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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.

Wangorfsroman %ﬁg’v Witk 0 STt
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 (CO,): 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
casily 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. FElectrical 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 (C,HsOH) 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 (CH;0OH) 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 (NO,): 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 (0;) 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.

XX



Scenarios for a Clean Energy Future

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 (C;Hg). It is a colorless paraffinic gas that is
extracted from natural gas or refinery gas streams.

Quadrillion Btu (Quad): Equivalent to 10 to the 15" 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.Ibl.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 areas?:

(1) minimum efficiency standards

(2) technology choice implicit discount rates?

(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 Betal 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 T LBNL
IF (CURIYR > 11) THEN I LBNL
FANMOD = (1.0 - 0.002)**(CURIYR-11) ! LBNL ADV
ENDIF I LBNL
IF (CURIYR > 21) THEN T LBNL

FANMOD = (1.0 - 0.002)**(11)*(1.0-0.015)**(CURIYR-21) ! LBNL
ADV
END IF I LBNL
FANCON(CURIYR,R)=FANCON(CURIYR,R)+ ((
(EQCESE(CURIYR,RECCL,B,R)+EQCRP90O(PREVYR,RECCL ,B,R)+
EQCSR90(PREVYR,RECCL,B,R))*FAN*FANUEC(r,b)+
EQCADD(PREVYR,RECCL ,B,R)*FAN*NFANUEC(curiyr,r,b) +
(EQCREP(PREVYR,RECCL,B,R)+EQCSUR(PREVYR,RECCL ,B,R))*
FAN*AFANUEC(curiyr,r,b))*
((prices(4,r,curiyr)/prices(4,r,4))**alpha ))*FANMOD

~N~NoOOh~hWwWN

Moderate Scenario

Same as above, except the 2001-2010 decline rate is changed from 0.2%l/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 1 LBNL
IF (Y>11) THEN 1 LBNL
TVMOD = (1.0 - 0.009)**(Y-11) 1 LBNL OK FOR ADV
ENDIF 1 LBNL
IF (Y>21) THEN 1 LBNL
TVMOD = (1.0 - 0.009)**(11)*(1.0 - 0.0105)**(Y-21) ! LBNL OK FOR ADV
ENDIF 1 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)) 1 LBNL
1 *((PRICES(4,D,CURIYR)/PRICES(4,D,4))**ALPHA))*TVMOD 1 LBNL

Moderate Scenario

Same as above, except the 2011-2020 decline rate is changed from 1.05%/year to
0.5%l/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 1 LBNL
LTMOD = (1.0-0.012)**(11)*(1.0-0.036)**(Y-21) ! LBNL OK FOR ADV
END IF 1 LBNL

DO 50 D=1,MNUMCR-2
LTCON(Y,D)=0.0
DO 50 B=1,MNUMBLDG

Itcon(y,d)=1tcon(y,d)+((eh(y,b,d)*Itnuec(y,b,d) + ! LBNL
1nh(y-1,b,d)*(SQNEW(y-1,b,d)/SQRFOOT(4,B,D))*Itnuec(y-1,B,D)+ 1 LBNL
1 HSEADD(y,b,d)*sqgftlts(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%l/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 LBNL
MOTRRED = 1 0 1 LBNL
ELECRED = 1.0 1 LBNL
IF (Y>11) THEN 1 LBNL
COILRED = (1.0-0.0090)**(Y-11) I LBNL OK FOR ADV
MOTRRED = (1.0-0.0110)**(Y-11) I LBNL OK FOR ADV
ELECRED = (1.0-0.0295)**(Y-11) ! LBNL OK FOR ADV
ENDIF 1 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) I LBNL OK FOR ADV
ENDIF
C _WRITEC*,*)"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))
*( ELTRUEC(D,B)*ELTRPEN(Y)))*ELECRED ! LBNL
*((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))
*( COILUEC(D,B)*COILPEN(Y)))*COILRED ! LBNL
*((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))
*( MOTRUEC(D, B)*MOTRPEN(Y)))*MOTRRED ! LBNL
*((PRICES(4,D,CURIYR)/PRICES(4,D,4))**ALPHA)
20  CONTINUE

NP NP

N
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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%l/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%l/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) 1 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 1 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=RTECBTAL(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))**ALPHAL )

C

C RTECBTAL(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* Horizontal axis 2003
gas water heaters 0.60 EF 2004
elec water heaters 0.95 EF 2004
Refrigerators 421 kWhlyr 2010
room air conditioners 10.5 SEER 2010
central air conditioners 13 SEER 2006
elec. air-source heat pumps 13 SEER/7.6 HSPF 2006

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

Appendix A-1 A-1.6 Buildings



http:HRDADJ+0.15

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

Technology NEMS Implicit CEF-NEMS Implicit Period
Discount Rate Discount Rate

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 NEMS Period
efficiency efficiency
air source HP #4 heat 4.0 2.78/2.93 2011-2020
central air conditioner #4 6.0 5.28 2011-2020
refrigerator #3 350 kWh/yr 400 kWh/yr 2005-2010
refrigerator #3 150 KWh/yr 400 kWh/yr 2011-2020
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Finally, the following retail and installed cost

modified in the rtekty input file:

characteristics (1998 dollars) were

Technology CEF-NEMS NEMS CEF-NEMS NEMS Period
installed cost installed cost retail cost retail cost

Air source HP #3 heat ! 2665 3217 3400 4150 2001-2004
Air source HP #3 cool *? 1733 1733 0 0

Air source HP #3 heat ! 2665 3185 3400 4100 2005-2014
Air source HP #3 cool *? 1715 1715 0 0

Air source HP #3 heat ! 2665 3055 3400 3900 2015-2020
Air source HP #3 cool *? 1645 1645 0 0

Air source HP #4 heat ! 2665 3510 3400 4500 2011-2014
Air source HP #4 cool *? 1925 1925 0 0

Air source HP #4 heat ! 2665 3380 3400 4300 2015-2020
Air source HP #4 cool *? 1820 1820 0 0

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

! 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.

cooling, while the retail cost is contained solely in the heating record.

Installed costs are apportioned between heating and

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* horizontal axis 2006
gas water heaters 0.60 EF 2004
elec water heaters 0.95 EF 2004
room air conditioners 10.5 SEER 2010
central air conditioners 13 SEER 2006
elec. air-source heat pumps 13 SEER/7.6 HSPF 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 CEF-NEMS Implicit Period
Discount Rate Discount Rate

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 NEMS Period
efficiency efficiency
Central air #4 5.64 5.28 2011-2020
Refrigerator #3 350 kWh/yr 400 kWh/yr 2005-2010
Refrigerator #3 250 kWh/yr 400 kWhlyr 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 NEMS CEF-NEMS NEMS retail Period
installed cost installed cost retail cost cost

Air source HP #3 heat ! 2665 3217 3400 4150 2001-2004
Air source HP #3 cool 2 1733 1733 0 0

Air source HP #3 heat ! 2665 3185 3400 4100 2005-2014
Air source HP #3 cool 2 1715 1715 0 0

Air source HP #3 heat ! 2665 3055 3400 3900 2015-2020
Air source HP #3 cool 2 1645 1645 0 0

Air source HP #4 heat ° 3380 3380 4300 4300 2015-2020
Air source HP #4 cool * 1435 1820 0 0

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

! 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.

® 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:

LBNL -- MODIFY DECISION RULES HERE
BehaviorShare(s,b,d,u)

C
C
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)
BehaviorShare(1,b,1,2)
BehaviorShare(1,b,1,3)

0.30 ! set most
I decisions to
0.00 ! same fuel

I nn
o
\‘
o

DO d= 1, CMDecision
C SPACE COOLING
if (d .le. 2) then
BehaviorShare(2,b,d,1)
BehaviorShare(2,b,d,2)
BehaviorShare(2,b,d,3)
endif

.50 ! set new/repl
I decisions to
.00 ! least cost

[efele]
[
o

C VENTILATION
BehaviorShare(4,b,d,1)
BehaviorShare(4,b,d,2)
BehaviorShare(4,b,d,3)

1.00 ! set all
I decisions to
0.00 ! least cost

Inmnn
o
o
o

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 I del LBNL REMOVE
C IF (EffectHurdle.GT.0.15) I del LBNL REMOVE
C $ EffectHurdle = (EffectHurdle - 0.15) * 1 del LBNL REMOVE
C $ PriceDelta(f) ** HurdleElas(r,s,T) 1 del LBNL REMOVE
C $ + 0.15 I del LBNL REMOVE
C END IF I 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) I 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 ae099 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 3.02 2005
Electric rooftop a/c 2015 typical 3.22 2010
Gas furnace 2015 typical 0.82 2010
Gas boiler 2015 typical Unchanged 2010

Appendix A-1 A-1.13 Buildings



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 1529 | 0554 | 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.]

Appendix

Penetration Ratio by Year
Technology Source Code 2000 2010 2020
Office Equipment PC NEMS 1.863 2.263 2.601
CEF-NEMS 1.863 2.408 2.650
Office Equipment, non-PC NEMS 1.105 1.321 1.579
CEF-NEMS 1.105 1.330 1.610
Other End Uses NEMS 1.338 2.130 2.714
CEF-NEMS 1.338 1.540 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 1529 | 0554 | 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 NEMS 1.863 2.263 2.601
CEF-NEMS 1.863 2.408 2.650
Office Equipment, non-PC NEMS 1.105 1.321 1.579
CEF-NEMS 1.105 1.290 1.570
Other End Uses NEMS 1.338 2.130 2.714
CEF-NEMS 1.338 1.540 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 j(0)3)
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)

Agriculture — Other incl. Livestock (SIC 02, 07, 08, 09) | Agriculture

Coal Mining (SIC 12)

Oil and Gas Mining (SIC 13) Mining

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

Appendix A-2 A-2.1 Industry



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 1,2,8 1 1,2,8 3,69 6,9 1,2,3
Mining 1,2,8 1 1,2,8 3,6,9 6,9 1,2,3
Construction 1,2,8 1 1,2,8 3,69 6,9 1,2,3
Food 1,2,8 1 1,2,8 3,6,9 6,9 5 1,2,3,5 1,2,3,6,9
Paper 1,2,7,8 1,7 1,2,7,8 3,6,9 6,9 5 4 1,2,3,5( 1,2,3,6,7,9
Chemicals 1,2,8 1 1,2,8 3,6,9 6,9 5 1,2,3,5( 1,2,3,6,7,.9
Glass 1,2,8 1 1,2,8 3,6,9 6,9 5 1,2,3,5 1,2,3,6,9
Cement 1,2,7,8 1,7 1,2,7,8 3,6,9 6,9 5 4 1,2,3,5 1,2,3,6,9
Steel 1,2,7,8 1,7 1,2,7,8 3,6,9 6,9 5 1,2,3,5] 1,2,3,6,7,9
Aluminum 1,2,8 1 1,2,8 3,6,9 6,9 5 1,2,3,5 1,2,3,6,9
Metals-Based Durables 1,2,8 1 1,2,8 3,6,9 6,9 5 1,2,3,5 1,2,3,6,9
Other Manufacturing 1,2,8 1 1,2,8 3,69 6,9 5 1,2,3,5 1,2,3,6,9
Petroleum Refining n/a n/a n/a n/a n/a n/a n/a n/a 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

EE EE Increased Improved Improved
Sector improvement improvement recycled boiler building Increased use
in existing in new equip material inputs efficiency efficiency of cogeneration
equip
Agriculture Increased TPCs Increased TPCs 0.2%/yr fossil No bldgs No
1.5x base case 1.5x base case fuels,
0.1%/yr biomass
& waste
Mining Increased TPCs Increased TPCs 0.2%/yr fossil No bldgs No
1.5x base case 1.5x base case fuels,
0.1%/yr biomass
& waste
Construction Increased TPCs Increased TPCs No boilers No bldgs No
1.5x base case 1.5x base case
Food Increased TPCs Increased TPCs 0.2%/yr fossil Same as Yes
_ HiTech _ HiTech fuels, commercial
0.1%/yr biomass buildings
& waste
Paper Increased TPCs Increased TPCs | Increased waste 0.2%/yr fossil Same as Yes
based on based on paper share fuels, commercial
analyses analyses 0.2%/yr; 0.1%/yr biomass buildings
reduced & waste
bleaching
throughput
0.1%/yr
Chemicals Increased TPCs Increased TPCs 0.2%/yr fossil Same as Yes
based on based on fuels, commercial
analyses analyses 0.1%/yr biomass buildings
& waste
Glass Increased Increased TPCs No boilers Same as Yes
TPCs* _ HiTech commercial
buildings
Cement Increased TPCs Increased TPCs | Reduced clinker No boilers Same as Yes
based on based on production by commercial
analyses analyses 6.9 Mtons by buildings
2020
Steel Increased TPCs Increased TPCs 0.2%/yr fossil Same as Yes
based on based on fuels, commercial
analyses analyses 0.1%/yr biomass buildings
& waste
Aluminum Increased TPCs Increased TPCs 0.2%/yr fossil Same as Yes
based on based on fuels, commercial
analyses analyses 0.1%/yr biomass buildings
& waste
Metals-Based Increased TPCs Increased TPCs 0.2%/yr fossil Same as Yes
Durables 1.5x base 1.5x base fuels, commercial
0.1%/yr biomass buildings
& waste
Other Increased TPCs Increased TPCs 0.2%/yr fossil Same as Yes
Manufacturing 1.5x base 1.5x base fuels, commercial
0.1%/yr biomass buildings
& waste

*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
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Table A-4 CEF-NEMS Modifications for the Advanced Scenario

EE EE Increased Improved Improved
improvement improvement recycled boiler building
Sector . . . . . . . . Increased use
in existing in new equip material inputs efficiency efficiency £ "
equip of cogeneration
Agriculture Increased TPCs Increased TPCs 0.2%/yr oil & No bldgs No
2x base case 2x base case renewables,
0.3%/yr gas &
coal
Mining Increased TPCs Increased TPCs 0.2%/yr oil & No bldgs No
2x base case 2x base case renewables,
0.3%/yr gas &
coal
Construction Increased TPCs Increased TPCs No boilers No bldgs No
2x base case 2x base case
Food Increased TPCs Increased TPCs 0.2%/yr oil & Same as Yes
HiTech HiTech renewables, commercial
0.3%/yr gas & buildings
coal
Paper Increased TPCs Increased TPCs | Increased waste 0.2%/yr oil & Same as Yes
based on based on paper share renewables, commercial
analyses analyses 0.4%/yr; 0.3%/yr gas & buildings
reduced coal
bleaching
throughput
0.2%/yr
Chemicals Increased TPCs Increased TPCs 0.2%/yr oil & Same as Yes
based on based on renewables, commercial
analyses analyses 0.3%/yr gas & buildings
coal
Glass Increased Increased TPCs No boilers Same as Yes
TPCs* HiTech commercial
buildings
Cement Increased TPCs Increased TPCs | Reduced clinker No boilers Same as Yes
based on based on production by commercial
analyses analyses 16.4 Mtons by buildings
2020
Steel Increased TPCs Increased TPCs Increased share 0.2%/yr oil & Same as Yes
based on based on of EAFs to 55% renewables, commercial
analyses analyses 0.3%/yr gas & buildings
coal
Aluminum Increased TPCs Increased TPCs Reduced 0.2%/yr oil & Same as Yes
based on based on production renewables, commercial
analyses analyses growth 0.05%/yr | 0.3%/yr gas & buildings
to account for coal
increased
recycling
Metals-Based Increased TPCs Increased TPCs 0.2%/yr oil & Same as Yes
Durables 2x base case 2x base case renewables, commercial
0.3%/yr gas & buildings
coal
Other Increased TPCs Increased TPCs 0.2%/yr oil & Same as Yes
Manufacturing 2x base case 2x base case renewables, commercial
0.3%/yr gas & buildings
coal

*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 (.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.9) 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)'. 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
AOED99, 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 AEOQ99 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.

' 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 2020 1994 2020
UECs UECs TPC UECs 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 MBtuw/$ 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
AOED99, 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 MBtw/$ 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).”

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

> 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

AEO099 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 AEQO99 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.$, at a rate of —0.2%
per year. Primary energy intensity is projected to decrease from 11.5 KBtu/U.S.§ to 10.4 KBtuw/U.S.$, 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 2020 1994 2020
UECs UECs TPC UECs 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
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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 KBtw/U.S.$ in 1977 to 3.3 KBtuw/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 - AE099 Reference Case and Business-As-Usual Scenario

AOE99 aggregates construction into one group, encompassing SIC codes 15 through 17°. 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
AOED99, 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

AEQ99 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

? 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
AOED99, 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 2020 1994 2020

UECs UECs TPC UECs UECs TPC
Fuel MBtu/$ MBtw/$ MBtw/$ MBtw/$
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
AOED99, 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 2020 1994 2020

UECs UECs TPC UECs UECs TPC
Fuel MBtu/$ MBtw/$ MBtw/$ MBtw/$
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 KBtuw/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
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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 2020 1994 2020
UECs UECs TPC UECs UECs TPC

Process Fuel MBtu/$ MBtu/$ MBtuw/$ 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 2020 1994 2020
UECs UECs TPC UECs 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 2020 1994 2020
UECs UECs TPC UECs 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).

AEQ99 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. ;Fhe MECS data show primary energy consumption increasing at 2.3% per year between 1985 and
1994.

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.

* 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
(KBtu/U.S.$) Primary Energy Intensities for U.S. Pulp and Paper
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PAPER - AEOY9 Reference Case

Economic Trends
AEQO99 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
AEQO99 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.

AEQ99 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 5will grow at an average rate of 1.6% per year, increasing from 42.2 Mtons in 1994 to 63.2 Mtons
in 2020.

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

Energy Consumption Trends

AEQO99 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 KBtw/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 AEQO99 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.

> 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

Existing Equipment New Equipment
1994 UECs | 2020 UECs TPC 1994 UECs | 2020 UECs TPC
Process Fuel MBtu/ton MBtu/ton 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 0 0 -0.0072 0 0 -0.0085
Liquor
Bleaching Electricity 0.300 0.2849 -0.0020 0.2555 0.2453 -0.0016
Steam 5.6 5.1158 -0.0035 4.7695 4.4421 -0.0027
Waste paper pulping Electricity 1.30 1.2672 -0.0010 1.209 1.1835 -0.0008
Steam 14 1.3387 -0.0017 1.302 1.2544 -0.0014
Mechanical pulping Electricity 5.4 5.1863 -0.0016 4.536 4.4941 -0.0004
Steam 0.5 0.4659 -0.0027 0.42 0.4132 -0.0006
Chemical pulping Electricity 1.5000 1.4187 -0.0021 1.1916 1.1682 -0.0008
Steam 5.3000 4.8071 -0.0037 4.2104 4.0666 -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 UEC:s 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

Existing Equipment New Equipment
1994 UECs | 2020 UECs TPC 1994 UECs | 2020 UECs TPC
Process Fuel MBtu/ton MBtu/ton 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 0.0000 0.0000 0 0.0000 0.0000 0
Liquor
Bleaching Electricity 0.3535 0.3330 -0.0023 0.1800 0.1772 -0.0006
Steam 2.3989 2.3803 -0.0003 1.2476 1.2315 -0.0005
Waste paper pulping Electricity 1.1094 1.1044 -0.00018 1.0900 1.0002 -0.0033
Steam 0.6142 0.5785 -0.0023 0.3436 0.3348 -0.0010
Mechanical pulping Electricity 5.8441 5.7536 -0.0006 4.7279 4.4881 -0.0020
Steam 0.7780 0.7545 -0.00118 -0.3436 -0.4451 0.0100
Chemical pulping Electricity 1.5635 1.4842 -0.0020 1.9726 1.9522 -0.0004
Steam 5.0285 4.5309 -0.0040 3.9040 3.7546 -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:
e Raw Material Preparation: modified debarkers
e Mechanical Pulping: heat recovery in TMP, refinery improvements
e 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
e Paper Making: gap forming, long nip press, reduced air requirements, infrared profiling
e 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

Existing Equipment New Equipment
1994 UECs | 2020 UECs TPC 1994 UECs | 2020 UECs TPC
Process Fuel MBtu/ton MBtu/ton 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 44513 -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 0.0000 0 0 0.0000 0.0000 0
Liquor
Bleaching Electricity 0.3535 0.3071 -0.0054 0.1800 0.1772 -0.0006
Steam 2.3989 2.3618 -0.0006 1.2476 1.2315 -0.0005
Waste paper pulping Electricity 1.1094 1.0994 -0.00035 1.0900 0.9821 -0.0040
Steam 0.6142 0.5448 -0.0046 0.3436 0.3016 -0.0050
Mechanical pulping Electricity 5.8441 5.6645 -0.0012 4.7279 4.1502 -0.0050
Steam 0.7780 0.7318 -0.00235 -0.3436 -0.5898 0.0210
Chemical pulping Electricity 1.5635 1.4536 -0.0028 1.9726 1.9522 -0.0004
Steam 5.0285 4.2777 -0.0062 3.9040 3.5639 -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

Economic Trends

PAPER - Advanced Scenario

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

Existing Equipment New Equipment
1994 UECs | 2020 UECs TPC 1994 UECs | 2020 UECs TPC
Process Fuel MBtu/ton MBtu/ton 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 42118 -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 0.0000 0 0 0.0000 0.0000 0
Liquor
Bleaching Electricity 0.3535 0.2831 -0.0085 0.1800 0.1772 -0.0006
Steam 2.3989 2.3252 -0.0012 1.2476 1.2156 -0.001
Waste paper pulping Electricity 1.1094 1.0894 -0.0007 1.0900 0.9568 -0.005
Steam 0.6142 0.4830 -0.0092 0.3436 0.2646 -0.01
Mechanical pulping Electricity 5.8441 5.4901 -0.0024 4.7279 3.5463 -0.011
Steam 0.7780 0.6883 -0.0047 -0.3436 -0.9989 0.0419
Chemical pulping Electricity 1.5635 1.3761 -0.0049 1.9726 1.9522 -0.0004
Steam 5.0285 3.9440 -0.0093 3.9040 3.2100 -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). Ammonia is one of the major chemicals produced in the U.S.,
with an estimated production of 18.0 M tons (CMA, 1996). Roughly 80% of ammonia production is used as
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fertilizer feedstock in the U.S. (PNL, 1994) and the remainder is used for a variety of products, mainly
explosives and plastics. The most important fertilizers produced in the U.S. are ammonium nitrate (AN),
nitric acid (NA), urea, compound fertilizers, and liquid ammonia. Ammonium sulfate (AS) is most
commonly produced as a co-product of nylon manufacturing. 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 KBtw/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 KBtuw/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 2020 1994 2020
UECs UECs TPC UECs 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.’

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).

% Note that we do not understand the high feedstock use relative to direct firing in AEQ99.
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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 2020 TPC 1994 2020 TPC
UECs UECs UECs UECs
Process Fuel MBtuw/k$ MBtuw/k$ MBtuw/k$ MBtuw/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 2020 1994 2020
UECs UECs TPC UECs UECs TPC
Process Fuel MBtuw/k$ MBtuw/k$ MBtuw/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
AEQ99 projects value of output growth to average 0.8% per year between 1994 and 2020.

Production and Technology Trends

AEQ99 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

AEOQO 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

Existing Equipment New Equipment

Process Fuel 1994 UECs | 2020 UECs TPC 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 —

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

Existing Equipment New Equipment
1994 2020 1994 2020
Process Fuel UECs UECs TPC UECs UECs TPC
Batch Preparation — 0.17 0.1656 -0.001 0.1499 0.1499 0
Recycled Glass Electricity
Batch Preparation — 0.19 0.1851 -0.001 0.1676 0.1676 0
Virgin Glass Electricity
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

Existing Equipment New Equipment
1994 2020 1994 2020
Process Fuel UECs UECs TPC UECs UECs TPC
Batch Preparation — 0.17 0.1656 -0.001 0.1499 0.1499 0
Recycled Glass Electricity
Batch Preparation — 0.19 0.1851 -0.001 0.1676 0.1676 0
Virgin Glass Electricity
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 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.

Waste gas discharged from the kiln exit gases, the clinker cooler system, and the kiln pre-heater system all
contain useful energy that can be converted into power. Cogeneration systems can either be direct gas
turbines that utilize the waste heat (top cycle), or the installation of a waste heat boiler system that runs a
steam turbine system (bottom cycle). Steam turbine systems have been installed in many plants worldwide
and have proven to be economic under certain conditions (Steinbliss, 1990; Jaccard and Willis, 1996, Neto,
1990). While electrical efficiencies are still relatively low (18%), based on several case studies power
generation may vary between 11-25 kWh/t clinker (Scheur and Sprung, 1990, Steinbliss, 1990; Neto, 1990).
In 1994, 5 dry kiln plants generated a total of 593 Million kWh of electricity (Van Oss, 1995).
Cogeneration, using a gas turbine, can also be used to dry blast furnace slag when producing blended
cement with slags.
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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
AEQO99 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.° The clinker/cement ratio does not change in
AE099 between 1994 and 2020.° 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

¥ The NEMS industrial module assumes no new wet process clinker plants are built.
? 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
AEQ099. 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

Carbon dioxide emissions in the cement industry are produced both through the combustion of fossil fuels
and the calcination of limestone. In the calcination process we assume that 0.138 tonnes of carbon are
emitted for every tonne of clinker produced (UNEP et al., 1996). This amounts to 9.5 MtC given a
production of 68.5 million tonnes of clinker (75.5 million short tons) in 1994 (van Oss, 1995). We rely on
the U.S. EIA (U.S. DOE, EIA, 1996, Appendix B) for 1994 carbon coefficients for the various commercial
fuels, except we use the Intergovernmental Panel on Climate Change (UNEP et al., 1996) for coke and
breeze. For electricity we use the 1994 average fuel mix for electricity generation in the U.S.

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

Existing Equipment New Equipment
1994 2020 1994 2020
UECs UECs TPC UECs 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 CO, 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:

e Opverall: preventative maintenance

e Dry Process: optimized heat recovery in the clinker grate cooler, conversion to grate clinker cooler,
combustion system improvements

e  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 2020 1994 2020
UECs UECs TPC UECs 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:

e Overall: preventative maintenance, energy management systems, and improved process control

e 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)

e 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
UEC:s, 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 2020 1994 2020
UECs UECs TPC UECs 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 3.25 291 -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).

Appendix A-2 A-2.62 Industry



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 1994

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

' 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."" 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).

"' 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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Fig. A-8 Historical and Projected Primary Energy Intensities
(MBtu/ton) of U.S. Steel Production
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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
AE099. 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 AEQO99 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 2020 TPC 1994 2020 TPC
UECs UECs UECs UECs
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 141 1.61 0.0050 141 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 1.53 145 -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
AEQ99 for both existing and new equipment. Buildings energy use remains the same as AEO99 under the
business-as-usual scenario.

Appendix A-2 A-2.66 Industry



Table A-32 Business-As-Usual Inputs for Existing and New Equipment for Steel Production

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

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
CcC 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 AEO099 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:

e Cold rolling: automated monitoring and targeting system

e 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

e 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

e 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

e 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 2020 TPC 1994 2020 TPC
UECs UECs UECs UECs

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 -0.0098
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
CcC 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 AEQ99). 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:

e Cold rolling: automated monitoring and targeting system; heat recovery on the annealing line
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e 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

e Casting: efficient ladle preheating

e 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

e 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

e 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 2020 TPC 1994 2020 TPC
UECs UECs UECs UECs

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 19942,
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

2 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.
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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."’ 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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" 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

AEQO99 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 AEO099 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
AEQO99 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 2020 TPC 1994 2020 TPC
UECs UECs UECs UECs
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 0.000 0.000 -0.35 0.000 0.000 -0.35
petroleum
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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 2020 TPC 1994 2020 TPC
UECs UECs UECs UECs
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 0.000 0.00 -0.40 0.000 0.000 -0.35
petroleum
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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 2020 TPC 1994 2020 TPC
UECs UECs UECs UECs
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 0.000 0.00 -0.58 0.000 0.000 -0.48
petroleum

Appendix A-2 A-2.77 Industry



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 2020 1994 2020
UECs UECs TPC UECs UECs TPC
Fuel MBtu/$ MBtw/$ MBtw/$ MBtw/$

Electricity 0.2626 0.2599 -0.0004 0.2495 0.2443 -0.0008
Natural gas 0.2528 0.2393 -0.0021 0.2401 0.2153 -0.0042
Steam coal 0.0047 0.0042 -0.0040 0.0044 0.0036 -0.0080
Residual oil 0.0029 0.0028 -0.0014 0.0027 0.0026 -0.0028
Distillate oil 0.0109 0.0105 -0.0014 0.0103 0.0096 -0.0028
LPGs 0.0056 0.0054 -0.0014 0.0053 0.0049 -0.0028
Steam 0.3983 0.3841 -0.0014 0.3784 0.3518 -0.0028
Biomass-wood 0.0009 0.0009 -0.0014 0.0009 0.0009 -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
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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 2020 TPC 1994 2020 TPC

UECs UECs UECs UECs
Fuel MBtu/$ MBtw/$ MBtw/$ MBtw/$
Electricity 0.2626 0.2585 -0.0006 0.2495 0.2418 -0.0012
Natural gas 0.2528 0.2329 -0.0032 0.2401 0.2037 -0.0063
Steam coal 0.0047 0.0040 -0.0060 0.0044 0.0032 -0.0120
Residual oil 0.0029 0.0027 -0.0021 0.0027 0.0024 -0.0042
Distillate oil 0.0109 0.0103 -0.0021 0.0103 0.0092 -0.0042
LPGs 0.0056 0.0053 -0.0021 0.0053 0.0048 -0.0042
Steam 0.3983 0.3771 -0.0021 0.3784 0.3392 -0.0042
Biomass-wood 0.0009 0.0009 -0.0021 0.0009 0.0009 -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 2020 TPC 1994 2020 TPC

UECs UECs UECs UECs
Fuel MBtuw/$ MBtu/$ MBtu/$ MBtu/$
Electricity 0.2626 0.2572 -0.0008 0.2495 0.2393 -0.0016
Natural gas 0.2528 0.2266 -0.0042 0.2401 0.1928 -0.0084
Steam coal 0.0047 0.0038 -0.0080 0.0044 0.0029 -0.0160
Residual oil 0.0029 0.0027 -0.0028 0.0027 0.0023 -0.0056
Distillate oil 0.0109 0.0101 -0.0028 0.0103 0.0089 -0.0056
LPGs 0.0056 0.0052 -0.0028 0.0053 0.0046 -0.0056
Steam 0.3983 0.3703 -0.0028 0.3784 0.3270 -0.0056
Biomass-wood 0.0009 0.0009 -0.0028 0.0009 0.0009 -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 atrray 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 - AEOY99 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 2020 TPC 1994 2020 TPC
UECs UECs UECs UECs

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 2020 TPC 1994 2020 TPC
UECs UECs UECs UECs

Fuel MBtu/$ MBtuw/$ % MBtu/$ MBtuw/$ %

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 2020 TPC 1994 2020 TPC
UECs UECs UECs UECs

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 04717 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.WKI1 contains most of the input data for the TRANF
program, and (2) CFFUEL.WKI1 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

TRANTF 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 19878 ($4.06/MMBtu in 1997$ 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 AEQ99 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:

Fuel cell stack cost

Electric motor cost

Reformer cost

Hydrogen tank cost

Internal combustion engine/transmission credit

bk =

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*(FUELCELLSCOST(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(CL,IGP,YEAR,1)/2200) ! Reformer Cost
& +153*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 FUELCELLS$COST no longer represents fuel cell stack costs in dollars per kilowatt. Instead
it is an index of cost that represents the decline in fuel cell system costs with time. When
FUELCELLS$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:

FUELCELLSCOST(I,IFT) =2.0e™*"

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:

Performance differences,

Range differences,

Fuel economy differences,

Weight differences,

Low and high production volume price differences,

Time trajectories for the cost of key technologies such as batteries and fuel cells,
Applicabilities of AFV technologies to vehicle classes.

Nowukwbh -

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 RNGI 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
AEQ99 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 1b. vehicle this implies a retail price increase of $11,250. In the moderate case we reduced
this to $30%(0.05)/Ib., which implies a mark-up of $4,500 for a 3,000 Ib. 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 AEQ99 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.WKI1 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 $1.25/1b, available in the year 2007 for passenger cars, 2009 for light trucks.
2. Materials Substitution VII, a 30% weight reduction at $1.50/Ib, 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, 111, 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, U; , of each vehicle type, j. Ultility is represented by a
weighted sum of relevant vehicle attributes, x;; . The weights, a; , are the marginal utilities of each
attribute. One of the attributes is the retail price, P; , 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, V;, of a 1-unit change in variable i, we can calculate its coefficient, a; , by
multiplying by the coefficient of vehicle price, ap .

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.

v, - bowIM, _ wIM,
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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.
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The value of home refueling is thus,

Vi =(1= )h(=V,)=( =DhV, 3)

From equation (2) it is clear that the value of range, V., 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.
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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, m,,
and the future price of fuel, P, . More precisely, the present value of future fuel costs is given by equation

(5).
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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, E8S,
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, =3.0s—15¢
(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.

Value of Fuel Availability

$3,500
$3,000
$2,500
$2,000
$1,500
$1,000

$500 -

$0 1 1 1 1
Equivalent Rurchase Pyjge 0.4 0.6 0.8 1

Fraction of Stations Offering Fuel

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 19908 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 $2,73529  $189.26 0.0946
Maintenance Cost MAINT annual 1990 § -0.0005 -$7.35 -$5.49 -0.00275
Luggage Space LUGG ratiotoconv. 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.

Appendix A-3

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
A-3.13
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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:
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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
AEQO99 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 Tablesin Appendix B-1

Table
Number Titleof 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 HV AC 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 Commercia policy penetration rates, moderate case

B-1.4adv  Commercia 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” categories' 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

! “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 2000 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.

% 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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1 Equipment codes: CAC-central air conditioner; ASHP-electric air source heat pump; GFRN-gas central furnace; OFRN-oil central furnace; OBLR-oil boiler;

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 HYAC equipment. We did not address programs affecting shell improvements in existing residential buildings.

GBLR-gas boiler; RAC-room air conditioner;

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: Existing Residential Buildings Moderate Case Market Penetrations for HVYAC Equipment Programs
End Use Equipment*|Policy Notes Annual Penetration Rate?
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Electric Heating
Resistance|Utility or other program| 3 00% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0%
ASHP See programs listed
under Electric Cooling
Electric Cooling
CAC, ASHP INAECA Standard 2006 4 00% 0.0% 00% 00% 00% 00% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%  100%
CAC, ASHP |Tax Credit (10%) 5 40% 80% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0%
CAC, ASHP |Tax Credit (20%) 5 05% 1.4% 27% 31% 00% 00% 00% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0%
CAC ENERGY STAR HVAC, 6 35% 4.3% 51% 60% 68% 7.6% 00% 00% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0%
befare 2006 Standard
CAC ENERGY STAR HVAC, 6 00% 0.0% 00% 00% 00% 00% 05% 19% 33% 47% 61% 75% 89% 10.3% 11.6% 13.0% 14.4% 15.8% 17.2% 18.6% 20.0%
after 2006 Standard
ASHP ENERGY STAR HVAC, 6 35% 4.3% 51% 60% 68% 7.6% 00% 00% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0%
befare 2006 Standard
ASHP ENERGY STAR HVAC, 6 00% 0.0% 00% 00% 00% 00% 05% 19% 33% 47% 61% 75% 89% 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% 00% 0.0% 00% 0.0% 0.0% 00% 00% 00%  0.0%
RAC NAECA Standard 2010 8 00% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%  100%
RAC ENERGY STAR HVAC, 9 1.0% 00% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0%
befare 2001 Standard
RAC ENERGY STAR HVAC, 9 00% 1.0% 20% 3.0% 40% 50% 6.0% 7.0% 80% 90% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0%
befare 2010 Standard
RAC ENERGY STAR HVAC, 9 00% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 1.0% 20% 3.0% 40% 50% 6.0% 7.0% 80% 9.0% 10.0% 10.0%
after 2010 Standard
Electric Cooling -- Sum of all program penetrations except NAECA standards
CAC 10 | 80% 13.7% 7.9% 91% 68% 7.6% 05% 19% 33% 47% 61% 75% 89% 10.3% 11.6% 13.0% 14.4% 15.8% 17.2% 18.6% 20.0%
ASHP 10 | 80% 13.7% 7.9% 91% 68% 7.6% 05% 19% 33% 47% 61% 75% 89% 10.3% 11.6% 13.0% 14.4% 15.8% 17.2% 18.6% 20.0%
RAC 10 | 1.0% 1.0% 20% 3.0% 40% 50% 6.0% 7.0% 80% 9.0% 1.0% 20% 3.0% 40% 50% 6.0% 7.0% 80% 9.0% 10.0% 10.0%
Gas Heating
GFRN ENERGY STAR HVAC 11, 15| 35% 3.8% 4.2% 46% 49% 53% 57% 61% 64% 6.8% 72% 7.5% 7.9% 83% 86% 9.0% 94% 97% 10.1% 10.5% 10.9%
GBLR ENERGY STAR HVAC 12, 15| 35% 3.9% 4.3% 48% 52% 56% 60% 65% 69% 7.3% 7.8% 82% 86% 91% 95% 9.9% 10.3% 10.8% 11.2% 11.6% 12.1%
Oil Heating
OFRN ENERGY STAR HVAC 13, 15| 35% 42% 50% 57% 64% 72% 7.9% 87% 94% 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
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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.

10 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.

11 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.

12 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.

13 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.

14 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.

15 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 HYAC Equipment Programs
End Use Equipment*|Policy Notes Annual Penetration Rate?
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Electric Heating
Resistance|Utility or other program| 3 1.0% 16% 22% 28% 35% 41% 47% 53% 59% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65%  6.5%
ASHP See programs listed
under Electric Cooling
Electric Cooling
CAC, ASHP INAECA Standard 2006 4 00% 0.0% 00% 00% 00% 00% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%  100%
CAC, ASHP |Tax Credit (10%) 5 40% 80% 12.0% 16.0% 0.0% 00% 00% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0%
CAC, ASHP |Tax Credit (20%) 5 10% 35% 7.8% 86% 93% 10.0% 10.6% 11.2% 0.0% 0.0% 00% 0.0% 00% 00% 00% 00% 00% 00% 00% 00%  0.0%
CAC ENERGY STAR HVAC, 6 35% 5.6% 7.4% 98% 125% 153% 0.0% 00% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0%
befare 2006 Standard
CAC ENERGY STAR HVAC, 6 00% 0.0% 00% 00% 00% 00% 10% 38% 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 35% 5.6% 7.4% 9.8% 12.4% 12.4% 0.0% 00% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0%
befare 2006 Standard
ASHP ENERGY STAR HVAC, 7 00% 0.0% 00% 00% 00% 00% 10% 38% 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% 00% 0.0% 00% 0.0% 0.0% 00% 00% 00%  0.0%
RAC NAECA Standard 2010 9 00% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%  100%
RAC ENERGY STAR HVAC, 10 | 24% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0%
befare 2001 Standard
RAC ENERGY STAR HVAC, 10 | 0.0% 24% 39% 52% 69% 88% 10.7% 13.1% 16.1% 19.0% 00% 00% 00% 0.0% 00% 0.0% 00% 00% 00% 00%  0.0%
before 2010 Standard
RAC ENERGY STAR HVAC, 10 | 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 00% 24% 39% 52% 69% 88% 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 11 | 85% 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 11 | 85% 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 11 | 24% 24% 39% 52% 69% 88% 10.7% 13.1% 16.1% 19.0% 24% 39% 52% 6.9% 88% 10.7% 13.1% 16.1% 19.0% 21.4% 23.1%
Gas Heating
GFRN ENERGY STAR HVAC 12, 16| 35% 56% 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| 35% 56% 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%
QOil Heating
OFRN ENERGY STAR HVAC 14, 16| 35% 56% 7.4% 9.8% 12.5% 15.3% 18.8% 23.0% 27.1% 30.6% 33.0% 33.4% 33.8% 34.1% 345% 34.9% 352% 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;

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.

GBLR-gas boiler; RAC-room air conditioner;

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 payinggtheir 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).

RS 9 SRl WA WREI S RIS AN GEIAE PESURRHTPAG0S LGl UL WHESP SRy 3p1993 RECS survey (US DOE 1995, Table 332, p.42)

- We assumed a maximum achievable penetration of 6.5%, which is 25% of the amount wi based on the cost-effectiveness assumptions listed above. The ramp-up from 1% in 2000 to the

'fTh ogram 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
no atd&t%%rgfactirrke@se Oea%lectr'c 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
%. years angaf 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
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) €quipment 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.

10 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.

11 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.

12 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.

13 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.

14 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.

15 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.

16 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 HYAC End Use Moderate Case Market Penetrations
Program House Notes Annual Penetration Rate’
Name ‘ Effic. Level Type' 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Mandatory Programs
Building Code | 1993 or 1995 MEC | 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 1998 IECC 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 future IECC SF, MF, MH 3,6 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% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Voluntarv Proarams (not includina R&D effect) 2
Building 30%-50% better 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%
America than 1993 MEC
'ENERGY STAR| 30% better than | s | 9 | 1.1% 20% 29% 3.8% 47% 54% 6.0% 6.3% 6.3% 6.3% 63% 63% 64% 67% 7.3% 7.7% 8.8% 9.9% 10.8% 11.6% 12.5% |
New Homes 1993 MEC
ENERGY STAR| 30% better than MH 10 0.1% 0.6% 1.1% 1.6% 2.1% 2.4% 2.6% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.9% 3.0% 3.5% 3.9% 4.4% 4.6% 5.0%
New Homes 1993 MEC
ENERGY STAR| 30% better than MF 11 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 0.7% 1.1% 1.2% 1.3% 1.3% 1.4% 1.5% 1.5% 1.5% 1.9% 2.0% 2.2% 2.5%
New Homes 1993 MEC
Tax Credit for new homes
Tax Credit 30% better than 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%
(new homes) 1998 IECC
Tax Credit 40% better than 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%
(new homes) 1998 IECC
Tax Credit 50% better than 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%
(new homes) 1998 IECC
Sum of Voluntary and Tax Credit Programs
Single-Family - SF 13 2.2% 3.3% 4.7% 6.3% 8.1% 6.5% 7.6% 8.0% 8.4% 8.4% 8.4% 8.3% 8.5% 8.8% 9.4% 9.8% 10.9% 12.1% 13.1% 14.1% 15.2%
Manfuactured - MH 13 1.1% 1.8% 2.7% 3.7% 4.8% 2.6% 2.9% 3.0% 3.0% 2.9% 2.9% 2.9% 2.9% 2.9% 3.1% 3.2% 3.7% 4.1% 4.6% 4.8% 5.2%
Multifamily - MF 13 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 0.7% 1.1% 1.2% 1.3% 1.3% 1.4% 1.5% 1.5% 1.5% 1.9% 2.0% 2.2% 2.5%
Increased R&D Fundina for Whole-House Measures **
Building 30%-50% better SF 15 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 than 1993 MEC
ENERGY STAR & 16 | 0.0% 0.0%  0.0% 1.9%  2.8% 6.6%  7.8% 10.6%
New Homes 1993 MEC
ENERGY STAR| 30% better than MH 16 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 1993 MEC
ENERGY STAR| 30% better than MF 16 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 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
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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.

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 includina 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.
Estimated Percent of Housing Starts Subject to 1993 MEC or Better Codes by Building Code Level (Moderate Case)

Building Code Level 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% 7% 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%.

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.

Penetration forecast of percent of all housetypes subject to the 1998 International Code Council's InternationallEnergy Conservation Code (IECC).

Penetration forecast of percent of all housetypes subject to a future, substantial update, of the International Code Council's InternationaldJEnergy Conservation Code (IECC). In the Moderate case, we assume the

IECC code will not be updated during the forecast period.

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.)

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,

IS

o o

~

[ee]

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.

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).

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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Table B.1.2.mod Notes, continued

11 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.
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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.

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).

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.

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.

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.

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.)

Appendix B-1 B-1.13


Carrie A Webber
Appendix B-1                                                                                                                      B-1.13                                                                                                            Buildings


RES HVAC

Advanced
Table B-1.2.adv: New Residential Building HVAC End Use Advanced Case Market Penetrations
Program House Notes Annual Penetration Rate’
Name | Effic. Level Type' 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Mandatory Programs
Building Code | 1993 or 1995 MEC | 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 1998 IECC 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 future IECC SF,MF,MH | 3, 6 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 1.7% 3.1% 46% 6.2% 7.8% 9.6% 11.4% 13.3% 15.3% 17.4% 19.6%

Voluntarv Proarams (not includina R&D effect) *2

Building 30%-50% better SF 7 0.1% 0.2% 0.3% 0.7% 1.0% 1.4% 24% 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%
America than 1993 MEC
'ENERGY STAR| 30% better than | - F | 9 | 23% 2.7% 3.3% 4.0% 54% 6.1% 7.2% 9.7% 12.4% 15.0% 15.0% 16.0% 17.0% 19.0% 22.0% 24.5% 27.0% 29.9% 32.3% 34.9% 37.5%
New Homes 1993 MEC
ENERGY STAR| 30% better than MH 10 0.3% 3.3% 6.2% 9.2% 12.2% 14.9% 17.6% 20.1% 21.1% 22.0% 22.0% 22.0% 22.0% 22.0% 22.0% 22.0% 23.5% 25.0% 26.5% 28.2% 30.0%
New Homes 1993 MEC
ENERGY STAR| 30% better than MF 11 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 1.1% 1.7% 2.1% 2.3% 2.4% 3.0% 3.4% 3.6% 3.9% 4.4% 4.8% 5.2% 5.8% 6.3%
New Homes 1993 MEC
Tax Credit for new homes
Tax Credit 30% better than SF, MH 8 1.17% 1.43% 1.84% 2.39% 0.12% 0.12% 0.12% 0.12% 0.12% 0.12% 0.12% 0.12% 0.12% 0.12% 0.12% 0.12% 0.12% 0.12% 0.12% 0.12% 0.12%
(new homes) 1998 IECC
Tax Credit 40% better than SF, MH 8 0.31% 0.38% 0.49% 0.64% 3.41% 4.69% 0.23% 0.23% 0.23% 0.23% 0.23% 0.23% 0.23% 0.23% 0.23% 0.23% 0.23% 0.23% 0.23% 0.23% 0.23%
(new homes) 1998 IECC
Tax Credit 50% better than SF, MH 8 0.08% 0.10% 0.12% 0.16% 0.85% 1.17% 7.80% 8.15% 9.18% 10.25% 0.51% 0.51% 0.51% 0.51% 0.51% 0.51% 0.51% 0.51% 0.51% 0.51% 0.51%
(new homes) 1998 IECC

Sum of Voluntary and Tax Credit Programs

Single-Family - SF 13 3.9% 4.8% 6.1% 7.9% 10.8% 13.5% 17.8% 20.6% 24.8% 28.5% 18.7% 20.4% 21.4% 23.5% 26.8% 29.3% 32.1% 35.7% 38.0% 40.8% 43.4%
Manfuactured - MH 13 1.9% 5.2% 8.7% 12.4% 16.6% 20.8% 25.8% 28.6% 30.6% 32.6% 22.9% 22.9% 22.9% 22.9% 22.9% 22.9% 24.4% 259% 27.4% 29.1% 30.9%
Multifamily - MF 13 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 1.1% 1.7% 2.1% 2.3% 2.4% 3.0% 3.4% 3.6% 3.9% 4.4% 4.8% 5.2% 5.8% 6.3%

Increased R&D Fundina for Whole-House Measures **

Building 30%-50% better SF 15 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 than 1993 MEC
ENERGY STAR| 30% better than SF 16 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 1993 MEC
ENERGY STAR| 30% better than MH 16 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 1993 MEC
ENERGY STAR| 30% better than MF 16 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 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 HYAC 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.
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

w
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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 includina enforcement 47% 48% 49% 51% 52% 53% 55% 56% 57% 59% 60% 62% 64% 66% 68% 70% 2% 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.
Estimated Percent of Housing Starts Subject to 1993 MEC or Better Codes by Building Code Level (Advanced Case)

Building Code Level 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% 2% 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 InternationallJEnergy Conservation Code (IECC).
6 Penetration forecast of percent of all housetypes subject to a future, substantial update, of the International Code Council's InternationaldJEnergy 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.

10 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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Table B.1.2.adv Notes, continued

11 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.
12 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).
13 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.
14 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.
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.
16 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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Table B-1.3mod. Residential Buildings Moderate Case Market Penetrations--Non-HVAC

RES Non-H VAC

Moderate

% of Frozen
Efficiency End-Use

Fuel End- Policy Notes Baseline ! Shipment penetration, except where otherwise noted” Energy Affected®

Use 2000 2001 2002 2003 2004 2005 2010 2015 2020 | 2010 2020
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 50% 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% 10% 12% 20% 55% 9.0%| 1.0% 5.6%
ENERGY STAR Homes 7 2000 new EWH 0.7% 14% 20% 2.6% 0.0% 00% 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% 32% 38% 6.7% 9.8% 125%| 3.1% 6.5%
Building America 8 2000 new EWH 0.0% 01% 01% 03% 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% 04% 06% 20% 38% 4.8%| 0.8% 2.3%
Whole House Tax Credit | 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 | 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 I1 9 2000 new EWH 02% 0.7% 11% 01% 0.0% 0.0% 0.0% 0.0% 0.0%| 0.2% 0.1%
Whole House Tax Credit Il 9 2004 std EWH 0.0% 00% 0.0% 0.0% 01% 01% 0.1% 0.1% 0.1%| 0.0% 0.0%
Whole House Tax Credit Il 9 2000 new EWH 0.0% 0.0% 02% 1.6% 0.0% 0.0% 0.0% 0.0% 0.0%]| 0.2% 0.1%
Whole House Tax Credit I 9 2004 std EWH 0.0% 0.0% 00% 00% 21% 01% 01% 01% 0.1% | 0.3% 0.2%
ENERGY STAR Homes R&C 10 2004 std EWH 0.0% 0.0% 0.0% 0.0% 0.0% 00% 03% 17% 3.6%| 0.0% 1.0%
Building America R&D 11 2004 std EWH 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.1% 0.6% 15% ]| 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% 02% 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% 04% 05% 15% 20% 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% 00% 07% 08% 0.9% 08% 0.8%| 0.6% 1.2%
HPWH R&D 17 2004 standard EWH 0.0% 00% 00% 14% 16% 3.0% 30% 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% 58% 65% 7.3% 8.0% 88% 125% 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% 48% 56% 64% 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

RES Non-H VAC
Moderate

% of Frozen
Efficiency End-Use

Fuel End- Policy Notes Baseline ! Shipment penetration, except where otherwise noted” Energy Affected®
Use 2000 2001 2002 2003 2004 2005 2010 2015 2020 | 2010 2020
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% 53% 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 00% 00% 00% 00% 0.0% 0.0% 65% 13.3% 20.0%| 3.4% 16.8%
CFL R&D--Fixtures Effect 26 300 W Halogen torchiere 0.0% 0.0% 00% 0.0% 00% 0.0% 17% 23% 3.0%| 0.3% 2.7%
other 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%| 155%  31.1%
CFL R&D--Fixtures Effect 28 Fixtures used 2-3 hrs/day 0.0% 0.0% 0.0% 0.0% 0.0% 00% 25% 32% 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% 10% 5.0% 10.0%| 0.1% 4.2%
Clothes Washers
ENERGY STAR CW 30 2000 new CW 7.0% 85% 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 37 NA NA NA NA NA NA NA NA NA NA NA
MOIOTS 4ijing Fans 38 00% 3.0% 4.9% 6.8% 8.7% 10.6% 20.0% 22.5% 25.0%| 1.2%  3.3%
Pool Pumps 39 0.0% 30% 38% 4.6% 53% 6.1% 10.0% 11.5% 13.0%| 1.3% 1.9%
electiopitERGY STAR VCR 40 10.0% 14.0% 18.0% 22.0% 26.0% 30.0% 50.0% 62.5% 75.0%| 3.9%  8.6%
ENERGY STAR Audio 41 5.0% 10.0% 10.6% 11.1% 11.7% 12.2% 15.0% 27.5% 40.0%| 2.6% 6.2%
ENERGY STAR Settop 42 3.0% 6.4% 9.8% 13.2% 16.6% 20.0% 30.0% 50.0% 70.0%| 4.2% 11.4%
ENERGY STAR Telephony 43 5.0% 7.5% 10.0% 12.5% 15.0% 17.5% 30.0% 50.0% 70.0%| 1.5% 4.0%
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Table B-1.3mod (continued). Residential Buildings Moderate Case Market Penetrations--Non-HVAC

RES Non-H VAC
Moderate

% of Frozen
Efficiency End-Use
Fuel End- Policy Notes Baseline ! Shipment penetration, except where otherwise noted” Energy Affected®
Use 2000 2001 2002 2003 2004 2005 2010 2015 2020 | 2010 2020
Electric
Other Uses
electronics
ENERGY STAR MWave 44 0.0% 50% 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 50% 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% 13% 20% 26% 0.0% 0.0% 0.0% 00% 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% 01% 0.1% 02% 0.0% 00% 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% 04% 07% 21% 42% 54%| 1.0% 2.5%
Whole House Tax Credit | 9 2000 new GWH, E* home 0.6% 07% 0.0% 0.0% 00% 00% 0.0% 0.0% 0.0%]| 0.1% 0.1%
Whole House Tax Credit | 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 |1 9 2000 new GWH, E* home 02% 0.7% 11% 01% 0.0% 0.0% 0.0% 0.0% 0.0%| 0.2% 0.1%
Whole House Tax Credit I1 9 2004 GWH Std, E* home 0.0% 0.0% 0.0% 0.0% 01% 01% 0.1% 0.1% 0.1%| 0.0% 0.0%
Whole House Tax Credit I 9 2000 new GWH, E* home 0.0% 00% 02% 16% 0.0% 00% 00% 0.0% 0.0%]| 0.2% 0.1%
Whole House Tax Credit 1 9 2004 GWH Std, E* home 0.0% 0.0% 0.0% 0.0% 21% 01% 0.1% 0.1% 01%| 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 14% 24% 08% 04% 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% 04% 04% 04% 04% 04%| 0.2% 0.4%
Tax Cr for 0.80 EF NGWH 51 2000 new GWH 0.2% 04% 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% 01% 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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RES Non-HVAC
Moderate

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
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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 HPWHSs 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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Notes to Table B-1.3mod (continued)

(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