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Perspective

The Renewable Electricity Futures Study (RE Futures) provides an analysis of the grid
integration opportunities, challenges, and implications of high levels of renewable electricity
generation for the U.S. electric system. The study is not a market or policy assessment. Rather,
RE Futures examines renewable energy resources and many technical issues related to the
operability of the U.S. electricity grid, and provides initial answers to important questions about
the integration of high penetrations of renewable electricity technologies from a national
perspective. RE Futures results indicate that a future U.S. electricity system that is largely
powered by renewable sources is possible and that further work is warranted to investigate this
clean generation pathway. The central conclusion of the analysis is that renewable electricity
generation from technologies that are commercially available today, in combination with a more
flexible electric system, is more than adequate to supply 80% of total U.S. electricity generation
in 2050 while meeting electricity demand on an hourly basis in every region of the United States.

The renewable technologies explored in this study are components of a diverse set of clean
energy solutions that also includes nuclear, efficient natural gas, clean coal, and energy
efficiency. Understanding all of these technology pathways and their potential contributions to
the future U.S. electric power system can inform the development of integrated portfolio
scenarios. RE Futures focuses on the extent to which U.S. electricity needs can be supplied by
renewable energy sources, including biomass, geothermal, hydropower, solar, and wind.

The study explores grid integration issues using models with unprecedented geographic and time
resolution for the contiguous United States. The analysis (1) assesses a variety of scenarios with
prescribed levels of renewable electricity generation in 2050, from 30% to 90%, with a focus on
80% (with nearly 50% from variable wind and solar photovoltaic generation); (2) identifies the
characteristics of a U.S. electricity system that would be needed to accommodate such levels;
and (3) describes some of the associated challenges and implications of realizing such a future.
In addition to the central conclusion noted above, RE Futures finds that increased electric system
flexibility, needed to enable electricity supply-demand balance with high levels of renewable
generation, can come from a portfolio of supply- and demand-side options, including flexible
conventional generation, grid storage, new transmission, more responsive loads, and changes in
power system operations. The analysis also finds that the abundance and diversity of U.S.
renewable energy resources can support multiple combinations of renewable technologies that
result in deep reductions in electric sector greenhouse gas emissions and water use. The study
finds that the incremental cost associated with high renewable generation is comparable to
published cost estimates of other clean energy scenarios. Of the sensitivities examined,
improvement in the cost and performance of renewable technologies is the most impactful lever
for reducing this incremental cost. Assumptions reflecting the extent of this improvement are
based on incremental or evolutionary improvements to currently commercial technologies and do
not reflect U.S. Department of Energy activities to further lower renewable technology costs so
that they achieve parity with conventional technologies.
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RE Futures is an initial analysis of scenarios for high levels of renewable electricity in the United
States; additional research is needed to comprehensively investigate other facets of high
renewable or other clean energy futures in the U.S. power system. First, this study focuses on
renewable-specific technology pathways and does not explore the full portfolio of clean
technologies that could contribute to future electricity supply. Second, the analysis does not
attempt a full reliability analysis of the power system that includes addressing sub-hourly,
transient, and distribution system requirements. Third, although RE Futures describes the system
characteristics needed to accommodate high levels of renewable generation, it does not address
the institutional, market, and regulatory changes that may be needed to facilitate such a
transformation. Fourth, a full cost-benefit analysis was not conducted to comprehensively
evaluate the relative impacts of renewable and non-renewable electricity generation options.

Lastly, as a long-term analysis, uncertainties associated with assumptions and data, along with
limitations of the modeling capabilities, contribute to significant uncertainty in the implications
reported. Most of the scenario assessment was conducted in 2010 with assumptions concerning
technology cost and performance and fossil energy prices generally based on data available in
2009 and early 2010. Significant changes in electricity and related markets have already occurred
since the analysis was conducted, and the implications of these changes may not have been fully
reflected in the study assumptions and results. For example, both the rapid development of
domestic unconventional natural gas resources that has contributed to historically low natural gas
prices, and the significant price declines for some renewable technologies (e.g., photovoltaics)
since 2010, were not reflected in the study assumptions.

Nonetheless, as the most comprehensive analysis of U.S. high-penetration renewable electricity
conducted to date, this study can inform broader discussion of the evolution of the electric
system and electricity markets toward clean systems.

The RE Futures team was made up of experts in the fields of renewable technologies, grid
integration, and end-use demand. The team included leadership from a core team with members
from the National Renewable Energy Laboratory (NREL) and the Massachusetts Institute of
Technology (MIT), and subject matter experts from U.S. Department of Energy (DOE) national
laboratories, including NREL, Idaho National Laboratory (INL), Lawrence Berkeley National
Laboratory (LBNL), Oak Ridge National Laboratory (ORNL), Pacific Northwest National
Laboratory (PNNL), and Sandia National Laboratories (SNL), as well as Black & Veatch and
other utility, industry, university, public sector, and non-profit participants. Over the course of
the project, an executive steering committee provided input from multiple perspectives to
support study balance and objectivity.

RE Futures is documented in four volumes of a single report: Volume 1 describes the analysis
approach and models, along with the key results and insights; Volume 2 describes the renewable
generation and storage technologies included in the study; This volume—Volume 3—presents
end-use demand and energy efficiency assumptions; and Volume 4 discusses operational and
institutional challenges of integrating high levels of renewable energy into the electric grid.
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Introduction

The Renewable Electricity Futures Study (RE Futures) is an initial investigation of the extent to
which renewable energy supply can meet the electricity demands of the contiguous United
States1 over the next several decades. This study includes geographic and electric system
operation resolution that is unprecedented for long-term studies of the U.S. electric sector.

The RE Futures study is documented in four volumes: Volume 1 describes the analysis approach
and models along with the key results and insights from the analysis; Volume 2 documents in
detail the renewable generation and storage technologies included in the study; Volume 4
documents the operational and institutional challenges of integrating high levels of renewable
energy into the electric grid; this Volume—Volume 3—details the end-use electricity demand
and efficiency assumptions.

The projection of electricity demand is an important consideration in determining the extent to
which a predominantly renewable electricity future is feasible. Any scenario regarding future
electricity use must consider many factors, including technological, sociological, demographic,
political, and economic changes (e.g., the introduction of new energy-using devices; gains in
energy efficiency and process improvements; changes in energy prices, income, and user
behavior; population growth; and the potential for carbon mitigation).

In projecting electricity use, the primary historical drivers for electricity demand (population
growth and economic growth) are taken into account along with other emerging trends, including
the green building and supply chain' movements, carbon mitigation, policies and legislation
dealing with codes and standards, research and development in energy efficiency, and foreign
competition for manufacturing. For the RE Futures, two demand projections were developed to
represent probable higher and lower electricity trajectories—hereafter referred to as the High-
Demand Baseline and the Low-Demand Baseline. The two electricity demand trajectories used
in RE Futures rely on the same assumptions for population and economic growth, so the
differences stem from the assumptions regarding other trends.

The emerging trends noted above that lead to increased efficiency motivate the Low-Demand
Baseline. Based on these, a scenario was developed in which there is an approximately 30%
reduction in overall electricity intensity” within the buildings sector, a 50% reduction in
industrial electricity intensity, and electrification of approximately 40% of the light-duty vehicle
stock by 2050.

The High-Demand Baseline is a business-as-usual scenario that assumes trends for the
residential, commercial, and industrial sectors as forecast to 2030 by the Energy Information
Administration (EIA) in its Annual Energy Outlook (AEO) (EIA 2009d). Because AEO 2009
contained only a forecast through 2030, RE Futures extended the AEO trends out to 2050. Under
this scenario, the overall electricity intensity within the buildings sector remains relatively
unchanged from 2010 to 2050, and the industrial sector electricity intensity declines by
approximately 35% during the RE Futures period (2010-2050).

! As public awareness of environmental issues grows, consumers and retailers are becoming more interested in the
energy and environmental impacts of the entire manufacturing process, with some retailers (most notably WalMart)
issuing green supply chain requirements.

? Definitions of electricity intensity are sector-dependent and are provided below.
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Chapter 13. General Assumptions

Although there is a growing body of literature dedicated to factors affecting energy demand,
including behavioral influences, climate change, and new technologies and materials, the explicit
inclusion of the potential impacts arising from these influences is beyond the scope of RE
Futures. RE Futures relied on readily available data and projections to the extent possible, and
attempted to stay within reasonable bounds established by recent literature. RE Futures was
further constrained by the modeling requirement for hourly load projections through the study
period. This required the conversion of the estimated projections of electricity consumption into
regional hourly load profiles. Although studies projecting potential energy consumption futures
are plentiful, studies that tie those consumption futures to hourly loads are not readily available.

The basis for the scenarios presented was predominantly drawn from EIA’s AEO for 2009
(industrial sector) and 2010 (buildings sector), which assumed that the major long-term drivers
of energy demand—Gross Domestic Product and population—grow at 2.4%/yr and 0.9%/yr,
respectively, over the period 2008-2035.°

The fuel prices assumed by the AEO were also taken into consideration in developing the
scenarios because increasing natural gas prices might lead consumers to change out their natural
gas heating equipment to equipment fueled by electricity, for example; however, given recent
prospects to exploit shale gas deposits, the AEO forecast for natural gas prices was believed to
be too high. As such, RE Futures did not assume more fuel switching from natural gas to electric
devices for space and water heating than was already assumed in the AEO 2010 Reference Case
(EIA 2010). Given the extreme difficulty of capturing carbon emissions arising from distributed
use of fossil energy in the buildings sector, however, use of decarbonized electricity to provide
space and water heating may be an important means for reducing carbon emissions in the future.
Recent work for the European Union (European Climate Foundation 2010) projected greater
electrification within the buildings sector; as a consequence, forecasted efficiency gains were
offset by new electrical demands from transportation and space and water heating. While the
total electrical demand for RE Futures would be represented by the High-Demand Baseline in
such a case, the underlying load shapes would not capture the resulting hourly and seasonal
changes.

Electricity prices also have an impact on the demand for electricity. However, because the
demand profiles are provided as exogenous inputs to the models used in RE Futures, the
potential impacts on demand due to changes in electricity prices caused by the various scenarios
were not considered in developing the demand projections. The interactions that impact
electricity prices between electricity supply and demand are complex and beyond the scope of
RE Futures. The efficiency gains are assumed to be cost-effective using today’s electricity prices
and the current AEO forecasts for electricity prices.

Within the commercial sector, two additional trends underlie the AEO projections. First, the
growth in disposable income increases the demand for services that depend on computers and
other electronic equipment. Also, the growing share of the population over age 65 increases the

? Full descriptions of the AEO assumptions are detailed in EIA 2009a and EIA 2010.
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demand for health care and assisted-living facilities and the demand for electricity to power
medical and monitoring equipment at those facilities. Trends in the residential sector include
population migration into the South and the West;” the conversion of older homes from room air
conditioning to central air conditioning; and the growth in the use of “other” appliances,
including large-screen televisions and computers. Within the industrial sector, the AEO projects
that energy-intensive manufacturing industries will show slow growth due to increased foreign
competition. Additionally, an increase in the use of biofuels in the transportation sector is
expected to lead to an increase in the conversion of biomass to fuels such as ethanol, diesel, and
jet fuel. This process creates heat, which can be used for industrial on-site generation.

* Note that changes in these trends, such as reduced migration due to water shortages, were not considered.
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Chapter 14. Potential Impact of Carbon Mitigation Measures and
Climate Change on Electricity Demand

There is currently much discussion about climate change, emissions, and carbon mitigation
measures. Potential policies, legislation, and regulation can logically be expected to have an
impact on the way in which energy is generated, delivered, and used, whether by specific
controls or through pricing incentives or disincentives. The same drivers that might push the
United States toward more renewable generation of electricity would also be expected to lead to
increased energy efficiency—that is, a drive to use less energy to yield the same level of service.
These drivers act in opposition to other trends, such as population growth and the development
of new electricity-using devices. Climate change influences another aspect of the energy use
picture because heating and cooling loads are highly dependent upon outside temperature.

Although a carbon mitigation policy was not explicitly assumed for RE Futures, implementation
of a carbon mitigation policy would have an impact on electricity demand. Depending on how
such a policy might be implemented, one potential outcome is higher prices for fossil energy,
which could lead to fuel switching in end uses such as space and water heating. The Electric
Power Research Institute (EPRI) (2009), the National Academy of Sciences (NAS et al. 2009),
and the Union of Concerned Scientists (Cleetus et al. 2009) all use reference cases from recent
editions of EIA’s AEO. The extent to which fuel switching occurs in these projections is largely
due to how EIA models fuel choice in its existing residential and commercial building models. In
general, some amount of fuel switching (in the sense of the predicted fuel shares of space and
water heating in new buildings) occurs as a function of projected fuel prices and the menu of
available energy efficiency technologies for these end uses. With regard to the energy efficiency
scenarios undertaken by these studies, none of them makes any explicit assumptions about any
fuel switching that would alter the future evolution of electricity growth in buildings.” One of the
results of a greater percentage of renewable generation is that the generation sector would reduce
its use of natural gas in the longer term. Currently, electricity generation is responsible for
approximately one-third of the U.S. demand for natural gas;® reduced demand could potentially
lower natural gas prices, countering to some extent the price increases brought about by carbon
policies.

Just as climate mitigation policies may impact electricity demand, climate change would also be
expected to impact both energy supply and energy demand, and numerous studies have been
conducted to determine the potential impacts of climate change on the U.S. (and world) energy
picture (e.g., Scott and Huang 2007; Huang 2006; Mansur et al. 2005; Scott et al. 2005).
Although these studies present varying estimates of the impact on energy demand within the
United States,’ they are in general agreement that overall heating consumption is expected to

> The NAS study is based in part on the Clean Energy Futures report (Interlaboratory Working Group 2000), an
earlier study that assumed some fuel switching in the direction of increased gas use relative to electricity. The NAS
study indicates that the estimates of this impact were eliminated in the more recent assessment of future electricity
consumption.

% U.S. Department of Energy, Energy Information Administration, Annual Energy Outlook 2010, Table A.2,
http://www.eia.doe.gov/oiaf/aeo/pdf/appa.pdf (EIA 2010)

7 These estimates depend on assumed change in temperature and year, as well as model differences, regions, and
other study parameters.
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decrease due to climate change (ranging from -3% to -35% by 2050), while overall cooling
consumption could increase, ranging from 4% to 90% by 2050 (see Appendix G for
comparisons). For RE Futures, climate change was not explicitly addressed because the overall
impacts are subject to a number of assumptions, including temperature change and time frame,
that are beyond the scope of RE Futures. Generally, if climate change and climate mitigation
policies were to be taken into account, the demand profiles presented here would most likely be
underestimating cooling and overestimating heating (although the lower heating demand may
cause more switching into electricity, e.g. heat pumps that would offset some of the direct effects

of higher temperatures).
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Chapter 15. Resulting Scenarios

RE Futures selected two energy demand scenarios to represent reasonable bounds for the
electricity generation requirements through 2050. These two scenarios represent a “higher” level
of demand (the High-Demand Baseline) and a “lower” level of demand (the Low-Demand
Baseline). Developing scenarios of energy use 40 years into the future is challenging, and the
analysis is further complicated by the requirement for detailed hourly system load shapes by
region, which are needed for the modeling effort.

The High-Demand Baseline represents a business-as-usual case that assumed that trends within
the residential, commercial, industrial, and transportation sectors recently forecast by the EIA
(EIA 2009d and EIA 2010) to 2030 continue through 2050.% This scenario assumed no radical
changes in available technologies or consumer behavior, although current technologies will
evolve in terms of cost and efficiency. No new regulations or laws not already enacted are
included in an AEO Reference Case, and beyond its 2030 horizon, a simple extrapolation is
made to 2050. The AEO Reference Case was chosen to represent a higher demand trajectory
because it does not include planned equipment and appliance standards or proposed energy code
changes, which are expected to lower demand.

The Low-Demand Baseline assumed a moderately high level of energy efficiency within the
buildings and industrial sectors. The Low-Demand Baseline assumed that approximately 40% of
the light-duty vehicle stock becomes electrified by 2050. In the buildings sector, the efficiency
improvements necessary to achieve ultra-high-efficiency buildings are estimated,’ while in the
industrial sector, estimated responses to carbon restrictions, based on the Waxman-Markey cap
and trade provisions, are applied.

The electricity demand forecasts for buildings, industry, and transportation represent sales
trajectories. Transmission and distribution losses are not considered as part of these on-site
electricity projections. The electricity sector is expected to deliver these energy quantities
according to the timing and distribution specified by the corresponding load shapes used in the
models.

Table 15-1 compares the two scenarios and their underlying assumptions, which are discussed
more fully in the following sections.

¥ Both the 2009 AEO Reference Case (April Stimulus version) (EIA 2009d) and the 2010 AEO Reference Case
(EIA 2010) were used. The opportunity to use the 2010 AEO for the buildings sectors became available later in the
Renewable Electricity Futures Study period; compared to the 2009 AEO Reference Case, the 2010 AEO Reference
Case shows a small reduction in both residential (1.5%) and commercial (3.2%) electricity use in 2030. For the
commercial sector, the somewhat greater reduction appears to be related to the availability and adoption of more
efficient lighting, refrigeration, and computer technologies.

? Ultra-efficient buildings are designed and operated to generate as much on-site power as the energy they consume.
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Table 15-1. Comparison of Efficiency Assumptions in 2050: High-Demand Baseline versus

Low-Demand Baseline

Sector High-Demand Baseline Low-Demand Baseline

Residential 2% decline in intensity over 2010 levels 30% decline in intensity over 2010 levels
Commercial 5% increase in intensity over 2010 levels 32% decline in intensity over 2010 levels
Industrial 35% decline in intensity over 2010 levels 50% decline in intensity over 2010 levels
Transportation  <3% plug-in hybrid electric vehicle (PHEV) 40% of vehicle sales are plug-in electric

penetration vehicles (PEVs)

Figure 15-1 illustrates the resulting demand trajectory for the Low-Demand and High-Demand
Baselines through 2050. For comparison, the EIA analysis (EIA 2009b)'® of the American Clean
Energy and Security Act of 2009 (the Waxman-Markey Climate Bill from 2009)"" is included,
using the 2025-2030 trend to extend the analysis to 2050.
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Figure 15-1. Total electricity demand, 2010-2050

1% For its analysis, EIA ran a number of cases for the bill. The “EIA Waxman-Markey Analysis” line in this chart
(Figure 15-1) presents the consumption resulting from its basic case (EIA 2009b).
" For the full text of the bill (H.R. 2454), see http://www.govtrack.us/congress/bill.xpd?bill=h111-2454.
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Figure 15-2 illustrates the electricity consumption by sector for the High-Demand Baseline and
the Low-Demand Baseline. For context, Figure 15-3 contains the historical energy use by
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sector.
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Figure 15-2. Total electricity demand, 2010-2050:
High Demand (high) and Low Demand (low) by sector
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Figure 15-3. Historical and projected electricity demand assumptions in low-demand and
high-demand scenarios

'2 The leveling of the industrial sector electricity demand is due in part to reduced production within the
manufacturing sector. Appendix I contains a breakdown of the changes in the industrial sector due to energy
efficiency versus declining production for the period 2010-2030.
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Unlike the renewable technologies explored in RE Futures, the reductions in consumption have
been generated without explicitly considering the investment needed to realize these gains.
Terms such as cost-effective or cost-competitive are often used in discussing energy efficiency
measures. These generally mean that the efficiency measures cost less or about the same as their
less efficient counterparts once the various costs (e.g., energy, operation and maintenance,
capital) over the lifetime of the measure are considered. Although these investment costs are not
considered here, findings from other studies are presented to illustrate the approximate cost of
efficiency gains to provide some perspective.

The National Academy of Sciences (NAS et al. 2009) reported conservation supply curves for
energy efficiency in the buildings sector that were originally developed by Lawrence Berkeley
National Laboratory (Brown et al. 2008). These supply curves indicated that energy savings of
30%—35% could be achieved over Brown et al.’s reported reference case at a cost less than the
2007 retail cost of energy. For electricity, the conserved cost of energy was found to range from
less than 1 cent per kWh to about 8 cents per kWh, with an average conserved cost of energy of
2.7 cents per kWh. Brown et al. (2008) calculated that the cumulative capital investment '
required between 2010 and 2030 to achieve their level of electricity savings'* was approximately
$299 billion."”> Combined with average annual electricity bill savings of $128 billion in 2030,
electricity efficiency measures, on average, had a payback of 2.3 years. Additionally, NAS et al.
(2009) reported that energy savings of 14%—-22% could be cost-effectively achieved by 2020
within the industrial sector. Within the National Academy of Sciences study, cost-effectiveness
was defined as an internal rate of return of at least 10% or exceeding a company’s cost of capital
by that company’s defined risk premium; however, no conserved cost of energy was specifically
reported for the industrial sector.

In another study, McKinsey and Company (Granade et al. 2009) calculated the cost-effective
energy efficiency potential in the residential, commercial, and industrial sectors.'® Granade et al.
(2009) calculated the present value of investment costs and annual energy savings for each
sector, as well as a set of sub-sectors. Table 15-2 contains the simple paybacks calculated for
selected categories.

" The cumulative capital investment is the reported capital investment as an incremental investment, including only
costs above those incurred in the reference case. It includes the full “add-on” cost for new measures or equipment
(such as additional insulation) as well as the incremental cost of the efficient technology compared with the cost of
the conventional technology equivalent (e.g., the difference in price between a highly efficient heat pump and an
electric air conditioner/furnace combination).

' For reference, Brown et al. (2008) estimated electricity savings within the buildings sector of about 1,270 TWh in
2030; the Low-Demand Baseline for the Renewable Electricity Futures Study estimated electricity savings in the
buildings sector of approximately 410 TWh in 2030 and 1,350 TWh in 2050.

'3 All dollar amounts presented in this report are presented in 2009 dollars unless noted otherwise; all dollar amounts
presented in this report are presented in U.S. dollars unless otherwise noted.

'® McKinsey and Company (Granade et al. 2009) estimated the overall energy efficiency potential, defined as net
present value positive. Total energy savings of 5.45 quadrillion Btu (buildings) and 3.65 quadrillion Btu (industrial)
in 2020 were calculated, including 900 TWh of electricity savings (buildings) and 190 TWh of electricity savings
(industrial).
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Table 15-2. Simple Paybacks for Sectors and Selected Sub-Sectors

Sector Simple Payback (years)
Residential 56"
Existing Homes 9.5
New Homes 4.0
Commercial 34"
Existing Private 6.6
New Private 3.8
Government 5.2
Industrial 24
Energy Support Systems 2.0
Energy-Intensive Processes 2.7
Non-Energy-Intensive Processes 2.5

@ Granade et al. 2009

Another cost estimate can be drawn from Lazard (2009), which reports a levelized cost of energy
for energy efficiency measures to range from 0 cents/kWh to 5 cents/kWh, based on utility costs
as reported in the joint U.S. Environmental Protection Agency and U.S. Department of Energy
(DOE) National Action Plan for Energy Efficiency Report (DOE/ 2006).

" Includes investment and annual energy savings associated with electrical devices and small appliances, and
lighting and major appliances (Granade et al. 2009)

"® Includes investment and annual energy savings associated with community infrastructure and office and non-
commercial devices (Granade et al. 2009)
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Chapter 16. Building Sector Electricity Demand

The buildings sector dominates overall electricity consumption, representing almost 78% of the
2030 total in the AEO Reference Case.'’ Additionally, building electrical end uses are highly
heterogeneous and changing over time.

16.1 Low-Demand Baseline

Within the buildings sector, trends that can be expected to influence future electricity use include
the “green” building movement, more stringent building codes, more stringent appliance and
equipment standards, and research by the DOE and others to develop ultra-efficient buildings.
Ultra-efficient buildings are designed and operated to generate as much on-site power as the
energy they consume.” Some of the approaches to achieving this ambitious goal include
developing and applying very high-efficiency technologies, finding ways to reduce the cost of
energy-efficient technologies that have already been developed, and implementing cost-effective
technologies that are already available.

Because the focus of RE Futures was on the generation of electricity, the lower-demand baseline
was developed using a more generic, energy-intensity projection, rather than attempting to build
a projection up from the various technologies and practices available within each of the end uses.
Although a certain level of energy efficiency gains is possible through the normal adoption of
new energy-efficient practices and technologies, the larger gains here implicitly require more
active policy and behavioral change to come to fruition. The efficiency gains within the Low-
Demand Baseline are assumed to be feasible by sustained efforts on the part of government,
businesses, and households, and to be cost-effective without major increases in electricity prices
as a driver. It is implicit to efficiency gains that the measures are properly installed, operated,
and maintained as intended, and that the resulting savings are not used to increase the level of
service (e.g., permanently adjusting the thermostat).'

Although a detailed analysis of policy changes remains to be examined, potential policy changes
could include increased code adoption and enforcement; financial incentives such as tax credits,
energy efficient mortgages, rebates, and coupons; broadening rating and labeling efforts; and
encouragement of volume purchase programs. Behavioral changes could include users using
technologies such as controls and sensors as they were intended, a greater focus on continuous
building commissioning, and acting on available information on energy use. Other changes
might include an increased focus on building commissioning so that buildings are built and
commissioned as designed; more integration between the financial, construction, and associated
industries to better enable the deployment of highly efficient buildings; and deployment of smart
meters to provide users with a better understanding of their energy consumption.

' EIA AEO (EIA 2010) Table 2.

% Generally, ultra-efficient buildings are assumed to reduce their energy requirements by up to 70%, with the
remainder of the building load met by local generation sources, such as photovoltaics. For RE Futures, only the
efficiency improvements were considered as input to the end-use electricity demand.

2! Granade et al. (2009) summarizes the possible impacts on savings in these instances to be in the range of 15% to
50%.
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16.1.1 New Building Energy Intensity

The Low-Demand Baseline for RE Futures was based on the energy efficiency vision of DOE’s
ultra-efficient building programs. Consideration of what level of energy consumption intensity
must be achieved to reach ultra-high efficiency motivates the overall approach to projecting
future energy demands for the residential and commercial buildings. The electricity demand
forecast for residential and commercial buildings under the Low-Demand Baseline assumes a
larger number of buildings to be capable of ultra-high efficiency. Due to the inability to predict
which technology and end-use consumption areas are most likely to show the greatest
improvements, the Low-Demand Baseline focused only on the broadest measure of energy
intensity: energy use per square foot (or per household) at the whole-building level. Accordingly,
the basic assumption for new buildings is that the average energy intensity in 2050 will be 60%
below that of new buildings being built today.?* The factors underlying this reduction include
increased energy code stringency, the continued development and implementation of federal
energy efficiency standards for equipment and appliances, and research and development efforts
directed at both the component and system (or whole-building) level. This reduction is also
assumed to occur along an exponentially declining path. Thus, absolute reductions in energy
intensity are assumed to be greater in the immediate future than several decades from now.
Additional detail on the approach and assumptions can be found in Appendix H.

16.1.2 Existing Building Energy Intensity

Due to the cost to substantially change the building envelope and the heating and cooling system,
the potential for large efficiency increases for existing buildings is much lower than that for new
buildings. Moreover, the addition of electrical services in older buildings (e.g., air conditioning)
tends to increase electricity consumption. However, both research and development
improvements and federal energy efficiency standards for equipment and appliances will
contribute to a reduction in electricity use. For the Low-Demand Baseline, intensity in existing
residential buildings (e.g., pre-2010 homes still in the stock in 2050) was assumed to decline by
30% by 2050. For commercial buildings, the assumed decline by 2050 is somewhat greater at
40%. The larger decline for commercial buildings reflects an assumption that the amount of
miscellaneous electrical uses in commercial buildings will be more amenable to reductions from
policy and new technology than those in the residential sector. Additional detail on the approach
and assumptions can be found in Appendix H.

16.1.3 Retrofits and Renovations

For a study with a long-term time horizon, one cannot assume that the intensity of buildings built
today and in the near future will remain constant through 2050. Many ultra-high efficiency
technologies introduced in the latter years (2030-2050) will be adopted, through retrofits and
renovations, in buildings built over the next 20 years. As a means of accounting for that
phenomenon, the Low-Demand Baseline assumed that buildings (both residential and
commercial) built over the next 20 years (2010-2030) will be retrofitted (or renovated) with

** Best practices guides and case studies that illustrate pathways to achieving 15%-40% whole-building energy
savings for various residential climate zones are available via DOE’s Building America website

(http://www]1 .eere.energy.gov/buildings/building_america/climate_specific_publications.html). Design guides and
strategies containing pathways to achieving 30%—50% whole-building energy savings for selected building types
within the commercial sector are available through the U.S. Department of Energy’s Commercial Building Initiative
website (http://www] .eere.energy.gov/buildings/commercial initiative/guides.html).
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more efficient equipment in the subsequent 20 years (2030-2050). Operationally, this
assumption is implemented as a 15% reduction in the electricity intensity for housing units and a
20% reduction in commercial buildings starting in 2031. In other words, residential and
commercial buildings built between 2010 and 2030 are “revisited” in the analysis 20 years later
(e.g., buildings built in 2011 are revisited in 2031; buildings built in 2012 are revisited in 2032,
and so on, through 2050), with the intensity reduction applied in the out years to account for
improvements in building and equipment practices.

16.2 High-Demand Baseline

The High-Demand Baseline for the residential and commercial sectors uses the AEO Reference
Case (EIA 2010), as mentioned earlier. The AEO assumed that total electricity consumption
grows by 0.9%/yr from 2007 to 2030. Commercial growth is approximately 1.4%/yr (with
commercial electricity intensity in kilowatt-hours per square foot increasing by 0.1%/yr), and
residential growth is approximately 0.8%/yr (with electricity use per household declining at an
average annual rate of 0.2%/yr). Documentation of the assumptions is found in the AEO 2009
and AEO 2010 and supporting materials (EIA 2009a; EIA 2009d; EIA 2010).

16.3 Comparison of Projected Energy Intensities

To provide some context for the both the High-Demand and Low-Demand Baselines, the energy
intensities have been compared to other studies. The comparison studies are from the Union of
Concerned Scientists (Cleetus et al. 2009), University of California-Davis (McCarthy et al.
2008), EPRI (2009), EIA’s analysis of Waxman-Markey (EIA 2009b), and NAS et al. (2009). To
maintain the focus on potential energy efficiency improvement, the comparisons have been made
in terms of energy intensities. Consistent with EIA’s AEQ, the intensity for the residential sector
is in terms of electricity use per household; for the commercial sector, energy use per square foot
of floor space is employed as the intensity measure. For comparison purposes, the intensities
were converted to index numbers normalized to be 1.0 in 2010.

Figure 16-1 shows the projected intensities for the residential sector, and Figure 16-2 shows the
scenarios from the same studies for the commercial sector. Within the residential sector, the
High-Demand Baseline shows the least decline in intensity to the year 2030, while commercial
sector electricity under this scenario is expected to increase through 2030. The light blue squares
connected by the solid line in both figures depict the high-efficiency scenario (Low-Demand
Baseline) developed for RE Futures. As shown in Figures 16-1 and 16-2, this scenario falls
within the range of intensity forecasts drawn from other studies. Although not included in the
figures, McKinsey and Company (Granade et al. 2009) conducted another recent study of cost-
effective energy efficiency potential in the United States. When converted to an index basis, the
implied intensity indexes (2020 relative to a 2010 base) for the residential and commercial
sectors are 0.71 and 0.73, respectively. These values are substantially lower than those shown for
2020; however, due to the shorter time frame and greater emphasis on cost-effective potential
compared to other studies, these values are not shown in either figure.
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Figure 16-1. Residential electricity intensities from six studies, including RE Futures
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Figure 16-2. Commercial electricity intensities from six studies, including RE Futures

Sources: EIA 2009b, EPRI 2009, Cleetus et al. 2009, McCarthy et al. 2008, NAS et al. 2009

Appendix G provides additional detail regarding the comparisons of these studies.
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Chapter 17. Industrial Demands and Energy Efficiency

The industrial sector accounts for approximately 27% of total electricity demand,* with more
than 50% used to power electric motors (representing the single largest end use of electricity in
the United States).** Within the industrial sector, the chemicals and primary metals industries
consume the most electricity, representing approximately 35% of electrical consumption.”® The
sector’s electricity use will be impacted by increases in the efficiency of motor drive systems and
other processes, a slower growth rate of the more energy-intensive manufacturing industries, and
a shift toward green supply chains. The sector is also affected by foreign competition.

In projecting industrial loads over the next 40 years, there are a number of unknowns. Industrial
demands are more difficult to project due to the wider variation in the industrial sector makeup
over time, as well as large differences in energy intensity across various industries. The extent of
changes from the energy sector that would feed back in to the industrial sector based on different
renewable energy scenarios further complicates the task of projecting loads and would ideally
require iteration. Because RE Futures is a renewable energy study and not an industrial demand
study, an approximation of the projected industrial demands was deemed sufficient.

A more detailed analysis of the consequences of some factors of the renewable energy scenarios,
such as construction of renewable energy technologies and electric vehicle batteries, may result
in increased load forecasts for some industrial sub-sectors, while other sectors, such as oil
refining, may see countervailing changes. Possible changes in onshore versus outsourcing of
manufacturing are also a large unknown and are beyond the scope of RE Futures. In addition,
climate change, new processes for existing products, and new products altogether further
magnify the uncertainty regarding future industrial loads.

17.1 Low-Demand Baseline

The Low-Demand Baseline industrial demand trajectory is derived in a quite different manner
than that used for the buildings sector. It was based on the EIA’s HR2454Cap National Energy
Modeling System (NEMS) Case, which, as its name suggests, includes a carbon cap and trade
policy roughly equivalent to the provisions of the Waxman-Markey Climate Bill from 2009.
Given that this case would evoke a significant efficiency boost (ranging from 6% to 69% in
2050, depending on the specific industrial sector), RE Futures believed its consumption level
represents a reasonable energy efficiency scenario and adopted it as the Low-Demand Baseline.
Underlying the Low-Demand Baseline are EIA’s assumptions that further standards for
industrial energy efficiency will be established, an awards program for increasing efficiency in
the thermal electricity generation process will be created, and the waste-to-heat energy incentives
in the Energy Independence and Security Act of 2007 will be clarified. Overall, the changes in

7

» EIA AEO (EIA 2010), Table 2

** EIA 2006, Table 5.3

2 EIA 2006, Table 3.1

%% This is the Basic Case described in EIA 2009b.

27 Although RE Futures does not explicitly assume the implementation of any carbon mitigation policy, the
HR2454Cap case was used as the industrial sector input in the high-efficiency case because the resulting industrial
loads (and load shapes) were consistent with the higher efficiency targets that characterize the Low-Demand
Baseline.

Renewable Electricity Futures Study

Volume 3: End-Use Electricity Demand
17-1



the Low-Demand Baseline result in an approximately 23% decrease in electricity use compared
to the High-Demand Baseline. Appendix I contains additional information about the derivation
of the load curves and the implicit energy efficiency gains.

17.2 High-Demand Baseline

The High-Demand Baseline industrial demands provided to the models were based on the
electricity sales to industry reported in the 2009 AEO Reference Case (EIA 2009d), with a
simple extrapolation beyond 2030 through 2050. The AEO assumed that total electricity
consumption grows by 0.9%/yr from 2007 to 2030, with growth in the industrial sector declining
by 0.2%/yr (industrial electricity intensity in terms of consumption per real dollar of shipments
declining by 1.3%/yr). Documentation of the assumptions can be found in the AEO 2009 and
AEO 2010 and supporting materials (EIA 2009a; EIA 2009d; EIA 2010).

Because the 2009 NEMS version projects energy use only th