market in that year) 

In energy 
78.5 trillion Btus (in 1995, cumulative for all inventions on market in that year) 

Administrative Cost Ratios 

Total administrative costs:total energy savings ($) 
$0.294/dollar energy savings 

Total administrative costs:total energy savings (MBtu) 
$0.697/MBtu 

Sources 

Braid, R. B., Jr., M. A. Brown, C. R. Wilson, C. A. Franchuk, and C. G. Rizy 1996 (October). The 
Energy-Related Inventions Program: Continuing Benefits to the Inventor Community. ORNL/CON­
429. Oak Ridge National Laboratory, Oak Ridge, TN. 

Brown, M. A., C. R. Wilson, C. A. Franchuk, S. M. Cohn, and D. Jones 1994 (July). The Economic, 
Energy, and Environmental Impacts of the Energy-Related Inventions Program. ORNL/CON-381. 
Oak Ridge National Laboratory, Oak Ridge, TN. 

Perlack, Robert and Marilyn Brown, Oak Ridge National Laboratory, personal communication. 
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Fuel Economy Guide 

Program Summary 

Program/Policy Type 
Voluntary 

Sectors 
Transportation 

Goal 
To provide consumers considering the purchase of automobiles and light trucks with 
information about fuel mileage; new car and light truck dealers are required to display 
copies of the guide prominently in their showrooms and to have copies of the guide. 

Lifespan 
The program started in 1975 and the first fuel economy guide was published in 1976. 
Over time, the number of hard-copy guides printed and distributed has decreased; 
recently, the guide has been available on the internet. 

Program structure 
The U.S. EPA compiles the raw data that are used in the Guide as a by-product of its 
emissions testing program. EPA tests a sample of vehicle makes and models and 
confirms information submitted by manufacturers. The U.S. Department of Energy s 
Office of Transportation Technologies re-formats the EPA data, categorizing it by 
manufacturer as well as by class of vehicle. Fuel economy information is provided for 
city and highway driving. DOE puts the information in book and internet form. DOE 
prints the hard copies of the Guide and mails it. 

Administrative Costs 

Overview of Program Costs 
$13.2 million appropriations averaging $500K per year, plus $100K per year for DOE and EPA 
staff time (funded out of a separate budget), cumulative from 1976—1997 

According to our definition of administrative costs, all costs are administrative. 

Energy Savings 

In dollars 
$880 million (cumulative from 1976—1997) 

In energy 
101 trillion Btus (cumulative from 1976—1997, based on an estimated 806 million gallons of motor 
fuel saved) 
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Administrative Cost Ratios 

Total administrative costs:total energy savings ($) 
$0.015/dollar energy savings ($13.2 million/$880 million) 

Total administrative costs:total energy savings (MBtu) 
$0.131/MBtu ($13.2 million/101 tBtu) 

Source 

Patterson, Phil, U.S. Department of Energy, personal communication. 
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Emissions Trading 

The U.S. Environmental Protection Agency recently completed an analysis of emissions reductions 
options for the electric power industry. While this report acknowledges that utilities, state and local 
regulators, and EPA will incur administrative costs, those costs were not analyzed. Nevertheless, the 
kinds of administrative costs incurred by these organizations include the following: For some 
electric generation units,...monitoring emissions, certifying compliance, modifying permits, and 
trading allowances. For States and local governments and EPA, there will be program development 
and implementation costs. Experience under Title IV SO2 Allowance Trading program suggests that 
the cap-and-trade programs considered in this study will not have large administrative costs.... 

Source 
U.S. Environmental Protection Agency, Office of Air and Radiation, 1999 (March). Analysis of 
Emissions Reduction Options for the Electric Power Industry, p. 2—13. 

FEMP Procurement 

The Federal Energy Management Program’s (FEMP) Federal Procurement Challenge Program 
primarily disseminates information about energy-efficient products that meet a directive in a 
presidential executive order for federal agencies to buy products in the top 25% of energy efficiency. 
Energy managers and procurement officers at the different federal agencies then may incorporate 
specifications for these energy-efficient, cost-effective products into their purchasing efforts. FEMP 
Energy Management Awards recognize agency efforts to incorporate FEMP-recommended energy-
efficient products into their specifications. We were unable to estimate the administrative cost ratio 
of FEMP procurement because, while there is information about administrative costs, there are no 
data about actual or estimated energy savings. 

Source 
Coleman, Phil, Lawrence Berkeley National Laboratory, personal communication. 

Fiscal Policies 

There is a series of federal-level efforts to use fiscal policies, like tax credits, to achieve energy- and 
carbon-conservation goals. Among these efforts is the Clinton administration s Climate Change Tax 
Credit program. In programs like these, the Internal Revenue Service is responsible for developing 
the regulations and associated forms and instructions. After tax returns are filed, the IRS must 
process the additional information. In addition, the IRS has both auditing and collection functions. 
We could not estimate the administrative cost ratio for these kinds of programs because 
administrative cost figures are not maintained by the Department of Treasury. Tax credit and other 
fiscal policies are administered as some among the multiple activities overseen by various 
Department and Internal Revenue Service offices; program-specific allocations are not made. 

Sources 
Auten, Gerald, U.S. Department of Treasury, personal communication 

Gerardi, Geraldine, U.S. Department of Treasury, personal communication. 

ENDNOTES 

1 Authors: Amy K. Wolfe (ORNL) and Marilyn A. Brown (ORNL) 

Appendix E-1 Ancillary StudiesE-1.28 



 

 

 

 

                                                            

  

  

 On The Potential Impacts of Land Use Change Policies 
on Vehicle Miles of Travel. 

1. Purpose and Context. 

The steady post World War II growth in US highway travel has its roots in the demands of a growing and 
increasingly mobile population, and in the physical layout of geographically expanding cities. In 
developing vehicle miles of travel (vmt) forecasts to year 2020, DOE s Clean Energy Futures Study 
(Chapter 6) focuses its attention on the first of these two sets of causes.1  That is, the focus is on how 
people and businesses respond to price, income and socio-demographic changes within existing urban and 
regional infrastructures, and how technological advances and policy instruments might reduce fuel 
consumption within build environments much like those in existence today. The purpose of this present 
study is to broaden this perspective to consider how policies that change the physical layout of cities 
might be used to reduce the demand for vehicular travel. Specifically, this paper is devoted to an 
assessment of trends and policy instruments that can alter the arrangement and density of traffic 
generating and attracting land use in ways that reduce the demands for private automobile travel. This 
includes policy instruments that influence the building of transportation infrastructures, notably highways, 
since these in turn exert considerable influence on the location and utilization of residential, commercial, 
industrial and recreational forms of traffic supporting land use. 

2. Outline of The Paper. 

This paper is organized as follows. Section 3 provides a conceptual framework for considering the 
complex set of forces that combine to shape traffic growth. Section 4 examines the growth in aggregate 
highway vmt in the United States over the past two decades, and how this trend is projected to continue 
according to a number of recent vehicle miles of travel forecasts.2 With this as background, Section 5 
examines the potential for reducing vmt through policies that influence the spatial arrangement and use of 
traffic generating and attracting land uses and the built structures they support. The focus is on policy 
instruments that might have significant aggregate impacts if they were to be adopted in cities and regions 
across the United States. This includes various aspects of smart growth  management, including the use 
of growth management boundaries, land use zoning, and land developer incentives and impact fees. 
Section 6 looks at the potential for influencing vmt more directly, through investments in the nation s 
transportation infrastructure. Section 7 summarizes the study s findings and puts them in the context of 
the Moderate and Advanced Clean Energy Future Scenarios discussed in Chapter 6 of the main report. 

3. Understanding VMT Growth - A Conceptual Framework. 

Past efforts to explain the growth in US highway travel attribute most of it to changes in three factors: 

•	 socio-economic and demographic growth and change within the US population: notably significant 
growth in the number of drivers and workers, as well as growth in disposable incomes, number of 
households, and vehicle-ownership. 

•	 changes in the costs of travel: including declining real fuel prices, the use of more efficiently fueled 
vehicles, and reduced door-to-door travel times - the last of these made possible by the shift to an 

1 Specifically, the National Energy Modeling System s (NEMS) vmt forecasts described in Chapter 6 of the 
main report are based on population increases and changes in vmt per capita. These latter are assumed to result from 
anticipated changes in real income and in the per mile price of gasoline, a continued increase in the rates of female 
driving, and maintenance of high mobility levels among the coming generation of older drivers (EIA, 1997). 
2 As described in Chapter 6 of the main report. 
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automobile dominated traveling population supported by extensive highway construction and 
associated traffic management programs; 

•	 changes in land use and the associated built environment: notably changes in the types, mix, density 
and spatial arrangements of land that alter trip distances as well as vehicular trip frequencies. 
Particular attention is given to the phenomenon of urban sprawl  as the dominant form of urban 
growth over the past half century. 

Figure 1 shows how each of these factors enter into a travel demand- transportation supply dynamic. The 
traffic patterns which manifest themselves result from the interaction of variables across all three factors, 
making it difficult to forecast with accuracy the effects of any single variable. The rest of this section is 
used to explore these relationships. 

Effects of Population Growth and Socio-Economic Change on VMT Growth. Starting in the bottom left 
corner of Figure 1, population, income, employment growth and social change act as the principal travel 
generators, translating demand for access to people, goods and services into vehicle miles of travel. Much 
of the growth in travel over the past four decades can be tied both geographically and temporally to 
population, job and income growth and to the growth in private automobile and truck traffic this has 
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Figure 1. Sources of VMT Growth and Their Interaction. 
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encouraged (see Greene, 1996; Heanue, 1998; TCRP, 1998). Over 92% of this vmt occurs in passenger 
cars, motorcycles or four-tire light trucks and vans (FHWA, 1997). The remainder is heavier duty 
commercial truck traffic whose continued growth has closely mirrored the growth in gross domestic 
product over this same period (Greene, 1996). These demographic and socio-economic changes also 
influence the land market and lead to changes in land use that in turn alter the nature of travel demand. In 
Figure 1 this land use-travel connection is termed developmental demand. 

Effects of Land Use Change on VMT Growth. A second cause of vmt growth (or decline) is change in 
the spatial arrangement, density and mix of urban land use. In general we can expect more highway travel 
to occur, other things being equal, when different types of land use (e.g. residential and commercial) are 
more widely separated and each is less densely occupied. In contrast, higher density, mixed use of land 
has been shown to reduce vehicular travel in many instances, at least within limited geographic areas (see 
Cervero, 1989; Southworth and Jones, 1996 for some examples and references respectively). This 
includes land use arrangements that encourage the use of public transit as well as walking and cycling. 

Land use also plays a major part in determining traveler behavior through its impacts on trip frequencies 
as well as trip lengths. The well-publicized flight to the suburbs from the 1950’s on allowed many 
American families to take advantage of lower per unit land and hence lower housing costs. This plus the 
same response of many business establishments in moving away from traffic congested urban centers has 
created what planners now term urban sprawl . As US cities have spread outwards the intensity of land 
development has varied a good deal. Leapfrogging  of new residential, commercial and industrial 
developments has left many pockets of undeveloped or little developed land within most large US cities. 
The overall result is to create greater distances between what are often single use, segregated and often 
geographically extensive land developments. A second trait of this rapid geographic expansion of our 
cities has been the emergence of multi-centered metropolitan areas. Perhaps the need to limit daily 
commuting, along with other natural benefits of spatial agglomeration, contributed to this phenomenon. 
As a result, much of the non-CBD employment in our largest metropolitan areas is now concentrated 
within higher density land areas that range from small suburban activity centers to large, semi-
autonomous edge cities  (Garreau, 1991; see also Gordon, et al, 1991). 

How aggregate vmt evolves over the next two decades will depend in part on whether US cities continue 
to expand geographically as they have done for the past three decades, or if such expansion is now 
reaching limits that will, for a number of reasons, encourage more infilling of development within 
existing urban boundaries. These competing forces are the subject of Section 5 below. 

Effects of Travel Cost Changes and Transportation Capacity Increases on VMT Growth. Travel cost 
changes, shown in the upper right of Figure 1, also alter demands for travel where demand is elastic with 
respect to price. The per mile financial costs of travel have been either falling or have remained stable for 
most US travelers over the past thirty years, while expenditures on transportation as a portion of the 
typical household budget have remained remarkably constant3. As a result, it is possible to get more miles 
of travel out of these expenditures today than it was in previous decades. 

Thanks to extensive highway building programs it is also possible to travel farther in the same time. A 
major factor in the evolution of US cities has been the supply of transportation supporting land use, 
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notably the development of an extensive system of high capacity urban and inter-urban highways. This 
moves us to the center of Figure 1 and the link between travel demand and transportation supply. Here 
causal relationships tend to be complex. Once demands change significantly governments and businesses, 
as well as individual households, respond to these changing needs by purchasing new vehicles, 
introducing new travel services and building new travel supporting infrastructures. This new 
transportation capacity, notably the extensive network of high volume highways now in place across the 
United States, has had its own effects on travel, an effect often termed induced demand . 

The travel time savings that result from using these new facilities are often the cause of further changes in 
the spatial and temporal pattern of not only traffic but also land use. Where such highways induce shifts 
from higher occupancy modes such as bus or rail transit, higher vmt results. Where they cause drivers to 
take longer but faster trips in order to use the new facility overall vmt may also increase, when looked at 
regionally (i.e. across all roads and travelers affected). Where they cause trips to be made that were 
previously considered too onerous or expensive to take, such highways may initiate entirely new 
tripmaking, some of which may have been a latent demand for travel that was previously suppressed due 
to high levels of traffic congestion. In all of the above cases an increase in vmt has resulted from a 
reduction in travel times for at least some portion of the traveling public. 

New transportation capacity may also create new vmt indirectly through changes in the types, spatial 
arrangements and intensities of non-transportation land use it encourages. Highways, transit lines, air, 
bus, rail and truck terminals, and parking structures collectively occupy a significant percentage of land in 
every American city. They in turn have served to attract (or in some cases deter) further land development 
as both residents and businesses seek to gain maximum access to other places for the purposes of doing 
business, commuting, shopping, visiting people or engaging in recreational activities. Both the direct and 
indirect effects on vmt from transportation infrastructure supply are the topic of Section 6 below. 

Also shown in Figure 1, and acting directly on the travel demand-transportation supply dynamic, are 
various Travel Demand Management (TDM), Transportation System Management (TSM) and (as yet still 
limited in scope) Intelligent Transportation Systems (ITS) projects. For the most part these are locally 
applied traffic advisory, restraint or control instruments that act within a particular transportation 
infrastructure with the aim of controlling the levels of traffic congestion and associated air pollution 
within US cities. The widespread adoption of real time traveler information and guidance systems, as part 
of both US DOT and private sector initiatives to bring ITS technologies into wide-spread use, may offer 
significant congestion reduction potential once the more advanced technologies reach the market place .4 

Both the 1991 ISTEA  and the 1998 TEA-21" federal legislation has given a strong impetus to these 
traffic management efforts.5 The aggregate impacts of these initiatives on vmt, however, remain to be 
seen. In some cases travelers  ability to avoid traffic congestion may increase vmt through the use of more 
circuitous but faster travel routes. 

4. Recent Forecasts of Highway VMT Growth. 

The past half century of rapid growth in vehicle travel has been accommodated by extensive highway 
construction programs. The result is that today few locations are considered remote and the levels of 
inter-place accessibility within all of our major metropolitan areas must be considered high-- as long as a 
person has a private vehicle at his or her disposal (BTS, 1997). With the high levels of accessibility to 
places that existed in the 1980’s and 1990’s highway vmt continued to grow rapidly, at an annualized rate 
of more than 3.2 % per year between 1981 and 1995 (FHWA, 1997).This rate of growth noticeably 

4 These technologies are also considered a part of the Advanced Transportation Scenarios in Chapter 6 of 
the main report. 
5 ISTEA refers to the Intermodal Surface Transportation Efficiency At of December 1991. 
TEA-21 refers to the Transportation Equity Act For the Twenty-First Century of July, 1998. 
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exceeded the annualized percentage increases in population (around 1.0%), jobs, or disposable income 
over the same period. 

Figure 2 shows the historical trend in aggregate annual vehicle miles of travel growth on US highways 
from 1981-1997. Also shown are a number of recent vmt forecasts of how this annual growth is expected 
to continue through the years 2010 through 2020. This includes the US DOE s CEF-NEMS baseline 
forecast described in the Chapter 6 of this report. It also includes two alternative vmt forecasts by the 
Federal Highway Administration (US DOT, 1997), and a vmt forecast derived for the US Environmental 
Protection Agency (see Pechan and Associates, 1997). 

The MCU and MEI  projections shown in Figure 2 are taken from the US DOT s latest biennial 
surface transportation needs report to the US Congress. The federal government s re-allocation of 
Highway Trust Fund revenues to States and Metropolitan Planning Organizations (MPOs) makes use of 
the highway infrastructure needs estimates presented in this report. These needs are in turn based on the 
MCU projection shown in Figure 2. The US EPA forecast shown in Figure 2 was added for further 
comparison. It too starts in 1995 and projects forward from the US DOT s historical vmt data series. It 
uses Bureau of Economic Analysis projections of Metropolitan Statistical Area population growth to 
disaggregate and adapt vehicle class-specific estimates of nationwide vmt derived by EPA s Mobile 4.1 
Fuel Consumption Model (Pechan and Associates, 1997, Chapter II). 

Table 1: Alternative VMT Forecasts. 

FHWA  Forecasts: 
Total VMT (Thousand Million) 1995 Base 1999 2010  2015 2020 

NEMS Baseline Forecast

US DOT MCU Forecast 

US EPA Mobile Source Forecast 

2,423 

---

2,423 

2,653 

2,603 

2,636 

3,285

3,219
(23.7)* 

3,572
(23.8)
3,273
(24.2) 

   3,452 3,677 
(32.6) (41.3) 
-­
(34.7) 

-­ -­

* Numbers in brackets are the percentage VMT increases based on each model s 1999 baseline 
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Figure 2. Annual VMT Estimates 1981-1997 and Four VMT Forecasts. 
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Up to the 2010 time frame these forecasts are very similar. As displayed in the bottom graph in Figure 2, 
the CEF-NEMS forecast has an average annualized vmt increase of 1.95%. This compares with similar 
statistics of 1.96% for the US DOT s preferred MCU forecast, and 1.99% for the example EPA-OAPQS 
forecast shown, taking 1999 as the base year in each case. After 2010, however, the US DOT and CEF­
NEMS forecasts diverge significantly (the EPA forecast stops at 2010). Again taking 1999 as the base 
year, the CEF-NEMS baseline forecast implies an annualized vmt growth rate of 1.78%, versus a rate of 
1.88% implied by the DOT s MCU projection. Further slowing down in the annual rate of vmt growth is 
then projected from the CEF-NEMS baseline forecast, producing a 1999 - 2020 annualized vmt growth 
rate of 1.66%. Extrapolation of either the DOT or EPA forecasts to 2020 would yield significantly higher 
vmt estimates. By comparison, differences between the NEMS Baseline, Moderate and Advanced vmt 
scenarios are quite small. Table 1 shows the absolute vmt differences implied by the forecasts shown in 
Figure 2, differences that suggest caution in accepting any single model s forecasts of  vmt reductions, 
included those produced by the existing NEMS scenarios. 

Both the US DOT and CEF-NEMS forecasts contain the notion of a diminishing annual rate of increase in 
traffic as we move into the second decade of the twenty-first century, if at different rates of change. This 
is based on the assumption that a good deal of the vmt growth over the past thirty years has been fuelled 
by a few clearly identifiable social and demographic trends that are likely to have less effect a decade or 
so from now. Specifically, we can expect a slowing down in a) the increased rate with which women are 
catching up in their driving habits with men (almost completed by 2010 according to the CEF-NEMS 
forecast); b) a leveling off in the trend towards smaller households, with its implications for lower vehicle 
occupancy rates and reduced joint travel opportunities; c) a near saturation point in vehicle ownership, 
with an average of more than one vehicle per licensed driver already reached, and d) the gradual aging of 
the baby-boomer generation and with it a slowing down in the amount of trip-making due to a noticeably 
older population profile than any before in the nation s history. 

A potential fifth source of vmt increase or decrease is the widespread adoption of tele-commuting, tele­
shopping and other ways of substituting information systems for personal travel. (see Chapter 6 of the 
main report). Currently, there is no strong evidence to support significant vmt reductions, while a counter­
argument may also be made that more information has the potential to generate more travel. Rising real 
incomes as well as a growing familiarity and satisfaction with high levels of personal and household 
mobility are other potentially counterbalancing forces, as is the continued low cost of operating an 
automobile. Nor is it certain that the next generation of older (but healthier) Americans will cut down on 
driving to the degree that the current older generation of drivers has done. 

All of the above trends and counter-trends are operating within a gradually evolving built environment in 
which land use arrangements and built structures tend to remain in place for many years at a time. How 
such trends, as well as current attitudes toward travel, might change under different forms of land use or 
under different future highway building programs is much less clear. Section 5 and 6 below explore the 
possibilities. 

5. Impacts of Land Use and Urban Structural Change on VMT. 

VMT and Metropolitan Growth - The Debate Over Urban Sprawl. Clear empirical evidence exists for 
the rapid geographic expansion of the majority of the more populous US cities over the course of the past 
half century. In the recent review The Costs of Sprawl - Revisited (Burchwell, et al, 1998) the authors 
identify increased vmt as one of the major negatives associated with this type of sprawling urban 
development. Specifically, they conclude that a strong link exists between increased vmt and the 
following five elements (out of a list of ten) which they associate with the notion of sprawl: 

•  low density development 
•  spatially segregated land uses 
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•  leapfrog development 
•  transport dominance of the motor vehicle 
•  widespread commercial strip development 

Much of the low density development their literature review refers to is residential in nature, reflecting 
the American family s post-World War II flight to the suburbs, while spatially segregated land uses have 
resulted from the imposition of locally developed land use zoning practices. Leapfrog development refers 
to the practice of developing residential, commercial or industrial properties on sites that are initially at 
some distance from the rest of the urbanized area. With connections between these increasingly 
widespread parcels of developed land necessitating the construction of intervening highway miles the 
automobile has become the only economical form of travel between many places within a metropolitan 
area. Finally, the emergence of the American commercial strip development is a natural business response 
to providing rapid access to auto-driving customers moving along lengthy radial highways. 

An important observation from this same study is that sprawling development has been very much the 
norm in the USA over the second half of this century: with about one fifth of the nation s more than three 
thousand counties experiencing significant levels of low density and leapfrog forms of development. That 
is, sprawling cities are not unusual. They have been actively embraced by the American public. 

Much less clear is what if anything to do about such growth. Will the phenomenon termed urban sprawl 
begin to slow down over coming decades as more efficient (and not just transportation-efficient) forms of 
urban development become necessary? A valid question is how long will this sort of urban development 
be able to continue. The substantial and growing costs of supplying current development practices with 
additional transportation capacity is now a problem for fiscally strapped local and regional governments. 
A solution that has been debated extensively, in both the public forum and the planning literature, is the 
adoption of smart growth  policies.  For the most part these policies advocate more transportation 
efficient urban land utilization practices. From the perspective of vmt reduction the basic logic for this is 
straight-forward. The more spatially compact and more varied the uses to which land is put within a given 
area, the shorter the travel distances involved and also the greater the opportunities to substitute walking, 
cycling or bus and rail transit for low occupancy automobile travel. 

Obtaining both sustainable and socially viable vmt reductions is far from straight forward, however. An 
extensive review by Southworth and Jones (1996) found the potential for a wide range of land use policy 
impacts on vmt but little solid, quantitative evidence as to their eventual and aggregate outcomes. A major 
difficulty for generating forecasts is the comparatively poor state of empirical data on the topic. These 
authors did conclude that past empirical, theoretical and simulation studies suggest a considerable 
influence of urban spatial structure on travel, with as much as half of the variability in aggregate vmt 
ascribed to structural variables such as land use intensity, spatial pattern and mix when tripmaking is 
looked at across different urban systems. However, a much more conservative set of findings was 
common among the limited number of studies that lend themselves to forecasting the impacts on vmt of 
specific land use-based policies. These studies suggest that even significant policy induced changes in 
urban spatial structure will bring about vmt reductions of only a few percentage points. The principal 
reason for this appears to be the following. While there is considerable inertia in existing urban 
infrastructures, there is considerable flexibility, thanks to the automobile, in the ways people can move 
between structures. The costs of changing current built environments is high. The apparent or perceived 
costs of adapting travel requirements to them much less so. These latter costs are also more easily 
distributed across a large number of actual and potential travelers. 

An important caveat to this latter conclusion, however, is that past US studies have based their analyses 
on historical data. They are therefore reflecting aggregate travel trends from an era of localized, highly 
fragmented control, or lack of it, of urban land use - controls that vary a good deal across as well as 
within different metropolitan regions. Those analysts more optimistic about the potential to change the 
way we travel sometimes point to comparisons between US cities and their foreign counterparts, with the 
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latter evolving under very different forms of land use control (for example, Newman and Kenworthy, 
1989). These comparisons tend to show much greater variability in the relationships between land use 
intensity and travel. However, these differences have typically come about as the result of decades of 
development under different planning rules and regulations. While one type of city may appear more 
travel efficient than another, transforming an already highly evolved city into a more travel efficient one 
is a challenge whose costs (for transportation, housing, and other public services) have yet to be evaluated 
in any comprehensive manner. 

There are reasons, however, to expect the increasingly public debate over urban sprawl to continue, and to 
bear some fruit. First, there is a growing belief, and some supportive empirical evidence that low-density 
land intensive developments are more expensive to maintain: not only with the necessary local, collector 
and arterial streets but also with sewer, power, and other traditional municipal services. Second, there are 
a number of additional sources of anti-sprawl activism. Most notable are a variety of quality of life 
concerns, and principally concerns over the following: 
• rapid consumption of prime farmlands, 
• the loss of wetlands and other natural environments, 
• the growing levels of automobile and truck traffic congestion and associated air pollution, 
• the effects of high volume highways on neighborhood cohesion, aesthetics and safety, and 
• the search for resource sustainable communities .6 

As Meck (1999) points out, Americans  views of land use have evolved over the course of the present 
century from one of land as a commodity simply to be bought and sold, to one of land as also a resource 
that requires management. This includes the management of both urban and rural land and how the 
former impacts the latter. 

Influence of Local Land Use Controls. The major tool for controlling or directing land development in 
the United States is zoning, nearly all of which occurs at the local level. Most of the zoning regulations 
passed today are for the purpose of either encouraging certain forms of land development that bring with 
them increased economic activity ( fiscal zoning ), or for discouraging land uses that may lower this 
level of activity in the future, or that reduce the desirability of communities as places to live 
( exclusionary zoning ). 

A second instrument some local governments use to control land use is the development impact fee. Such 
fees shift some of the burden of financing new infrastructure from the community at large to individual 
landowners or land developers who, in return for paying the fee, are assured of adequate provision of 
facilities and services (sever, water, etc.) by the local government. How and how much such fees can be 
used to contribute towards more compact, mixed-use land development depends on specific 
circumstances. For example, a local authority might offer credits against such development fees in return 
for an agreement to develop mixed use residential and commercial properties on a site. Similarly, the need 
to help finance major sewer or water trunk-lines to connect new development areas to the rest of the city 
may encourage would-be developers to adopt sites already within easy (i.e. less costly) reach of existing 
trunk lines. 

More flexibility in zoning and financial incentive practices are required in order to encourage more 
compact, higher density and mixed land use arrangements. These include the ability of local governments 
to offer financial or permit-based incentives for land developers to increase floorspace-to-footprint ratios, 

6 6 A recent survey of the Internet by the author revealed a number of sites devoted to such issues, with data on a 
growing number of local, regional and statewide urban growth initiatives. See, for example, the sites listed under 
http://darkwing.uoregon.edu/~rgp/GrowthMgmt/Links.htm; http://www.sustainable.doe.gov/transprt/ trintro.htm; 
http://www.ficus.usf.edu/; and http://www.plannersweb.com/sprawl/ sprawl7.html; and 

http://www.plannersweb.com/ sprawl/sprawl6.html#tn. 
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or to negotiate zoning re-classifications across different land parcels if the net effect will reduce overall 
vmt (see Cervero, 1989, for examples). 

The net effects on travel from specific zoning regulations, development impact fees can be difficult to 
anticipate. There is a growing body of evidence to support the conclusion that land use controls which 
encourage higher density, mixed-use of land development can lower within-community vmt. Similarly, 
the mixing of retail activities into commercial centers can also encourage less vehicle travel under the 
right circumstances. Such land use controls may also benefit when coordinated with local street designs 
that support more transit, pedestrian and bicycle friendly neighborhoods. An US EPA supported study by 
Apogee/Hagler Bailly (1998) provides the most recent review of this literature, which contains a number 
of studies completed over the past decade. These include studies under the headings of Transit-Oriented 
Development, Neotraditional Development and Traditional Neighborhood Development. 

The potential for vmt reductions from synergistic combinations of urban design, land use zoning, 
financial incentives plus transportation demand management practices does appear to exist. While the 
ability to quantify such effects, including their sustainability and implementation costs, is not yet to the 
point where a high degree of confidence can be placed on reasonably generic policy packages7.further 
efforts in this direction are certainly warranted. The fully realized travel reduction benefits of some of 
these new land use arrangements are likely to require a number of years, and application within a 
significant number of communities, to manifest themselves. Their success will depend to a large extent on 
the way they influence households  attitudes towards travel. 

Since a good deal of today s travel occurs across as well as within local government boundaries, lack of 
coordination between local land use plans within the same metropolitan area can also produce unexpected 
results. For example, a new office development, even if it offers a high density replacement for 
commercial activity within an existing urban center, may induce additional vmt depending on the distance 
to the surrounding jurisdictions from which it subsequently draws its employees (which in turn often 
depends on recent commercial and residential developments in those locations also). Nor does an 
improved jobs-to-housing balance within a particular jurisdiction necessarily reduce regionwide 
commuting vmt. Recent empirical studies (Giuliano and Small 1993; Peng, 1997) indicate that even the 
elimination of barriers such as exclusionary and fiscally-motivated residential zoning practices and not-in­
my-backyard attitudes to affordable housing developments seem unlikely to induce significant aggregate 
vmt savings. Other, non-regulated barriers to sustainable job-housing balancing policies may also be 
significant. These include the high residential as well as employment site mobility of labor in today s 
cities, the significant number of two-or-more worker households complicating the residential siting 
decision, and the fact that commuting is only one quarter of all weekly household travel. As a result, 
commuting time is only one among a number of similarly important factors affecting a family s choice of 
an amenity-accessible residence or workplace. 

Looked at from a regional (i.e. metropolitan areawide) perspective, the concentration of employment 
within a finite number of higher density suburban activity centers appears more likely to offer a 
sustainable vmt reduction policy than does an effort to create a more residentially balanced workforce (for 
some preliminary evidence supporting this idea, see Miller and Ibrahim, 1998). However, just how many, 
how large and how far apart these urban activity sub-centers ought to be in order to minimize vmt (and 
also limit congestion, provide multi-purpose access, control housing and public service costs) remains a 
research issue (see Southworth and Jones 1996, Chapter 4 for some early studies). 

From a purely technical perspective, correlations between land use indices and between these indices and 
the socio-economic attributes of travelers (such as income and vehicle ownership) complicate quantitative analyses 
of the effects of policies on mode choice, trip lengths and frequencies (Southworth and Jones, 1996; Apogee/Hagler 
Bailly, 1998). 
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In summary, zoning and development impact fee-based policies that might have a substantial influence on 
lowering regionwide vmt would seem to require inter-jurisdictional study and inter-governmental 
cooperation. To obtain such cooperation seems to require a more pro-active role by state and regional 
governments. 

Developments in Statewide Land Use Planning. As a recent Government Accounting Office study 
points out, while States have inherent powers to regulate land use, these powers have traditionally been 
delegated to local jurisdictions (GAO, 1999). However, fueled by growing concerns over both the 
environmental and economic impacts of local land use practices, the past decade has seen s number of 
State Departments begin to pay greater attention to land use issues. 

A recent review by Beimborn et al (1999) describes how a number of states have now begun to 
incorporate land use into their statewide transportation planning activities. This involvement is shown to 
cover a series of increasingly more active and influential forms of participation, from the development of 
environmental impact statements associated with specific land development projects and National 
Environmental Protection Act (NEPA) compliance, to the active involvement of State Departments in 
land use control. Among the most influential forms of involvement, and those capable of having 
significant impacts on vmt, are various approaches to urban growth management.8 These include 
concepts of sustainable or smart  growth. Approaches to implementation range from financial incentives 
for local communities to grow in more compact ways, to the mandatory development of local urban 
growth plans. 

In all cases, these efforts by States to impact land development are based on finding indirect ways to 
compensate for their lack of direct controls over local land use policies.9 Leading examples of such 
efforts include the Maryland Smart Growth initiative, which uses the prioritization of project specific 
funding as a lever to encourage more compact urban development at or near locations with existing 
infrastructure. The state also directs some tax revenue towards the purchase of properties, property rights 
or selected easements in rural areas threatened by urban sprawl, as well as operating a grant program that 
subsidizes home buyers who agree to live near their work locations. 

In the states of Florida, Oregon, New Jersey and Tennessee various urban growth management programs 
are also in place, each intended to support transportation efficient land use strategies. 
Florida s growth management program is based around the notion of establishing concurrency  as a 
necessary component of local transportation and land use planning. Under this approach any new land 
development must wait until the public services needed to support it can be supplied concurrently with the 
impacts of the development. This in theory limits new developments from being built if a local 
government cannot do so and still maintain its current levels of service to existing developments10. 
Florida law also requires careful review of the impacts of developments that may have a substantial effect 
on the health, safety or welfare of citizens in more than one county. 

8 At the 1999 Conference on Growth Policy held in Nashville, Tennessee ( Bringing The Pieces Together 
Conference, June 22) as many as 30 State governments were said to be looking at alternative urban growth policies. 
For many examples of recent local and regional efforts within various States see US EPA s Smart Growth Network 
website at http:/www.smartgrowth.org 
9  Only the state of Hawaii has a role in direct control of local land use (GAO, 1999). 
10 Facilities and services include roads, sanitary sewers, solid waste, drainage, potable water,
 parks, recreation, and mass transit, with school concurrency an option. If the infrastructure is not available, a local 
government cannot approve new development.. Each community determines the need for public services and 
facilities to serve existing population and future growth, at an established and adequate level of service for at least 
10 years (see FICUS website at http://www.ficus.usf.edu/query/default.htm). 
. 
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Oregon s Transportation and Growth Management program, initiated in 1993, provides grants to cities, 
counties and MPO s to develop and update local transportation plans which implement urban growth 
management strategies. The program also provides consultation teams to help local communities develop 
transit, bicycle and pedestrian supportive land use arrangements. Efforts to increase transit ridership 
within the state include a focus on transit supportive land use arrangements (see Cervero, 1993, for a 
summary of other US experience). 

The most recent statewide growth management initiative is the Tennessee Growth Boundary Policy Act 
of July 1998.11 This legislation requires every county in the state to develop and adopt a comprehensive 
land use plan by July 2001. Where possible, such plans should re-use already developed land, revitalize 
urban centers, and encourage more mixed-use developments. Each Urban Growth Boundary should 
demarcate a reasonably compact region capable of accommodating 20 years worth of residential, 
commercial and industrial growth, while considering the effects of such boundaries on surrounding 
agricultural land and other jurisdictions. Ideally, such legislation will encourage the joint consideration of 
growth by adjacent communities, in place of previous unilateral and uncoordinated annexations of land 
from one jurisdiction to another. 

Impacts of Federal Policies on Land Use. While the federal government has no direct role in local or 
regional land use decisions, except under special circumstances, it too can affect the pattern of urban 
development through indirect means. A recent GAO report on the federal government s influence on 
urban sprawl (GAO, 1999) found no empirical evidence to support significant positive or negative effects 
as a result of its various spending, taxation and regulation programs.12 However, it also concluded that 
current empirical evidence on the subject was quite limited. 

One area where federal taxation policy might in theory influence urban form is housing related taxation. 
While claims have been made that past policies encouraging single family ownership have contributed to 
suburban sprawl, Southworth and Jones (1996) concluded that the effects of home mortgage deductions 
on current urban mobility patterns are unknown, as are the effects of federally supported personal and 
corporate income taxes. GAO (1999) came to similar conclusions pertaining to the deductibility of 
mortgage interest payments and property taxes, as well as the exemption from taxation on capital gains 
for owner-occupied homes, under the Taxpayer Relief Act of 1997 (HR 2014/PL 105-34). While even 
uniformly applied housing taxes are known to have differential spatial impacts no-one has yet found a 
way to use such tax instruments to encourage travel efficient urban development. An alternative approach 
currently being experimented with in Chicago is the provision of Location Efficient Mortgages . These 
mortgages are used to make housing more affordable in areas that favor transit or other forms of energy 
efficient and environmentally cleaner travel, based on the premise that the resident of such housing can 
save significant money annually through reduced vehicle ownership costs (and hence become a lower 
investment risk). 13 

Two possible areas where at least marginal changes in vmt might come about through federal land 
impacting programs are the US Department of Agriculture s (USDA) Farmland Protection Program, and 
the federal support for Brownfield developments. This USDA program offers tax exclusions that make it 
no longer necessary for family-owned farms to sell off productive land to pay estate taxes. Similarly, the 

11 Details of this bill can be found at http:// www.legislature.state.tn.us/bills/100gahtm/ 
100_BILL/SB3278.HTM 
12 other than the impact of the considerable federal monies used to maintain and extend the nation s 
transportation infrastructure discussed in Section 6 below. 
13  The LEM results from research funded by the U.S. DOE, US EPA and the Federal Transit Administration 
as well as several private foundations. The market test of the LEM is sponsored by Fannie
 Mae, the nation s largest supplier of homeownership capital. For more information see the following web site: 
http://www.locationefficiency.com/lem-text.html 
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exclusion from taxation of land subject to conservation easements (i.e. land whose owners have agreed to 
place restrictions on its use) may help to preserve at least small amounts of prime or unique farmland 
from future urban development (GAO, 1999). 

Brownfields are defined by the US EPA as abandoned, idled, or under-used industrial and commercial 
facilities where expansion or redevelopment is complicated by real or 
perceived environmental contamination. They offer an opportunity to alter future urban development by 
re-vitalizing older industrial and commercial sites in central cities, leading to more compact and perhaps 
mixed use urban development. Under the Brownfields Tax Incentive offered as part of the federal 
government s Taxpayer Relief Act of 1997 environmental cleanup costs for properties in targeted 
brownfield areas are fully deductible in the year in which they are incurred -- rather than having to be 
capitalized over a period of years. The idea is to encourage land purchases geared to rapid clean-up and 
re-development. This $1.5 billion incentive program is expected to leverage $6.0 billion in private 
investment and return an estimated 14,000 brownfield sites to productive use.14 However, to have 
noticeable and sustained impacts on vmt, it seems likely that such developments will also need to be 
supported by capital investments in better schools, retail services, and other neighborhood facilities. 
Otherwise, suburban families are unlikely to re-locate back to these older and more central locations 
(Dunphy and Fisher, 1996). One possibility here is to bolster such efforts by locating federal government 
facilities in these older neighborhoods in an effort to create the critical mass of employment needed to 
rejuvenate more compact and mixed use urban activity centers. 

Currently, the costs of planned inner city renewal versus the costs of allowing the urban land market to 
initiate its own brand of urban infrastructure replacement and in-filling remains unquantified. The same 
comment applies to planned urban area/urban boundary expansions. One difficulty is the length of time 
required to make such comparisons. It can be many years before the infilling of previously undeveloped 
land occurs. In some cases higher development densities and lower regionwide vmt might result. Our 
current lack of quantitative information makes it difficult to either prescribe policies or to forecast 
aggregate travel effects on the basis of alternative and politically viable land use control policies. 

6. Added Transportation Capacity Effects on VMT. 

A key component of urban structural change is the location and capacity of transportation infrastructure 
itself. Highways, transit lines, parking structures and transfer terminals make up the majority of this 
infrastructure, and they collectively account for a significant percentage of the land occupied by our 
cities. Of particular interest because of their direct impacts on private vehicle use are investments in 
highways and parking lots. The principal policy instruments here are funding for, and permitting of, site 
specific construction. The principal issue is usually whether to build or not. 

Effects of Added Highway Capacity On VMT.  With the generally high levels of place accessibility now 
established in US cities the benefits of adding new highway capacity are increasingly being challenged. 
At issue is whether new road building, notably when applied to major highways, alleviates traffic 
congestion and air pollution, or whether it induces even more travel and with it more fuel consumption 
and mobile source emissions over the long run. This has led to a number of recent studies seeking to shed 
light on the empirical relationship between road building and traffic growth. Vmt in these studies is 
estimated as a function of the number of highway lane miles added to the system and the elasticity of 
highway travel demand is estimated with respect to travel costs, most notably travel times. 

Of these studies only two were found that offer empirical evidence for such travel cost elasticities at the 
fully national scale and also provide statistical relationships between vmt and additional highway 
capacity. The first study to derive such a statistical relationship was carried out at Oak Ridge National 
Laboratory in the early 1990’s, using cross-sectional and time series data from the 1980’s (Miaou et al, 

See the US EPA brownfields website at http://www.epa.gov/brownfields/ 
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1990; Rathi et al, 1991). As part of a study for the Federal Highway Administration to estimate suburban 
highway needs to the year 2005, a vmt forecasting model was developed from which statistically 
significant relationships were obtained between daily vmt per capita and the supply of primary highway 
lane miles within US urbanized areas. 

Specifically, cross-sectional and annual time-series data on both vmt and lane-mileage additions was 
drawn from sampled highway sections reported in the FHWA s Highway Performance Monitoring 
System (FHWA, 1999) between 1982 and 1988. The study divided cities into large, medium and small 
sized urbanized areas and combined this HPMS data with socio-economic data on 339 of the largest US 
cities. This data was used to fit a series of regression models relating daily vmt per capita to a number of 
explanatory variables15 including a measure of primary highway supply deficiency for medium and large 
urbanized areas (areas with over 0.1 and 0.5 million populations, respectively).16 The results indicated a 
significant latent demand  for travel below a supply level of 2.15 lane-miles of primary highway per 
1000 population on the order of 13% (in this case added to an estimated annual growth rate of 2.36 % for 
the period 1985 to 2005). 

The implication of this result is that high levels of congestion in our largest urbanized areas, notably those 
with over half a million population, are already suppressing additional vmt. Greene et al (1994, pages 90­
91) subsequently showed how these findings are equated with a travel demand elasticity with respect to 
travel time of approximately -0.5 in conditions where significant traffic congestion exists. 

A more recent study by Noland (1999) provides a second set of statistically significant results relating 
vmt growth to the provision of lane-miles of high functional class highways. Using data from the 
FHWA s Highway Statistics series for each of the 50 States between 1984 and 1990 Noland fitted a 
number of cross-sectional time series regression models to estimate the aggregate annual non-local17 vmt 
per State as a function of the State s highway lane-miles18. Separate models for interstates, arterials and 
collectors and for urban versus rural roads were generated using a range of econometric modeling 
techniques. The results again support the finding that more travel is correlated with more highway 
capacity, with elasticities varying a good deal across model formulations but falling for the most part in 
the range 0.2 to 0.5 for short run and 0.7 to 1.0 for long run effects. Both urban and rural roads were 
found to have similar long run elasticities, suggesting that capacity increases are triggering fundamental 
land use changes that increase vmt in both types of area.19 

Applying these results to his vmt forecasting model Noland found that 28 % of total primary highway vmt 
growth could be attributed to growth in highway system capacity, almost all of this induced vmt finding 
its way onto the system within five years. That is, major highways not only facilitate travel, they often 
encourage it. Noland equates this extra travel to roughly 43 million metric tons of annual carbon 

15 Specifically, the natural log of daily vmt per capita was estimated as a function of the natural logs of real 
income per capita, employment and number of driving licenses per 1000 persons, a yearly time index, and a primary 
highway supply deficiency measured in lane-miles per 1000 persons. 
16 This supply deficiency measure was obtained by identifying a reference supply level defined as the number 
of lane-miles of primary highways (=freeways and expressways plus other principal arterials) below which vmt 
would start to show signs of restraint due to lack of access to highway facilities. 
17  traffic on local roads is left out of the analysis. 
18 plus State population, State per capita income, and average cost of gasoline in each State per million BTU. 
19 Elasticities are positive here since we are comparing added vmt to added lane-miles, the latter assumed to 
be a surrogate for reduced travel costs. Noland found that collector roads have the largest long run elasticities, 
sometimes exceeding 1.0, and that while urban roads tend to have higher short run elasticities, in the long run both 
urban and rural road elasticities tend to be similar 
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emissions in the year 2012.20  roughly equivalent to a policy of increasing light duty vehicle fleet 
efficiency (for gasoline) by about 2.5% annually between 1999 and 2012: to over 47 miles per gallon. 

While neither of these two studies strictly prove a causal relationship between vmt and added highway 
lane miles, both provide strong indications that induced demand effects are real and need to be considered 
when looking for ways to evolve more travel efficient, and congestion-mitigating forms of urban land 
development. In this same vein the US DOT s most recent needs-based vmt projections (US DOT, 1997; 
recall Figure 2) have for the first time explicitly recognized that travel demand is elastic with respect 
transportation costs and that significant levels of induced vmt may result under different infrastructure 
investment scenarios. 

US DOT (1997) generated two different vmt forecasts, termed respectively the Maintain User Costs 
(MCU) Scenario and the Maximum Economic Investment (MEI) Scenario.21 Under the MCU scenario 
investments in highway infrastructure, including new capacity as well as operation and maintenance, are 
assumed to maintain their 1995 base year levels of service. Since user costs (notably travel times) remain 
generally constant, this scenario contains no appreciable level of additional induced  travel demand. 
This in turn implies that new traffic in this scenario results from natural growth in the population, its 
income, and business needs, and any changes in activity location. Under the MEI scenario highway 
capacity is increased to the point at which the DOT s benefit-cost analysis22 estimates further investment 
to be uneconomic (i.e. the benefits-to-costs ratio is less than 1.0). The additional lane miles of highway 
supplied in this case are assumed to reduce traffic congestion, making travel less costly. This reduced cost 
in turn is assumed to induce more travel. Based on a literature review, a demand elasticity with respect to 
travel cost of -0.8 is assumed over the short term (up to 5 years): with a higher long term (5 to 20 years) 
demand elasticity of -1.0. These elasticities result in an estimated annual vmt growth rate, including 
induced demand effects, of 2.25% (versus 1.96% for the MCU Scenario) through year 2015. 

The US DOT report notes that the investments in highways implied by the MEI scenario far exceed any 
previous levels of government expenditures in this area (US DOT 1997, page 57) The MEI is therefore 
an unrealistic build scenario that places an upper bound on public highway investments. Using a lower 
short range travel cost elasticity parameter would be one way to reduce such estimates. Here there is a 
large body of empirical evidence to draw on in addition to the above referenced studies (Goodwin, 1992; 
Watters and Yong, 1992; Dargay, 1993: Cohen, 1995; Cohen and Gorina, 1998). Most results from this 
literature fall within the range of -0.2 to -1.0, and conclude that long run elasticities (roughly, periods over 
5 years) are higher than short run elasticities. This is to be expected given the wider range of options for 
adjusting one s travel activities over time (e.g. changes in vehicle ownership, residence, destinations 
visited). 

Geography as well as time frame is also important in considering such induced travel effects. Empirical 
analysis on a sample of highway sections in California by Hansen and Huang (1997) and Hansen (1998) 
also suggests that longer run (up to 10 years after) travel cost elasticities are likely to be higher when 
assessed at the county or metropolitan area level (in the range -0.6 to -0.9) than at the individual road 
segment level (range of -0.3 to -0.4). This in turn suggests that a good deal of the traffic that is induced 
by added highway capacity occurs away from the location of the infrastructure expansion itself. Using 

20 assuming no changes in levels of congestion and traffic flow dynamics that may also affect emissions. 
21 Forecasts are based initially on an analysis of Highway Performance Monitoring System data submitted to 
FHWA by each State DOT (FHWA, 1999) These projections are subsequently modified (reduced) to match the 
travel growth projections developed by each of the individual MPOs, based on MPO proposals to shape demand for 
travel in their areas to attain air quality and other development goals through such actions as transit expansion, 
congestion pricing, parking constraints, capacity limits, and other local policy options - DOT 1997, page 60. 
22 Using the Highway Economic Requirements System (HERS) software see US DOT 1997, page 58 et 
seq. 
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data on the growth in vmt in Milwaukee, Wisconsin from 1963 to 1991, and applying the travel cost 
elasticity from this recent literature, Heanue (1998) found the effect of reduced travel times caused by 
regionwide highway network improvements to be responsible for 6% to 22% of traffic growth, the upper 
end of this range approaching that implied by Noland s (1999) study described above. 

Expectations From Future Highway Building Programs. Short of what would be very unpopular 
political decisions to limit highway building programs, it seems likely that the fundamental relationships 
between highway supply and passenger travel demands reflected in the above studies will continue 
throughout at least the first half of the Clean Energy Futures forecasting period (i.e. to around 2010). 
However, a question that remains to be answered is how much new highway infrastructure is going to be 
built over the next twenty years? Some empirical light is shed on this question by Greene et al (1994). 
These authors used a regionwide traffic congestion index developed by Schrank et al (1993) to estimate a 
relationship between the annual freeway and arterial lane-mileage needs of 50 urban areas and the lane-
miles actually added between 1987 and 1990. By holding the levels of congestion constant (a somewhat 
similar approach to that taken in the US DOT s MCU scenario described above) their results indicate an 
elasticity for combined freeway and arterial expansions of about 0.81. That is (Greene et al, 1994, page 
84): 

M = m0.81 (1) 

where m = lane-miles needed and M= lane-miles actually added. This annually based measure implies 
that for an average annual need of 100 extra lane-miles of higher order highway required to maintain 
current levels of congestion we might expect 41.7 to be built, producing 417 miles of new capacity over 
ten years. This equation also indicates that as lane-mileage needs grow fewer of them are actually 
supplied. At some point the costs of trying to supply such needs for new capacity will become difficult for 
local and regional governments to sustain, leading to increased levels of traffic congestion within the 
nation s largest cities. Under the above described Maintain User Costs (MCU) scenario the US DOT 
estimates that the combined cost of highway system preservation23 and expansion to meet future traffic 
growth will grow from $43.1 billion annually in 1996 to $49.4 billion dollars annually by 2015 (in 
constant 1995 dollars). Of these costs $29.1 billion, or 67.5% of the total, is required annually to preserve 
the existing system of highways and bridges. The remaining costs, totaling $14 billion in 1996 rising to 
$20.3 billion in 2015, are associated with capacity expansion24, some $10 billion a year of which were 
ascribed to metropolitan expansion  (US DOT, 1997, page 63) 25 . In constant dollar terms total highway 
expenditures have failed to keep pace with vmt growth. In 1987 cents per vmt these expenditures 
dropped 28.1% between 1975 and 1995, from 4.1 cents to 3.0 cents (US DOT, 1997, pages 44-45). 

With such figures in mind it seems inevitable that most of our larger urbanized areas will soon face a 
difficult financial challenge in trying to maintain so many miles of already built highways. Most of these 
highways have an expected pavement life of around twenty years before major rehabilitation is required. 
As a consequence, a continued and rapid areal expansion of many of the nation s urbanized areas is likely 
to become problematic as expanding urban area boundaries put pressure on peripheral communities to 
connect themselves to the rest of their metropolitan region. Put simply, as urban areas expand 
geographically the average distance between intra-urban communities increases. Therefore, maintenance 
of the same level of intra-urban highway network density becomes increasingly difficult to support. Just 

23 System preservation costs consist of the investments in resurfacing, rehabilitation and some reconstruction 
required to preserve and maintain existing highway pavement and bridge infrastructure. 
24 Capacity expansion in this case involves adding highway lanes or adding new roads to address capacity 
deficiencies. Adding roads to encourage economic development was not included in the totals. 
25 Definitions of system preservation and capacity expansion and what constitutes a scenario differ 
somewhat over this period, but the basic point about system preservation requiring a larger percentage of total future 
costs is valid. 
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how, and how fast, growing levels of traffic congestion will induce compensating land development 
patterns is likely to be a key factor in future urban systems  evolution. 

Regional Intelligent Transportation System Architectures. Both of the above US DOT needs-based vmt 
scenarios in theory anticipate the effects of MPO-planned Intelligent Transportation System (ITS) and 
other Transportation System Management (TSM) developments: but only in the sense that they are used 
to decrease the highway lane mileage needs projections resulting in a 6.5% and 4.5% decrease in the 
total investment requirements reported for the MCU and MEI scenarios respectively (US DOT, 1997, 
page 63). That is, they are assumed to offset some future highway infrastructure supply costs by 
substituting more efficient operations for extra lane capacity, via such strategies as freeway surveillance, 
high-occupancy vehicle lanes, ramp metering and signalization control. Their effects on aggregate vmt 
are implicitly assumed to be limited (in either direction). However, the net effects on travel of ITS 
technology remain to be seen. These systems require both an extensive capital investment by government 
and the private sector, notably in computers, telecommunications, and in other components of what are 
likely to become highly coordinated regionwide traffic surveillance and control architectures.26 At the 
same time they will provide easily adjusted operational control and surveillance of local traffic 
movements through such technologies as intelligent freeway ramp metering and arterial signal 
coordination. Within a 2020 time frame more advanced vehicle guidance and control technologies may 
also begin to enter the marketplace. If more efficient management of road space leads to greater system 
capacity it too might have the effect that added lane-miles have on induced demand. However, how both 
transportation suppliers and travelers will respond to these more advanced technologies is currently an 
issue for speculation. 

Transit Capacity Expansion and Ridership Growth. There seems to be only limited potential for bus and 
rail transit to erode aggregate nationwide vmt by the year 2010, and perhaps also by the year 2020. While 
transit serves a very useful and often very necessary role in certain niche travel markets its popularity 
remains limited when compared to automobile travel. In 1995 bus transit accounted for less than 0.3% of 
all highway miles driven in the US. In terms of ridership this is a little under half of all transit passenger 
miles, the remainder is mainly ridership on rail rapid transit systems (US DOT, 1997). Over the past 
decade the occupancy of autos has also been declining, with driving alone being the choice of almost 
three quarters of all US commuters in the 1990’s (TCRP, 1998). Between 1985 and 1995 rail transit 
capacity increased at 2.1% per year (annualized), while non-rail capacity increased at 1.2% over the same 
period (FHWA, 1997). However, while rail transit patronage increased at 1.3% per year over this same 
period, bus transit patronage fell by 1.1% per year. It should also be noted that most of this transit 
ridership is concentrated in a small number of the largest US cities, with one third of all transit trips 
occurring in New York City alone (TCRP, 1998). 

A recent study for the Federal Transit Administration found that transit fare reductions alone may not be 
the answer to increased ridership (TCRP, 1998). More promising are increased service levels (e.g. shorter 
headways between successive vehicles) as well as policies that encourage higher parking prices as a 
deterrent to private auto use (see below). The US DOT s 1997 Biennial Conditions and Performance 
report estimated the need to spend $9.7 billion nationwide between 1996 and 2016 (in 1995 dollars) to 
maintain the nation s current transit systems, $1.2 billion to retire a backlog of required asset 
rehabilitations and replacements, and an additional $3.3 billion dollars, or an additional 30.3 percent 
(3.3/10.9) increase in transit spending to improve actual system performance in terms of cost-effective 
increases in speed and service levels. Noticeably higher spending levels and accompanying changes in 
service levels appear to be required if significant shifts away from the automobile are to be induced. 

Influence of Parking Infrastructure and Future Parking Policies. Parking control policies, through 
either higher parking rates or restrictions on spaces available, offer considerable leverage through which 
to alter travel patterns. A major obstacle to their adoption is their unpopularity with much of the traveling 

See ITS America (1997), and Das, et al (1998) for example investment requirements. 
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public. To what extent these policies will be pursued in the future depends on the reasonableness, both 
economically and socially, of doing so. Recent survey data on nationwide parking practices, reported by 
Shoup and Breinholt (1997), found that some 95% of automobile commuters in the United States park 
free at work. They also found that over 97% of US firms who leased or owned parking space offered such 
parking free to their employees. This broke down into 31% of US firms leasing free paces for their 
workers, and an additional 47% allowing free employee parking in spaces owned by the company. In 
total, these firms were providing some 85 million parking spaces, of which 19.5 million are leased from 
other companies. 

Since these free parking programs affect such a large percentage of travelers, who for the most part are 
traveling during periods of peak traffic congestion, they are an obvious target for policy consideration. As 
a result the 1990’s has seen the idea of cashing out  employee parking gain legislative momentum. 
California was the first state to try this in 1992, with some apparent success. A study of eight employers 
by Shoup (1997) found a 13% decline in automobile use in favor or carpooling, transit and walk/cycle 
alternatives, with an associated 12% reduction in vmt and an estimated savings of 807 pounds of CO2 per 
employee per year . At the same time the trading of tax-exempt parking for taxable cash wages increased 
federal tax paid per employee by $48 per year. 

The federal government initiated its own lawmaking through the Taxpayer Relief Act of 199727; and 
subsequently beefed up its legislation through Section 9010, Title IX of the 1998 TEA-21 (P.L. 105-178) 
transportation lawmaking. The result of this legislation, together with earlier legislation dealing with 
employer-provided transit (via The Energy Policy Act of 1992), is that employers may offer their workers 
a choice between untaxed free parking or extra taxable salary which they get for taking alternative modes 
of travel to work, including transit, carpooling and vanpooling. Employers are now also free to support 
these less energy intensive forms of commuting with money they had previously used to subsidize private 
vehicle parking.28 

How successful such commuter benefits programs will be depends on both employer and employee 
willingness to participate. Results will likely vary across cities. Much will depend on the following 
factors: 

• the capacity-to-demand ratio for available parking spaces, 
•	 the percentage of publicly operated on-street spaces versus (for the most part) privately operated off-

street lots (see Mildner, Stratham and Bianco, 1996), 
•	 the number of spaces that are currently bundled with existing building leases (and therefore difficult 

to apply cash out or similar policies to). 
• the size as well as number of firms participating in the regional economy, and 
•	 the willingness of companies to consider parking cash out or other forms of commuter support 

programs whenever they change or add new office or factory locations. 

The most likely participants will be companies in downtown and suburban center locations where parking 
has become scarce or expensive. Within many US cities parking construction and maintenance costs have 
risen quite steeply over the past three decades, creating an incentive to consider alterative solutions 
(Apogee Research, Inc, 1997). 

A recent US EPA funded examination of the potential environmental impacts of a nationwide parking 
cash out program produced estimates ranging from a 0.8% to a 4.2% annual reduction in vmt by 2007 (i.e. 

27 See Apogee Research, Inc.(1997) for a description of the law as it pertains to commuter benefits. 
28 For example, if Parking Cash Out is offered by an employer under these new commuter benefit laws an 
employee can choose $150 cash and pay income and payroll taxes on the full amount. Alternatively, he/she might 
choose a $65 tax free transit pass and receive $85 in taxable salary. 
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ten years into the program) based respectively on 10% and 50% rates of cash out adoption by potential 
adopter firms (Hagler Bailly, 1999) 29. These estimates were calculated to imply annual reductions in 
CO2 emissions of roughly 1 million and 5 million metric tons of carbon, respectively. As the authors of 
the study note, however, these results are quite sensitive to company and employee adopter rates as well 
as to the travel cost elasticity parameter they employ in the computations. 

A significant beneficiary of an effective parking policy instrument might be urban transit in large cities. 
Mildner, Stratham and Bianco (1996) looked at this parking-transit connection and found evidence from 
national data sources that higher transit ridership figures are most likely to be found in cities that have a 
high probability that travelers will pay to park, have high parking prices, and have limited parking supply. 
What is lacking currently is a proper understanding of the causal mechanisms connecting these various 
attributes of so-called transit-accommodating  cities. 

Considerable potential to affect vmt through parking cash out and similar policies clearly exists. 
However, success rests on travelers  collective response to the perceived costs of commuting and on their 
willingness to forego well established, if not always efficient, methods of travel. To have significant 
impacts on nationwide vmt, small as well as large companies will need to get involved in such programs 
(Shoup and Breinholt, 1997). A suitable public agency response to the problem would be to derive the 
full costs of travel under different parking fee policies in conjunction with future, and regionwide parking 
construction permitting policies. Commuters, at least the vast majority of them, should not be allowed to 
end up worse off as a result. 

7. Conclusions. 

This paper has examined the potential for significant vehicle miles of travel reductions through land use 
impacting public policy instruments. The examination was carried out in the context of 
the Clean Energy Futures-National Energy Modeling System forecasts presented in Chapter 6 of this 
report. As described in Section 4 of the paper all three of the CEF-NEMS vmt forecasts (Baseline, 
Moderate and Advanced) imply noticeably slower annual rates of vmt increase from 2010 through 2020 
than other recent projections. Given the range of vmt forecasts currently in use caution is suggested in 
accepting any single model s forecasts of  vmt reductions, including those produced by the existing CEF­
NEMS scenarios. Given the complex nature of land use-transportation interactions described in Section 3 
of this paper it is also problematic to suggest rigorously quantified adjustments to the NEMS vmt 
forecasts as currently modeled, or to other recent vmt forecasts, on the basis of specific land use policies. 

Other reasons for caution in assigning vmt reductions to land use policies are provided in Sections 5 and 6 
of the paper. In Section 5 a review of the evidence for forecasting land use change and the impacts of 
such changes on aggregate vmt highlights both the complexity of causality and the comparative lack of 
definitive empirical data. Estimating percentage decreases in nationwide vmt and greenhouse gas 
emissions as a result of proposed land use and infrastructure investment policies is at best a speculative 
business. Given the economic and social capital already invested in the current ways of planning and 
developing land, it does seem clear that bringing about significant vmt reducing changes in urban land use 
is likely to be no small task. In particular, the success of smart  urban growth management strategies in 
producing a sustained vmt reduction will require local as well as Statewide decision-making bodies to 
adopt a multi-jurisdictional, regionwide focus. 

The eventual outcome of current debates over urban sprawl and its associated traffic problems may well 
rest on how the growing public debate over environmentally sensible economic development plays out. 
As the existing empirical literature on the topic shows, uncoordinated actions to increase residential or 
commercial densities, to promote intra-jurisdictional housing-jobs balance, or to limit mixed use land 
development and auto-efficient urban designs to single neighborhoods are all unlikely to have much of an 

Companies with under 10 employees were assumed not to participate. 
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impact on aggregate travel volumes. To have significant impacts on total vmt through urban restructuring 
will require some deep rooted changes in the way people choose to live and do business, and in turn 
choose to move between locations within entire urban systems. 

To encourage such changes in a suitably democratic manner, a Moderate land use-based vmt reduction 
scenario might involve limited forms of State intervention into land use control, such as 

• prioritization of vmt-reducing land development projects, 
•	 placing limitations on expansions into the agriculturally productive rural peripheries of current 

urbanized areas , and 
• encouragement of brownfield development projects geared to inner-city rejuvenation. 

A more Advanced scenario might include more aggressive statewide legislation to control, and most 
importantly to coordinate, urban area expansions with each State and metropolitan region. 

In Section 6 of the paper the focus is on travel reductions through more direct control over transportation 
infrastructure supply. The major policy levers apply to the permitting and investment of public monies in 
the construction of highways and the permitting of private vehicle parking lots. Recent empirical studies 
indicate that adding capacity to high volume highways will often induce significant volumes of additional 
traffic, in both urban and rural areas. As local and regional governments find it increasingly difficult to 
maintain as well as expand their current road networks other options to continued growth in traffic 
congestion are likely to receive greater consideration. For the most part this congestion is found in the 
nation s largest cities, with the vast majority of highway vmt occurring within or between cities with over 
half a million residents. While bus and rail transit offer more energy efficient modes of travel, increased 
support for these modes can be expected only if significant shifts away from the automobile can be 
demonstrated to be worthwhile to individual travelers. While the likelihood of significant modal shifts 
taking place seems small within the next 10 to 15 years, under current pricing policies and current 
attitudes towards personal mobility, changes in tripmaking behavior over the longer term may find a role 
for these more energy efficient modes within the context of re-designed urban environments. With time 
for longer term land use changes to manifest themselves the America of 2050 may be much different from 
that of 2020. While it is difficult to predict what the urban systems of 2050 or beyond will be, an accurate
 backcasting  model of 1950’s America would show major changes in the patterns as well as volumes of 

both urban development and personal (as well as freight) travel. 

Some of the major changes that have occurred in urban development over the past half century, such as 
the growth of suburban activity centers, seem to have been of a gradual nature although lack of reliable 
historical data on this hampers detailed analysis. Given the considerable diversity in our urban and 
regional geographies and forms of local government, individual States developed in different ways. 
Similarly, over the next half century each State will need to develop its own versions of publicly 
acceptable urban growth boundaries or other smart growth  policies - albeit with the opportunity to learn 
from each other s efforts. Significant reductions in vmt and greenhouse gas emissions will result only if 
these regional growth policies noticeably shorten the distances traveled between frequently connected 
pairs of places and/or eliminate the need for a significant number of automobile trips by making walking, 
cycling and transit more lucrative. Most Americans have come to expect high levels of accessibility to the 
places they most often wish to visit: the workplace, shops and professional service centers, friends homes 
and recreational facilities. They have also grown accustomed to gaining this access through high levels of 
daily, automobile supported, personal mobility. More environmentally sound land developments will 
include those that find ways to offer less mobility-dependent accessibility. 

Finally, a successful outcome to vmt reduction policies will require the ongoing, and increasing public 
debate over urban development to evolve from its currently bi-polar dialogue over more greenery versus 
more greenbacks  into a dialogue supporting carefully evaluated regional and multi-modal transportation 
infrastructure expansion programs. These programs must deal effectively with local, inter-jurisdictional 
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land use equity issues. Traffic growth is only one concern, albeit an important one, in such increasingly 
well informed quality of life debates. 
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A PP E N D I X  E - 3 


N u c l e a r  P o w e r  P l a n t An a l y s i s 1 

Th i s  ap p e n d i x  e x a mi n e s t h e t r ea t m en t  o f n u c l e ar p o we r p l a n t s  (NP P ) i n t h e A n n u a l  E n e r g y 
Ou t l o o k  1 9 9 9  (AEO9 9 ) , p r e p a r e d b y  t h e E n e rg y  In f o rm a t i o n  A d m i n i s t ra t i on ( E I A )  o f  th e  U . S . 
Dep a r t m e n t o f E n e rg y , a n d  p o s s i b l e p o l i c y  p a t h wa y s t o  a d d re s s  b a r ri er s t o  c o n t i n u ed  o p e r a t i o n  o f 
NPP s  i n  t h e f u t u r e. 

In the AEO99, a retrofit costing $150/kWe is assumed to be required after 30 years of operation to take 
the plant to the end of its 40-year license life. If its going forward  cost, including the 10-year 
$150/kWe incremental capital charge, is less than the EIA-estimated cost of new baseload capacity, then 
the nuclear unit is assumed to continue in operation through its 40-year license period. If not, then the 
plant is assumed to retire at age 30. 

The $150/kWe charge is intended to account for large equipment replacement expenditures; for example, 
the steam generator in a pressurized water reactor (PWR). If a PWR has already replaced its steam 
generator, then the $150/kWe charge is not applied. 

Finally, the AEO99 Reference Case assumes that an NPP operating license will be extended from 40 to 
60 years if the sum of the going forward  costincluding capitalization of a $250/kWe life extension 
costis less than the cost of constructing replacement baseload capacity; otherwise the plant is retired. 

Examination of current (and projected) NPP expenditures indicates that life extension (from age 40 to 60) 
and license renewal costs are on the order of $180/kWenot $150/kWe at age 30, plus $250/kWe at age 
40 as assumed in AEO99. Based on this finding nuclear plant refurbishment and relicensing costs have 
been modified in the Clean Energy Future/National Energy Modeling System (CEF-NEMS) to more 
closely reflect actual (and projected) costs. 

In addition to modifying NPP going forward  costs, impediments to continued operation and economic 
competitiveness were investigated, together with alternative policy pathways to address the barriers. The 
impediments include: 1) definitive resolution to the spent fuel storage/disposal issue, 2) licensing reform 
in the area of ownership requirements, and 3) federal mechanisms to ensure full funding of nuclear plant 
decommissioning without penalties due to corporate restructuring or ownership transfers. 

Spent fuel storage/disposal policy: Many nuclear plants are faced with a near-term problem of lack of 
storage space for their spent nuclear fuel. Some state regulations stipulate that a nuclear power plant 
cannot operate if it does not have sufficient on-site storage capacity. Uncertainty about how and when the 
federal government will meet its obligation to provide storage and disposal facilities for used nuclear fuel 
represents one of the most significant business risk factors for nuclear power plants. Resolution of this 
issue is needed to prevent premature shutdown or additional costs (beyond those paid into the Nuclear 
Trust Fund for development of the permanent repository) to maintain the spent fuel storage at individual 
facilities. 

Licensing reform regarding foreign ownership requirements: Sections 103d and 104d of the Atomic 
Energy Act prohibit foreign ownership of commercial nuclear facilities. In the evolving power market 
such restrictions impact competition. These restrictions could be removed, except where they pertain to 
national security concerns. As a barrier to entry, these restrictions limit the number of potential investors 
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in U.S. nuclear assets, resulting in a downward bias in the value of such assets and a likelihood of 
premature shutdown. Existing owners that are not willing to continue operating a plant but unable to sell 
it to those most willing to, may choose to retire the plant instead. 

Federal mechanisms to ensure full funding of nuclear plant decommissioning: Because 
decommissioning of nuclear power plants is a public health and safety issue, a federal mandate and 
mechanism could be established to ensure recovery of unfunded decommissioning obligationsvia a 
non-bypassable chargewhen a nuclear asset is sold. In addition, the Internal Revenue Service (IRS) 
Code could be amended to ensure that, with the sale of a nuclear asset, the transfer of decommissioning 
funds are not taxed as capital gains. Without these mechanisms, nuclear plant economics are negatively 
affected. 

In addition to these impediments, to date nuclear power plants have not received explicit credit for the 
pollution they avoid. Such avoided emissions are becoming increasingly important for compliance with 
more stringent Clean Air Act (CAA) requirements, since they can eliminate (or reduce) the need for 
pollution control technologies on fossil-fueled power plants. 

The transition from a regulated to a competitive power market is also altering valuation of these avoided 
emissions. In a regulated, cost-of-service environment, where all costs and services are bundled, society 
could arguably afford to ignore the substantial compliance value associated with emission-free 
generation. However, in a competitive power market, where costs and services are unbundled and priced 
separately, emission-free sources like nuclear energy shouldto be equitablereceive explicit economic 
credit for their compliance value (environmental service). There are several means to capture this 
economic value: emission free portfolio standard; fuel-neutral, output based cap-and-trade system; 
production tax credits; and investment tax credits. 

While each of these impediments and related policy pathways will enhance the economic competitiveness 
of nuclear power, not all of them can be quantified or explicitly represented in the CEF-NEMS model. 

E - 3. 1. I N T R O D U C T IO N 

Oak Ridge National Laboratory (ORNL) and Lawrence Berkley National Laboratory (LBNL) were tasked 
by the U.S. Department of Energy (USDOE), Office of Energy Efficiency and Renewable Energy 
(EERE), to examine alternative policy pathways and related barriers to a Clean Energy Future. 

The principal goal of the Clean Energy Future Study is to produce fully documented scenarios showing 
how energy-efficient and clean energy technologies can address key energy and environmental challenges 
of the next century while enabling continued economic growth. A particular focus of this study is on the 
impacts of different public policies and programs, and the identification of policy implementation 
pathways that can lead to least-cost scenarios. The Clean Energy Futures Project extends the study, 
undertaken in 1996-97 by a multi-laboratory team (led by ORNL and LBL), Scenarios of U.S. Carbon 
Reduction, Potential Impacts of Energy Technologies in 2010 and Beyond. 

Th i s  ap p e n d i x  a d d re s s es  t h e n u c l e ar p o we r p l a n t  ( NP P ) c o m p o n e n t  o f t h e C l ea n  E n e r g y  F u t u r es 
P ro j e ct . It  ex a m i n e s  1 ) h o w N PP s  ar e d e a l t w i t h  i n t h e N a t i o n al  E n e r g y M o d e l i n g  S y s t e m 
( NEM S ), d ev e l o p e d  a n d  o p e ra t e d b y t h e E n e rg y  In f o rm a t i o n  A d m i n i s t ra t i on ( E I A ) ; 2 )  r e c e n t 
e v i d e n c e o n  N PP l i c e n s e r en e wal ;  3 ) t h e i mp l i ca t i o n s  o f s p e n t  f u e l s t o r a g e a n d d i s p o s al  o n f u t u r e 
NPP o p e r a t i o n s ;  a n d  4 ) p o t e n t i a l  ac t i o n s  t o  r em o v e b a rr i e rs  o r m o d i f y p o l i c i e s t h at  w o u l d  e n h a n ce 
c o n t i n u e d  o p e ra t i o n  o f N PP s  i n  t h e f u t u r e. 
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E-3.2. TREATMENT OF NUCLEAR POWER IN AEO99
 

The National Energy Modeling System (NEMS) is used to produce the Annual Energy Outlook (AEO) 
each year by the Energy Information Administration (EIA). The 1999 Annual Energy Outlook (AEO99) 
presents forecasts of energy supply, demand, and prices through the year 2020. A complete description of 
the current NEMS configuration and AEO99 assumptions are found in Appendix G of the Annual Energy 
Outlook 1999 [DOE/EIA-0383(99)]. 

As depicted in Figure E-3.1, NEMS does not explicitly model nuclear power plant (NPP) or the nuclear 
fuel cycle. This section describes how operating NPPs are handled within NEMS and the AEO99 
forecast. 

Based on NEMS documentation and discussions with EIA staff, the following information on the 
treatment of NPPs in NEMS was compiled. It should be noted that in AEO99 determining the breakeven 
cost (going forward cost, plus life extension at age 30, and life extension and license renewal at age 40) of 
NPPs remains an external calculation to the Electricity Market Model (EMM). Within the EMM, when 
an NPP reaches age 30 (or 40), its corresponding breakeven cost is compared against the cost of new 
baseload generation (natural gas combined cycle, NGCC) to determine if the NPP continues to operate or 
is retired. In previous AEOs and EIA special reports, the NPP operation/retirement decision was 
determined off-line and hardwired  in the forecast. 

Fig, E-3.1 Basic NEMS Structure 
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Supply Activity Energy Activity Demand 
Module Module Module Module 

Natural Gas Commercial 
Transmission and Sector 

Distribution Demand 

Module Integrating Module 
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Coal Transportation 
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Renewable Electricity Petroleum Industrial 
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E-3.2.1 AEO99: Nuclear Results 

In the AEO99 Reference Case, NEMS forecasts nuclear power declining from 99 GWe in 1997 to 49 
GWe by 2020. With 50 GWe of NPPs retired, this corresponds to a negative average annual growth rate 
of 3.0%. In the Low Case, nuclear power is forecast to decline even further, to 32 GWe by 2020.  In the 
High Case, nuclear power declines to 78 GWe by 2020 [see Energy Information Administration, Annual 
Energy Outlook 1999, DOE/EIA-0383(99), for more details]. 

E-3.2.2 AEO99: NPP Competitiveness Analysis 

In AEO99, the economic competitiveness and dispatch of NPPs is determined within the Electric Market 
Module (EMM). In each year, the EMM dispatches plantsincluding NPPsbased on their going 
forward  costs. 2  A list of operating NPPs, with selected NEMS decision data, is presented in Table E-3.1. 
The exception to this rule occurs when an NPP reaches age 30 and 40. 

When an individual NPP reaches age 30 (or 40), the EMM compares the market clearing price for a new 
baseload generation plantpredominantly natural gas combined cycle (NGCC) in AEO99against the 
corresponding going forward  cost (including an EIA-defined life extension cost at age 30, and an aging 
and license renewal cost at age 40) for the NPP listed in Table E-3.1.3 If the going forward  cost of an 
NPP is below the market-clearing price in that year then the plant is dispatched, otherwise it is retired. 

More specifically, if an NPP is 30 years old in a forecast year, the EMM uses the year 30 going forward 
cost (column 14, Table E-3.1) to determine if the NPP is economic to operate until age 40.4  The year 30 
going forward  cost was computed exogenously (off-line) by EIA using a levelized cash flow method. 

The method consists of current operating costs (1995-97 average) and a life extension charge of $150/kW, 
to ensure that the plant operates to year 40. In the case of a pressurized water reactor (PWR) the 
$150/kW charge is not included if the NPP already replaced its steam generator (and made other related 
equipment improvements). While it is assumed that this charge is recovered through annual payments 
over the remaining 10 years of life, the capital outlay is made in year 30. 

A similar NPP competitiveness screen is conducted at year 40. In the NEMS Reference Case an NPP 
license is extended from 40 to 60 years if the aggregate going forward  cost operating cost and 
capitalization of $250/kWe refurbishing cost over 20 yearsis less than the cost of a competing new 
baseload technology, otherwise the plant is retired. This charge, which is assumed to refurbish aging 
capital equipment, is assumed by EIA to be expended completely in year 40, even though in reality it will 
be annualized over the remaining 20 years of NPP operation. 

For both the 30- and 40-year Reference Case investment decisions, EIA indicated that it made other 
(undefined) adjustments to reflect technological improvements. 

In the Low Case, higher capital investments (relative to the reference case) are assumed after 30 and 40 
years of operation. In the High Case it was assumed that no capital expendituressuch as those incurred 
in the Reference Casewere required during the current license period (30-year) or for license renewal 
(40-year); this resulted in less retirements of NPP capacity. 
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 Table E-3.1 - Nuclear Power Plants in NEMS for AEO99 

Company 
ID Plant ID Unit ID Plant Name State 

Reactor 
Type 

Name Plate 
Capacity 

Summer 
Capacity 

Winter 
Capacity 

Refurbishment 
Date On-Line Year Retire Year 

Nuclear 
Endogenous 
Ret. Switch 

Lev Cost for 
Nuc Life Ext 

(Phase 1) 
(87¢/kWh) 

Lev Cost for 
Nuc Life Ext 

(Phase 2) 
(87¢/kWh) 

Average Capacity 
Factor 

18642 46 1 Browns Ferry AL B 1152 1065 1065 2013 1974 1997 0 0 0 0 
18642 46 2 Browns Ferry AL B 1152 1065 1065 2014 1975 2014 1 2 2.47 0.8 
18642 46 3 Browns Ferry AL B 1152 1065 1065 2016 1977 2016 1 2 2.47 0.8 

195 6001 2 Joseph M Farley AL 888.25 825 825 2021 1981 2021 1 2 2.54 0.84 
195 6001 1 Joseph M Farley AL 888.25 814.8 814.8 2017 1977 2017 1 2 2.54 0.87 
814 8055 1 Arkansas Nuclear One AR P 902.518 836 836 2014 1974 2014 1 1.93 2.47 0.87 
814 8055 2 Arkansas Nuclear One AR B 942.526 858 858 2018 1980 2018 1 1.93 2.47 0.87 

15473 6008 2 Palo Verde AZ P 143.125 129.54 129.54 2025 1986 2025 1 2 2.7 0.74 
803 6008 2 Palo Verde AZ P 408.328 369.57 369.57 2025 1986 2025 1 2 2.7 0.74 

5701 6008 2 Palo Verde AZ P 221.704 200.66 200.66 2025 1986 2025 1 2 2.7 0.74 
15473 6008 1 Palo Verde AZ P 143.125 129.54 129.54 2024 1986 2024 1 2 2.7 0.8 

803 6008 1 Palo Verde AZ P 408.328 369.57 369.57 2024 1986 2024 1 2 2.7 0.8 
5701 6008 1 Palo Verde AZ P 221.704 200.66 200.66 2024 1986 2024 1 2 2.7 0.8 
803 6008 3 Palo Verde AZ P 408.328 369.57 369.57 2027 1988 2027 1 2 2.7 0.8 

15473 6008 3 Palo Verde AZ P 143.125 129.54 129.54 2027 1988 2027 1 2 2.7 0.8 
5701 6008 3 Palo Verde AZ P 221.704 200.66 200.66 2027 1988 2027 1 2 2.7 0.8 

17513 6008 2 Palo Verde AZ P 82.929 75.057 75.057 2025 1986 2025 1 2 2.7 0.74 
16572 6008 2 Palo Verde AZ P 245.418 222.123 222.123 2025 1986 2025 1 2 2.7 0.74 
17513 6008 1 Palo Verde AZ P 82.929 75.057 75.057 2024 1986 2024 1 2 2.7 0.8 
16572 6008 1 Palo Verde AZ P 245.418 222.123 222.123 2024 1986 2024 1 2 2.7 0.8 
16572 6008 3 Palo Verde AZ P 245.418 222.123 222.123 2027 1988 2027 1 2 2.7 0.8 
17513 6008 3 Palo Verde AZ P 82.929 75.057 75.057 2027 1988 2027 1 2 2.7 0.8 
17609 6008 2 Palo Verde AZ P 221.704 200.66 200.66 2025 1986 2025 1 2 2.7 0.74 
17609 6008 1 Palo Verde AZ P 221.704 200.66 200.66 2024 1986 2024 1 2 2.7 0.8 
17609 6008 3 Palo Verde AZ P 221.704 200.66 200.66 2027 1988 2027 1 2 2.7 0.8 
11208 6008 2 Palo Verde AZ P 79.982 72.39 72.39 2025 1986 2025 1 2 2.7 0.74 
11208 6008 1 Palo Verde AZ P 79.982 72.39 72.39 2024 1986 2024 1 2 2.7 0.8 
11208 6008 3 Palo Verde AZ P 79.982 72.39 72.39 2027 1988 2027 1 2 2.7 0.8 
14328 6099 1 Diablo Canyon CA P 1136.487 1073 1073 2021 1985 2021 1 2.08 2.62 0.87 
14328 6099 2 Diablo Canyon CA P 1164.093 1087 1087 2025 1986 2025 1 2.08 2.62 0.87 
16534 6176 1 Rancho Seco CA P 963 873 903 1990 1975 1990 0 0 0 0 
16609 360 1 San Onofre CA P 91.2 87.2 87.2 1992 1968 1992 0 0 0 0.732 
17609 360 1 San Onofre CA P 364.8 348.8 348.8 1992 1968 1992 0 0 0 0.732 
16609 360 3 San Onofre CA P 225.4 216 216 2013 1984 2022 1 1.85 2.47 0.84 
17609 360 3 San Onofre CA P 845.814 810.54 810.54 2013 1984 2022 1 1.85 2.47 0.84 
17609 360 2 San Onofre CA P 845.814 803.035 803.035 2013 1983 2022 1 1.85 2.47 0.84 
16609 360 2 San Onofre CA P 225.4 214 214 2013 1983 2022 1 1.85 2.47 0.84 
16088 360 2 San Onofre CA P 20.173 19.153 19.153 2013 1983 2022 1 1.85 2.47 0.84 
16088 360 3 San Onofre CA P 20.173 19.332 19.332 2013 1984 2022 1 1.85 2.47 0.84 

590 360 2 San Onofre CA P 35.613 33.812 33.812 2013 1983 2022 1 1.85 2.47 0.84 
590 360 3 San Onofre CA P 35.613 34.128 34.128 2013 1984 2022 1 1.85 2.47 0.84 

13433 558 1 Haddam Neck CT 90.045 84.015 87.48 2007 1968 1997 0 0 0 0 
B = Boiling Water Reactor 

P = Pressurized Water Reactor 
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 Table E-3.1 - Nuclear Power Plants in NEMS for AEO99 

Company 
ID Plant ID Unit ID Plant Name State 

Reactor 
Type 

Name Plate 
Capacity 

Summer 
Capacity 

Winter 
Capacity 

Refurbishment 
Date On-Line Year Retire Year 

Nuclear 
Endogenous 
Ret. Switch 

Lev Cost for 
Nuc Life Ext 

(Phase 1) 
(87¢/kWh) 

Lev Cost for 
Nuc Life Ext 

(Phase 2) 
(87¢/kWh) 

Average Capacity 
Factor 

4187 558 1 Haddam Neck CT 207.104 193.235 201.204 2007 1968 1997 0 0 0 0 
20455 558 1 Haddam Neck CT 57.029 53.21 55.404 2007 1968 1997 0 0 0 0 

3292 558 1 Haddam Neck CT 12.006 11.202 11.664 2007 1968 1997 0 0 0 0 
3266 558 1 Haddam Neck CT 36.018 33.606 34.992 2007 1968 1997 0 0 0 0 
1998 558 1 Haddam Neck CT 57.029 53.21 55.404 2007 1968 1997 0 0 0 0 

19497 558 1 Haddam Neck CT 57.029 53.21 55.404 2007 1968 1997 0 0 0 0 
2886 558 1 Haddam Neck CT 27.014 25.205 26.244 2007 1968 1997 0 0 0 0 

15472 558 1 Haddam Neck CT 30.015 28.005 29.16 2007 1968 1997 0 0 0 0 
12833 558 1 Haddam Neck CT 27.014 25.205 26.244 2007 1968 1997 0 0 0 0 
20455 566 1 Millstone CT B 125.685 121.796 123.063 2010 1970 1998 1 3.39 4.24 0.63 
21687 566 1 Millstone CT B 535.815 519.234 524.637 2010 1970 1998 1 3.39 4.24 0.63 
21687 566 2 Millstone CT P 737.019 707.211 708.345 2015 1975 2015 1 2.87 4.55 0.62 
20455 566 2 Millstone CT P 172.881 165.889 166.155 2015 1975 2015 1 2.87 4.55 0.62 

3477 566 3 Millstone CT P 16.917 15.115 15.467 2025 1986 2025 1 1.93 2.54 0.74 
19497 566 3 Millstone CT P 46.239 41.313 42.276 2025 1986 2025 1 1.93 2.54 0.74 
13433 566 3 Millstone CT P 153.003 136.703 139.89 2025 1986 2025 1 1.93 2.54 0.74 

5618 566 3 Millstone CT P 50.249 44.896 45.943 2025 1986 2025 1 1.93 2.54 0.74 
4180 566 3 Millstone CT P 13.659 12.204 12.488 2025 1986 2025 1 1.93 2.54 0.74 

24559 566 3 Millstone CT P 852.357 761.552 779.305 2025 1986 2025 1 1.93 2.54 0.74 
3266 566 3 Millstone CT P 31.327 27.99 28.643 2025 1986 2025 1 1.93 2.54 0.74 

19899 566 3 Millstone CT P 26.691 23.847 24.403 2025 1986 2025 1 1.93 2.54 0.74 
11806 566 3 Millstone CT 55.136 49.262 50.411 2025 1986 2025 1 1.93 2.54 0.74 
99999 566 3 Millstone CT 7.769 6.942 7.103 2025 1986 2025 1 1.93 2.54 0.74 

6455 628 3 Crystal River FL P 805.421 734.454 755.257 2016 1977 2016 1 2.54 3.16 0.8 
99996 628 3 Crystal River FL P 55.654 50.75 52.188 2016 1977 2016 1 2.54 3.16 0.8 
14610 628 3 Crystal River FL P 14.247 12.992 13.36 2016 1977 2016 1 2.54 3.16 0.8 
21554 628 3 Crystal River FL P 15.138 13.804 14.195 2016 1977 2016 1 2.54 3.16 0.8 

6452 6045 1 St Lucie FL P 850 839 853 2016 1976 2016 1 1.28 2.54 0.84 
6452 6045 2 St Lucie FL P 723.435 714.073 725.988 2023 1983 2023 1 1.28 2.54 0.84 
6567 6045 2 St Lucie FL P 74.885 73.916 75.149 2023 1983 2023 1 1.28 2.54 0.84 

14186 6045 2 St Lucie FL P 51.68 51.011 51.862 2023 1983 2023 1 1.28 2.54 0.84 
6452 621 3 Turkey Point FL P 759.92 666 688 2012 1972 2012 1 1.72 2.85 0.84 
6452 621 4 Turkey Point FL P 759.92 666 688 2013 1973 2013 1 1.72 2.85 0.84 
7140 6051 2 Edwin I Hatch GA 410.82 407.313 407.313 2018 1979 2018 1 2.24 2.85 0.8 
7140 6051 1 Edwin I Hatch GA 405.81 380.459 380.459 2014 1975 2014 1 2.24 2.85 0.86 

13994 6051 2 Edwin I Hatch GA 246 243.9 243.9 2018 1979 2018 1 2.24 2.85 0.8 
4744 6051 2 Edwin I Hatch GA 18.04 17.886 17.886 2018 1979 2018 1 2.24 2.85 0.8 

13100 6051 2 Edwin I Hatch GA 145.14 143.901 143.901 2018 1979 2018 1 2.24 2.85 0.8 
13100 6051 1 Edwin I Hatch GA 143.37 134.414 134.414 2014 1975 2014 1 2.24 2.85 0.86 

B = Boiling Water Reactor 

P = Pressurized Water Reactor 
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 Table E-3.1 - Nuclear Power Plants in NEMS for AEO99 

Company 
ID Plant ID Unit ID Plant Name State 

Reactor 
Type 

Name Plate 
Capacity 

Summer 
Capacity 

Winter 
Capacity 

Refurbishment 
Date On-Line Year Retire Year 

Nuclear 
Endogenous 
Ret. Switch 

Lev Cost for 
Nuc Life Ext 

(Phase 1) 
(87¢/kWh) 

Lev Cost for 
Nuc Life Ext 

(Phase 2) 
(87¢/kWh) 

Average Capacity 
Factor 

4744 6051 1 Edwin I Hatch GA 17.82 16.707 16.707 2014 1975 2014 1 2.24 2.85 0.86 
13994 6051 1 Edwin I Hatch GA 243 227.82 227.82 2014 1975 2014 1 2.24 2.85 0.86 

7140 649 1 Vogtle GA 530.12 531.948 531.948 2027 1987 2027 1 1.31 1.77 0.87 
7140 649 2 Vogtle GA 530.12 531.948 531.948 2029 1989 2029 1 1.31 1.77 0.87 
4744 649 1 Vogtle GA 18.56 18.624 18.624 2027 1987 2027 1 1.31 1.77 0.87 

13100 649 1 Vogtle GA 263.32 264.228 264.228 2027 1987 2027 1 1.31 1.77 0.87 
13994 649 1 Vogtle GA 348 349.2 349.2 2027 1987 2027 1 1.31 1.77 0.87 
13100 649 2 Vogtle GA 263.32 264.228 264.228 2029 1989 2029 1 1.31 1.77 0.87 
13994 649 2 Vogtle GA 348 349.2 349.2 2029 1989 2029 1 1.31 1.77 0.87 

4744 649 2 Vogtle GA 18.56 18.624 18.624 2029 1989 2029 1 1.31 1.77 0.87 
9162 1060 1 Duane Arnold IA B 418.005 369.6 371 2014 1975 2014 1 2.54 3.16 0.86 
3258 1060 1 Duane Arnold IA B 119.43 105.6 106 2014 1975 2014 1 2.54 3.16 0.86 
4363 1060 1 Duane Arnold IA B 59.715 52.8 53 2014 1975 2014 1 2.54 3.16 0.86 

21770 50340 GEN1 Argonne N ID 19.5 18.077 18.077 9999 1964 1990 0 0 0 0.338 
4110 6022 1 Braidwood  IL P 1224.9 1090 1120 2026 1988 2026 1 0.76 1.85 0.74 
4110 6022 2 Braidwood  IL P 1224.9 1090 1120 2027 1988 2027 1 0.76 1.85 0.84 
4110 6023 1 Byron IL P 1224.9 1120 1120 2024 1985 2024 1 0.7 1.7 0.74 
4110 6023 2 Byron IL P 1224.9 1120 1120 2026 1987 2026 1 0.7 1.7 0.84 
9208 204 1 Clinton IL B 984.875 930 944 2026 1987 2026 1 1.85 2.47 0.74 
4110 869 2 Dresden IL B 828.315 772 794 2006 1970 2006 1 3.16 3.85 0.51 
4110 869 3 Dresden IL B 828.315 773 794 2011 1971 2011 1 3.16 3.85 0.51 
4110 6026 1 La Salle IL B 1170.27 1048 1078 2022 1984 2022 1 1.62 2.16 0.74 
4110 6026 2 La Salle IL B 1170.27 1048 1078 2023 1984 2023 1 1.62 2.16 0.74 
4110 880 2 Quad Cities IL B 621.236 576.75 591.75 2012 1972 2012 1 3.16 3.85 0.51 
4110 880 1 Quad Cities IL B 621.236 576.75 591.75 2012 1972 2012 1 3.16 3.85 0.51 
9438 880 1 Quad Cities IL B 207.079 192.25 197.25 2012 1972 2012 1 3.16 3.85 0.51 
9438 880 2 Quad Cities IL B 207.079 192.25 197.25 2012 1972 2012 1 3.16 3.85 0.51 
4110 885 2 Zion IL 1098 1040 1040 2013 1974 1998 0 0 0 0.4 
4110 885 1 Zion IL 1098 1040 1040 2013 1973 1998 0 0 0 0.4 

10000 210 1 Wolf Creek KS P 580.821 548.49 556.48 2025 1985 2025 1 1.39 1.85 0.84 
20893 210 1 Wolf Creek KS P 580.821 548.49 556.48 2025 1985 2025 1 1.39 1.85 0.84 
99996 210 1 Wolf Creek KS P 74.147 70.02 71.04 2025 1985 2025 1 1.39 1.85 0.84 

7806 6462 1 River Bend LA B 725.193 655.2 655.2 2025 1986 2025 1 2.78 3.47 0.8 
2777 6462 1 River Bend LA B 310.797 280.8 280.8 2025 1986 2025 1 2.78 3.47 0.8 

11241 4270 3 Waterford LA P 1199.88 1075 1075 2024 1985 2024 1 1.7 2.24 0.87 
1998 1590 1 Pilgrim MA B 678 668.63 668.97 2012 1972 2012 1 3.78 4.63 0.74 
3292 1645 1 Yankee Rowe MA 6.475 5.845 5.845 1992 1961 1992 0 0 0 0 

15472 1645 1 Yankee Rowe MA 12.95 11.69 11.69 1992 1961 1992 0 0 0 0 
1998 1645 1 Yankee Rowe MA 17.575 15.865 15.865 1992 1961 1992 0 0 0 0 

B = Boiling Water Reactor 

P = Pressurized Water Reactor 
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 Table E-3.1 - Nuclear Power Plants in NEMS for AEO99 

Company 
ID Plant ID Unit ID Plant Name State 

Reactor 
Type 

Name Plate 
Capacity 

Summer 
Capacity 

Winter 
Capacity 

Refurbishment 
Date On-Line Year Retire Year 

Nuclear 
Endogenous 
Ret. Switch 

Lev Cost for 
Nuc Life Ext 

(Phase 1) 
(87¢/kWh) 

Lev Cost for 
Nuc Life Ext 

(Phase 2) 
(87¢/kWh) 

Average Capacity 
Factor 

20455 1645 1 Yankee Rowe MA 12.95 11.69 11.69 1992 1961 1992 0 0 0 0 
21083 1645 1 Yankee Rowe MA 55.5 50.1 50.1 1992 1961 1992 0 0 0 0 

2886 1645 1 Yankee Rowe MA 3.7 3.34 3.34 1992 1961 1992 0 0 0 0 
12833 1645 1 Yankee Rowe MA 8.325 7.515 7.515 1992 1961 1992 0 0 0 0 

3266 1645 1 Yankee Rowe MA 17.575 15.865 15.865 1992 1961 1992 0 0 0 0 
4176 1645 1 Yankee Rowe MA 45.325 40.915 40.915 1992 1961 1992 0 0 0 0 
4089 1645 1 Yankee Rowe MA 4.625 4.175 4.175 1992 1961 1992 0 0 0 0 
1167 6011 1 Calvert Cliffs MD P 918 835 865 2014 1975 2014 1 1.7 2.93 0.8 
1167 6011 2 Calvert Cliffs MD P 910.71 840 865 2016 1977 2016 1 1.7 2.93 0.84 

11525 1517 1 Maine Yankee  ME 920 870 880 2008 1972 1998 0 0 0 0.74 
4254 1697 1 Big Rock Point MI 75 67 67 2000 1965 1997 0 0 0 0.74 
9324 6000 1 Donald C Cook MI P 1152 1000 1020 2014 1975 2014 1 1.89 3.31 0.74 
9324 6000 2 Donald C Cook MI P 1133.3 1060 1090 2017 1978 2017 1 1.89 3.31 0.74 
5109 1729 2 Fermi MI B 1154 1100 1110 2025 1988 2025 1 2.47 3.24 0.63 
4254 1715 1 Palisades MI P 811.7 762 780 2007 1972 2007 1 2.14 3.62 0.74 

13781 1922 1 Monticello MN B 568.8 544 553 2010 1971 2010 1 1.59 2.7 0.86 
13781 1925 1 Prairie Island MN P 593.1 514 533 2013 1974 2013 1 1.7 2.16 0.87 
13781 1925 2 Prairie Island MN P 593.1 513 531 2014 1974 2014 1 1.7 2.16 0.87 
19436 6153 1 Callaway MO P 1235.8 1125 1167 2024 1984 2024 1 1.31 1.77 0.87 
17568 6072 1 Grand Gulf MS B 137.25 117.3 117.3 2022 1985 2022 1 1.46 2 0.86 
12465 6072 1 Grand Gulf MS B 1235.25 1055.7 1055.7 2022 1985 2022 1 1.46 2 0.86 

3046 6014 2 Brunswick NC B 707.834 615.792 615.792 2014 1975 2014 1 3.47 4.32 0.74 
3046 6014 1 Brunswick NC B 707.834 626.409 626.409 2016 1977 2016 1 3.47 4.32 0.8 

13687 6014 2 Brunswick NC B 158.866 138.208 138.208 2014 1975 2014 1 3.47 4.32 0.74 
13687 6014 1 Brunswick NC B 158.866 140.591 140.591 2016 1977 2016 1 3.47 4.32 0.8 

3046 6015 1 Harris NC P 797.181 720.938 720.938 2026 1987 2026 1 1.62 2.16 0.84 
13687 6015 1 Harris NC P 153.769 139.062 139.062 2026 1987 2026 1 1.62 2.16 0.84 

5416 6038 1 McGuire NC P 1220.31 1129 1129 2021 1981 2021 1 1.62 2.16 0.74 
5416 6038 2 McGuire NC P 1220.31 1129 1129 2023 1984 2023 1 1.62 2.16 0.84 

13337 8036 1 Cooper Station NE B 835.55 778 778 2014 1974 2014 1 3.08 3.85 0.63 
14127 2289 1 Fort Calhoun  NE P 502 476 492 2013 1973 2013 1 3.24 4.01 0.8 
19497 6115 1 Seabrook NH P 217.35 203.35 203.35 2026 1990 2026 1 1.93 2.54 0.8 
13433 6115 1 Seabrook NH P 123.703 115.735 115.735 2026 1990 2026 1 1.93 2.54 0.8 

2951 6115 1 Seabrook NH P 43.718 40.902 40.902 2026 1990 2026 1 1.93 2.54 0.8 
12833 6115 1 Seabrook NH P 36.018 33.698 33.698 2026 1990 2026 1 1.93 2.54 0.8 

4176 6115 1 Seabrook NH P 50.425 47.177 47.177 2026 1990 2026 1 1.93 2.54 0.8 
11806 6115 1 Seabrook NH P 143.948 134.676 134.676 2026 1990 2026 1 1.93 2.54 0.8 

5971 6115 1 Seabrook NH P 150.655 140.951 140.951 2026 1990 2026 1 1.93 2.54 0.8 
13441 6115 1 Seabrook NH P 26.951 25.215 25.215 2026 1990 2026 1 1.93 2.54 0.8 

B = Boiling Water Reactor 

P = Pressurized Water Reactor 
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 Table E-3.1 - Nuclear Power Plants in NEMS for AEO99 

Company 
ID Plant ID Unit ID Plant Name State 

Reactor 
Type 

Name Plate 
Capacity 

Summer 
Capacity 

Winter 
Capacity 

Refurbishment 
Date On-Line Year Retire Year 

Nuclear 
Endogenous 
Ret. Switch 

Lev Cost for 
Nuc Life Ext 

(Phase 1) 
(87¢/kWh) 

Lev Cost for 
Nuc Life Ext 

(Phase 2) 
(87¢/kWh) 

Average Capacity 
Factor 

13714 6115 1 Seabrook NH P 446.872 418.088 418.088 2026 1990 2026 1 1.93 2.54 0.8 
99996 6115 1 Seabrook NH P 2.36 2.208 2.208 2026 1990 2026 1 1.93 2.54 0.8 
15477 6118 1 Hope Creek NJ B 1111.5 979.45 1019.35 2026 1987 2026 1 2 2.54 0.86 

963 6118 1 Hope Creek NJ B 58.5 51.55 53.65 2026 1987 2026 1 2 2.54 0.86 
7423 2388 1 Oyster Creek NJ B 640.7 619 637 2004 1969 2009 1 3.62 4.39 0.8 
5027 2410 1 Salem NJ P 86.697 81.955 82.992 2016 1977 2016 1 3.16 3.85 0.74 

15477 2410 1 Salem NJ P 498.303 471.045 477.008 2016 1977 2016 1 3.16 3.85 0.74 
963 2410 1 Salem NJ P 86.697 81.955 82.992 2016 1977 2016 1 3.16 3.85 0.74 

14940 2410 1 Salem NJ P 498.303 471.045 477.008 2016 1977 2016 1 3.16 3.85 0.74 
963 2410 2 Salem NJ P 86.697 81.955 82.992 2020 1981 2020 1 3.16 3.85 0.74 

14940 2410 2 Salem NJ P 498.303 471.045 477.008 2020 1981 2020 1 3.16 3.85 0.74 
15477 2410 2 Salem NJ P 498.303 471.045 477.008 2020 1981 2020 1 3.16 3.85 0.74 

5027 2410 2 Salem NJ P 86.697 81.955 82.992 2020 1981 2020 1 3.16 3.85 0.74 
16183 6122 1 Ginna NY P 517.14 470 470 2009 1970 2009 1 2.08 3.39 0.84 

4226 2497 2 Indian Point NY P 1309.672 931 951 2003 1973 2013 1 2.78 3.39 0.74 
15296 8907 3 Indian Point 3 NY P 1013 980 1000 2015 1976 2015 1 2.54 4.16 0.74 
15296 6110 1 James A FitzPatrick NY B 883 820 820 1997 1975 2014 1 2.93 3.7 0.74 
13573 2589 1 Nine Mile Point NY B 641.75 617 625 2009 1969 2009 1 2.7 3.39 0.8 
13511 2589 2 Nine Mile Point NY B 218.441 189.921 191.16 1995 1988 1995 1 2.24 2.93 0.8 
11172 2589 2 Nine Mile Point NY B 218.441 189.921 191.16 1995 1988 1995 1 2.24 2.93 0.8 
13573 2589 2 Nine Mile Point NY B 497.56 432.598 435.42 1995 1988 1995 1 2.24 2.93 0.8 

3249 2589 2 Nine Mile Point NY B 109.22 94.96 95.58 1995 1988 1995 1 2.24 2.93 0.8 
16183 2589 2 Nine Mile Point NY B 169.898 147.716 148.68 1995 1988 1995 1 2.24 2.93 0.8 
11172 2589 2 Nine Mile Point NY B 226.674 197.079 198.365 2026 1995 2026 1 2.24 2.93 0.8 
16183 2589 2 Nine Mile Point NY B 176.302 153.284 154.284 2026 1995 2026 1 2.24 2.93 0.8 
13573 2589 2 Nine Mile Point NY B 516.312 448.902 451.83 2026 1995 2026 1 2.24 2.93 0.8 

3249 2589 2 Nine Mile Point NY B 113.337 98.54 99.183 2026 1995 2026 1 2.24 2.93 0.8 
13511 2589 2 Nine Mile Point NY B 226.674 197.079 198.365 2026 1995 2026 1 2.24 2.93 0.8 
18997 6149 1 Davis-Besse OH P 449.845 424.453 424.453 2017 1977 2017 1 1.93 2.47 0.87 

3755 6149 1 Davis-Besse OH P 475.381 448.547 448.547 2017 1977 2017 1 1.93 2.47 0.87 
13998 6020 1 Perry OH B 441.399 411.956 420.766 2026 1987 2026 1 3.08 3.93 0.74 

5487 6020 1 Perry OH B 172.101 160.621 164.056 2026 1987 2026 1 3.08 3.93 0.74 
3755 6020 1 Perry OH B 389.669 363.676 371.453 2026 1987 2026 1 3.08 3.93 0.74 

18997 6020 1 Perry OH B 249.383 232.748 237.725 2026 1987 2026 1 3.08 3.93 0.74 
15248 6107 1 Trojan OR P 820.8 745.2 745.2 1993 1976 1993 0 0 0 0 
14356 6107 1 Trojan OR P 30.4 27.6 27.6 1993 1976 1993 0 0 0 0 

6022 6107 1 Trojan OR P 364.8 331.2 331.2 1993 1976 1993 0 0 0 0 
5487 6040 1 Beaver Valley PA P 438.615 384.75 384.75 2016 1976 2016 1 1.93 2.54 0.74 

14716 6040 1 Beaver Valley PA P 161.595 141.75 141.75 2016 1976 2016 1 1.93 2.54 0.74 
B = Boiling Water Reactor 

P = Pressurized Water Reactor 

Appendix E-3 E-3.9 Ancillary Studies 



 
 

  
 

        
        
        

       
       

          
          

            
            

        
        
        
        
        
        
        
        
       
       
       
       

   
   
   

             
             
            
            
            

         
             
             
             
             
             
            
            
          

       

 

 Table E-3.1 - Nuclear Power Plants in NEMS for AEO99 

Company 
ID Plant ID Unit ID Plant Name State 

Reactor 
Type 

Name Plate 
Capacity 

Summer 
Capacity 

Winter 
Capacity 

Refurbishment 
Date On-Line Year Retire Year 

Nuclear 
Endogenous 
Ret. Switch 

Lev Cost for 
Nuc Life Ext 

(Phase 1) 
(87¢/kWh) 

Lev Cost for 
Nuc Life Ext 

(Phase 2) 
(87¢/kWh) 

Average Capacity 
Factor 

13998 6040 1 Beaver Valley PA P 323.19 283.5 283.5 2016 1976 2016 1 1.93 2.54 0.74 
13998 6040 2 Beaver Valley PA P 386.72 343.416 343.416 2027 1987 2027 1 1.93 2.54 0.84 
18997 6040 2 Beaver Valley PA P 183.849 163.262 163.262 2027 1987 2027 1 1.93 2.54 0.84 

3755 6040 2 Beaver Valley PA P 225.956 200.654 200.654 2027 1987 2027 1 1.93 2.54 0.84 
5487 6040 2 Beaver Valley PA P 126.875 112.668 112.668 2027 1987 2027 1 1.93 2.54 0.84 

70899 10118 GEN1 Harrisburg PA 8.214 7.697 7.697 9999 1986 9999 0 0 0 0.509 
70899 10118 GEN2 Harrisburg PA 15.5 14.524 14.524 9999 1994 9999 0 0 0 0.5 
14940 6105 2 Limerick PA B 1138.473 1115 1115 2029 1990 2029 1 1.54 2.08 0.86 
14940 6105 1 Limerick PA B 1138.473 1055 1062 2024 1986 2024 1 1.54 2.08 0.86 
14940 3166 2 Peach Bottom PA B 489.485 464.416 475.463 2013 1974 2013 1 2.39 3.01 0.8 
15477 3166 2 Peach Bottom PA B 489.485 464.416 475.463 2013 1974 2013 1 2.39 3.01 0.8 

5027 3166 2 Peach Bottom PA B 86.515 82.084 84.037 2013 1974 2013 1 2.39 3.01 0.8 
963 3166 2 Peach Bottom PA B 86.515 82.084 84.037 2013 1974 2013 1 2.39 3.01 0.8 

5027 3166 3 Peach Bottom PA B 86.515 77.729 77.729 2014 1974 2014 1 2.39 3.01 0.8 
15477 3166 3 Peach Bottom PA B 489.485 439.772 439.772 2014 1974 2014 1 2.39 3.01 0.8 

963 3166 3 Peach Bottom PA B 86.515 77.729 77.729 2014 1974 2014 1 2.39 3.01 0.8 
14940 3166 3 Peach Bottom PA B 489.485 439.772 439.772 2014 1974 2014 1 2.39 3.01 0.8 
14715 6103 1 Susquehanna  PA B 1036.8 981 981 2022 1983 2022 1 1.85 2.47 0.8 
14715 6103 2 Susquehanna  PA B 1051.555 984.6 999 2024 1985 2024 1 1.85 2.47 0.8 

332 6103 1 Susquehanna  PA B 115.2 109 109 2022 1983 2022 1 1.85 2.47 0.8 
332 6103 2 Susquehanna  PA B 116.839 109.4 111 2024 1985 2024 1 1.85 2.47 0.8 

9726 8011 1 Three Mile Island PA P 218 196.5 202.5 2014 1974 2014 1 2.24 2.85 0.87 
14711 8011 1 Three Mile Island PA P 218 196.5 202.5 2014 1974 2014 1 2.24 2.85 0.87 

7423 8011 1 Three Mile Island PA P 436 393 405 2014 1974 2014 1 2.24 2.85 0.87 
5416 6036 1 Catawba SC P 301.273 282.25 282.25 2024 1985 2024 1 1.39 1.85 0.84 
5416 6036 2 Catawba SC P 903.818 846.75 846.75 2026 1986 2026 1 1.39 1.85 0.84 

40217 6036 1 Catawba SC P 225.955 211.688 211.688 2024 1985 2024 1 1.39 1.85 0.84 
13683 6036 1 Catawba SC P 677.864 635.063 635.063 2024 1985 2024 1 1.39 1.85 0.84 
15028 6036 2 Catawba SC P 301.273 282.25 282.25 2026 1986 2026 1 1.39 1.85 0.84 

3046 3251 2 H B Robinson SC P 768.681 683 718 2010 1971 2010 1 1.91 3.24 0.8 
5416 3265 2 Oconee SC P 886.669 846 846 2013 1974 2013 1 1.77 2.24 0.84 
5416 3265 1 Oconee SC P 886.669 846 846 2013 1973 2013 1 1.77 2.24 0.84 
5416 3265 3 Oconee SC P 893.271 846 846 2014 1974 2014 1 1.77 2.24 0.84 

17539 6127 1 Summer SC P 635.997 632.031 632.031 1996 1984 2022 1 1.16 2.31 0.8 
17543 6127 1 Summer SC P 317.951 315.969 315.969 1996 1984 2022 1 1.16 2.31 0.8 
18642 6152 1 Sequoyah TN P 1220.58 1111 1141 2020 1981 2020 1 2.31 2.93 0.74 
18642 6152 2 Sequoyah TN P 1220.58 1106 1136 2021 1982 2021 1 2.31 2.93 0.8 
18642 3419 1 Watts Bar TN P 1269.9 1122 1164 9999 1996 2036 0 0 0 0.8 
44372 6145 2 Comanche Peak TX P 1215 1150 1150 2033 1993 2033 1 1.46 2 0.74 

B = Boiling Water Reactor 

P = Pressurized Water Reactor 
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 Table E-3.1 - Nuclear Power Plants in NEMS for AEO99 

Company 
ID Plant ID Unit ID Plant Name State 

Reactor 
Type 

Name Plate 
Capacity 

Summer 
Capacity 

Winter 
Capacity 

Refurbishment 
Date On-Line Year Retire Year 

Nuclear 
Endogenous 
Ret. Switch 

Lev Cost for 
Nuc Life Ext 

(Phase 1) 
(87¢/kWh) 

Lev Cost for 
Nuc Life Ext 

(Phase 2) 
(87¢/kWh) 

Average Capacity 
Factor 

44372 6145 1 Comanche Peak TX P 1215 1150 1150 2030 1990 2030 1 1.46 2 0.84 
8901 6251 1 South Texas TX P 417.131 385.308 385.308 2027 1988 2027 1 2.08 2.7 0.8 
3278 6251 1 South Texas TX P 341.289 315.252 315.252 2027 1988 2027 1 2.08 2.7 0.8 
3278 6251 2 South Texas TX P 341.289 315.252 315.252 2028 1989 2028 1 2.08 2.7 0.84 
8901 6251 2 South Texas TX P 417.131 385.308 385.308 2028 1989 2028 1 2.08 2.7 0.84 
1015 6251 1 South Texas TX P 216.691 200.16 200.16 2027 1988 2027 1 2.08 2.7 0.8 

16604 6251 1 South Texas TX P 379.21 350.28 350.28 2027 1988 2027 1 2.08 2.7 0.8 
1015 6251 2 South Texas TX P 216.691 200.16 200.16 2028 1989 2028 1 2.08 2.7 0.84 

16604 6251 2 South Texas TX P 379.21 350.28 350.28 2028 1989 2028 1 2.08 2.7 0.84 
19876 6168 1 North Anna VA P 866.09 789.412 789.412 2018 1978 2018 1 1.11 2.08 0.87 
19876 6168 2 North Anna VA P 866.09 792.948 784.948 2020 1980 2020 1 1.11 2.08 0.87 
40229 6168 1 North Anna VA P 113.65 103.588 103.588 2018 1978 2018 1 1.11 2.08 0.87 
40229 6168 2 North Anna VA P 113.65 104.052 104.052 2020 1980 2020 1 1.11 2.08 0.87 
19876 3806 1 Surry VA P 847.53 801 801 2012 1972 2012 1 1.85 2.39 0.84 
19876 3806 2 Surry VA P 847.53 801 801 2013 1973 2013 1 1.85 2.39 0.8 
19796 3751 1 Vermont Yankee  VT 563.4 496 521.8 2012 1972 2012 1 2.54 3.08 0.86 
20160 3928 247 Hanford Gen Project WA 400 420 420 1992 1966 1992 0 0 0 0 
20160 3928 248 Hanford Gen Project WA 400 420 420 1992 1966 1992 0 0 0 0 
20160 371 2 WNP 1 & 2 WA B 1200 1107 1112 2023 1984 2023 1 2.24 2.85 0.63 
20856 8024 1 Kewaunee WI P 219.35 212.749 212.749 2013 1974 2013 1 1.52 2.62 0.87 
20860 8024 1 Kewaunee WI P 220.42 213.787 213.787 2013 1974 2013 1 1.52 2.62 0.87 
11479 8024 1 Kewaunee WI P 95.23 92.364 92.364 2013 1974 2013 1 1.52 2.62 0.87 
20847 4046 1 Point Beach WI P 523.8 493 497 2010 1970 2010 1 1.23 2.24 0.87 
20847 4046 2 Point Beach WI P 523.8 441 441 2013 1972 2013 1 1.23 2.24 0.87 

B = Boiling Water Reactor 

P = Pressurized Water Reactor 
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E-3.2.3 AEO99: Other NPP Assumptions 

In the AEO99, EIA reduces annual nuclear O&M expenditures over time to reflect retirements in the 
later years of the forecast; for example, 5% below the 1997 level in 2020. 

No new NPPs are assumed to be constructed and operable before 2020 in AEO99. This assumption is 
based on uncertainties associated with the fact that 1) post-construction hearings and judicial review, and 
2) waste disposal, regulatory, and financial issues are so large, they would prevent investment in new 
NPP capacity until resolved, which EIA assumes to be 2020. 

E-3.3 NUCLEAR PLANT LICENSE RENEWAL 

One of the significant going forward  costs in the AEO99 for nuclear power plants (NPPs) is the 
additional capital cost included in year 40 for license renewal and replacement of aging equipment. The 
assumed cost is $250/kW. This cost is considerably higher than the cost experienced to date (or 
projected) with the two NPPs who have submitted license renewal applications to the Nuclear Regulatory 
Commission (NRC)Baltimore Gas & Electric, Calvert Cliffs plant and Duke Energy, Oconee plant. 

E-3.3.1 NPP License Renewal: Activity to Date 

As of early 2000, approximately 29 license renewal applications or letters of intent have been filed with 
the NRC. Selected license renewal application activities are summarized below. 

On April 10, 1998, Baltimore Gas & Electric (BG&E) filed an application with the NRC to extend the 
operating license of its two unit Calvert Cliffs plant by 20 years. The 825 MWe C-E Units 1 and 2 began 
commercial operation in 1975 and 1977, respectively. On February 4, 1999, NRC Chairman Shirley 
Jackson reported to the Senate that barring any hiccups , the BG&E Calvert Cliffs review should result 
in a decision in May 2000, only 25 months after the application was filed. Approval of the Calvert Cliffs 
license renewal was issued on March 23, 2000. 

On July, 7, 1998, Duke Power Company filed an application with the NRC to extend the operating license 
of its three-unit Oconee plant by 20 years. Oconee 1 began commercial operation in 1973 and Units 2 
and 3 in 1974; all three units are 846 MWe pressurized water reactors (PWRs) manufactured by B&W. 
At the time of its application, Duke anticipated that the technical and environmental review process and 
public hearings would take close to three years. The NRC has stated that its review would be concluded 
in 585 days, plus time for public hearings. For the longer term, Duke is also considering license renewal 
of its McGuire and Catawba stations. 

On January 22, 1999, Entergy Operations informed the NRC that it intended to file a license renewal 
application for its Arkansas Number One (ANO 1) unit in December 1999, even though its current 40­
year license does not expire until 2014. ANO 1 is a 836 MWe B&W pressurized water reactor (PWR) 
that began commercial operation in 1974. Current condenser replacement and planned steam generator 
replacement make Entergy s ANO 2 a strong candidate for license renewal (2018).  Entergy has stated 
that license renewal also makes sense for Pilgrim, which it recently acquired from Boston Edison. 

Southern Nuclear Operating Co. (SNOC) has stated its plans to spend $13.2 million on development costs 
and some NRC fees (but nothing on equipment) over five years for license renewal activities for its 
Hatch-1 and —2, 860 and 910 MWe units respectively.  Both units are General Electric boiling water 
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reactors (BWR). The Hatch decision will be made at the end of 1999. After that SNOC will consider 
license renewal for the Farley and Vogtle stations. 

PECO Energy indicated in 1998 that it is seriously considering license renewal for its two GE 1100 MWe 
BWR Peach Bottom units and for the B&W 786 MWe PWR TMI-1 unit, which PECO and its partner, 
British Energy, are acquiring from GPU under the corporate entity AmerGen. 

In July 1998, Florida Power & Light sent the NRC a letter of intent to file a license extension renewal 
application in several years for its Turkey Point-3 and -4 693 MWe Westinghouse PWR units, which have 
license expiration dates in 2012 and 2013. 

Even though both Donald C. Cook units (1020 and 1090 MWe PWRs, respectively) have been shutdown 
since September 1997 for regulatory compliance, American Electric Power (AEP) has indicated that it 
will replace the four steam generators at Cook-1 in the next few years. AEP also intends to seek license 
renewal for Cook-1 in early 2000. The steam generators at Cook-2 were replaced in 1988. Both plants 
are expected to re-start in the third quarter of 1999. 

E-3.3.2 License Renewal Costs: Experience to Date 

As part of its decision to seek license renewal, BG&E decided to replace the two steam generators at each 
of its two Calvert Cliff units. It awarded a contract in the amount of $100 million for the supply of four 
generators, and a second contract in the amount of $200 million to implement the generator change outs. 

Both Duke and BG&E have estimated the cost of preparing a license application and NRC review at 
between $15-20 million. To date, Duke and BG&E have spent approximately $8 and $7 million, 
respectively, on preparing their applications; they expect the NRC review to cost them each $8 million. 
These costs do not include the cost for equipment upgrades or refurbishment. For example, in the case of 
BG&E, $300 million is needed for steam generator replacement; Duke is expected to replace its steam 
generators if its application is approved. 

Duke s decision to seek license renewal was driven by the Oconee station s efficient operation and 
economics. On a production cost basis the company s nuclear units are the lowest cost producing 
generators on Duke s system.  The Oconee production costs averaged 17.4 mills/kWhr during the 1995­
1997 period, compared to the industry median cost of 19.6 mills/kWh. 

The BG&E and Duke experience indicates that the cost of a license extension application and review 
process for a two-unit, 2 GWe nuclear station should not exceed $20 million, or $10 million per GWe. 
The cost of equipment refurbishment (steam generator, etc.) for the same typical 2 GWe station is 
estimated to be $340 million, or $170/GWe ($150 M*(1000 GWe/825 GWe)**0.7). This estimate uses 
the chemical engineering economies-of-scale power law. 

Thus, the total license renewal cost should not exceed $180 million per GWe ($180/kW) in year 30.5 

This corresponds to approximately 4.0 mills/kWhe, assuming a 15% fixed charge rate for 20 years and a 
capacity factor of 75-80%. For Oconee, using its 1995-1997 operating data, this would result in a total 
generation going forward  cost of about 21 mills/ kWhe.  This compares favorably with a market clearing 
price of 2.5 cents/kWh (25 mills). As indicated in Table E-3.2, a large number of plants would be 
economically competitive when a 4 mill/kWh relicensing charge is added to their average 1995-97 
operating costs. 
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Table E-3.2 
U.S. NPP OPERATING COSTS, 1995-97 

1997 Average, 1995-97 

CAPACITY PRODUCTION Mills/ 
UTILITY PLANT Net MWh FACTOR (%) COSTS ($) kWh 

Virgina Power North Anna 14,992,315 95.61 157,953,260 11.36 
Southern NOC Vogtle 18,580,935 91.27 221,984,203 12.17 
Virgina Power Surry 12,091,744 86.16 164,856,343 13.63 
Commonwealth Edison Braidwood 16,331,078 83.23 220,956,098 13.93 
Commonwealth Edison Byron 16,264,616 84.01 218,382,072 14.33 
PECO Energy Limerick 17,534,940 89.04 241,278,302 14.33 
TVA Sequoyah 17,092,109 85.05 236,734,047 14.52 
Arizona Public Service Palo Verde 29,514,200 90.25 418,087,537 14.75 
South Carolina E&G Summer 7,253,069 87.34 108,649,156 14.85 
Northern States Power Prairie Island 7,162,437 79.77 117,679,078 14.91 
Entergy Operations Arkansas Nuclear I 14,208,157 95.75 199,343,997 15.18 
Houston L&P South Texas 19,846,127 90.58 302,498,674 15.21 
Union Electric Callaway 8,954,604 90.86 133,166,472 15.36 
Duke Power Catawba 17,766,777 89.82 257,072,285 15.44 
TVA Browns Ferry-2,-3 17,282,973 92.63 207,102,361 16.11 
Duke Power McGuire 13,650,071 69.01 252,492,052 16.11 
Carolina P&L Robinson - 2 6,197,588 104 89,765,531 16.23 
Wolf Creek NOC Wolf Creek 8,430,455 82.75 142,868,134 16.34 
Texas Utilities Comanche Peak 17,536,122 87.04 271,810,283 16.49 
Northern States Power Monticello 3,656,745 76.81 67,450,572 16.63 
Carolina P&L Brunswick 12,912,405 96.91 197,189,877 16.64 
Entergy Operations Grand Gulf 10,817,079 102.90 153,298,111 16.64 
Pennsylvania P&L Susquehanna 16,809,563 87.86 274,393,246 16.72 
Carolina P&L Shearon-Harris 59,002,566 78.32 106,855,326 17.17 
Baltimore G&E Calvert Cliffs 13,133,441 86.41 218,920,852 17.24 
Southern NOC Farley 14,700,404 88.19 209,531,512 17.28 
Duke Power Oconee 13,698,065 61.61 279,607,754 17.42 
North Atlantic Energy Seabrook 7,945,705 78.33 149,681,636 17.49 
Niagra Mohawk Power Nine Mile Point - 2 8,863,272 91.53 145,073,726 17.72 
Florida P&L Turkey Point 10,692,395 88.07 197,040,712 18.13 
Pacific G&E Diablo Canyon 17,070,798 90.22 303,511,991 18.19 
WPPSS WNP-2 6,965,278 71.83 130,913,388 18.21 
Florida P&L St. Lucie 12,218,065 83.12 220,619,121 18.86 
IM Power Cook 10,421,482 57.75 250,816,229 18.92 
Entergy Operations Waterford-3 6,708,783 71.24 145,154,330 18.92 
PECO Energy Peach Bottom 17,024,244 88.90 321,292,190 19.08 
Southern NOC Hatch 12,042,579 84.96 230,741,606 19.12 
Toledo Edison Davis-Besse 7,176,303 93.84 135,790,423 19.16 
Commonwealth Edison Zion 1,079,324 5.92 244,690,934 19.37 
Wisconsin Public Serv. Kewaunee 2,363,803 52.81 59,725,117 19.57 
GPU Nuclear Three Mile Island-1 5,918,770 85.96 126,874,899 19.68 
Consumers Power Palisades 5,776,398 90.33 107,985,568 20.52 
Duquesne Light Beaver Valley 10,201,478 71.44 226,883,764 21.09 
N.Y. Power Authority FitzPatrick 6,624,580 94.69 117,010,667 21.34 
Rochester G&E Ginna 3,891,660 92.55 76,326,249 22.31 
Commonwealth Edison LaSalle 0 0 240,825,140 22.33 
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Table E-3.2 
U.S. NPP OPERATING COSTS, 1995-97 (cont’d.) 

1997 Average, 1995-97 

CAPACITY PRODUCTION MILLS/ 
UTILITY PLANT Net MWh FACTOR (%) COSTS ($) kWh 

Nebraska PPD Cooper 5,455,697 81.52 115,351,602 22.51 
Entergy Operations River Bend 6,822,661 83.21 163,715,312 22.72 
Southern Cal Edison San Onofre 13,437,389 71.35 334,736,076 22.80 
Vermont Yankee Vermont Yankee 4,266,866 95.51 93,896,573 23.70 
Public Service E&G Hope Creek 6,385,163 70.7 158,946,771 23.73 
Iowa Electric L&P Duane Arnold 4,149,109 91.09 93,642,768 23.90 
CEI Perry 8,099,049 79.70 203,226,981 24.69 
Niagra Mohawk Power Nine Mile Point - 1 2,698,574 54.52 91,525,436 24.75 
Illinois Power Clinton 0 0 140,295,594 25.87 
GPU Nuclear Oyster Creek 5,073,283 93.56 131,271,528 27.13 
Commonwealth Edison Quad Cities 8,193,198 60.81 220,853,931 28.30 
Boston Edison Pilgrim 4,310,431 73.44 133,292,588 28.65 
Omaha PPD Fort Calhoun 3,813,166 91.07 104,944,324 30.84 
Florida Power Corp. Crystal River-3 0 0 151,985,908 32.55 
Detroit Edison Fermi 5,523,020 57.42 167,595,699 32.98 
Wisconsin Elec. Power Point Beach 1,637,509 19.27 109,723,598 33.68 
Consoidated Edison Indian Point-2 3,140,007 37.69 161,055,817 36.60 
Commonwealth Edison Dresden 9,616,912 84.01 232,650,004 44.75 
N.Y. Power Authority Indian Point-3 4,337,341 51.31 162,326,333 52.98 
Northeast Utilities Millstone-3 0 0 217,920,972 55.04 
Consumers Energy Big Rock Point 193,708 50.19 23,948,514 76.17 
Public Service E&G Salem 2,418,384 12.48 345,132,905 98.08 
Northeast Utilities Millstone-1,-2 0 0 110,052,428 179.34 
Maine Yankee APC Main Yankee 0 0 110,052,428 312.96 
TVA Watts Bar-1 7,632,501 75.50 

SUM 630,507,470 
AVERAGE 8,880,387 71.38 29.60 

Source: McGraw Hill, Utility Data Institute, FERC Form 1, DOE/EIA Form 412, as reported in Nucleonics Week, 
June 18, 1998. 

Note: The average license renewal cost of $180 million per GWe (with steam generator replacement) is 
representative for two-unit or multi-unit PWR stations, which comprise the majority of NPP stations. 
Approximately two-thirds (70 NPPs) of U.S. reactors are PWRs (see Table E-3.1). There are 24 two-unit 
and 2 three-unit PWR stations; approximately three-quarters of the domestic PWR reactor fleet. There 
are also 16 single reactor PWR stations. License renewal costs for single PWR reactor stations could be 
higher, by perhaps as much as 25%. 
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STEAM GENERATORS REPLACED at U.S. NUCLEAR PLANTS 
Table E-3.3 

UTILITY PLANT 
Operational 

Years 
Cost 
($M) 

Outage 
(days) 

Year 
Replaced 

Virginia Power Surry 2 7 94 260 1979 
Virginia Power Surry 1 8 94 200 1981 
FPL Group Turkey Point 3 10 90 210 1981 
FPL Group Turkey Point 4 9 90 150 1982 
Wisconsin Electric Point Beach 1 13 47 118 1983 
Carolina Power & Light Robinson 13 85 130 1984 
AEP Cook 2 11 115 175 1988 
New York Power Auth. Indian Point 3 13 120 140 1989 
CMS Energy Palisades 19 100 121 1990 
Northeast Utilities Millstone 17 190 192 1992 
Virginia Power North Anna 1 15 114 68 1995 
Duke Power Catawba 1 11 153 115 1996 
Rochester Gas & Elec. Ginna 25 108 70 1996 
Wisconsin Electric Point Beach 2 24 90 N/A 1997 

E-3.3.3 Steam Generator Replacement: Experience and Cost 

All PWRs use steam generators to produce the steam that drives the plant s turbines to produce 
electricity. Water heated by the plant s fuel the primary water flows into thousands of tubes 
(4,000-15,000 depending on the design) in the steam generator under high pressure, so it does not boil. 
Heat is transferred from the primary water through the tube walls to water inside the steam generator. 
This secondary water , which does not have direct contact with the fuel, boils to create steam to drive 
the plant s turbine. 

These steam generator tubes are susceptible to degradation from corrosion, cracking, fatigue and wear. 
Severely damaged tubes are either repaired or taken out of service. If enough tubes are damaged, a steam 
generator may have to be replaced. Replacement, although the most expensive and complex solution, is 
an economical option in the longer term, when required. Table E-3.3 tabulates the steam generators 
replaced at U.S. NPPs as of 1997. The costs range from $90-190 million for two steam generators. Total 
costs vary depending on plant size and number of steam generators replaced. Table E-3.4 identifies those 
NPPs with plans for steam generator replacement (as of May 1998). 

In 1992, Wisconsin Electric Power Company (WEPCo), in hearings before the Wisconsin Public Service 
Commission, presented an estimate of $119 million as the cost to replace the steam generators (in 1996) 
at Point Beach Unit-2, a 485 MWe Westinghouse PWR.  Point Beach is a two-loop, closed cycle, PWR; 
hence, it has two steam generators. If this cost is compared with the $170 million per GWe steam 
generator replacement cost calculated above, an equivalent cost of approximately $200 million is 
obtained. This cost reflects an increase of 18% for the relatively small, 485 MWe Point Beach unit over 
the average (for a 1 GWe unit); it also neglects inflation since 1994. 
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PLANNED STEAM GENERATOR REPLACEMENTS 
Table E-3.4 

UTILITY PLANT 

Net 
Capacity 

(MW) 
Projected Year of 

Replacement 

Duke McGuire 1 1129 1997 (completed) 
Duke McGuire 2 1129 1997 (completed) 
Unicom Byron 1 1120 1998 (completed) 
Florida P&L St. Lucie 1 839 1998 (completed) 
Unicom Braidwood 1120 1998 
Entergy ANO 2 850 2000 
AEP Cook 1 1020 2000 
Southern Company Farley 1 & 2 1720 2000 
Houston P & L S. Texas Proj. 1 1251 2000 
BG&E Calvert Cliffs 1 850 2000 
BG&E Calvert Cliffs 2 850 2000 

WEPCo estimated that the generator change-out would take 113 days, 71 days longer than the normal 
refueling outage during which it was to occur. In 1994, the lead time for steam generator fabrication was 
assumed to be 36 months. At that time it was estimated that 117 steam generators in one- and two-loop 
reactors would be replaced between 1995 and 2000. 

When Commonwealth Edison s 25-year old 1,040 MWe Zion-1 and Zion-2 units were permanently 
shutdown in February 1997 and November 1996, respectively, the estimated $400 million cost to replace 
the plant s steam generators was a key factor, among others. 

While BWRs do not have steam generators that may need to be changed out, they will undoubtedly have 
ancillary equipment in need of replacement or refurbishment in order to qualify for license renewal. The 
only publicly-available data on BWR license renewal and refurbishment costs have been published by the 
NRC. In a 1996 Generic Environmental Impact Statement (NUREG-1437), NRC estimated typical 
incremental costs associated with license renewal as $90 and $110 million for PWRs and BWRs, 
respectively. These incremental costs cover additional labor, waste disposal, capital, and off-site 
engineering and administrative support. Although these costs may be incurred over the remaining life of 
the plant, more than half may be incurred in the first few years after a renewed license is issued. 

The NRC notes that the incremental costs associated with license renewal will amount to an increase of 
less than 5% in annualized expenditures for non-fuel O&M and capital additions. These costs are 
considerably less than those experienced where steam generators have to be replaced. However, they are 
in line with the statements by the Nuclear Energy Institute (NEI) that license renewal costs will be in the 
range of $10-50/kWhe. 

E-3.4. STORAGE AND DISPOSAL OF SPENT NUCLEAR FUEL 

This section analyzes the implications of the spent fuel storage and disposal issues on the future operation 
of nuclear power plants in the U.S. The analysis includes impacts on 1) U.S. nuclear power plants during 
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the term of original operating licenses, 2) following plant shutdown upon expiration of the original 
license, and 3) for continued operation after expiration of the original license. 

E-3.4.1 On-Site Spent Fuel Storage 

U.S. utilities are running out of storage capacity in their on-site spent nuclear fuel (SNF) storage pools. 
Although there are a number of U.S. utilities that can still gain storage capacity through re-racking the 
storage pools, the majority of U.S. utilities have exhausted the ability to re-rack leaving dry storage as 
the remaining avenue for these utilities to increase on-site SNF storage capacity. Figure E-3.2 provides a 
projection of the annual and cumulative number of U.S. nuclear power plants that lose the ability to 
discharge a full-core of fuel into their SNF storage pools each year, resulting in the need to add additional 
storage capacity. This projection is based on information supplied by utilities to the U.S. Nuclear 
Regulatory Commission (NRC) during 1998.6 
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A s i g n i f i ca n t  n e e d f o r a d d i t i o n a l  o n - s i t e s t o ra g e c a p ac i t y o u t s i d e t h e S NF s t o r a g e p o o l  a l r e a d y 
e x i s t s i n  t h e U .S . As o f D e c em b e r 1 9 9 8 , ap p r o x i m at e l y 1 8  n u c l e a r p o wer p l a n t s a t  1 0 s i t e s h a v e 
a d d e d  s t o ra g e c a p ac i t y e q u i v a l e n t  t o 1 ,3 0 0 m e t r i c t o n s o f u r a n i u m ( M TU) u s i n g  d r y  s t o ra g e 
t ec h n o l o g i e s . By 2 0 1 0 , t h e e ar l i es t  d a t e t h a t t h e U .S. D ep a r t m e n t o f E n e rg y  (DOE) p r o j e c t s  a 
p er m a n e n t  r e p o s i t o r y  t o  b ec o m e a v ai l a b l e , 8 2  n u c l ea r p o we r p l an t s  a t 5 2  s i t e s  w i l l h a v e t o a d d 
a p p r o x i m a t e l y  1 0 ,0 0 0  MTU o f d ry  c as t  s t o r ag e ca p a ci t y . Fig u r e E - 3 .3  pr e s en t s  t h e l o c at i o n s  o f 
a d d i t i o n a l t wel v e I S F SI s  i n  t h e U .S . In  ad d i t i o n , u t i l i t i e s  h a v e a n n o u n c es  f i r m p l a n s t o  c o n s t r u ct 
a n a d d i t i o n a l  t we l v e IS F S Is  d u r i n g t h e n e x t  s ev e r al  y ea r s , a n d a t  l e as t  a n o t h er s i x  u t i l i t i e s  a r e i n 
t h e p l a n n i n g  s t a g es  o f d e v e l o p i n g  o n - s i t e d r y  s t o ra g e f a c i l i t i e s  t h at  a r e p l a n n e d  t o b e o p e r a t i o n al  i n 
t h e 2 0 0 5  t i m e f r a me . 
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E-3.4.2 U.S. DOE Civilian Radioactive Waste Management 

The Nuclear Waste Policy Act of 1982 (NWPA) and its amendments created a process and a set of 
milestones by which DOE would select and characterize potential sites for geologic repositories and begin 
development of the first repository. The NWPA established the Office of Civilian Radioactive Waste 
Management (OCRWM) within DOE to carry out the federal waste management program. 

The NWPA also provided that DOE contract with utilities and others to dispose of civilian SNF and high-
level radioactive waste (HLW) beginning not later than January 31, 1998. This contract requires utilities 
to pay 1 mill per kilowatt-hour-electric (kWhe) sold into a fund established in the Federal treasury the 
Nuclear Waste Fund (NWF) in order to cover the costs of disposal of SNF from commercial nuclear 
power plants. As of December 31, 1998, $15.3 billion in nuclear waste fees have been collected through 
utility rates, including interest earned on the balance of the NWF and utility fees collected but not yet paid 
into the NWF. 

Historically, the 1 mill per kWhe nuclear waste fee had been passed on to electricity customers through 
rate bases. The fees are retained in the NWF and any fees received in excess of annual funding 
requirements are invested in U.S. Treasury obligations and earn interest at prevailing rates. The fees plus 
interest earned must cover the costs of civilian radioactive waste management activities that extend far 
beyond the operating life of current nuclear power plants. 

DOE is required to perform an annual assessment of the adequacy of the nuclear waste fee. The most 
recent issued assessment Nuclear Waste Fund Fee Adequacy: An Assessment, (DOE/RW-0509; 
December 1998) found that the current 1 mill per kWhe fee is adequate.  Moreover, it determined that 
the NWF is projected to have a $10 billion balance (constant 1998 dollars) at the end of waste 
emplacement activities, based on current program cost estimated, fee revenue projections, and projections 
of inflation and interest rates. According to DOE, this balance is more than sufficient to cover long-term 
monitoring, closure and decommissioning activities. In fact, when one considers the current NWF 
balance, estimated future fee collections and projected interest earnings, there should be sufficient monies 
to build an interim storage facility to begin accepting SNF from commercial reactors as part of an 
integrated waste management system. 

However, it should be noted that while the current NWF balance is more than $8 billion, due to 
Congressional budget caps and the way in which the federal budget is structured, DOE does not have 
ready access to the NWF balance or the increased annual appropriations needed to ensure that an 
operational repository is available by 2010. This funding problem would be even greater if an interim 
storage facility were authorized by Congress. Congress must provide access to the NWF balance and 
ensure that future payments into the NWF are not used to offset other federal spending in the long-term 
federal waste management system is to be successful. 

Without a central interim storage facility as part of an integrated waste management system, nuclear 
power plant operators must rely on the uncertain repository schedule for the removal of SNF from nuclear 
power plant sites. DOE projects that the earliest a repository will be in operation is 2010. A 2010 
repository is considered to be highly optimistic given that the repository program is a first-of-a-kind 
scientific, engineering and licensing effort and there is likely to be a drawn out licensing process that 
includes intervention by the State of Nevada and others. In contrast, central interim storage would be 
b as e d  o n a p r o v e n  r e g u l a t o r y  p r o c es s  an d  o n  p ro v e n d r y s t o r a g e t e ch n o l o g i es  t h a t  h a v e b e e n u s ed 
a t U .S. n u c l e ar p o we r p l a n t s  s i n c e 1 9 8 6 . Th e i n t eg r a t i o n  o f an  i n t e r i m s t o r a g e f ac i l i t y  i n  t h e 
f ed e r al  w as t e m a n ag e m en t  s y s t em w o u l d  c u r t a i l  t h e n e e d f o r d r y s t o r a g e f a ci l i t i e s  a t  t h e ma j o ri t y 
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of reactor sites as discussed in Section E-3.4.1.  It would also limit the amount of time that SNF remains 
at reactor sites after the nuclear power plants shut down for decommissioning. 

E-3.4.3 State Role in On-Site Storage Decisions 

Several states have played key roles in on-site SNF storage decisions made by utilities in their 
jurisdictions.  The Public Utilities Commissions (PUC) and State Attorneys General in the States of 
Minnesota, Michigan, and Wisconsin have been particularly active in on-site SNF storage issues.  Many 
states have enacted statutes or regulations applicable to the storage of SNF at nuclear power plant sites. 
State statutes regarding SNF storage and disposal cover a wide range of alternatives including: a 
prohibition on in-state storage of SNF, restrictions on storage of SNF generated in another state, 
requirements for state approval of storage facilities, restrictions on the disposal of SNF within the state, 
and the need for state certification before constructing a facility related to the generation of electricity.  As 
more and more nuclear power plants need to add additional storage capacity, either through dry storage of 
SNF pool re-racking, it is expected that additional states will use state statutes to oppose increased on-site 
SNF storage capacity. 

E-3.4.4 Implications for Operation of Nuclear Power Plants 

The impacts of continued at-reactor SNF storage in lieu of centralized storage on U.S. nuclear power 
plants will be analyzed for three situations:  (1) impacts during the term of original plant licensed, (2) 
impacts following plant shutdown upon expiration of original licenses, and (3) impacts on plant license 
renewal. 

E-3.4.4.1 Impact During Term of Original Plant License 

Nuclear power plants in states that have passed regulations requiring state approval of additional SNF 
storage capacity are likely to experience delays and possible restrictions related to adding dry storage 
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facilities or even re-racking SNF storage pools that could result in early plant shutdown. The situations in 
Minnesota and Wisconsin are illustrative of the expectations in this regard. 

For example, in 1991, Northern States Power Company (NSP) applied to the Minnesota Public Utilities 
Commission for a Certificate-of-Need to build a dry storage facility at Prairie Island. The application for a 
Certificate of Need was referred to an administrative law judge due to a contested hearing. The State of 
Minnesota has allowed NSP to build only enough dry storage capacity to continue operation of the Prairie 
Island plant until 2007. Its operating license expires in 2013 for Unit 1 and 2014 for Unit 2. The State of 
Wisconsin also requires a Certificate-of-Need to add additional storage capacity for SNF. In reviewing 
the Wisconsin Electric Power Company (WEPCO) application for a Certificate of Need, the Wisconsin 
Public Service Commission decided to include a full Environmental Impact Statement and public 
hearings as part of its review process. The Wisconsin Public Service Commission approved the use of 12 
casks at Point Beach, which will allow continued operation through 2002. This capacity will not be 
sufficient to store SNF through the end of the Point Beach plants  licenses in 2010 and 2013. 

Nuclear power plants that do not have SNF capacity restrictions imposed by state agencies should be able 
to implement dry storage at reactor sites under existing NRC regulations. Costs for on-site storage will 
vary depending on the type of storage technology selected, its licensing status, nuclear power plant site 
topography, and the projected capacity of the dry storage facility. 

One-time ISFSI upfront costs include the costs for design, engineering, licensing, equipment, construction 
of storage pads and security systems, and startup testing for the facility. Upfront costs are estimated to be 
approximately $9 million to $14 million depending on the technology s licensing status, facility size, the 
type of equipment required, and the site s topography.  It should be noted that these upfront costs are 
incurred on a site basis. For example, if a reactor site has more than one nuclear power plant requiring 
additional storage capacity, the upfront costs would only be incurred one time for that site since only one 
ISFSI would be constructed to handle fuel from one or more plants. 

Storage system and loading costs are the costs associated with loading fuel into the ISFSI, including the 
costs for transportable metal storage containers and concrete overpacks, metal casks, storage system 
loading, and consumables. Annual operating costs are the costs required to operate the facility that are 
not associated with loading fuel to dry storage. This would include NRC annual license fees, fabrication 
surveillance, monitoring costs, personnel costs, utilities, etc. these costs will vary depending upon 
whether the ISFSI is located at an operating reactor site or a shutdown reactor site. Costs for storage 
systems and loading are approximately $2 million to $4 million per year during reactor operation. During 
reactor operation, operating costs are approximately $500,000 to $700,000 annually. Thus, annual costs 
during operation range from $2.5 to $4.7 million. 

Decommissioning costs are the costs associated with dismantling, decontaminating, and disposing of the 
material in the dry storage facility. Decommissioning costs are estimated to be approximately $2-4 
million. These costs would be incurred after all of the SNF has been shipped offsite. 

It might be illustrative to provide an example of how one might calculate dry storage costs. For a one-
reactor site that loses the ability to discharge a full core of SNF into its storage pool in 2011 and with a 
2018 expiration on its 40-year operating license, dry storage would be needed for 8 years during plant 
operation. Assume that upfront costs of $10 million would be incurred in 2011. From 2011 through 
2018, assuming annual costs of $3 million would be incurred to place fuel into dry storage and operate the 
ISFSI, the total costs during reactor operation would be $34 million. If the license were extended for 20 
years, an additional $60 million might be required if no SNF was shipped offsite by DOE during that 
time. However, if one assumes that a DOE repository will be operational between 2010 and 2015, 
additional dry storage may not be necessary during the period of license extension. 
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E-3.4.4.2 Impact Following Shutdown on Expiration of Original License 

In addition to considering the cost of additional SNF storage at operating nuclear power plants, utilities 
must consider the very significant cost increases that will result for post-shutdown storage to the extent 
that the SNF remains at the sites for extended periods of time. These costs include security, operations 
and maintenance, NRC license fees, insurance, taxes, etc. Annual operations and maintenance costs to 
store SNF at shutdown nuclear power plants must be calculated from the time the plant shuts down for 
decommissioning until the last SNF leaves the plant site. Cost estimates for post-shutdown SNF storage 
operating and maintenance costs range from $4-to-$12 million per year per plant site, where the variance 
reflects the post-shutdown storage method selected. Depending upon when DOE begins SNF acceptance 
from nuclear power plant sites and the date of nuclear power plant shutdown, the amount of time that 
SNF will remain at shutdown reactors will vary. 

Table E-3.5 provides a summary of the average length of time that SNF will remain at reactor sites for 
several SNF acceptance scenarios. As one can easily calculate, there are potentially significant savings 
associated with early SNF acceptance at an interim storage facility. For example, if SNF acceptance 
begins in 2003 at an interim storage facility, and SNF remains at a nuclear plant site for 12 years 
following reactor shutdown for decommissioning, the cost to store that SNF would be $96 million, 
assuming an annual operating cost of $8 million per year per site. If SNF acceptance is delayed until 
2015 and SNF must be stored for 24 years, the cost to store that same amount of SNF would now be $192 
million. Thus there is a potential savings of $96 million associated with early spent fuel acceptance under 
the assumptions made. 

The significance of these post-shutdown storage costs is that they are part of the nuclear power plant 
decommissioning costs that must be collected through electricity rates while the plant is operating. Sine 
the DOE has not announced a date certain for the acceptance of SNF from commercial nuclear power 
plants, SNF could remain at reactor sites for decades. The uncertainties in decommissioning cost 
requirements for storing the SNF will play a role in utility decisions to continue operation of nuclear 
power plants in a competitive market and will affect decisions related to nuclear plant license renewal. 
Theses post-shutdown storage costs can be minimized by the inclusion of a central interim storage facility 
as part of an integrated federal waste management system and the timely removal of SNF from reactor 
sites by DOE. 

E-3.4.4.3 Impact on Plant License Renewal 

To the extent that significant uncertainty remains regarding the viability of a functional Federal waste 
management system, or a states  unwillingness to permit expansion of on-site SNF storage capacity, 
there may be great reluctance on the part of electric utility companies to pursue license renewal. 
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Table E-3.5 
Average Time SNF Remains at Nuclear Power Plant Sites 

Following Reactor Shutdown for Decommissioning 

Date SNF Acceptance Begins Average Number of Years 
2003 Interim Storage 12 

2010 Repository 19 
2015 Repository 24 

Policy issues that must be resolved to ensure the future operation of nuclear power plants as well as the 
option of renewing the plant operating licenses: 

•	 A federal policy that supports a federal interim storage facility to begin operation in the 2003 
through 2005 time frame as part of an integrated federal waste management system. 

•	 Changes to the Congressional budgeting process to allow access to the balance of the NWF 
and full use of annual nuclear waste fees such that the fees are not used to offset other federal 
spending. Fixing the funding mechanism for the waste program will allow access to the 
monies needed to complete a repository in the 2010 to 2015 time frame. Without such 
changes, a repository may never be operational. 

•	 Working with the state governments to ensure that utilities are not prohibited from the 
addition of storage capacity, either through re-racking, dry storage or some other means, such 
that nuclear power plants can continue to operate and may renew their operating licenses for 
an additional 20 years. 

1 Author: David South, Energy Resources International, Inc.
 
2 For nuclear power plants, going forward costs include production costs, waste management fees (for current and
 
long-term disposal) , and decommissioning fees (paid to the Nuclear Decommissioning Trust Fund).
 
3 The cost data (Lev Cost in Columns 14 & 15) in Table E-3.1 does not include post-operational capital expenditures
 
or the FERC-defined Administrative and General (A&G) costs that typically add 6-7 mills/kWh.
 
4 These “going forward” costs represent the cost of the alternative (or the price of the output) that would result in the
 
NPP just being economic (relative to a competitive power source, NGCC). Thus, they represent the break-even cost.
 
5 This value compares with the $150/kW charge at year 30, and $250/kW charge at year 40, assumed by EIA in
 
AEO99.
 
6 “Reactor Spent Fuel Storage, Spent Fuel Pool and Full Core Offload Capability”, U.S. Nuclear Regulatory
 
Commission, (www.nrc.gov/OPA/drycask/sfdata.htm).
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Appendix E-4
 

ESTIMATING BOUNDS ON THE MACROECONOMIC EFFECTS
 
OF THE CEF POLICY SCENARIOS1
 

1. INTRODUCTION AND OVERVIEW 

Scenarios for a Clean Energy Future (CEF) is a partial equilibrium  study in that it focuses 
specifically on markets for energy services. It is also important, however, to consider potential 
effects of the CEF policies on overall economic performance. The purpose of this Appendix is a) t o 
provide a framework for interpreting the macroeconomic (or second-order ) effects that might 
occur under the types of scenarios analyzed in the CEF, and b) to obtain a range of estimates of these 
effects associated with the Moderate and Advanced scenarios as described in the CEF study. 

It should first be noted that the term macroeconomic is used in several, not always consistent, 
ways. Beyond meaning economy-wide  in general, macroeconomic has several competing 
connotations in contemporary economics. First, there is the Keynesian idea of short-run, 
disequilibrium dynamics, with particular emphasis on involuntary unemployment. Examples of this 
approach are the Data Resources, Inc. and WEFA models. Second is the approach that treats the 
entire economy as the sum of its microeconomic components, assuming market equilibrium and 
rational consumers and firms. This paradigm underlies the computable general equilibrium  models 
such as those of Jorgenson-Wilcoxen (1993), Goulder (1995), or Edmonds et al. (1992).2 

In this appendix we will consider results from both types of model in the context of the CEF study. 
Our primary framework and calculations focus on the second meaning given above of the term 
macroeconomic  and the associated CGE models, because these are appropriate for analysis on the 

time scales of the CEF, through 2010 or 2020. Because the Keynesian-style macroeconomic models 
are designed and suited for short-term forecasting, we will also discuss the application of one such 
model — that of Data Resources, Inc. (hereafter, DRI ) —to the analysis of the shorter-horizon 
effects of certain policies to reduce carbon emissions. 

The premises of bottom-up  or technology-focused analyses such as the CEF regarding consumers 
and firms decision-making on energy efficiency as well as the overall performance of markets for 
energy efficiency differ substantially from those embodied within top-down models of both the 
CGE and Keynesian varieties. Accordingly, our primary aim in this Appendix is to present and apply 
a framework within which both types of analysis can be accommodated. We thus begin with a 
theoretical discussion of the relation between the CEF approach and the equilibrium concept 
embodied in the CGE models. Next, we apply this discussion to obtain order-of-magnitude estimates 
of the combined macroeconomic impacts of the CEF policies and the $50 per tonne carbon charge 
envisioned in the Advanced scenario. These calculations are carried out under conservative 
assumptions regarding the disposition of the emissions permit revenues. We then go on to review 
the role of fiscal policy in both CGE and Keynesian modeling of carbon policy. The introduction of 
carbon taxes or a system of auctioned tradable carbon emissions permits would result in a considerable 
flow of revenue to the government. This revenue could be returned to the private sector in a number 
of ways. A large body of literature on the economics of carbon policy has demonstrated that exactly 
how this revenue is recycled to the economy has a substantial impact on the economic effects of 
abating carbon emissions through the price mechanism. We summarize the basic ideas and findings of 

1 Authors: Alan H. Sanstad, Lawrence Berkeley National Laboratory (LBNL); Stephen J. DeCanio, University of California 
at Santa Barbara; and Gale A. Boyd, Argonne National Laboratory (ANL). 
2 For additional discussion of this model, see Fisher-Vanden et al. (1993), MacCracken et al. (1999). 
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this literature and provide examples of the quantitative implications of other assumptions. Finally, 
we discuss shorter-term macroeconomic impacts of carbon charges as these have been estimated using 
the DRI model. 

2. INTEGRATING THE TECHNOLOGICAL AND MACROECONOMIC PERSPECTIVES 

The economy-wide impacts of energy or carbon policies are unquestionably important in general, and 
no less so in the particular case of technology-oriented policies as envisioned in the CEF.  This 
point, however, should not obscure the purpose and methodology underlying the technology-based 
studies. The essential finding of the CEF and related studies is that there are large-scale market 
and/or organizational failures, in addition to potentially substantial transactions costs, that prevent 
consumers and firms from obtaining many energy services at least cost.3  The essential conclusion is 
that this general problem can be overcome, to a considerable extent, through policies that help 
correct the market failures, induce productivity-enhancing organizational change, and reduce the 
transactions cost barriers to the diffusion of energy-efficient technologies. 

Interpreted in a macroeconomic context, the point of these studies is that the economy is not on its 
aggregate production-possibilities frontier. Given that the economy produces both desirable products 
and services ( goods of the kind measured by the GDP) as well as environmentally undesirable by­
products ( bads  as indicated by carbon emissions, for example), the production possibilities frontier 
is an abstract, aggregate representation of the mix of goods  and bads  that can be produced from a 
fixed set of input resources. Points within this frontier are suboptimal because starting from such a 
point it is possible to produce more of the goods  or less of the bads. 

The CEF and similar studies provide empirical evidence that a Pareto improvement is available 
through intervening in markets for energy services and by adopting various policy measures. Hence, 
inter-sectoral shifts and adjustments in factor markets that might take place as a result of the policies 
in question are accompanied by a net gain in economic efficiency. This gain is from investments 
having rates of return that are equal to or greater than the returns available on other investments of 
comparable risk. It should be noted that the CEF and similar studies do not claim that energy is 
special with regard to evidence of inefficiency and departure from the frontier. Other departures 
from economic optimality may also exist and may be related to energy inefficiencies. The focus of 
the CEF is simply on those energy and carbon dioxide related inefficiencies. Understanding the 
macroeconomic impacts of these policies requires a framework that incorporates both the estimates 
of the economic efficiency gain and the trade-off and corresponding economic adjustments that 
occur by placing a price on carbon emissions. 

We believe that many of the criticisms of studies like the CEF are a disagreement with the extent t o 
which the economy is inside its aggregate production frontier, the effectiveness of policies t o 
overcome this situation, or both. While there may be grounds for empirical debate about the 
aforementioned disagreement, it is important not to confuse this dispute with the general problem of 
analyzing macroeconomic  or general equilibrium aspects of the policies contemplated in the 
studies. This paper uses the production possibilities frontier as such an analytic framework for 
discussing and estimating the equilibrium effect of policies such as those analyzed by the CEF. 

This does not mean that the issue of disequilibrium is unimportant.  When the economy experiences 
unanticipated and unannounced changes, or shocks, the short-run disequilibrium in factor-markets can 

3 Another distinction in the methodology of these studies is that energy services, not energy consumption, is the 
operational concept to consumers and firms. Energy services are typically held constant in the bottom-up analyses. In 
general equilibrium approaches, energy services may adjust as well. Concerns over energy services increasing as a result 
of efficiency efforts focus on this rebound  effect. 
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be severe. Such was the case in the seventies when oil prices rose dramatically and without warning. 
When there are large and unexpected shifts in the economic landscape there is no time for planning 
and market adjustments. Consequently, existing capital may be rendered less valuable and resources 
temporarily underutilized until the economy recovers. However, the technology-based policies 
outlined in the CEF would be neither unanticipated or unannounced. Instead, they would be phased-in 
programs, designed to work in conjunction with normal capital stock turnover to minimize the 
disruption in investment planning and capital purchases.  While there would be inevitable shifts in 
the output of different industries, there is reason to believe that the prior announcement and phase in 
would allow for a gradual shift.  This might not eliminate the short-run disequilibrium, but would 
substantially reduce it. 

Returning to the general equilibrium issues, the best way to combine results from CGE models with 
the findings of the technology-based studies such as the CEF is to account separately for movements 
towards the production possibilities frontier that are attributable to policy-induced efficiency 
improvements and movements along the production-possibilities frontier that are due to the trade-
offs that arise because of the opportunity cost imposed by resource constraints. These effects can be 
estimated by examining the models which focus primarily, if not exclusively, on those effects. 
Movements toward the production possibilities frontier can best be derived from the calculations in 
the bottom-up methodology. Movements along the production possibilities frontier are implicitly 
represented by the CGE models and are best inferred from the published studies belonging to that 
literature. With estimates of these two effects in hand, a comparison of their magnitudes can be 
made. 

Of course, a single model that reflects both of these effects would be preferred.  However, this would 
require a CGE framework that includes a detailed technology representation for the various energy 
consuming sectors and a parametric representation of utility and production/cost functions that are 
estimated using methods which account for efficiency.4 Such a model does not yet exist, although 
some CGE models have taken steps toward such integration via greater representation of technology 
detail. For example, the MARKAL-MACRO model is one that embeds a well-known technology 
optimization model into an aggregate economic model. Use of preexisting models tends to limit the 
manner in which this integration can take place. The alternative would be to start from scratch. The 
All Modular Industry Growth Assessment (AMIGA) model is one such CGE model, but has a limited 
history in the peer reviewed literature (see Hanson 2000a, 2000b). 

Returning to the proposed framework, a brief exposition of the production possibilities frontier and 
associated approaches of economic efficiency are appropriate. In the textbook  production 
possibilities frontier, a set of economic resources (inputs) makes it possible to produce a set of 
different types of desirable goods and services (outputs), e.g. guns and butter (see Fig. 1a).  If 
production is inefficient, i.e. interior to the production possibilities frontier as shown by point I, any 
movement which increases either or both outputs (as shown by the straight arrows) results in a 
Pareto improvement.5 When the frontier is reached, there is a resource constraint, so that increasing 
one output requires reducing the other output. This resource constraint imposed at the frontier is the 
source of opportunity cost, the cost imposed in lost output of one type when another type of output 
is produced instead.6  When goods are priced, then an optimal allocation exists (represented by the 
point M), and movement along the frontier in the direction of one of the curved lines occurs until 
the opportunity cost(s) are equal to the prices. 

4 See Green (1993) for a review of these statistical techniques. 
5 This is similar to the standard gains-from-trade-model, when utility curves are overlapping.  Any trade that improves at 
least one player s welfare without decreasing the others  is a Pareto improvement. 
6 There are many types of constraints than can create opportunity cost. There may be constraints on R&D spending or the 
attention of policy makers such that activities to advance technology or promote efficiency in one sector implies that 
other advances or efficiencies are forgone in other sectors.  This type of opportunity cost is due to the constraint. The 
optimal strategy would be to expand the spending or attention span until all opportunities are fully exploited. 
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Fig. 1a. Standard Production Possibilities Frontier 
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Efficiency relative to the production frontier can also be viewed from the input side,  instead of the 
output side. 7 In this context, economic efficiency is the optimization of production activities 

within a well-defined economic sector. To be economically efficient in this sense requires 
technical  efficiency, i.e. that inputs be used effectively so that a reduction in any input would lead 

to a reduction in output. This is illustrated in Fig. 1b). The isoquant shows combinations of inputs 
that can produce a fixed level of output, y. Starting at the inefficient point A, inputs can all be 
reduced to reach the technically efficient point B, or only a subset of the inputs can be reduced t o 
reach the technically efficient point D. When production is technically efficient, then economic 
efficiency further requires that cost be minimized in the traditional sense, as at point C. Costs are 
understood to be as fully specified as possible, i.e. include transaction costs, etc. Note that production 
efficiency is a necessary but not sufficient condition for economic efficiency. When production is 
technically efficient, as defined above, then the deviations from cost minimization are called 
allocative inefficiency, because the reallocation of resources could lower cost while maintaining 

production. The arrow between B and C in Fig. 1b) represents the cost reduction possible by 
changing input mix in moving from B to C. 

7 This exposition follows Farrell (1957). This discussion could be extended to revenue functions and profit function by 
considering the output side simultaneously with inputs (F re and Primont 1995). 
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Fig. 1b. Standard Production (input) Frontier with Technical 
and Allocative Inefficiency
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In casual use, we speak of an improvement in economic efficiency. From the input perspective, 
this means technical efficiency improves (input use is lower without lowering output), allocative 
efficiency improves (input mix changes that lower costs), or both. Corresponding concepts exist on 
the output side (see Fig. 1a) or simultaneously for inputs and outputs (see F re and Primont 1995 for 
underlying theory and examples). 

There is a 40+ year theoretical and empirical literature on the measurement of these types of 
efficiency in the fields of economics and operations research. This literature goes beyond the 
bottom up engineering estimates of energy saving technology.  The basic notion of technical 

efficiency dates back to Koopmans (1951), Debreu (1951), and Farrell (1957). The ideas found in 
Farrell s influential paper are chronicled in F¿rsund (1999). The published studies on efficiency 
measurement are too numerous to list here. The bibliography published by Cooper et al. (1999) 
contains over 1,500 references.8 

It is important to point out that energy efficiency need not be the same as economic efficiency. 
Energy efficiency is the optimization of the sub-production functions of an energy aggregate or 
energy service.9  As above, costs are understood to be as fully specified as possible, i.e. include 
transaction costs, etc.10 Note that only when an energy service function is separable from the 

8 This bibliography focuses on a specific branch of this literature that uses a non-parametric linear programming approach 
called Data Envelopment Analysis (Charnes et al., 1978).  There is also a substantial empirical and theoretical literature 
using statistical and non-statistical parametric methods. 
9 Energy services are the combination of energy with other inputs, usually capital, to produce the desired service. For 
example, in lighting the energy is electricity while the energy service is illumination, requiring both energy and capital. 
10 When transaction costs are not observed, this may be a reason why a firm is inside the production frontier. Removing or 
reducing the transactions costs allows the firm to move toward the frontier. When transactions costs are explicit, 
removing or reducing the transactions costs changes the price line, changing the optimal input allocation. Policies in the 
CEF are oriented toward, among other things, in reducing the transaction costs via public action when the cost of doing so 
is less than the sum of the private costs. 
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overall production function is such sub-optimization possible.11  The optimization of the overall 
production function requires the optimization of the underlying function, but not vice-versa. When 
energy (service) is not separable, then energy efficiency requires the overall cost optimization of the 
production function, i.e. energy is allocated optimally among all resources, hence energy efficiency is 
defined to be equivalent to economic efficiency in this case.12  From this perspective, we see that 
energy efficiency is a necessary but not sufficient condition for economic efficiency, or optimality. 
Energy efficiency is not the minimization of energy costs without regard to other inputs. It may be 
the minimization of energy service costs, with regard to cost of other inputs to energy services, t o 
the extent that energy services are separable. 

The connection between energy efficiency and production efficiency has been recognized in the 
energy economics literature (Huntington 1995). Some empirical connections between energy and 
economic efficiency can be made in studies of the technical efficiency of energy-intensive 
production activities. Boyd et al. (1992a, 1992b, 1993, 1994a, 1994b, 1998, 1999, 2000) focus on 
technical efficiency measurement in energy intensive industries, including steel, cement, glass, and 
paper. These papers are not the only empirical evidence of production inefficiency in general or 
efficiency of energy intensive production specifically. 

Energy efficiency is just one source of economic efficiency. Fixing problems with energy efficiency 
does not fix the entire economy. For example, in Fig. 1b) the dotted line illustrates the case where 
only energy use is reduced from point A to point D. The cost reduction of moving from A to D as 
shown is greater than the reduction going from point A to point B. This is purely an artifact of the 
way Fig. 1b) has been drawn. It is an important empirical question to determine the extent to which 
energy intensity is empirically related to technical inefficiency.13 The point of the above discussion 
is to underscore that, when it comes to efficiency, energy is not special. However, to interpret the 
CEF in a macroeconomic context this analysis focuses on the economic efficiency benefits that arise 
from improvements in energy use. 

The environmental context of energy use in the economy requires us to revisit the form of the 
production possibilities frontier presented in Fig. 1a), since the economy produces some undesirable 
outputs jointly with the desirable ones.  Following F re et al. (1993) we consider a production 
possibilities frontier with jointly produced desirable and undesirable outputs. Good outputs typically 
have a value, or price, in the market, while bads frequently are not priced by the market.  When 
bads  are priced, either implicitly by regulation or explicitly by permits or taxes, the prices in the 

context of the production possibilities frontier are negative.  Fig. 1c) shows the production 
possibilities frontier with one aggregate good output, GDP, and one representative bad output, 
carbon dioxide. Note that over some range of the production possibilities frontier the relationship 
between GDP and carbon is upward sloping (or equivalently, downward sloping to the left ). This 
reflects the observation that with a given technology and a fixed set of input resources, lowering 
carbon emissions requires giving up some productive output, i.e. GDP. This is the same as the 
opportunity cost imposed by the resource constraint in Fig. 1a), except that the joint production 
assumption of GDP and carbon implies that the production possibilities frontier is upward sloping in 
some range. Theory also requires that GDP be bounded for a given set of inputs, so the production 
possibilities frontier has a maximum for GDP. If production is not efficient, then both good and bad 

11 See Blackorby et al. (1978) for a discussion of separability and its implication for economic models. Blundell (2000) 
provides a theoretical extension of separability that is particularly useful for energy. 
12 Many technologies examined in the CEF are reasonably viewed as being separable, which allows for the definition of 
energy services. 
13 Many bottom-up studies provide anecdotal evidence that energy efficiency has productivity (efficiency) benefits. Boyd 
and Pang (forthcoming) use the production efficiency approach and provide a statistical test of this issue for a narrowly 
defined set of plants in the glass industry. The shape of the curve to the right of the GDP maximum need not be as shown 
and is of little interest for our purpose here. 
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outputs may be changed, without incurring any opportunity cost, by eliminating the technical 
inefficiencies. If the bad output is not priced, i.e. the price is zero, then allocative efficiency is 
obtained at the maximum GDP.14 The arrow in Fig. 1c) illustrates the general direction of efficiency 
change resulting from the CEF, i.e. both a reduction in carbon dioxide and a net increase in GDP. 
This direction is by design of the policies to seek out economically beneficial carbon reductions. 

Fig. 1c. Production Possibilities Frontier with Undesirable Outputs 
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Just as there are many goods  in the economy that comprise GDP, there are also bads other than 
carbon dioxide. The framework of the production possibilities frontier, described above, is 
sufficiently general to allow for multiple desirable and undesirable outputs.  The assumption of 
efficient pricing make a monetary aggregate feasible for goods, but no such aggregator is available 
for bads. 15  The production possibilities frontier approach has been used to address this in a variety 
of papers (for example, F re et al. 1993, Boyd and McClelland 1999, F re et al. 1999).  This paper 
focuses only on GDP and carbon dioxide emissions, but recognizes that it is a pedagogical 
simplification. 

Another expositional simplification is the treatment of price vs. efficiency effects. It might be 
argued that CGE models, the parameters of which are either estimated from or calibrated to historical 
data, include many of the same technologies and behavior that are the focus of the bottom-up studies 
like the CEF.  This raises the question of whether our framework, taking estimates from two 
different veins in the literature, may result in some overlap or double counting. The extent of double 
counting depends on whether the estimates for the underlying price responsiveness in the CGE 
models are biased due to the presence of inefficiency and by how much. If the price response in the 

14 There is no theoretical reason that the maximum GDP determines a unique level of carbon as drawn.  The production 
possibilities frontier could also have a flat spot or nonconvexities resulting in multiple carbon values. The production 
possibilities frontier to the right of point M is not shown, since we have no specific expectations as to its shape.  Theory 
does require that it be bounded, however. 
15 An aggregator of bads is theoretically possible based on social damages, which would be equivalent to having optimal 
market prices for all bads. 
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CGE models includes some shifts in the level of technical efficiency instead of purely a frontier price 
response, then the results from the two methods cannot be added together.  However, Green (1993) 
shows that there is no way to tell in which direction an elasticity may be biased when one fails t o 
account for inefficiency in the underlying data.16 For this reason, the simple production possibilities 
frontier is proposed as a reasonable framework to compare the magnitude of these competing effects. 

3. ESTIMATES OF POTENTIAL MACROECONOMIC EFFECTS 

In order to obtain estimates of the different types of effects of the CEF policies on GDP as suggested 
by the production possibilities frontier framework, we propose a thought experiment having three 
steps: 

(1) Estimate the size of the GDP enhancement resulting from the policies of the CEF s Moderate 
scenario. This scenario does not include any carbon charge, hence its economic effects are due 
entirely to its removal of market and organizational barriers to profitable investments and its 
lowering of transactions costs throughout the economy. These improvements in economic 
performance represent a pure gain to the economy, a gain that is possible because the economy is 
initially inside its production-possibilities frontier. 

(2) After the Moderate scenario s GDP increment has been realized, introduce the $50/tonne carbon 
charge that is part of the Advanced scenario, but include none of the other policies of the Advanced 
scenario. The literature on CGE models reports the results of various runs of those models with 
alternative carbon charges. Using these estimates, it is possible to calculate a predicted drop in GDP 
resulting from the carbon charge alone. The difference between the GDP gain of the Moderate 
scenario and this estimated GDP loss from the carbon charge is a lower bound for the GDP gain that 
could be achieved from the Advanced scenario, because none of the other productivity-enhancing 
policies of the Advanced scenario is included in the calculation. 

The simulations of a $50/tonne carbon charge that we apply assume what is known as lump-sum 
recycling  of the revenue that would accrue to the government from such a charge under an 
auctioning system. This means that the revenues are returned to consumers or firms in such a way as 
to induce only an income effect and no substitution among goods and services.  As we note in the 
Introduction, this is a conservative assumption in that it rules out possible gains in economic 
efficiency from using these revenues to reduce other tax distortions. We discuss this point more 
completely in Section 4. 

(3) The potential GDP gain from the Advanced scenario (measured as the Net Direct Savings17 under 
that scenario) amounts to an upper bound on the GDP gain that could result from the Advanced 
scenario. The Advanced scenario includes technological change policies that shift the production-
possibilities frontier beyond what it is under the Moderate scenario as well as technological change 
induced by the $50/tonne carbon charge. However, the Net Direct Savings estimated by the CEF does 
not account for a possible shift along the production-possibilities frontier brought about by the 
carbon charge. (It is a premise of both the Moderate and Advanced scenarios that the energy 
services provided under the scenarios remain generally the same as in the baseline case.) Hence, the 
Net Direct Savings calculated under the Advanced scenario is an upper bound for the GDP 

16 In practice, the bias may not exist or may be negligible.  For example, Boyd and Pang (2000) finds that estimates of 
economic (technical) efficiency are significant in explaining the variation in energy output ratios. However, the price 
coefficient when efficiency is added to the regression model is not significantly different from the estimate without the 
efficiency variable. Their approach is ad hoc and does not address the issues raised by Green (1993). 
17 Net Direct Savings is defined as [t]he difference between the energy bill savings and the direct costs (annualized 
incremental technology investment costs plus the program implementation and administration costs)  (CEF 2000). 
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augmentation effect of the Advanced scenario. Subtracting the same GDP loss associated with the 
$50/tonne carbon charge as in step (2) from the Advanced scenario s Net Direct Savings gives an 
estimate of the GDP change under the Advanced scenario that takes account of the substitution 
effect induced by the carbon charge. 

This methodology is illustrated in Fig. 2. This figure displays the different possibilities in schematic 
form. The economy initially is at point I, inside the production-possibilities frontier that can be 
reached by the Moderate scenario s policies. Implementation of the Moderate scenario moves the 
economy to point M, with a corresponding increase in GDP from GDP0 to GDP1. The line depicting 
current relative prices  is tangent to the production-possibilities frontier at M, and represents the 

current situation with no carbon charge. A $50/tonne carbon charge shifts the relative price line and 
makes it upward sloping. The tangency of the new price line to the production-possibilities frontier 
is at point B, which represents the best the economy can do under the Moderate scenario but with a 
$50/tonne carbon charge. GDP falls from GDP1 to GDP2, reflecting the tradeoff between carbon 
emissions and GDP that comes about when there is a charge for carbon emissions.18  The points A1 

and A2 represent the two possible interpretations of the Advanced scenario. At A1 there is no 
substitution of carbon reductions for GDP caused by the carbon charge, while at A2 this substitution is 
taken into account.19  The Net Direct Savings of the Advanced scenario is represented by the 
quantity GDP3 - GDP0; this quantity represents the upper bound on the GDP effect of the Advanced 
scenario. The difference GDP4 - GDP0 gives the intermediate estimate of the GDP gain of the 
Advanced scenario when substitution is taken into account. 

It remains to estimate the magnitude of the substitution effect resulting from implementation of the 
$50/tonne carbon charge. The Energy Modeling Forum of Stanford University recently compared 
results from simulations by the leading energy/economic models of alternative scenarios for 
achieving the carbon emissions targets of the Kyoto Protocol (Weyant and Hill 1999).  The 
scenarios varied according to how much (and among which countries) international trading was 
allowed to take place. Four trading scenarios were run: (1) no trading of international emissions 
rights; (2) full Annex I (or Annex B)20 trading of emissions rights; (3) the double bubble, which 
considers separate EU and rest of Annex I trading blocs; and (4) full global trading of emissions 
rights. The outputs of the model runs under these different scenarios (noting that some models were 
not capable of running every scenario) included estimates of the implicit carbon tax or marginal 
cost of carbon emissions reductions associated with the particular scenario and model, as well as the 
corresponding estimates of GDP reductions. These estimates are displayed on Table 1. 

18 Note that although measured GDP falls as the economy moves from M to B, economic welfare can improve because 
society values the additional environmental services that are obtained at point B. See DeCanio (1997) for a full 
discussion. 
19 A recent study of productivity in OECD countries supports the notion that countries are inside their GDP - CO2 

production frontier and that this frontier has been shifting as shown during the decade of the eighties, see Boyd et al. 
(1998). 

20 The Annex I (of the 1992 Framework Convention on Climate Change) countries include the U.S., OECD-Europe, Japan, 
CANZ (Canada/Australia/New Zealand), and the EEFSU (East Europe and Former Soviet Union) countries. The Annex B (of 
the Kyoto Protocol) list varies slightly from the Annex I list (Weyant and Hill 1999). 
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Fig. 2 CEF Scenarios and Substitution Effects 

GDP3
 

GDP1
 

GDP4
 

GDP2
 

GDP0
 

Undesirable outputs (CO 2) 

D
es

ir
ab

le
 O

u
tp

u
ts

 (
G

D
P

) 
Relative Prices 

with a $50/tonne 
Carbon Charge 

I 

M 

A1 

A2 

B 

Current Relative Prices 
(without a $50/tonne Carbon Charge) 

Production Front ier Reachable by Moderate Policies 

Advanced Policy Production Fron tier 

Table 1. U.S. GDP Effects and Implicit Carbon Charges,
 
Various Emissions Trading Scenarios
 

Model 
Implicit Carbon Charge, 1990$ 

No 
trading 

Annex 1 
trading 

Double 
bubble 

Global 
trading 

GDP Loss in 2010, billions of 1990$ 

No 
trading 

Annex 1 
trading 

Double 
bubble 

Global 
trading 

ABARE­
GTEM 
MS-MRT
CETA
MERGE3
RICE
AIM
G-Cubed

$322  106  100  23 
  236      77   N/A     27
  168      46   N/A     26
  265    135   N/A     86
  132      62   N/A     18
  153      65     45     38

 76  53  28  20

$182  75  71  19 
  181     88    N/A     28 
  170     59    N/A     38 
    90     43    N/A     17 
    84     61    N/A     22 
    38     26      19     17 

35  20     - 4  5 

Sources: EMF-16; Weyant and Hill 1999 ; Weyant 1999. The Oxford model was not included 
because it is not a CGE model.  G-cubed is a hybrid general equilibrium/macro-econometric 
model because it does consider some unemployment and financial effects. Some other EMF-16 
model results are not listed because they did not calculate GDP effects. 

To estimate the GDP loss associated with a $50/tonne carbon charge, we calculated a GDP response 
curve  for each model indicating the expected response of GDP to various carbon trading values. We 
determined this curve by a quadratic extrapolation using the Annex I trading and global trading 
scenarios as reported by EMF-16. (These are the scenarios with carbon trading values that bracket or 
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are close to the $50/tonne level.)  For each model, the origin and the two estimates of implicit 
carbon charge and GDP loss determine a unique quadratic response curve.21  The curves must pass 
through the origin because, by construction, CGE models show no deviation of GDP from the 
baseline if no carbon tax is imposed. The figures from Table 1 were converted to 1997$ using the 
GDP deflator (Council of Economic Advisers 1999, Table B-3). The results, with the mean and 
median of the estimates, are displayed in Table 2. 

Table 2. Estimated 2010 GDP Loss (1997$) Associated with $50/tonne Carbon Charge,
 
Quadratic GDP Response Curve, EMF-16 Data
 

Model Estimated GDP Loss (billions of 1997$) 

ABARE-GTEM 
MS-MRT 
CETA 
MERGE3
RICE 
AIM 
G-Cubed 

Mean 
Median 

39 
54 
66 

4 
55 
22 
16 

37 
39 

Source: EMF-16; see text. 

To complete the thought experiment, these estimated GDP losses can be compared to the GDP gain 
from the Moderate and Advanced scenarios as calculated by the CEF. The net result is that the gain 
in GDP brought about by the efficiency-improving policies of the Moderate scenario offsets or is 
roughly equal to the median loss of GDP caused by the substitution induced by the $50/tonne carbon 
charge. The combined impact of the Advanced scenario and the substitution effect is a slight gain in 
GDP if either the mean or median estimate of the substitution effect is used.  The comparisons are 
shown in Table 3. 

21 The unique quadratic passing through the three points (0,0), (x1, y1), and (x2, y2) is given by the equation 

2 2 2 1 y x − y2 1   x y  2 1 2  x 1 − x y  
y = x2 + x 

 2 2 2 1  2 2 2 1x x − x x  1 − x x  1 2 x x  2
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Table 3. Estimated 2010 GDP Changes from Different Policy Combinations,
 
Billions of 1997$, Various Models, EMF-16 Data
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GDP1 – GDP0 (CEF Moderate 
Scenario) 

$40 40 40 40 40  40  40  40  40 

GDP2 – GDP1 (GDP Substitution 
Effect) 

-39 -54 -66 -4 -55 -22  -16 -37 -39 

GDP2 – GDP0 

(CEF Moderate + 
Substitution) 

1 -14 -26 36 -15 18 24 3  1 

GDP3 – GDP0 (CEF Advanced 
Scenario) 

48 48 48 48 48 48 48 48 48 

GDP4 – GDP0 

(CEF Advanced + 
Substitution) 

9 -6 -18 44 -7 26 32 11  9 

Source: See text, Fig. 2. 

The Advanced scenario projects Net Direct Savings in 2010 of $48 billion. Thus, the net GDP 
change after accounting for macroeconomic substitution effects lies between $ - 26 billion (the 
lowest of the estimates of GDP2 – GDP0) and $48 billion (the estimate of the GDP gain from the 
Advanced scenario without any GDP substitution effect). If the substitution effect is added to the 
GDP gain from the Advanced scenario, the change in GDP ranges from $ -18 billion to $ 44 billion. 
The mean and median estimates of the CEF Advanced scenario + Substitution Effect are $11 billion 
and $9 billion, respectively. The conclusion for 2010 is that the GDP increase that arises from 
efficiency improvements, as estimated by the CEF analyses, are of similar magnitude as the 
substitution effect from a $50/tC carbon trading permit. In 2020 the CEF estimates of the GDP 
benefits from efficiency improvements are larger than those in 2010, hence these efficiency benefits 
are greater than the substitution effect estimated here. 

4. THE IMPORTANCE OF FISCAL POLICY: “RECYCLING” CARBON CHARGE REVENUES 

The discussion above encompasses only the substitution effects of carbon charges. As noted in the 
Introduction, however, a system in which tradable carbon emissions permits were auctioned to 
emitters would result in a potentially large amount of revenue flowing to the government. The 
alternative would be to “grandfather” the permits, i.e., allocate them without charge to emitters. As 
we now describe, the use of the revenue in the case of auctioning would have potentially significant 
implications for the macroeconomic impacts of carbon charges.22 

The starting point for fiscal policy in the neoclassical framework is that taxes of any sort introduce 
“distortions” into the economy by changing the behavior of consumers and firms (Auerbach 1985).23 

Distortionary taxes on income or investment entail some (gross) economic losses even if there is a 
positive net effect once these taxes are used to provide, say, public goods and services. 

22 The topic of this section is discussed at length in Goulder (1996). 
23 Despite the terminology, in some cases “distortionary” taxes can in fact improve economic welfare directly, e.g., 
emissions taxes that reduce environmental damages. 
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The fact that a carbon permit system would be introduced in the context of our pre-existing system 
of taxes suggests the possibility of substituting carbon revenue for the revenue from income or 
investment taxes. The standard baseline for measuring the efficiency impacts of such policies is 
lump-sum  return of the revenues to consumers and/or firms.  In this case, a lump-sum return of the 

tax revenues would mean that the money is given back in such a way as to induce a pure income gain 
without causing substitution among commodities or between labor and leisure. This method of 
revenue recycling leaves existing tax distortions unchanged. This is the assumption made in the 
simulations we applied in Section 3, and is implicit in our theoretical discussion of Section 2. 

By contrast, such existing distortions could be reduced by returning carbon revenue to consumers and 
firms by reducing marginal tax rates on income or investment or both. The fundamental finding in 
this case is that this form of revenue recycling lowers the economic costs of carbon charges relative 
to a policy of lump-sum return. In essence, environmental policy is made to serve fiscal policy by 
reducing the economic efficiency losses from existing tax distortions. 

A stronger result has been hypothesized and studied extensively: whether using carbon revenues t o 
reduce existing tax distortions can actually lower the overall cost of carbon charges to zero (or make 
this cost negative). The most recent research shows that this strong double dividend hypothesis is 
validated when sufficient detail on pre-existing tax distortions is taken into account, and when tax-
favored consumption goods are incorporated (Parry and Bento 2000). In addition, it has been 
demonstrated that auctioning permits and using the revenue appropriately produces significant 
efficiency gains over systems in which permits are grandfathered (Parry et al. 1999). 

A number of studies using CGE models have demonstrated the importance of revenue recycling in 
determining the economic costs of carbon charges. Goulder (1995) studied the effects of a carbon 
tax of $25/ton, offset by reductions in period-by-period marginal tax rates (and compared to lump 
sum reductions).  The result of this revenue recycling option relative to lump-sum rebates was 
significant: in terms of GDP, losses from the carbon tax were reduced by 40-55 percent in the long 
run, with the largest offset obtained through cuts in personal taxes. Jorgenson and Wilcoxen (1993) 
studied the effects on real GNP in year 2020 of a carbon tax of $15 per ton imposed in 1990, rising 
by 5 percent annually.  Relative to lump sum rebating, cuts in a labor tax reduced GNP loss by 60 
percent - from a 1.7 percent to a 0.69 percent reduction from the baseline GNP forecast. In the case 
of recycling through taxes on capital, 2020 GNP was actually increased above the baseline, by 1.1 
percent — a strong  double dividend outcome. 

Such results reinforce the conservative character of the estimates we presented in Section 3. Using 
the $50/tonne carbon charge revenues to reduce marginal tax rates in a CGE framework would lower 
the estimates of the macroeconomic substitution effect that we obtained.  In the following section, 
we will show that revenue recycling assumptions also have significant implications for the analysis of 
shorter-run effects. 

5. TRANSITION IMPACTS: APPLICATIONS OF THE DRI MODEL 

A key characteristic of CGE models is the assumption of complete equilibrium —supply equaling 
demand — in all markets. In particular, while employment in specific sectors can rise or fall, there is 
no involuntary employment anywhere in the economy. In addition, these models do not contain a 
representation of money; instead, consumers and firms make choices on the basis of real relative 
prices. CGE models are generally viewed as representing underlying, long-run features of the 
economy. When applied to analyzing a policy such as a system of carbon emissions permits, they 
similarly describe the state of the economy after it has fully adjusted to the intervention. 
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By contrast, Keynesian models such as that of DRI allow for involuntary unemployment, and 
represent the money supply explicitly, thereby also permitting the modeling of monetary policy. 
These models are best suited to analyzing the transition —up to five years — response of the 
economy to policy changes or economic shocks. 

The DRI model contains several measures of overall economic performance. The potential GDP 
is the economy s maximum potential output, and thus corresponds to GDP as it is represented in 
CGE models. In addition, the model tracks macroeconomic adjustment costs, which in the case of 
carbon charges are transition frictions caused by the economy s reacting to higher energy prices. 

The DRI model has been applied to several analyses of the effects of introducing carbon charges into 
the U.S. economy. The most extensive were undertaken by the Energy Information Administration 
(EIA) of the U.S. Department of Energy in studies of the potential effects of U. S. compliance with 
the Kyoto Protocol (EIA 1998,1999a). EIA analyzed several scenarios corresponding to different 
US emissions reduction targets to be achieved on average between 2008 and 2012, phased in 
beginning either in 2000 (the Early Start case) or in 2005.  These scenarios were analyzed using 
the DRI macroeconomic model in conjunction with the National Energy Modeling System (NEMS). 

In both the Early Start and the 2005 start analyses, the scenarios most closely corresponding to the 
CEF Advanced scenario in terms of carbon reductions ascribed to carbon charges are those in which 
U. S. emissions rise an average of 24% above 1990 levels in 2008-2012.  (In the CEF Advanced 
scenario, the emission reduction from baseline achieved by the $50/tonne charge is equivalent to a 
rise of 17% above 1990 levels in 2010.) In the Early Start case, which most closely corresponds t o 
the CEF with respect to timing, achieving this reduction was estimated to entail potential GDP losses 
(as defined above) of $16 billion (US $1997) and macroeconomic adjustment costs of $33 billion (US 
$1997) when revenues were returned to consumers in a lump-sum personal income tax rebate. Thus, 
the total cost to the economy (referred to by EIA as the Actual Loss in GDP ) was $49 billion (US 
$1997). This level of reduction required a carbon price of $63/tonne (in 1997 dollars). 24 

To make an approximate comparison of these results to the CEF s $50/tonne charge, we can scale 
the estimated GDP losses by 0.79 (i.e., by 50/63).25  The potential GDP loss, corresponding to the 
estimates of the CGE models, in the Early Start case is then $13 billion (US $1997), and the Actual 
GDP loss (including macroeconomic adjustment costs) is $39 billion (US $1997).  Thus, in this case 
the DRI model s predictions of potential GDP loss is in the low end of the range predicted by the 
CGE models (cf. Table 2, above),. Including macroeconomic adjustment costs places the estimated 
loss precisely at the median of the range predicted by the CGE models. 

Although its timing does not correspond precisely to that of the CEF, the 2005 start scenario is 
useful to examine because it includes additional detail on revenue recycling options.26 Achieving the 
1990 + 24%  target in this case  was estimated to entail potential GDP losses (as defined above) of 

$13 billion (US $1997) and macroeconomic adjustment costs of $84 billion when revenues were 
returned to consumers in a personal income tax rebate. This rebate was modeled as a lump-sum 
return (Early 2000). The corresponding losses were again $13 billion (US $1997) in potential GDP 
and $49 billion in macroeconomic adjustment costs when revenues were returned by lowering the 
Social Security tax rate applied to both employers and employees. Thus, the total cost to the 
economy, that is, the Actual Loss in GDP (exclusive of the costs of purchasing international 
emissions permits) was $97 billion (US $1997) with personal tax rebates and $62 billion (US $1997) 

24 The GDP losses in the EIA s analysis were in 1992 dollars, and the carbon price in 1996 dollars.  These were converted to 
1997 dollars using the GDP deflator from Council of Economic Advisers (2000, Table B-7). 
25 This and the corresponding calculation in the 2005 start case assume a linear approximation of the GDP — Carbon charge 
relationship in the neighborhood of $50-$66 per tonne. 
26 The CEF assumes announcement and anticipatory actions beginning in 2002. Full implementation begins in 2005. 
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with payroll tax reductions. This level of reduction required a carbon price of $66/tonne (in 1997 
dollars). 

To compare these estimates to the CEF s $50/tonne charge, we scale the estimated GDP losses by 
0.76 (i.e., by 50/66) The potential GDP loss, corresponding to the estimates from the CGE models, 
is then $10 billion (US $1997) with both forms of revenue recycling, and the Actual GDP losses 
(including macroeconomic adjustment costs) are $74 billion and $47 Billion, respectively (both in 
1997 dollars). Thus, the DRI model s predictions of potential GDP losses are on the low end of the 
range predicted by the CGE models (cf. Table 2, above). Including macroeconomic adjustment costs 
places the estimated losses within the range predicted by the CGE models in the case of Social 
Security tax reductions and slightly above it in the case of personal income tax rebates. 

Because the personal income tax rebate was modeled as a lump sum reduction in the EIA s 2005 start 
analysis, the difference in outcomes between the EIA s two revenue recycling scenarios is an 
indication that the disposition of carbon charge revenues is as important for transition costs as it is 
for the long-run costs analyzed by the CGE models. A more dramatic illustration of this importance 
is given by an application of the DRI model in a study of tradable emissions systems for the U. S. 
Environmental Protection Agency (Probyn and Goetz 1996).  This study analyzed the effects of 
stabilizing U. S. greenhouse gas emissions in the year 2010 at 1990 levels using various permit 
systems. (This target allowed carbon emissions to rise approximately 60 million tonnes above their 
1990 levels by 2010.) In each scenario, the permit system is introduced in 2000. 

Among the permit systems studied was a scenario in which 40% of revenues from permit auctions 
were returned to consumers in the form of lump-sum rebates, and the remaining 60% recycled t o 
corporations by lowering the statutory corporate income tax rate.  The effect of this variation is 
considerable: the actual GDP  less than 0.5% below the baseline throughout the adjustment period, 
and rises (and remains) above the baseline eight years after the system is put in place. The potential 
GDP (again, corresponding to that measured by the CGE models) rises and remains above baseline 
from the time the permit system is introduced.  This result shows that, even in the transition period, 
potential GDP losses can be avoided altogether —and indeed, potential GDP gains can result —when 
revenue recycling is used to stimulate investment. This result can be compared with that of 
Jorgenson and Wilcoxen as described above in Section 4. 

To completely analyze the transitional macroeconomic impacts resulting from the carbon charge in 
the CEF Advanced scenario would require a full simulation using a model such as DRI s. The findings 
we have reported here, however, suggest that these impacts would be largely, if not completely, 
dependent on the manner in which the carbon charge revenues were returned to the economy. 

6. SUMMARY AND CONCLUDING REMARKS 

This Appendix has presented a perspective by which the CEF and similar studies may be placed in a 
macroeconomic context. In concluding, it is worth pointing out that, as a practical matter, the 
magnitude of the potential economy-wide energy-efficiency investment contemplated in CEF is 
small relative to aggregate total investment. The annual total cost (Annualized Incremental 
Investment Costs + Incremental RD&D Costs + Program Costs) of the Moderate Scenario are less 
than $20 billion in 2010 and approximately $40 billion in 2020 (in 1997$). The annual total cost of 
the Advanced Scenario is approximately $40 billion in 2010 and approximately $80 billion in 2020. 
By comparison, the AEO99 reference case projects Real Investment at annual rates of $2,011 billion 
in 2010 and $2,508 billion in 2020 in 1997 dollars.27  Thus, the CEF scenario costs range between 
1% (2010, Moderate Scenario) and 3% (2020, Advanced Scenario) of projected total Real 

27 The 1992 dollars of the AEO99 reference case are converted to 1997 dollars using the 1997 chain-type price index for 
Fixed Gross Private Domestic Investment (AEO99, Table 20; Council of Economic Advisers 1999, Table B-7). 
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Investment. The ratios indicate that that the investments induced by the CEF policies are quite 
small relative to total investment. Whatever the ultimate analytical and quantitative estimates of 
the macroeconomic effects of energy technology policies, these magnitudes should be kept in mind. 

We identified three principal macroeconomic effects that operate under the types of greenhouse gas 
control policies outlined in the CEF. These three effects may loosely be called the efficiency 
effect, the (frontier) substitution  effect, and the technology shift effect. We used the aggregate 
results of the CEF study with a simple synthesis of scenario outputs from EFM-16 to assist in 
estimating the magnitude of these three types of macroeconomic effects, all of which are relevant t o 
the policy discussion. While this Appendix does not represent a complete analysis of greenhouse gas 
policies, it serves to estimate the general magnitude of these important effects. While a model that 
integrates the concepts of technical efficiency and price (or opportunity cost) would be preferred, we 
have derived estimates of these competing effects from models in the open literature that focus on 
each.˚ We find that the competing effects are of similar magnitude.˚ When the estimates are added 
together the net effect tends to be a small positive impact.˚ Since theory does not provide guidance 
as to the size or direction of the possible overlap between the estimates, we believe that this 
approach provides a reasonable indicator that the magnitude of the net effect is indeed small and 
probably positive.˚ Further development of an integrated model and research on the nature of the 
overlap biases  of the price and technical efficiency effects would be desirable to improve upon 

these estimates. 
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Appendix E-51 

METHODOLOGY FOR CHP IMPACT ESTIMATES USING THE DISPERSE MODEL1 

1. PURPOSE AND CONTEXT 

The CEF-NEMS model bases the growth in Combined Heat and Power (CHP) on incremental changes in 
steam demand, and does not allow for retirement of existing boilers. The policies that are proposed for 
the Moderate and Advance Scenarios are designed to have a broader impact on CHP growth, and are 
intended to replace, where economical, existing boilers. To capture the impact of such policies, the 
modeling of CHP growth in the industrial sector is accomplished outside of the NEMS model. In 
addition, the approach is tailored so that the results feed back into the CEF-NEMS framework, and thus 
ensures consistency with other CEF analyses. 

2. OUTLINE OF THE APPROACH 

The CHP analysis of the industrial sector was performed using the Resource Dynamics Corporation s 
DIStributed Power Economic Rationale SElection (DISPERSE) model. This model has been developed 
over the past five years, and has been used for a variety of projects for utilities, equipment manufacturers, 
and research organizations. One of the strengths of the model is its flexibility in addressing a wide range 
of potential scenarios, including sensitivity analysis, business strategy planning, and policy study. The 
approach for the CEF analysis was to adjust the inputs (i.e. prices, steam demand, and other parameters 
impacted by the policies) as appropriate to model the CEF Scenarios. 

The DISPERSE model estimates the achievable economic potential and expected market penetration for 
distributed generation by comparing on-site generation economics with competing grid prices. The model 
not only determines whether on-site generation is more cost effective, but also which technology and size 
appears to be the most economic. As a result, double counting of market potential for a variety of 
competing technologies is avoided. The model then applies a market penetration scenario that best fits 
the objectives of the analysis, and thus estimates the policy impact on the rate of on-site generation 
growth. 

The number of potential applications is determined using data on number of industrial facilities in each 
industry, size range, and state. Results are aggregated and summarized to show key information on where 
the potential applications are (e.g., the top state for industrial sector applications of 20-50 MW gas 
turbines is California, and almost all the applications are combined heat and power). Figure E-5.1 
provides an overview of the model inputs, analysis, and output. 

The model run begins with a database of industrial sites, which are organized by state, SIC code, and size 
(in terms of number of employees). Based on site location and the natural gas costs database, the model 
determines whether natural gas is available to the site. In addition, based on the site SIC code, the model 
assigns a load profile which is representative of that industry. The size of facility is used to scale  up or 
down the magnitude of the load profile. 

1 Authors: Paul Lemar (Resource Dynamics Corp.). Marilyn Brown (ORNL) provided assistance with the analysis 
of energy and carbon impacts. 
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Using this information, combined with the unit price and performance data, the model performs a 
discounted cash flow analysis, based on the unit life as well as the cost and performance data, and state 
fuel prices. The model determines the lowest cost distributed power option based on yearly costs to 
generate and expected escalation rates. 

Fig. E-5.1 DISPERSE Model 
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The model then compares the cost to generate over the life of the project with costs of purchasing from 
the grid (from the database of grid prices), and counts the application if it beats the grid price. This 
process is repeated tens of thousands of times, once for each group of sites with the same state/size 
range/SIC code in the database of industrial sites, and the results are then aggregated to obtain market 
potential. 

Penetration of the market by CHP projects will more or less follow a classical S-shaped  logit curve, 
reflecting limited early adoption, more rapid market penetration as the market approaches maturity, and a 
flattening of the curve as the market matures and the penetration rate slows. The exact shape and 
magnitude of the curve is the major uncertainty. The model applies one or more market penetration 
curves which are selected on the basis of their fit  with the scenario being modeled. 

In addition to considering conventional gas-fired CHP units, the CEF-DISPERSE model estimates the 
impact of biomass in the pulp and paper industry. Opportunities for other industries were considered, 
including the food products and lumber industries, but it was decided that the pulp and paper industry 
offered the most potential CHP capacity, and was furthest along in terms of developing the necessary 
technology. The model approach includes analysis of black liquor gasifier/combined cycle (BLGCC) and 
biomass gasification/combined cycle (BGCC) units. 

3. MODEL INPUTS FOR MARKET POTENTIAL 

To determine market potential, the following data are baseline inputs used by the model: 
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1.	 Technology price and performance parameters. The model requires data on the mix of 
technologies that are being made available to the sites analyzed. This data includes their 
installed cost, fuel type, heat rate, electrical efficiency, useable thermal output, fixed and 
variable operating and maintenance costs, and other key parameters. This data (see Table E­
5.1) is derived from manufacturer-provided data, and is validated by comparison with 
published data in journals, technical papers, and other sources. All data is for natural gas 
fueled units (data for biomass and black liquor gasifier/combined cycle units is presented in 
Section 5). 

2.	 Database of industrial sites. Data on number of customers in each SIC and size range are 
from the Department of Commerce Country Business Patterns and the Manufacturing Energy 
Consumption Survey. Data for pulp and paper mills is taken from the Lockwood Post Post’s 
Directory of the Pulp, Paper, and Allied Trades. Electricity use per employee is taken from 
the Annual Survey of Manufactures (U. S. Bureau of the Census). Industrial sector potential 
for combined heat and power is based on process level steam and hot water demand data 
from the RDC Industrial Market Information System (IMIS). Load profile data is from RDC-
collected load profiles as well as Lawrence Berkeley National Laboratory data on electric and 
thermal profiles, by SIC and climate region. 

3.	 Database of fuel prices. Natural gas costs are based on state averages, as reported by EIA. 
Facilities with units over 1 MW are given access to electric utility rates, with smaller units 
using industrial rates. Natural gas escalation rates are based on EIA projections from the 
Annual Energy Outlook, with alternative scenarios drawing from other sources. 

4.	 Financial parameter assumptions. Ownership parameters are based on RDC experience 
with typical DG projects, and expectations for financial structures of projects in the future. 
Much of this information is based on experience from operating RDC s lease financing 
subsidiary company, EFS Finance, which finances energy projects including on-site 
generation. See Table E-5.2 for a list of these assumptions. 

Table E-5.1 Unit Price and Performance Characteristics 

Size 45-75kW 75-150kW 
Type Recip MT Recip MT 
Cost ($/kW) 770 800 730 800
 
O&M ($/kWh) 0.0100 0.0100 0.0090 0.0100
 
Elec. Eff. 31.0% 27.1% 31.7% 27.1%
 
Heat Rate 11,000 12,600 10,800 12,600
 
(Btu/kWh)
 
Therm. Out. 0.27 0.36 0.54 0.73
 
(MMBtu/hr)
 
Overall Eff. 80.0% 85.0% 82.0% 85.0%
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Size 150-350kW 350-750kW 
Type Recip MT FC Recip MT FC 
Cost ($/kW) 
O&M ($/kWh) 
Elec. Eff. 
Heat Rate 
(Btu/kWh) 
Therm. Out. 
(MMBtu/hr) 
Overall Eff. 

690 700 
0.0085 0.0090 
32.5% 27.1% 
10,500 12,600 

1.1 1.5 

84.0% 85.0% 

3300 
0.0150 
39.6% 
8,620 

0.75 

83.1% 

640 700 
0.0080 0.0090 
35.0% 27.1% 
9,750 12,600 

2.5 3.7 

87.0% 85.0% 

3300 
0.0150 
39.6% 
8,620 

1.9 

83.1% 

Size .75-5MW 5-10MW 
Type Recip Turbine Recip Turbine 
Cost ($/kW) 
O&M ($/kWh) 
Elec. Eff. 
Heat Rate 
(Btu/kWh) 
Therm. Out. 
(MMBtu/hr) 
Overall Eff. 

600 
0.0075 
38.0% 
8,980 

11 

85.0% 

600 
0.004 
25.5% 
13,400 

20 

85.0% 

550 
0.007 
42.0% 
8,120 

28 

87.5% 

480 
0.004 
31.0% 
11,000 

47 

87.5% 

Size 10-20MW 20-50MW 50-100MW 100+MW 
Type Turbine Turbine CC Turbine CC Turbine CC 
Cost ($/kW) 
O&M ($/kWh) 
Elec. Eff. 
Heat Rate 
(Btu/kWh) 
Therm. Out. 
(MMBtu/hr) 
Overall Eff. 

480 
0.004 
33.0% 
10,300 

88 

90.0% 

400 
0.004 
36.5% 
9,350 

180 

90.0% 

860 
0.005 
47.0% 
7,260 

110 

90.0% 

340 770 
0.004 0.005 
36.5% 49.5% 
9,350 6,890 

380 210 

90.0% 90.0% 

270 
0.004 
36.5% 
9,350 

500 

90.0% 

600 
0.005 
53.0% 
6,450 

240 

90.0% 
Source: RDC estimates based on manufacturer literature and Gas Turbine World. 

Key: 
Recip- reciprocating engine 
MT - microturbine (combustion turbine less than 750kW) 
Turbine - combustion turbine 
FC - fuel cell 
CC - combined-cycle plant (combustion and steam turbine) 
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Table E-5.2 Financial Parameters 
Project Length (years) 20 
Federal Income Tax (%) 35 
State Income Tax (%) 5 
Property Tax (%) 1.5 
Insurance Rate (%) 0.5 
Debt Repayment Period (years) 20 
Common Equity Fraction 0 
Debt Fraction 1 
Return on Debt (%) 9.1 
Discount Cash Flows (%) 7 

5.	 Database of grid prices. Electric prices are based on current utility-by-utility grid prices 
(EIA). Typical grid backup charges are added. Escalation rates are based on AEO 99 
projections (EIA), with adjustments for the progress of restructuring in the states which are 
farthest along in the process. 

4.	 MODEL INPUTS FOR MARKET PENETRATION 

To obtain the expected impacts of the CEF Scenarios, market penetration rates are applied to the 
estimates of market potential. These rates are used to translate what share of the acheivable economic 
potential will be realized with each of the three CEF Scenarios. It is generally accepted that penetration 
of the market by any new technology or existing technology with market barriers removed will more or 
less follow a classical S-shaped logit curve. This curve will reflect three general sequential stages: 1) 
limited early adoption, 2) more rapid market penetration as the market approaches maturity, and 3) a 
flattening as the market matures and the penetration rate slows. The exact shape and magnitude of the 
curve is the major uncertainty. 

A unique historical opportunity presents itself to model the market penetration expected from the CEF 
Scenarios. Almost exactly 20 years ago, the Public Utility Regulatory Policies Act (PURPA) was 
enacted. PURPA was one part of the effort to solve what was perceived as a nationwide energy crisis. In 
1978, Congress enacted omnibus legislation intended to provide for increased conservation of electric 
energy and increased efficiency in the use of facilities and resources by electric utilities. PURPA was an 
integral element of this legislation, and serves as a model for the expected penetration of CHP into the 
market. The policies and programs associated with the passage of PURPA offer striking parallels with 
the Advanced CEF Scenario. 

Cogeneration is the foundation of combined heat and power (CHP), and has been used by industry and 
business for many years. Prior to the enactment of PURPA, a cogeneration or small power production 
facility seeking to establish interconnected operation with an electric utility faced three major obstacles. 
First, an electric utility was not generally willing to purchase the electric output or was not always willing 
to pay a fair price for that output. Second, some electric utilities charged discriminatorily high rates for 
back-up service to cogeneration and small power production facilities. Third, generators that provided 
electricity to an electric utility s system risked being considered a public utility and subjected to extensive 
and costly state and Federal regulation. Prior to PURPA, the traditional use of cogeneration did not entail 
selling output to the local utility. 

In PURPA, Congress recognized the potential of cogeneration and small power production to increase 
energy efficiency and reduce reliance on imported oil. PURPA established specific utility obligations for 
dealing with cogenerators while providing significant incentives for cogeneration and other forms of 

Appendix E-5 E-5.5	 Ancillary Studies 



 

alternative energy production. PURPA fostered changes in the way in which electricity is generated in 
the United States, and signaled the beginning of a structural shift in the energy markets. 

PURPA authorized FERC to establish the rules by which utilities deal with cogenerators.  It required state 
agencies to establish (with federal guidelines) rules governing the interconnection of electric utility 
systems with cogenerators as well as the rates at which power exchanges between utilities and 
cogenerators may occur. PURPA also removed regulatory and economic obstacles to cogeneration and 
small power producers who use certain renewable or alternative fuels. While it is recognized that a 
number of barriers still exist, PURPA has resulted in a dramatic increase in CHP capacity from 1977­
1997. 

Figure E-5.2 illustrates the 20 year trend in industrial cogeneration, depicting both actual growth in 
traditional and non-traditional units, as well as DISPERSE market potential predictions based on 1977 
data on unit cost and performance and industrial energy demand and prices. The DISPERSE estimate for 
market potential for traditional applications (52 GW) is based on no output sold back to the local utility, 
whereas the traditional plus non-traditional application prediction (96 GW) is based on sales back to the 
grid (using prevailing sell-back rates). 

In the Business As Usual (BAU) scenario, the model assumes that growth in non-traditional units has 
been curtailed due to remaining barriers, and the only growth in CHP units will be from traditional 
applications. This is consistent with the trend shown in Figure E-5.2, as well as published BAU forecasts 
from EIA and the Gas Research Institute. In deriving the expected rate of penetration, however, the 
DISPERSE BAU uses the period from 1983-1993 as indicative of future growth. This is to avoid the 
early period (1977-1983) when the utility industry had overestimated demand growth, and was 
constructing excess capacity, which caused industrial firms to reevaluate their cogeneration projects. 
Similarly, the 1993-1997 timeframe was affected by electric utility restructuring, which again has caused 
industrial establishments to reconsider plans to develop new CHP capacity. Projecting the 1983-1993 
growth over the 2000-2020 timeframe, a market penetration level of 18 percent is forecasted. 

In the Advanced Scenario, the model adopts the 20-year penetration rate presented by PURPA, with two 
modifications (see Figure E-5.2). First, the growth in new capacity is expected almost immediately, as a 
result of accumulated demand for new CHP units that have been delayed by restructuring uncertainty. 
Secondly, the end of the period is not expected to be plagued by the restructuring uncertainty which 
slowed the Actual PURPA growth, and thus curve shows continued growth in the 15-20 year timeframe. 
The market penetration level attained in the Advanced Scenario reaches 56 percent (54 GW of new 
capacity versus 96 GW predicted) by the year 2020. New capacity is derived by subtracting existing 
capacity in 1977 (7GW) from the new level of 61GW in 1997. 
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Fig. E-5.2 Growth Rates for Industrial CHP Capacity 

5.	 MODEL MODIFICATIONS FOR THE CEF SCENARIOS 

5.1 Business As Usual (BAU) Scenario 

•	 AEO 99 Natural Gas Price Escalation used 
•	 AEO 99 Electric Escalation used as a basis; escalation rates were adjusted by state; states with the 

highest current prices and furthest along in deregulation were adjusted more significantly 
•	 Buy-back price average of 50% of retail price. Regional variations as follows (NCASI 1998): BAU 

average value consistent with GRI 1997. 

Area Buy Back (%of Retail) States Included 

BAU Moderate Advanced 

South 29% 60% 80% West South Central, East South Central, South 
Atlantic, AZ, NM 

North West 70% 70% 80% Pacific (exc. HI), ID, MT, NV, UT 

North East (other 
than NJ and NY) 

30% 60% 80% New England, PA 

NJ&NY 56% 60% 80% NJ, NY 

North-Central 76% 76% 80% West North Central, East North Central, CO, 
WY 

Average 50% 64% 80% 

• Market penetration based on 1983-1993 growth rate in traditional CHP units (see Figure E-5.3) 
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Fig. E-5.3 Modeled Growth Rates for Industrial CHP Capacity 

5.2 Moderate Scenario 

•	 Natural Gas and Electricity price escalations from CEF-NEMS Moderate Scenario 
•	 Changes in electric demand, and steam demand taken from NEMS-CEF Moderate Scenario and 

used to scale model inputs (see Figures E-5.4 & E.5.5) 
•	 Buy-back price increased to 60% of retail price (regional variations incorporated, see table above) 
•	 Black liquor gasifier/combined cycle (BLGCC) and biomass gasifier/combined cycle (BGCC) units 

become available for pulp and integrated mills based on the following data: 
− Plant pulp and paper production by process from plant data (Lockwood-Post, 1996). 
− Steam and electricity use calculated on process-specific energy consumption per 

unit of product (EPRI, 1988)
 
− 90% Unit Capacity Factor
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Fig. E-5.5 NEMS Moderate Scenario Predicted Electricity Demand by Sector 
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Unit Characteristics (Larson, 1998; NREL/EPRI, 1995): 
Kraft Mills Other Paper Mills 

Base Case: 
Tomlinson+Bark 

Boiler 

Indirect-BLGCC + 
Bark Boiler 

Indirect-
BLGCC + 

BGCC 

Base Case: 
Bark Boiler 

BGCC 

Biomass (tpd) 395 950 3878 1826 720 

Electric (MW) 46.8 129 212 39 0 

Cost (Million) 138.71 167.36 302 78.32 21.1 
Cost ($/kW)* 2964 1297 1428 2008.21 N/A 

Biomass Fuel Cost (Million) 4.32 15.26 20 9.33 3.68 

Biomass Fuel Cost ($/kWh) 0.0062 0.0150 0.0107 0.0273 N/A 
Fixed O+M ($1000/yr) 2900 3260 11022 3656 1902 

Variable O&M ($1000/yr) 2200 2870 4141 1533.5 1847 

Fixed O&M ($/kW) 61.97 25.27 52.04 93.74 N/A 

Variable O&M ($/kWh) 0.0060 0.0026 0.0025 0.0050 N/A 
Steam Output 910 910 910 272 272 

-	 Incremental cost versus base case assumed based on replacement when necessary 
- Market penetration to start with 2 demonstration projects by 2002, with penetration 

of 27 percent by 2020 (Based on 40 year penetration to 90% of total potential).  See 
Figure E-5.3. 

•	 ATS turbines become available in 2005 at $750/kW (dropping to $450/kW by 2020) and made 
available for applications 5-20MW. 

•	 Market penetration of conventional CHP units based on blend of BAU and Advanced scenario 
penetration (See Figure E-5.3) 
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• Moderate policy effects incorporated as follows: 

Policy Goal Moderate Scenario Model Adjustments 

Expand CHP 
R&D 
Portfolio 

CHP/DG technology development budget 
will increase by 50%, focusing on 
increased efficiency, reliability 
improvement, and cost reduction. 

Increase efficiency and/ reduce costs for ATS ($750 
to $450/kW) and Micropower units in the model. 
Make BLGCC and biomass gasification technology 
available. 

Remove 
Financial 
Barriers 

Implement tax credits included in 
Administration s FY2000 Budget 
Proposal; by 2002 shorten CHP 
equipment asset life 

Tax credit - give credit (8% of project cost) in Year 1 
based on CCTI requirement for use of thermal output 
and minimum system efficiency; Shorten assessment 
life — shorten depreciation schedule from 15 to 7 
years. 

Expedited certification of CHP project 
meeting efficiency and heat/power share 
criteria to qualify for tax incentives; self-
qualification of facilities for financial 
incentives 

Shorten time between project implementation and tax 
credit from one year to six months. 

Expedited 
Siting and 
Permitting 
for CHP 
Projects 

By 2002 provide guidance to state 
agencies on establishing faster CHP 
permitting processes, encouraging arrival 
of new capacity online earlier (EPA 
Handbook and workshops) 

Reduce time and expense associated with permitting. 
<1 MW: 8 wks to 4wks; ~$60,000 to $40,000 
1 MW to 15 MW: 6 mths to 3 mths; ~$114,000 to 
$76,000 
>15 MW: 1 yr to 6 mths; ~$225,000 to $150,000 

Remove 
Utility 
Barriers 

1. By 2002, enactment of national 
interconnection standard for CHP and 
other distributed generation projects 
2. Government support of advanced 
interconnection packages/ technologies, 
leveraging on industrial R&D to realize 
moderate installed cost 

Reduce time and expense associated with 
interconnection. 

<1 MW: 4 wks to 2 wks; ~$20,000 to $15,000 

1 MW to 15 MW: 2 _ mths to 1 _ mths; ~$35,000 to 
$26,250 

>15 MW: 3 mths to 1 _ mths; ~$40,000 to $30,000 

Mandated availability of backup power at 
reduced cost, or customer shopping  for 
competitively-priced backup power 

Reduce Back-up charges (lower 20%) 

Improve buyback rates to 60% of retail 

5.3 	Advanced 

•	 Natural Gas and Electricity price escalations from CEF NEMS Advanced Scenario were incorporated 
•	 Changes in electric demand and steam demand taken from CEF NEMS Advanced Scenario and used 

to scale model inputs (See Figures E.5.6 & E.5-7) 
•	 Buy-back price increased to 80% of retail price (see table above) 
•	 Black liquor gasifier/combined cycle units become available for pulp and integrated mills based on 

the data presented in Moderate scenario, with one exception: market penetration based on 90% of 
potential reached in 30 years - 66 % by 2020. 

•	 ATS turbines become available in 2005 at $550/kW (falling to $350/kW by 2020) and are made 
available for applications 5-50MW. 

•	 Market penetration based on 20 year impact of PURPA on traditional and non-traditional CHP 
applications (see Figure E-5.3) 
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Fig. E-5.7 NEMS Advanced Scenario Predicted Electricity Demand by Sector 
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 • Advanced policy effects incorporated as follows: 

Policy 
Goal 

Advanced Scenario Model Adjustments 

Expand 
CHP and 
DG R&D 
Portfolio 

Doubling of CHP/DG technology 
development budget, focusing on increased 
efficiency, reliability improvement, and cost 
reduction, all at levels beyond current 
anticipated 2010 performance goals 

Further increase efficiency and/or reliability and/or 
reduce costs for ATS ($550 to $350/kW) and 
Micropower units in the model. Make BLGCC and 
biomass gasification technology available at 
incremental cost. 

Remove 
Financial 
Barriers 

Extend tax credits beyond 2003 and allow 
accelerated depreciation on remaining basis 
of property 

Tax credit — give credit (8%) in Year 1 based on 
CCTI requirement for use of thermal output and 
minimum system efficiency. Shorten assessment life 
— shorten depreciation schedule from 15 to 7 years. 

Expedited certification of CHP project 
meeting efficiency and heat/power share 
criteria to qualify for tax incentives; self-
qualification of facilities for financial 
incentives 

Shorten time between project implementation and tax 
credit from one year to six months. 

Expedited Through Clean Air Partnership Fund, Reduce time and expense associated with permitting. 

Siting and 1)˚increase state grants to encourage <1 MW: 8 wks to 4wks; ~$60,000 to $30,000 
Permitting streamlined CHP siting and permitting, and 1 MW to 15 MW: 6 mths to 3 mths; ~$114,000 to 
for CHP 2) favor grants to states with accelerated $57,000 
Projects CHP siting and permitting >15 MW: 1 yr to 6 mths; ~$225,000 to $112,500 

Remove 
Utility 
Barriers 

1. By 2002, enactment of national 
interconnection standard for CHP and other 
distributed generation projects 

2. Government support of advanced 
interconnection packages/technologies, 
leveraging on industrial R&D to realize 
very low installed cost 

Reduce time and expense associated with 
interconnection. 

<1 MW: 4 wks to 2 wks; ~$20,000 to $10,000 

1 MW to 15 MW: 2 _ mths to 1 _ mths; ~$35,000 to 
$17,500 

>15 MW: 3 mths to 1 _ mths; ~$40,000 to $20,000 

Mandated availability of backup power at 
reduced cost, or customer shopping  for 
competitively-priced backup power 

Reduce Back-up charges (lower 20%) 

Improve buyback rates to 80% of retail 

MODEL RESULTS 

The model estimates CHP potential for year 2020 ranging from 46 to 133 GW, permitting retirement of 
existing boilers where economically feasible. These estimates include both traditional (where all unit 
output is used on-site) and non-traditional (where sale of electricity to the grid is permitted) applications 
of CHP, and is limited to industrial sector applications. District energy applications of CHP are not 
included in this sector, and are considered in the buildings sector analysis. 
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As shown in Figure E-5.8, the market penetration is estimated to be between 9 and 76 GW, and depends 
on the timing and impact of CHP policies designed to remove technical and market barriers (see Section 
4). In the BAU scenario (see Table E-5.3), 8.8 GW of new CHP is projected, based on a market potential 
of over 46 GW and a continuation of current market penetration trends. Several technical and market 
barriers stand in the way of further use of CHP, as evidenced by the fact that over 80 percent (38 GW) of 
the potential capacity is projected as untapped. 

Fig. E-5.8 Projected CHP Market Penetration 
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In the moderate scenario (see Table E-5.3), the projected new CHP grows to 40 GW. This is based on an 
expanded year 2000 market potential of 96 which jumps to 120 GW in 2020 largely due to the 
introduction and improvement of ATS turbines. This market includes 19 GW of potential biomass 
capacity in the pulp and paper industry. In this scenario, it is expected that expanded research and 
development will result in black liquor gasified combined cycle technology by 2002, which will result in 
two demonstration projects by 2002 and an installed base of 5.2 GW by 2020. In addition, this expanded 
R&D will result in the emergence of high efficiency gas turbines (resulting from the ATS program and 
efforts targeting the under 1 MW unit size) which is expected to increase CHP capacity in under 5 MW 
unit size ranges. Furthermore, policies designed to remove financial barriers, expedite siting and 
permitting, improve grid sell back price, and reduce interconnection costs are expected to contribute 
significantly to the expanded market potential and penetration. These policies combine to improve the 
expected market penetration level to approximately 37 percent (40 of 96-120 GW). 

In the advanced scenario (see Table E-5.3), the projected level of new CHP reaches 76 GW. Accelerated 
development of black liquor gasified combined cycle units as well as cost and efficiency improvements in 
5 MW and under gas turbines contribute significantly to the 123-133 GW (2000-2020) of market 
potential. The lower split between year 2000 and 2020 in the advanced scenario (10GW vs. 24GW in the 
moderate scenario) is due to a number of factors, most notably the projected reduction in steam demand in 
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the advanced scenario. More aggressive policies designed to remove financial barriers, expedite siting 
and permitting, improve grid sell back pricing, and reduce interconnection and backup power costs all 
contribute to improved market penetration levels of 56 percent. 

Table E-5.3. Projected CHP Impacts 

Market Impact 

Projected Impacts (Year 2010) Projected Impacts (Year 2020) 

BAU Moderate Advanced BAU Moderate Advanced 

New Capacity (GW) 4.4 14.1 28.9 8.8 40.1 76.2 

Natural Gas 4.4 12.3 24.5 8.8 34.9 63.6 

BLGCC 0 1.1 2.6 0 3.1 7.5 

BGCC 0 0.7 1.8 0 2.1 5.1 

Generated Electricity (TWh) 30.9 98.3 201 61.7 278 539 

Fuel Consumed by CHP 
Systems (TBtu) 274 901 1,853 551 2,542 4,985 

Of which: natural gas 274 793 1,595 540 2,232 4,237 

Of which: biomass 0 108 258 11 310 747 

7. ENERGY IMPACTS 

An off-line analysis of CHP in industry was conducted in order to estimate the overall impact of 
expanded CHP capacity on primary energy consumption and carbon dioxide emissions. 

The impact of new CHP systems on primary energy consumption and carbon dioxide emissions is a 
function of three factors: 

1. The fuel displaced at electric utilities, 
2. The boiler fuel displaced in the industrial sector, and 
3. The fuel used by the CHP units. 

Each of these is discussed in turn. 

(1) The fuel displaced at electric utilities 

Table E-5.3 estimates the new CHP capacity and generated electricity (above the BAU forecast) that 
could be expected from a set of Moderate and Advanced policies. This would result in an even larger 
reduction in electricity generation from the grid, because of the lower transmission and distribution losses 
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in CHP systems. Assuming a 5% savings in line losses results in the following estimates of reduced grid 
electricity (Table E-5.4). 

Table E-5.4 Electricity Generated by New CHP Systems 

Moderate Advanced 
2010 2020 2010 2020 

Cogenerated electricity above 
BAU (in TWh) 67.4 170.1 216.3 477.3 

Inclusion of 5% credit for reduced 70.8 178.6 227.1 501.2 
line losses 

The fuel displaced as a result of this reduced grid electricity depends upon the marginal electricity 
generation i.e., the electricity generation that would be shed because of the reduced demand. In the 
Moderate scenario, the marginal electricity is characterized by comparing the Moderate scenario with the 
sensitivity case that included the Moderate supply-side policies but not the Moderate demand-side 
policies. The energy consumed by the electric sector in the Moderate scenario is 2.5 quads less than the 
sensitivity case in 2010, and it is approximately 5 quads less in 2020. The principal fuels displaced are 
natural gas, coal, and renewables (Table E-5.5). 

In the Advanced scenario, the marginal electricity is characterized by comparing the Advanced scenario 
with the sensitivity case that included the Advanced supply-side policies and the $50/tC domestic cap and 
trade program, but not the Advanced demand-side policies. The Advanced scenario consumed 2 quads 
less in 2010 and more than 5 quads less in 2020, relative to the sensitivity case. The principal fuels 
displaced are natural gas, coal, and renewables (particularly in 2020). 

Table E-5.5 Type of Energy Displaced on the Grid 

Moderate Advanced 
TBtu/TWh Displaced on the Grid: 2010 2020 2010 2020 
Coal 1.69 2.82 3.78 2.89 
Natural Gas 4.07 2.66 3.36 3.07 
Distillate 0.00 0.00 0.00 0.00 
Residual 0.34 0.00 0.00 0.00 
Nuclear 0.00 0.94 0.00 0.00 
Renewable 3.05 2.35 1.26 3.43 
Electricity Imports 0.00 0.00 0.00 0.00 
Total 9.15 8.78 8.40 9.39 

Multiplying these rates by the TWh of displaced electricity from Table E-5.4 results in the displaced 
energy shown in Table E-5.6. In the Moderate scenario, energy savings from reduced grid electricity 
ranges from 0.6 quads in 2010 to 1.6 quads in 2020. In the Advanced scenario the energy savings on the 
grid are even greater: 1.9 quads in 2010 and 4.7 quads in 2020. 
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Table E-5.6 Amount of Energy Displaced on the Grid 

Moderate Advanced 
TBtus of Energy Displaced: 2010 2020 2010 2020 
Coal 120 504 859 1447 
Natural Gas 288 476 763 1538 
Distillate 0 0 0 0 
Residual 24 0 0 0 
Nuclear 0 168 0 0 
Renewable 216 420 286 1719 
Electricity Imports 0 0 0 0 
Total 648 1568 1909 4704 

(2) The boiler fuel displaced in the industrial sector 

The boiler fuel displaced in the industrial sector is estimated by multiplying each fuel s fraction of 
AEO99 projected 2010 industrial energy consumption (excluding motor gasoline, renewable energy, and 
electricity) by the estimated total fuel displaced. In both scenarios, the principal fuel that is displaced in 
the industrial sector is natural gas. The petroleum fuels that are displaced by CHP as boiler fuels include 
residual oil, distillate, and other petroleum fuels. Some coal is also displaced. The total amount of fuel 
displaced ranges from 0.3 quads in 2010 in the Moderate scenario to 2.1 quads in 2020 in the Advanced 
scenario. 

Table E-5.7 Industrial Boiler Fuel Displaced by CHP Systems 

Increment of Fuel Displaced by CHP Moderate Advanced 
Systems above BAU (Trillion Btu) 2010 2020 2010 2020 
Natural Gas 191 640 543 1,629 
Petroleum fuels: 46 112 111 243

 Distillate Fuel 7 18 18 46
 LPG 2 4 5 12
 Petrochemical Feedstock 0 0 0 0
 Residual Fuel 10 28 29 65
 Other Petroleum 27 62 59 120 

Coal: 40 121 89 225
 Metallurgical Coal 0 0 0 0
 Steam Coal 40 121 89 225 

Total 277 873 743 2097 

(3) The fuel used by the CHP units 

The increment of natural gas and biomass used by the CHP systems (above the BAU forecast) is shown in 
Table E-5.8. Altogether these CHP fuels range from 0.6 quads in 2010 in the Moderate scenario to 4.4 
quads in the Advanced scenario. 
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Table E-5.8 Fuel Used by New CHP Systems 

Increment of fuel used by new CHP 
Systems above BAU case, in tBtu 
Natural Gas 
Biomass 

2010 
519 
108 

Moderate 
2020 
1,692 
299 

2010 
1,321 
258 

Advanced 
2020 
3,697 
736 

Total Fuel Consumed (Trillion Btu) 627 1,991 1,579 4,434 

The combined effect of these three types of energy impacts from new CHP systems is summarized in the 
following table. The result suggests that policies tackling barriers to CHP could reduce energy 
consumption by an additional 0.3 quads in the Moderate scenario in 2010 and by an additional 0.5 quads 
in 2020. The energy saved by new CHP systems in the Advanced case are estimated to be considerably 
larger: 1.1 quads in 2010 and 2.4 quads in 2020. The fuel mix of both the Moderate and Advanced 
scenarios would also be affected. Increased CHP would increase natural gas consumption, and decrease 
liquid petroleum gas, distillate, residual oil, and other petroleum-based industrial boiler fuels. It would 
also decrease coal in both the electricity and industrial sectors, and slow the growth of wind and 
biopower, especially in the Advanced scenario in 2020. 

Table E-5.9 Total Energy Consumption Impacts of New CHP Systems 

Total Energy Consumption Impact of Moderate Advanced 
CHP Systems, above BAU, in TBtu: 2010 2020 2010 2020 
Coal -160 -625 -948 -1672 
Natural Gas 40 576 15 530 
Petroleum (liquid petroleum gas, -70 -112 -111 -243 

Distillate, Residual Oil ) 
Nuclear 0 -168 0 0 
Renewable -108 -121 -28 -983 
Electricity Imports 0 0 0 0 
Total -298 -450 -1073 -2367 

8. CARBON EMISSION REDUCTIONS 

Carbon dioxide emissions reductions are estimated by using factors to convert the energy impacts shown 
in the above table into million tonnes of carbon (MtC). The conversion factors come from EIA s 
Emissions of Greenhouse Gases in the United States (1998, Table B1, p. 106). All of the petroleum-based 
fuel reductions are converted into carbon reductions by using the conversion factor for liquid petroleum 
gas, since it is the dominant petroleum fuel impacted by new CHP systems. 
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Table E-5.10 Factors for Converting Fossil Energy Savings into
 
Carbon Emission Reductions
 

Conversion 
Factors 

(MtC/TBtu) 
Natural Gas 0.0145 
Petroleum fuels:

 Distillate Fuel 0.0200
 LPG 0.0170
 Petrochemical Feedstock 0.0194
 Residual Fuel 0.0215
 Other Petroleum 0.0168 

Coal:
 Metallurgical Coal 0.0255
 Steam Coal 0.0257 

The results suggest that policies tackling barriers to CHP in industry could decrease carbon emissions to 
well below BAU forecasts, in both scenarios. In the Moderate scenario they would reduce emissions by 
an additional 5 MtC in 2010 and 10 MtC in 2020, and in the Advanced scenario by an additional 26 MtC 
in 2010 and 40 MtC in 2020. 

Table E-5.10 Total Carbon Dioxide Emission Reductions from New CHP Systems 

Moderate Advanced 
2010 2020 2010 2020 

(1) MtC Emissions Displaced at the 7.8 19.8 33.1 59.4
 
utility
 
(2) The boiler fuel-generated MtC 4.6 14.5 12.2 33.9
 
Displaced by the CHP systems
 
(3) The MtC produced by the fuel used -7.5 -24.5 -19.2 -53.6
 
by the CHP units
 
Total MtC Emissions Reductions 4.9 9.7 26.1 39.7
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Appendix E - 6 

The Cost-Effective Emission Reduction Potential of Non-Carbon Dioxide
 
Greenhouse Gases within the United States and Abroad1
 

To date, most of the focus on greenhouse gas emissions reductions in the U.S. has been on energy-related 
carbon emissions. This is understandable since carbon dioxide (CO2) emissions currently account for 
about 82 percent of the total U.S. greenhouse gas emissions weighted by 100-year global warming 
potentials (EPA, 1999a).2  However, a number of recent analyses suggest that the non-CO2 greenhouse 
gases included in the Kyoto Protocol — methane, nitrous oxide, and the high-GWP (global warming 
potential) gases (HFCs, PFCs, and SF6) — can make a significant contribution to cost-effective emissions 
reductions for the United States. Our current estimate is a reduction in non-CO2 emissions of 112 
MMTCE at $50/ton carbon equivalent in 2010, excluding carbon sinks. 

This paper provides a perspective on the current and projected emissions of greenhouse gas (GHG); 
outlines the potential methods for achieving emissions reductions for various sources; and summarizes 
several recent studies on the cost of reductions for the U.S. and other countries. Although the paper does 
not specifically address the potential for reductions of these gases in individual countries outside the U.S. 
and the European Union, its findings are generally applicable to many countries. Moreover, in many 
developing countries and some developed countries, e.g., New Zealand, Australia, and Ireland, non-CO2 

sources are a much larger proportion of the total emissions inventory — even exceeding CO2 in some 
countries, such as Uruguay. 

1. EMISSIONS AND PROJECTIONS 

Combining CO2 emission estimates from this study with our non-CO2 emission projections, the total U.S. 
needed GHG reductions — between the Kyoto Protocol targets and baseline projections — for 2010 are 623 
MMTCE. For the non-CO2 gases, updated data developed by EPA show baseline emissions of 296 
MMTCE and projections for 2010 of 381 MMTCE (EPA, 1999b; Harvey, 1999).3  These projections of 
business as usual do not reflect expected reductions from the voluntary Climate Change Action Programs 
nor expected reductions from sinks and thus overestimate the likely emissions in the future. These 
estimates and projections are shown in Exhibit 1 on the following page. 

Our preliminary economic analyses forecast U.S. reductions in non-CO2 emissions of 112 MMTCE at 
$50/ton carbon equivalent (TCE) for 2010, which is 18 percent of the reductions needed to meet the 
Kyoto targets.4  These results suggest that cost-effective non-CO2 reductions fully offset their implicit 
share of the overall reduction targets and make a small contribution to the implicit target for CO2. This 
shows that the inclusion of non-CO2 gases in a multi-gas abatement strategy is unquestionably preferable 
to meeting the targets through reductions solely in CO2. 
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Exhibit 1: Projected GHG emissions to 2010 
(in MMTCE) 

Reference / Emissions CO2 non-CO2 Total 
Baseline (1990/1995) 1,346 296 1,642 
2010 Projections 1,769 381 2,150 
2010 Required reductions 1,252 276 1,527 
Difference (517) (106) (623) 
Projected reductions at $50/TCE 306 — 332 112 418 - 444 
Remaining needed reductions (185 — 211 6 (179 - 205) 

Source: CO2 data from this report; non-CO2 data from EPA, 1999b; Harvey, 1999 

Data from the CEF Study indicates that to reach the Kyoto targets by 2010, the U.S. would need an 
estimated 517 MMTCE in energy-related, CO2 reductions. This study further suggests that 306 to 332 
MMTCE of emission reductions could be achieved at $50/TCE through domestic technology investments 
and the use of low-carbon fuels. This means, in turn, that other strategies such as sequestration, 
international trading, joint implementation and the clean development mechanism must provide the 
remaining MMTCE reductions needed for the U.S. 

Fig. 1: GHG Marginal Abatement Curves 
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The economic benefit of pursuing a strategy that includes the non-CO2 GHGs is illustrated above in 
Figure 1. Marginal abatement curves are presented for non-CO2, CO2, and all GHGs (the summation of 
the first two) showing the additional amounts of abated GHGs per increases in the price of carbon 
equivalent ($/TCE) — the left vertical axis. The horizontal axis is the amount of abated GHGs and the 
right vertical axis is the price of a GHG source or the price of a GHG as a supply of energy. This 
includes, for example, the price of coal for CO2 emissions, of fertilizer for nitrous oxide emissions, of 
HFCs as commodities themselves, or of natural gas for methane emissions. 

The commodity/energy market prices are aligned to $0/TCE since this is where there are  no additional 
price signals from GHG permits to motivate emissions reductions; all emissions reductions are due to 
increased energy efficiencies, conservation of production materials, or both. As a value is placed on 
GHG reductions in terms of $/TCE, these values are added to the commodity/energy market prices and 
allow for additional emissions to clear the market. The below-the-line  amounts, with respect to $/TCE, 
illustrate this dual price-signal market. 
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Given an abatement target, A*, for the Kyoto basket of gases, the total cost of achieving those reductions 
will be less, by including available non-CO2 reductions, than by attempting to reach that target by CO2 

reductions alone. This is shown by the decrease in $/TCE price from P to P*. Analyses conducted by 
researchers at MIT (Reilly, 1999a) and the Univ. of Illinois (Hayhoe, 1999), discussed below, 
demonstrate that inclusion of non-CO2 gases and sinks greatly reduces the costs of achieving emissions 
reductions under the Kyoto Protocol. 

2. TECHNOLOGIES FOR NON-CO2 EMISSIONS REDUCTIONS 

There is a wide range of emission reduction technologies available for the non-CO2 GHG sources, such as 
gas capture (e.g., reuse of methane for energy), efficiency improvements, end-of-pipe controls (e.g., 
incineration), leak reduction, and gas substitution. Moreover, some methods aimed at CO2 reductions 
(e.g., fuel substitution or efficiency measures for large fuel combustors or automobiles) may also yield 
matching reductions in methane and nitrous oxide. The specific methods vary depending on the gas and 
source. This section provides a brief overview of available approaches - more information on the 
techniques can be found in the references to this paper. 

2.1 METHANE 

Methane accounts for about 10 percent of all U.S. GHG emissions in 1997 (EPA, 1999a). Among the 
methane sources in the U.S., the largest sources of emissions are from municipal solid waste landfills, 
followed by natural gas and oil systems, ruminant animals, coal mines, and animal manure systems. 
Smaller sources of emissions in the U.S. are wastewater, biomass combustion, rice production, and other 
miscellaneous sources. EPA has five voluntary methane emissions reduction programs underway as part 
of the Climate Change Action Plan. They are: 

• Landfill Methane Outreach Program 
• Natural Gas Star 
• Ruminant Livestock Efficiency Program 
• Coalbed Methane Outreach Program 
• AgStar (livestock manure systems) 

Lessons learned by private sector and local government partners in these voluntary programs have led to 
an understanding of the available technologies and management options for  reducing methane emissions. 
The predominant emissions reduction measure for anthropogenic methane emissions is methane capture 
and use as energy, since methane is the principal component of natural gas. 

For landfills, coal mines, and manure systems, methane gas can be captured through a collection system, 
cleansed of impurities (water, other gases), and then used as an on-site fuel, used to generate electricity, 
or sold to an energy end-user, such as a factory or municipal building in need of a constant supply of fuel. 
Methane can also be sold into the natural gas system, which is the dominant approach for methane from 
coal mines. Use of this renewable energy source thus avoids combustion of non-renewable energy 
sources. Alternatively, methane can be flared rather than emitted to the atmosphere if it is not used as an 
energy source. 

For natural gas and oil systems, a number of leak reduction measures can be taken at various stages of 
production, transmission, and distribution. For ruminant livestock, increases in meat and milk production 
efficiency, through improved grazing practices and animal management, result in reductions in methane 
emissions per unit of product. There are also potentially cost-effective reduction approaches for some of 
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the smaller methane emissions sources in the U.S., such as modifications to rice paddy flooding regimes. 
These have not been analyzed, however, due to their smaller contributions to total emissions. 

2.2 NITROUS OXIDE 

Nitrous oxide emissions make up about six percent of all U.S. GHG emissions in 1997 (EPA, 1999a). 
The main sources of nitrous oxide emissions, in order of magnitude, are agriculture, mobile sources, and 
the industrial production of adipic and nitric acid. 

Under the Climate Change Action Plan, the U.S. Department of Agriculture and EPA have examined the 
potential for emissions reductions of nitrous oxide resulting from fertilizer application to agricultural 
soils. More efficient farming practices in general, such as no till practices, improved soil conservation, 
and substitution of organic fertilizers for synthetic fertilizers, are all measures that may lead to reductions 
in nitrous oxide, as well as other co-benefits, such as reduced soil erosion. 

Nitrous oxide emissions from mobile sources result from increased use of catalytic converters in cars and 
trucks. A wide range of practices in this sector could result in nitrous oxide emissions reductions —as well 
as correlated reductions in CO2 and methane from fuel combustion. These practices include measures to 
affect vehicle miles traveled (such as mass transit improvements), technological changes to catalytic 
converters, and fuel substitution (e.g., increasing use of hybrid, electric, ethanol, and natural gas vehicles). 

In the industrial sector, nitrous oxide emissions are a by-product in the production of adipic and nitric 
acid. Ninety percent of all adipic acid manufactured in the U.S. is used in the production of nylon 6,6 
(EPA, 1998a). However, substantial measures have already been taken voluntarily by U.S. chemical 
companies to largely reduce emissions of nitrous oxide from U.S. adipic acid production (i.e., installation 
of end-of-pipe thermal oxidation technologies). Nitric acid is used primarily to make synthetic 
commercial fertilizer and is also a major component in the production of adipic acid and explosives (EPA, 
1998a). For nitric acid production, similar end-of-pipe technologies could potentially result in substantial 
reductions at low costs. 

2.3 HFCS, PFCS, AND SF6 

The high-GWP gases account for about two percent of all U.S. GHG emissions in 1997 (EPA, 1999a). 
These gases fall into two broad categories: first, they are substitutes for the ozone-depleting gases being 
phased out under the Montreal Protocol (CFCs and HCFCs) and thus are used in a variety of applications, 
including air conditioning, refrigeration, foams, fire fighting, solvents, and aerosols. Second, these gases 
are used or emitted in a range of industrial applications. For example, PFCs are generated and emitted in 
the production of aluminum whereas HFC-23 is a by-product of HCFC-22 production. Other applications 
for these gases include semiconductor manufacture, use of SF6 in magnesium casting, and as an insulating 
gas in electrical systems. Measures that already have been taken or could be taken to reduce emissions 
from these sources include gas substitution, leak reduction programs, incineration, and gas recycling. For 
example, HCFC-22 manufacturers are using a combination of process optimization, equipment 
modification, and thermal oxidation to reduce emissions of HFC-23 during production. 

Under the Clean Air Act, the EPA has authority to regulate use of these gases as substitutes for ozone 
depleting substances and thus ensures that they are used responsibly in low emission applications. In 
addition, EPA has established specific voluntary programs in partnership with industry to encourage 
voluntary reductions in these gases, such as programs for PFC emissions from aluminum production and 
SF6 emissions from electrical systems. Other industries, such as the world semiconductor industry, 
already have made significant commitments to reduce emissions from 1995 levels. 
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3. SURVEY OF RELEVANT STUDIES 

Until recently, few comprehensive studies had been conducted examining the potential for cost-effective 
reductions in the non-CO2 gases or among all GHGs. Where studies did try to incorporate non-CO2 

gases, they tended either to assume that non-CO2 emissions reductions would cost the same as CO2, 
would be infinitely costly, or were free — necessary simplifications in the absence of data. 

In the past few years, however, a number of studies have emerged from the U.S.,  Europe, and Australia 
that provide useful cost estimates for larger studies that evaluate the cost of meeting GHG reduction 
targets. This section provides a quick survey of some of these studies. The following list notes the 
authors, scope of gases, and geographic scope: 

• MIT - multi-gas reductions among Annex B countries 
• Univ. of Illinois - CO2 and CH4 reductions in the U.S. 
• CEA - multi-gas reductions for U.S. and Annex B countries 
• ABARE - CO2, CH4, N2O reductions among Annex B countries 
• U.S. EPA - methane reductions in the U.S. 
• ECOFYS - multi-gas reductions in Europe 
• ECN - multi-gas reductions in Europe 
• March Consulting - High-GWP reductions in UK and Europe 

Although other studies have included estimates of non-CO2 reductions, these particular studies are 
highlighted either because they tend to provide new information on the costs of specific non-CO2 gas 
reductions or they incorporate multi-gas approaches to analyze the reductions in costs occasioned by 
moving from a CO2-only approach to a multi-gas approach. 

3.1 MIT 

A group of researchers affiliated with the Massachusetts Institute of Technology’s (MIT’s) Joint Program 
on the Science and Policy of Global Change (i.e., John Reilly, Ronald G. Prinn, Jochen Harnisch, Jean 
Fitzmaurice, Henry D. Jacoby, David Kicklighter, Peter H. Stone, Andrei P. Sokolov, and Chien Wang) 
published an article in Nature (Reilly, 1999a) showing that "inclusion of sinks and abatement 
opportunities from gases other than CO2 could reduce the cost of meeting the Kyoto Protocol by 60%.  A 
similar study in January 1999 (Reilly, 1999b), which also examined the implications of reductions in 
multi-gases on atmospheric composition, climate, and ecosystem impacts, found that "omitting other trace 
gases leads to an overestimate of the carbon price ... from about 8% in the EET [Central and Eastern 
Europe] to 153% in the OOE [OECD countries other than the U.S., Japan, and Europe]." 

It notes that the U.S., Europe, and the other OECD countries "stand to benefit substantially by inclusion 
of sinks and other gases," noting that "for Annex B as a whole, the error of leaving out other trace gases is 
about a $38 billion/year [converted to 1999 US$] overestimate of costs in 2010." For the U.S. alone, the 
benefit of a multi-gas approach would be about $25 billion annually (in 1999 US$), a 40 percent 
reduction in costs from a CO2 only control approach. Their analysis was based on all six greenhouse 
gases and sinks. Methane cost estimates in this analysis were based on EPA’s 1998 preliminary methane 
cost analysis (EPA, 1998b). 
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3.2 Univ. of Illinois 

A study presented in the journal Science (Hayhoe, 1999), showed increases in control options and a 
decrease in the costs of meeting international agreements to reduce GHGs by following a multi-gas 
approach. Based on the latest abatement costs, the study estimated that for short-term targets, CH4 can 
offset CO2 reductions and reduce U.S. costs by more than 25% relative to strategies involving CO2 alone. 
The study was prepared by a team of atmospheric scientists, economists, and policy analysts at the 
University of Illinois, the U.S. Department of Energy s Pacific Northwest Laboratory, the U.S. 
Environmental Protection Agency, and ICF Consulting. 

3.3 CEA 

In July 1998, the U.S. Council of Economic Advisors analyzed the cost of the Kyoto Protocol for the U.S. 
(CEA, 1998). The analysis incorporated preliminary estimates for the U.S. for reductions in the non-CO2 

gases, developed by EPA. While the larger analysis suggested that costs in 2010 would range between 
$14/TCE to $23/TCE, the data produced for this analysis examined potential reductions in methane, 
nitrous oxide, and the high-GWP gases up to a maximum price of $70/TCE. 

The data suggested that, in 2010, at $50/TCE about 78 MMTCE of non-CO2 gases (largely high-GWP 
gases and methane) could be reduced and at $70/TCE about 82 MMTCE could be reduced. EPA has 
updated some of the analyses for these gases (see section 3.4 below and footnote 3, in which we discuss 
our updated estimates for methane, nitrous oxide, and high-GWP gases). The CEA analysis forecasted 
non-CO2 emissions projections for other countries but used the simplifying assumption that the cost of 
non-CO2 emissions reductions in those countries would be the same as CO2. 

3.4 ABARE 

The Australian Bureau of Agricultural and Resource Economics (ABARE) published an analysis in May 
1999, conducted by Stephen Brown, Darren Kennedy, and others, that modeled the economic impacts of 
the Kyoto Protocol on Annex B and non-Annex B regions, examining the combined effect of emissions 
trading among CO2, methane, and nitrous oxide. The analysis confirmed the hypothesis that inclusion of 
additional gases allows Annex B regions to utilize a greater number of emission abatement options. The 
authors note that "it can be readily shown that under a given abatement target the total abatement cost 
with extra gases will always be less than, or equal to, the abatement cost of carbon dioxide only." 

The study found that, for 2010, the estimated Annex B regions  cost, in carbon equivalent terms ($/TCE), 
fell by roughly 20 percent when assuming the targets were met by emissions trading among the three 
gases in the analysis versus CO2 only. Methane cost estimates in this analysis were based on EPA’s 1998 
preliminary methane cost report (EPA, 1998b). 

3.5 U.S. EPA 

EPA’s Methane Branch published a report, in September 1999, of methane emissions and the cost of 
reducing those emissions in the U.S. (EPA, 1999b). Emission estimates are given for 1990 through 1997 
with projections for 2000 to 2020. The cost analysis for reductions is for 2000, 2010, and 2020. The 
report presents cost (marginal abatement) curves estimating that, at $50/TCE, about 70 MMTCE of 
methane reductions would be available in 2010. These reductions were based on analyzing four major 
sources of methane in the U.S., i.e., landfills, coal mines, natural gas systems, and manure systems. 
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EPA is also conducting related analyses for nitrous oxide and the high-GWP gases in order to obtain 
better estimates of the total reduction potential from the non-CO2 sources (Harvey, 1999). For the 
purposes of this paper, based on work to date, a total of 112 MMTCE of reductions are assumed to be 
available at $50/TCE from the non-CO2 gases in the United States, of which 70 MMTCE are from 
methane, 37 MMTCE are from the high-GWP gases, and 5 MMTCE are from nitrous oxide. 

3.6 ECOFYS 

In 1998, de Jager, Hendriks, Heijnes, and Blok of ECOFYS Energy and Environment, based in the 
Netherlands, conducted a study for the European Union analyzing emissions reductions potential and cost 
for non-CO2 greenhouse gases among the 15 EU countries. They concluded that "in the year 2010 about 
40% of the required emission reduction for the EU-15 can be realised by these gases at relative low 
specific costs." This amounts to 217 million metric tons of CO2 equivalent in 2010 reduced at costs 
below 50 Euro per ton CO2 equiv. (This is approximately 59 MMTCE reduced at costs below 
$193/TCE5.) 

The choice of 50 Euro as the illustrative price of carbon was assumed, rather than derived through 
modeling. Finally, the authors note that "control options for methane would be responsible for about 40% 
of this amount, for nitrous oxide this figure is 10% and for the halogenated gases (mostly the HFCs) 
50%." 

3.7 ECN 

In September 1998, Dolf Gielen and Tom Kram of ECN in the Netherlands published a preliminary 
analysis that suggested that the non-CO2 greenhouse gases could contribute about 27 percent to the total 
emission reduction in 2010 from the EU 15 countries at below 25 Euro/ton CO2 equivalent ($96/TCE), 
even though these gases represent about 21 percent of total EU emissions. Major emissions reductions 
were projected for methane from landfills, nitrous oxide from the chemical industry, and substitutes for 
the HFCs. Although total EU non-CO2 emissions are expected to decrease to 18 percent in the baseline 
(due in part to coal mine closures and waste policies), some sources were projected to increase over the 
same time, such as HFC emissions from cooling and air conditioning equipment. 

3.8 March Consulting 

In 1998 and 1999, March Consulting in the United Kingdom conducted studies for the European Union 
and the U.K. Department of the Environment, Transport and the Regions (DETR) that analyzed 
technologies and costs of emissions reductions for the high-GWP sources of HFCs, PFCs, and SF6. 
These analyses provide substantial technical detail for the specific sources and market sub-segments for 
these gases, along with an assessment of the relative cost-effectiveness of emissions reductions among the 
high-GWP sources. The authors found that an EU-wide 15 percent emissions reduction below the 1995 
baseline for these gases could be achieved, assuming that actions that cost less than 20 to 30 Euro/ton 
CO2 equivalent (about $77/TCE to $116/TCE) were implemented. 

4. CONCLUSIONS 

The studies highlighted above demonstrate that the non-CO2 GHG included in the Kyoto Protocol 
methane, nitrous oxide, and the high-GWP gases (HFCs, PFCs, and SF 6) can make a significant 

contribution to cost-effective emissions reductions for the U.S. Although there are few complete data 
sources, the initial analyses in the U.S., Europe and Australia suggest that emissions reductions from 
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these gases could reduce costs substantially (around 15 to 40 percent) in meeting the Kyoto Protocol 
emissions targets, depending on the country. Further elaboration on potential reductions from the non­
CO2 gases would provide an important contribution to the overall effort to assess the potential range of 
costs for meeting the Kyoto Protocol. 
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6. ENDNOTES 

1 Authors: de la Chesnaye, Francisco; Harvey, Reid; and Laitner, Skip. U.S.EPA, Office of Atmospheric Programs. 
Correspondence should be addressed to Francisco de la Chesnaye (delachesnaye.francisco@epa.gov). 

2 As noted in EPA 1999a, the concept of global warming potential (GWP) has been developed to compare the ability 
of each greenhouse gas to trap heat in the atmosphere relative to another gas over a given period of time. Carbon 
dioxide is the reference gas, consistent with guidelines developed by the Intergovernmental Panel on Climate 
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Change (IPCC). U.S. estimates of greenhouse gas emissions are typically presented in units of million metric tons 
of carbon equivalents (MMTCE). Carbon comprises 12/44ths of carbon dioxide by weight. In order to convert 
emissions reported in teragrams (Tg) of greenhouse gas to MMTCE, the following equation was used: 

MMTCE = (Tg of gas) x (GWP) x (12/44) 

For example, a source emitting 1 Tg of methane (GWP = 21) would be emitting 5.73 MMTCE, as follows: 

(1 Tg) x (21) x (12/44) = 5.73 MMTCE 

While any time period may be selected, the 100—year GWPs recommended by the IPCC, and employed by the 
United States for policy making and reporting purposes, were used in this report (IPCC, 1996). The effect of 
selecting alternative time periods depends on the atmospheric lifetime of the gas in relation to the atmospheric 
lifetime of the reference gas (carbon dioxide). Thus, since methane s lifetime is about 12 years, its 20 year GWP is 
56 and its 500 year GWP is 6.5. In contrast, the lifetime of sulfur hexafluoride is 3,200 years and thus its GWP 
increases from 16,300 over 20 years, 23,900 over 100 years, and 34,900 over 500 years. 

3 EPA annually develops emissions projections for the non-CO2 sources. The numbers presented here represent 
business-as-usual emissions without subtracting expected reductions from implementation of the voluntary Climate 
Change Action Programs or other voluntary reduction efforts planned by industry. The Kyoto Protocol provides that 
the baseline year for methane and nitrous oxide is 1990 and, for the high-GWP gases, countries have the option of 
choosing 1990 or 1995. For this analysis, 1995 is used as the baseline for the high-GWP gases. 

4  Of the 112 MMTCE, we estimate that about 70 MMTCE would come from methane sources and, based on 
preliminary results from our work to date, the balance would come from the high-GWP gases (assumed to be about 
37 MMTCE) and nitrous oxide (about 5 MMTCE). These rough estimates are likely to change as we finalize our 
baseline projections and cost analyses. We do not include any reductions from sinks in this estimate. 

5  To convert from Euro to $US, we assumed a conversion rate of 1.05. To convert from CO2 to carbon equivalent, 
we used the ratio of 12/44ths (i.e., 12 Carbon to 44 CO2). Thus, 1 Tg of CO2 is equal to 0.273 MMTCE. 
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Appendix E-7 

Repowering/Fuel Substitution Analysis1 

Carbon emissions from coal-fired power plants are the target of most proposals to reduce greenhouse 
gas (GHG) emissions.  While carbon emissions can be reduced through efficiency improvements in 
the conversion of coal-to-electricity, such reductions_for  example from 260 g/kWh for a 34% 
efficient pulverized coal boiler, to 210 g/kWh for a 42% efficient integrated coal gasification 
combined cycle (IGCC) power plant_may  not be sufficient to meet future emission targets. 

If additional carbon reductions are required, two options exist: 1) substitute coal for a lower carbon 
content fuel, such as natural gas, or 2) add carbon capture/sequestration technology (when it becomes 
commercially economic) to the advanced coal-based technology (IGCC).2 This analysis discusses 
some of the issues associated with coal-to-gas repowering of existing coal-fired power plants for the 
purpose of reducing their carbon emissions. 

Carbon Emissions Impact of Efficiency Improvements and Fuel Switching 

Figure 1 illustrates the effect on future electricity-based carbon emissions from total reliance on 
IGCC for future coal-based electricity generation. The solid line reflects the EIA/Annual Energy 
Outlook forecast extrapolated to 2050.3 This carbon trajectory assumes that existing pulverized 
coal systems remain in the generation mix, and that new coal-based capacity is a combination of 
advanced pulverized coal systems and IGCC.  The line labeled IGCC-60 plots the level of carbon 
emissions that would result if all coal-fired boilers were retired (or repowered) at age 60 with IGCC. 
The line labeled IGCC-50 plots the same information, but if the replacement occurred at age 50. 

Carbon emissions are approximately 9 percent lower in 2020 when coal plants are replaced with 
IGCC at age 50, and 5 percent lower when replaced at age 60.  As depicted, while greater carbon 
emissions reduction occurs under the IGCC-50 case, by 2035 all plants are converted and the effect 
of generation growth causes the IGCC-50 carbon trajectory to increase. In 2050, while exclusive 
reliance on IGCC for coal-fired generation saves approximately 140 million metric tons of carbon 
(MtC), carbon emissions still exceed 1990 levels by almost 320 MtC. 
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Fig. 1. Effect on Carbon Emissions of
 
Advanced Coal Technology Efficiency Improvements
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The carbon emissions impact of converting all coal-fired capacity to natural gas is plotted in Figure 
2. This trajectory depicts the effect of retiring (or repowering) coal-fired power plants at age 60 and 
replacing them with natural gas combined cycle (NGCC).4  It also assumes that all new coal-fired 
generation (identified in AEO99) is instead built as NGCC.  In this scenario, carbon emissions are 
relatively flat between 2010 and 2025 before declining to approximately 550 MtC in 2050. This 
level is almost 75 MtC greater than 1990 levels. 

Fig. 2 Effect on Carbon Emissions of Coal-to-Gas Fuel Substitution 
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Thus, while both efficiency improvements and fuel switching reduce carbon emissions from future 
coal-based power generation, neither of these actions alone is sufficient to reduce emissions to 1990 
levels (or 7 percent below 1990 levels, as stipulated for the U.S. in the Kyoto Protocol). Attempts 
to accelerate the retirement/replacement of coal-fired generation reduces carbon emissions earlier, 
but the reduced level is not maintained since growth in generation overcomes than the lower carbon 
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emission rate (IGCC vs PC). 

As depicted in Figure 3, only if all new coal capacity and ~120 gigawatts (GW) of coal capacity age 
60 had a carbon emission rate of zero could electricity-based carbon emissions approach 1990 levels. 
Additional existing coal capacity would need a zero carbon emission rate to displace any growth in 
total generation and maintain emissions below 1990 levels.5 

Fig. 3 Effect on Carbon Emissions of
 
Zero-Emission Rate Coal-Based Advanced Technology
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Coal-Gas Repowering vs Greenfield 

As related above, repowering of existing coal-fired units with an advanced coal technology (e.g., 
IGCC), can reduce carbon emissions by approximately 30 percent, or in approximate proportion t o 
the efficiency (heat rate) improvement. However, such reductions may not be sufficient to lower 
electricity-based carbon emissions to 1990 levels (or below). To approach this level of emission 
reduction requires a lower carbon content fuel, such as natural gas. 

Coal-gas repowering was examined extensively in Scenarios of U.S. Carbon Reductions.6  It found 
that of the 335 GW of coal-fired capacity, approximately 26 GW (~8%) could be candidate for coal-
gas repowering at less than $50/tC if the coal-gas price differential was $0.72/MMBtu and there were 
no credit for SO2/NOx emission reduction from the conversion. More than 63 GW (~19%) could be 
candidate for coal-gas repowering if low externality values were assigned to the SO2/NOx emissions 
reduced. 

However, while coal-gas repowering has some potential to reduce carbon emissions from coal-based 
power plants, there are limitations in the number of plants where it is applicable. These limitations 
relate to site-specific issues: 
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•	 Age and condition of steam turbine 
•	 Efficiency loss in interconnecting existing steam turbine with new gas turbine and heat recovery 

steam generator (HRSG), due to differences in steam pressure/temperature. 
•	 Distance and cost to interconnect with gas pipeline 

Table 1 compares the cost of electricity for two cases: coal-gas repowering and greenfield gas.  I t 
relates that while there a capital cost savings ($/kW) it is almost negated by the heat rate differential. 
The cost of electricity (COE) is only $0.50-1.00/MWh lower for repowering, depending on the 
capacity factor. Given the other uncertainties in repowering a plant this cost differential is not 
sufficient to chose repowering over greenfield. 

Table 1 Comparison of Coal-Gas Repowering and Gas Greenfield Economics 
Repowering	 Greenfield 

Capacity Factor	 50% 75% 85% 50% 75% 85% 

Cost ($/kW) $424 $424 $424 $569 $569 $569 
Capital Charge Rate 0.089 0.089 0.089 0.089 0.089 0.089 

Heat Rate 7,600 7,600 7,600 7,200 7,200 7,200 
Fuel ($/MMBtu)* $3.21 $3.21 $3.21 $3.21 $3.21 $3.21 

Capital ($/kW/yr) $38 $38 $38 $51 $51 $51 
O&Mf ($/kW/yr) $12.43 $12.43 $12.43 $11.19 $11.19 $11.19 

Capital ($/MWh) $8.61 $5.74 $5.07 $11.56 $7.71 $6.80 
O&Mf ($/MWh) $2.84 $1.89 $1.67 $2.55 $1.70 $1.50 
Fuel ($/MWh) $24.40 $24.40 $24.40 $23.12 $23.12 $23.12 
O&Mv ($/MWh) $1.24 $1.24 $1.24 $1.24 $1.24 $1.24 

Fixed Cost ($/MWh) $11.5 $7.6 $6.7 $14.1 $9.4 $8.3 
Marginal Production Cost ($/MWh) $25.6 $25.6 $25.6 $24.4 $24.4 $24.4 

COE ($/MWh)	 $37.1 $33.3 $32.4 $38.5 $33.8 $32.7 

Source: American Electric Power (AEP), February 1999 
Not included in the above economic comparison is the value of emission credits. Emission 
credits_for SO2 and NOx_would be earned if a coal-fired power plant is repowered with natural gas. 
Those credits not needed to offset the additional generation at plant (post-repowering)7 could be sold 
to reduce the cost of the coal-gas repowering. At present the market price for SO2 credits is 
~$200/ton and for NOx credits is ~$800/ton. 

While a repowered plant could generate these extra credits based on the difference in emissions 
between the coal-fired and the repowered plant, a greenfield NGCC plant would need to purchase 
offsets (credits) equivalent to its projected emissions. Depending on the location of the plant_both 
region of the country, and whether it is located in an attainment or nonattainment area_these 
offsets could add considerable cost to operate the greenfield plant on an annual basis.  For example, 
NOx emissions credits in the Ozone Transport Region (OTR) during the 1999 ozone season (May 1 
thru September 30) cost between $3,000 and $8,000 per ton.8  At these prices, emission credits 
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would add $6-15/MWh to the cost of electricity. 

Infrastructure Requirements of Coal-Gas Substitution 

Whether a coal-fired power plant is repowered with NGCC, or it is retired and replaced with NGCC, 
the infrastructure effect is the same_there is increased demand for gas deliverability. A 
comprehensive analysis was undertaken in Scenarios of U.S. Carbon Reductions9 to determine the 
amount and cost of natural gas infrastructure expansion to accommodate the additional demand 
arising from conversion of coal-fired power plants to natural gas. 

Since that analysis a more detailed study has determined that to provide the delivery infrastructure 
for a 30 trillion cubic feet (TCF) natural gas industry, between 2,000 and 2,100 miles of new gas 
transmission pipeline would be needed each year.10  The required capital expenditures for this gas 
transmission and storage from 1998 to 2010 would be between $32.2 billion and $34.4 billion. While 
substantial new pipeline and storage infrastructure would be needed, it is not outside recent experience 
levels.11 

Summary 

Substitution of gas for coal in the generation of electricity will have an impact on the carbon 
trajectory. However, even when all retired and new coal are replaced by NGCC, carbon emissions are 
not reduced to 1990 levels (or 7 percent below, as required for the U.S. in the Kyoto Protocol). The 
reason is that fuel substitution of natural gas for coal only reduces carbon emissions by 110-160 
g/kWh (50-60%), depending on the coal technology. 

Continued reliance on coal could result in zero carbon emissions, if coal generation is linked with 
carbon capture/sequestration. Coal could also continue to generate electricity in a carbon-constrained 
world, if there is a larger share of non-emitting baseload technology. 

Repowering of coal plants to natural gas could accelerate the reduction in carbon emissions, and 
facilitate the re-use of existing power plant sites. Some of the plant sites have implicit locational 
value due to transmission interconnections and airshed emission constraints. For example, 
repowering a coal-fired power plant with gas could reduce air pollutant and greenhouse gas emissions 
(even with increased generation, post-repowering). Extra air emission credits could be produced for 
sale; with the revenue used to subsidize the cost of repowering the plant. 

Alternatively, a greenfield NGCC plant needs to purchase offsets equal to its projected emissions. 
The cost of these offsets becomes an element in its annual production cost. In particular regions, 
purchase of NOx offsets alone can raise the production cost by $5-15/MWh. 

The infrastructure needed to serve an expanded natural gas generation market (30 TCF) is estimated 
to cost $32.2 billion and $34.4 billion between 1998 and 2010. While more than 2,000 miles of gas 
transmission line would need to be constructed annually, recent evidence indicates that this level of 
construction is achievable. What is at issue, however, is whether the rights-of-way are available, and 
any rent-seeking would both increase the difficulty and cost of expanding the pipeline capacity. 
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At present, no incentives exist to promote coal-gas repowering. However, recent restructuring 
legislation may provide a production tax credit when emissions are reduced from a power plant 
efficiency improvement. As currently drafted it is unclear if coal-gas repowering would qualify for 
this incentive. 

Other incentives proposed to date relate to accelerated deployment of clean coal technologies 
(CCTs). Three recent studies derived the level of CCT incentives necessary to be cost-competitive 
with NGCC.12  The Coal Utilization Research Council (CURC) determined that the following 
incentives are necessary for the first 1,500 MW of each type of CCT: 
•	 Investment tax credit: tax credit equal to 20% of owner s equity investment, applicable to first 4 

years of construction. 
•	 Production tax credit: tax credit based on design average net heat rate, with an incentive (1.30­

0.70 cents/kWh depending on heat rate) for years 1-5, and a lower incentive (0.45-1.10 
cents/kWh depending on heat rate) for years 6-10. The production tax credit would apply to the 
years 1-10 of operation. 

•	 Financial Risk Pool: the Federal government would establish a financial risk pool applicable in 
years 1 thru 3 of operations to offset costs arising from technology non-performance (relative 
to design) during start-up and initial operation. The total amount of recoverable costs is limited 
to 5% of total project installed cost. 

While these financial incentives are determined necessary to make CCTs competitive with NGCC 
(using a cash flow analysis), the level of incentives exceed the carbon value targets inherent in the 
Moderate and Advanced scenarios of this CEF study ($25/tC and $50/tC). For example, a production 
tax credit of $0.25/kWh over 10 years is equivalent $24/tC, and a $0.50/kWh production tax credit 
is equal to $48/tC.  Thus, implementation of the full set of incentives proposed by CURC would 
translate into a carbon value greater than $200/tC. 

1 Au tho r: David  So uth  (Ener gy Resou rces In ter nationa l)
 
2 Fo r a di scu ssio n of carbo n captu re/sequ est rati on techn olog y see U. S. Depar tmen t of En erg y, 19 92,
 
Sc ree ning Analy sis of CO2 Ut ili zati on an d Fi xation, Fi nal Repor t, DOE/F E/61 680 -H2 , an d U. S.
 
Depar tmen t of En erg y, 19 93, Th e Ca ptu re, Ut ili zation an d Di spo sal of Ca rbo n Dioxide from Fo ssi l Fu el- 


Fi red Power Pl ant s, DOE/E R-30 194 .
 
3 To ex ten d th e AEO fo rec ast from 20 20 to 20 50, th e av era ge fu el sh are s dur ing  th e pe rio d 20 15- 2020  we re
 
he ld const ant.
 
4 Th e EIA/NEMS mo del do es no t mo del co al-gas repowerin g. On e can assume th at th e level of NG
 
ge ner atio n pr oje cted in AEO is a co mbination of gr een field an d so me repla ceme nt of retired co al vi a co al- 

ga s re pow ering.
 
5 A ze ro ca rbo n emiss ion ra te could be  ac hie ved by re lia nce on IGCC wi th ca rbo n ca ptu re/sequ est rati on,  or 

by repla cing  co al- based ge ner atio n wi th an ap pro priate ba seload no n-c arbo n emitt ing techn olog y.
 
6 See Chapter 7. 2 in  OR NL et  al , 1997, Sc ena rios of U. S. Ca rbo n Reduc tion s, Po ten tial Impac ts of En erg y
 

Techn olog ies by 20 10 an d Beyon d.
 
7 Depen ding  on th e ty pe of co al- gas repow erin g pe rfo rmed , capac ity (and th us ge ner atio n) co uld  in cre ase by 

30 -40  pe rce nt.
 
8 The future price of emiss ion credi ts is  predi cat ed on the supply and demand for credi ts.  One factor that
 
in flu ence th e su pply is th e co ntinued  op era tion  of nu cle ar an d hy dro electri c po wer pl ant s. As no n-e mitt ing
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so urc es of ge ner atio n, if th ey were to retire an d be repla ced by  an oth er ba seload techn olo gy (coal or ga s), 
some pr opo rtion of  the fi xed  annua l al loc ation of  emiss ion al low ances would be  used by  this repla ceme nt 
ge ner atio n. Co nse quen tly , th e other ge ner atin g capac ity wo uld  receive fewer al low anceswi th the resul t 
be ing  highe r pr ice d al low an ces fo r trade , highe r co st of co mpl ianc e fo r ex ist ing so urc es, an d a highe r entry 
barri er for a new greenfield pl ant . 
9 See Chapter 7. 2 and Appen dix G-4 in  OR NL et  al , 19 97, Sc ena rios of U. S. Ca rbo n Reduc tion s, Po ten tial 

Impac ts of En erg y Techn olog ies by 20 10 an d Beyon d 
10 En erg y an d En vir onme nta l An aly sis, 19 99, Pipel ine an d Stora ge In fra stru ctu re Requi rements fo r a 30 

TC F U. S. Gas Market, pr epa red fo r th e INGAA Fo und atio n In c. (F 990 1). 
11 In  19 91 and 19 92 ov er 3, 000  mi les  of  ne w ga s transmiss ion  li ne were bu ilt  (AGA Gas Facts ). 
12 See: South, D. W. et  al , 1995, Analysis of  Incentives to  Accel erat e Fi rst -of-a-K ind (FOAK ) Clean Coal 

Techn olog ies , pr epa red fo r U. S. Depar tmen t of En erg y (Octo ber); Sp enc er, D. F., 19 96, An An alysis of Co st 

Ef fective In cen tives fo r In iti al Co mmercia l Deplo ymen t of Ad van ced Clean Co al Techn olog ies , pr epa red for 
U. S. Depar tmen t of En erg y (May) ; an d Co al Ut ili zati on Resea rch Co unc il, 19 98, In cen tives fo r Clean Co al 

Techn olog y Resea rch & Developme nt, an d Deplo ymen t Program (M ay). 
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