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Proposed Media Roll Out for Five Laboratory Climate Change Study 

THE NEWS 
Peer-reviewed atudy demonstrates ability of U.S. industry to meet range of possible climate 
change commitments through development and deployment of technologies that WQ'Casc 
efficiency and reduce emissions. Tho studys oonolusions are clear: Clean onorgy technology 
can prevent climate change and contribute to economic growth. Industry can remain strong and 
competitive - even with the challenges of reducing global pollution. 

To illustrate study results - and demonstrate that the technology solution is viable - DOE has a 
set of additional, newsworthy announcement.s. For example: 

• Clean diesel grant to Caterpillar and Cummins, reducing exhaust fumes 

• Air conditioning standards for low-cost cooling - less electricity means reduced emissions 
ftom power plants 

• Climate technology grants to communities 

• A call for proposals to devolop tochnologies that recycle or isolate greenhouse gases, such as 
carbon emissions released by power plants. 

• ~ many as 10 ofDOE's 36 R&D 100 awards arc technologies that contribute to reducing 
global wanning. For example, Lawrence Berkely Laboratory's innovation reduces costs for 
applying energy efficient film on building windows. 

ANNOUNCEMENT OPTIONS 

I. Event or announcemmt by the Vice President with Secrdary Pena 

• DOE issues press release 

2. New York Tunes exclusive on study q11ly; broader announcement vu, pru5 release 

• Include presidentw/vice presidential quote in release 
• Media conference call with Secretary Pena and WH principals 
• Follow up media by DOE, CEQ 

3. New York Times exclusive on study only; broader announcement via Secretarial event 

• President's quotc·in release 
• Follow up media by DOE, CEQ 
• Delay witil September 
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FOLLOW UP MEDIA 

Opinion editorial: Secretary Pcfia's byline 

Editorial boards: Provide top 25 papers with release and studiec ... Calls by DOE/CBQ to 
Washington Post, New Yorlc Timec ... Mailings to Business Week, Automotive Week. .. 

Colulllllists: Robert Samuelson. .. (add'l TBD) 

Broadcast: Seek opportunities to discuss study on CNBC programs, Talk of the Nation (weekly 
or Friday science show), Diane Rerun, TechnoPolitics, etc. 

Reefonal: Participating laboratories promote to regional media (New Mexico, Chicago, 
Tennessee, Denver, Washington Statc)-via statements by lab directors, mailings/calls to 
editorial boards 
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EXECUTIVE SUMMARY 

This • report presents the results of ·a study conducted by five U.S. Department of Energy . nati.onal 
laboratories · that quantjfies the potential for energy~fficient and low-carbon technologies . to reduce 
carbon emissions in the United States. 1 The study documents in detail how four key sectors of the economy 
- buildings, transportation, industry, and electric utilities - could respond to directed policies to expand­
adoption of energy-efficiency and low-carbon technologies, an increase in the relative price of carbon­
based fuels by $25 or $SO/tonne (e.g., as a result of a cap on domestic carbon emissions and a market for 
carbon "permits"), and an aggressive program of research, development, and deployment of clean 
technologies. Current projections suggest that a carbon emissions reduction of 380 million metric tons (MtC) • 
is required to stabilize U.S. emissions in'2010 at 1990 levels. 

The study, which has been peer-reviewed by industry and academic experts; uses a technology-by:. 
technology assessment as well as an engineering-economic modeling approach. It draws upon a wide 
variety of technology cost and performance information to assess potential impacts. Analysis of the 
buildings, industry, -and transportation sectors quantifies the impacts of end-use . energy-efficiency 
improvements on carbon emissions. . The utility sector analysis estimates the impacts of those 
improvements on utility carbon emissions, and quantifies additional emissions reductions through 
conversion of a number of coal power plants to natural gas, dispatching of the utility grid with $25 and 
$SO/tonne carbon permit prices, the accelerated use of biomass cofiring and wind energy, an<:{ other low­
carbon electricity supply options. Finally, a number of other promising low-carbon technologies are 
examined to detennine their potential for reducing emissions in the end-use sectors, including advanced gas 
turbines in industry, transportation b~ofuels, and fuel cells in buildings. 

. I . 
Three overarching conclusions emerge from the analysis of alternative carbon scenarios. First, a vigorous 
national commitment to develop and deploy cost-effective energy-efficient and low-carbon technologies 
has the potential to restrain the growth in U.S. energy consumption and carbon emissions such that levels 
in 2010 are close to those in 1997 (for energy) and 1990 (for carbon). We analyze a case in which energy 
efficiency alone can reduce carbon emissions by 120 MtC by 2010. Under more aggressive assumptions 
motivated in part by a $25/tonne carbon permit price, a combination of energy-eff~cient and low-carbon 
technologies can reduce 2010 emissions by a total of 230 MtC. Under a $SO/tonne carbon permit price, 
technology investments reduce 2010 emissions by about 380 ~tC. The analysis also suggests that 
substantial additional savings are available if permit prices were to begin to rise above the $SO/tonne 
level. • 

The second conclusion is that, if feasible ways are found to implement the carbon reductions as described 
above, all the cases (with reductions varying between 120 and 380 MtC/year by 2010) can produce benefits 
that exceed costs, counting ·as benefits only the energy savings to the nation. We estimate net benefits of $6 
to $38 billion per year in 2010. Such net benefits~ not generally observed in macroeconomic models requiring 
structural change in the economy to . accommodate reductions in carbon emissions, result from the 
application of cost-saving energy technologies at the sectoral leyel. 

The third conclusion is that 'a· next generation of energy-efficient and low-carbon technologies promises to 
enable the continuation of an aggressive pace of cost-effective carbon reductions over the next quarter 
century. This report documents a wide array of advanced technology options that .could be cost­
competitive by the year 2020, assuming a vigorous and sustained program of energy R&D beginning now 
and. extending beyond 2010. 

1 The five national laboratories participating in the study were: Argonne National Laboratory (ANL), Lawrence Berkeley 
National Laboratory (LBNL), National Renewable Energy Laboratory (NREL), Oak Ridge National Laboratory (ORNL). 
and Pacific Northwest National Laboratory (PNNL). LBNL and ORNL were the co-leaders of the effort. 
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Marilyn A, Brown (Oak Ridge National Laboratory) and Mark D. Levine (La~rence Berkeley 
National Laboratory) were responsible for the overall leadership of the project. They . jointly . 
·authored the Executive Summary, Chapter 1 (An~ysis Results), and Chapter 2 (Introduction and 
Backgro~d). • 
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Chapter· 3 (Buildings) authorship is best described in terms of the analysis for 2010 (Sections· 3~ and 
3.3 and associated appendices) and R&D potential in 2020 (Section 3.4). Jonathan I<oomey 
(Lawrence Berkeley National Laboratory) was the lead author for _the, 2010 analysis. Nathan · 
Martin, Lynn Price, and Mark Levine {LBNL) were co-authors. Marilyn Brown was the lead author 
for the R&D section, with support from staff at Oak Ridge National Laboratory and Lawrence 
Berkeley National · Laboratory. • • • • · • :..,:. · . 

Gale Boyd (ArgoMe National. Laboratory), Joseph M. Roop, and Madeline. G. Woodruff (Pacific • 
Northwest National ~boratoiy) were .the lead authors of Chapter 4 (Industry) with the exc,eption • 
of Section 4.3 (Low.Carbon 'l'echn~logies), . which was prepared by _Helena, Chum and . ~lph • 
Overend (National Renewable Energy Laboratory), Tony Schaffha~ser and Marilyn Brown (Oak · 
Ridge National ·Laboratoiy), and Tina ~arsberg (Vista Technologies). ' 

David Greene (Oak Ridge National Laboratory) and Steve Plotkin (Argo~e National Laboratory) 
were responsible for Chapter 5 (Transportation). 

Stanton Hadley and Eric 'Hirst (Oak Ridge National Laboratory) were the authors of Chapter 6 
(The Electricity Sector's Response to End-Use Efficiency Changes). 

Chapter 7, Electricity Supply Technologies, consists of a variety_ of topics: <;:onversion of .Coal­
Based Power Plants to Natural Gas (Section 7.2) was prepared by David Soti:th and Jack ·siegel 
tEnergy Resources, Inc.); Renewable Electricity Technologies (Section 7.3) was written by Eldon Boes 
and Erik Ness with contributions from National Renewable Energy Laboratory staff; the section on, 
Advanced Coal Technologies (Section 7.6) was written by Stanton Hadley (Oak Ridge Natiol\~l 
Laboratory); and the sections on Efficiency Improvements in Generation and T&D (Section?,4) and · 
Nuclear Plant Life Extension (Section 7.5) were written by Marilyn Brown (Oak Ridge National 
Laboratory). Other sections of this chapter are summaries of published materials. . • • ,. • • 
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·chapter· 1 

ANALYSIS .RESULTS 

. . 
•'•. . .. 

-~\}:,,~-. 

This report presents the results of a study condu~ by five U.S. Department of Energy national 
laboratories that quantifies the potenti~ for energy:-efficient and low-carbon· technologies to_ reduce 
carbon emissions in the United States.' The stimulus for this study derives from a growing 
recognition that any national effort to reduce the ·growth of greenhouse gas emission's ·must consid.er • 
ways of increasing the productivity of energy use. To add greater definition to· this. view, .we . 
quantify the reductions in carbon emissio~ that can be attained ·through the improved performance 
and increased penetration of efficient and low-carbon technologies by the year 2010. We. also take a 
longer-term perspective by characterizing the potential for future research and development to lead 
to further carbon reductions over the next quarter century. As such, this report unde~9.res the value 
of energy technology research, development, demonstration, and diffusion as a public respo~ to. 
glo.bal climate change. • ., • 

Two overarching conclusions emerge from ttie . analysis of alternative carbon_ scenarios. First, • a . • 
vigorous national co~tment to develop and deploy cost-effective energy-efficient and low-c_arbon . 
technologies, ·along with utility sector investments, has the potential to restram th:e • growth in ~.S. 
energy consumption and carbon emissions such that levels in 2010 are close to those in 1997 {for 
energy) and 1990 (for carbon). It must be noted that such a vigorous national commitment would have 
to go far beyond current efforts. • 

• Second, a next generation of energy-efficient and low-carbon technologies promises to enable the 
continuation of an aggressive pace of carbo~ reductions over the next quarter century. This report 
documents a wide array of advanced technology options that could be cost-effective by the year_ 
2020, assuming a vigorous and sustained program of energy R&cD beginning now and .exten~g beyond 
2010. - • 

1.1 OBJECTIVES OF THE REPORT 

The purpo~s of this study are threefold: 

1. To provide a quantitative assessment o~ the reduction in energy consumption and carbon 
emissions that could result by the year 2010 from a vigorous national commitment to accelerate 
the development and deployment of cost-effective energy-efficient andr'low-carbon 
technologies; • • • '· • 

2. To document the costs and performance of the technologies that underpin a year 2010 scenario 
in which substantial energy savings and carbon emission:s reductions are achieved; • 

3. To illustrate the potenti~ for energy-efficiency and renewable energy R&D to lead to further 
reductions in energy ':154! and carbon ~missions by the year 2020 .. . 

1.2 METHODOLOGY 

To achieve these objectives, we started with the Annual Energy Outlook 1997 (AE097) reference 
case forecasts for the year 2010 (Energy Information Administration, 1996). After thoroughly 
reviewing these forecasts on a sector-by-sector basis, and working with EIA st~ff, we chose to acce_pt 
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the EIA "business-as-usual# (BAU) scenario as is for buildings and industry ,and to modify some of.· ·, 
the assumptions and data to produce a new BAU case- not greatly different from the EIA case - for · 
the transportation and the electric utility sectors. • 

We then assembled existing information on the. perfonMtlce and costs of technologies to increase 
energy efficiency or, for selected end-uses, to switch from one fuel to another (e.g., from electricity. to • 
natural gas for residential end-uses or from gasoline to biofuels for transportation). For the buildings 
sector, the technology performance and cost data base are extensive. For tr~portation, the data 
base-although.less fully developed than for buildings_-is sufficient for our purposes. For industry, :, 
only · partial information on technologies and costs is presently available. A$ a result, the analysis · 
for industry relies primarily on historical relations between energy use and economic activity and 
much less on explicit technological opportunities. The industrial analysis also includes some 
examples of industrial low-carbon technologies .. The analysis of low-carbon supply technologies in 
the electricity sector is based on a review of the literature including detailed t~hnology 
characterizations prepared by DOE in conjunction with its national laboratories and industry. . ' 

Next we created scenarios of increased energy efficiency and lower carbon emissions using the 
technology data (or, in the industrial sector, historical relations) as a key input. We chose to run 
three scenarios oth,r than the BAU case. We have termed the first the. Hefficiency" (EFF) case. It 
assumes that_ the United States increases its emphasis on energy efficiency through enhanced 
public- and private-sector efforts. The general philosophy of ~e efficiency case is that it reduces, • 
but does not eliminate, various market barriers and lags fo the adoption of cost-effective energy­
efficient techn~logy. 

The other two cases, dubbed the #high-efficiency /low~arbon" (HEfLC) cases, describe a world in 
which, as a result of commitments made on a climate treaty or other factors, the nation has 
embarked on a path to reduce carbon emissions. These two cases assume a major effort to reduce 
carbon emissions through federal policies and programs (including environmental regulatory 
reform), strengthened state programs, and .very active private sector involvement. They include a .. 
focused national R&D effort to develop and transform markets for low-carbon energy options (e.g., 

. fuel cells for microcogeneration in buildings and advanced turbine systems for combined heat and 
power in industry). The difference between the two HE/LC cases is in the assumption of a carbon 
permit price resulting from a domestic trading scheme for carbon emissions with a cap on U.S. 
emissions (or from equivalent policy measures that increase the price of carbon-based fuels relative 
to those with less carbon). We assume a domestic permit price of $25 and $50 per tonne of carbon for 
the two cases. Both of these HE/LC cases include a program of research, development, • 
demonstration and diffusion that is more vigorous than in the efficiency case. In some sectors 
(buildings and industry)~ the carbon price signal, combined with policies promoting energy • 
efficiency, is believed to trigger the bulk of the additional carbon reductions portrayed in the·· 
HE/LC cases. In the transportation sector, it is the R&D-driven technology breakthroughs that 
generate the bulk of the carbon reductions beyond the efficiency case. For the electricity sector; 
higher prices for carbon-based fuels cause larger shifts from coal to natural gas; for this sector; these 
same higher relative prices combined with federal and private research, development, and 
demonstration can bring advanced low-carbon technologies to market 

Although the work focuses on 2010, we also Jook beyond this date. Here we describe new 
technologies, materials, processes, manufacturing methods, and other R&D advances that promise . 
to offer significant energy benefits_. by the year 2020; for this time period, we make no effort to 
fo~ast specific levels of market penetration, energy savings, or carbon reductions. Thus, instead of 
creating scenari_os we descri~ the technological innovations that could enable the continuation of an 
aggressive pace of decarbonization well into the next quarter century, if appropriate investments in 
R&D were made. • 
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1.3 BACKGROUND 

·Toe decade of gains in energy productivity achieved by the U.S. following the 1973-74 Arab oil 
• embargo represents a ~riod of economic growth that .was _decoupled from increases in energy 
consumption, resulting in substantial economic benefits. Between 1973 ·and 1986, the nation's 
consumption of primary energy froze at about 74 quads - while the GNP grew by 35%. • Starting in 
·1986, energy prices began a descent in real terms that_ has continued to the present. As a result,_ 
energy demand 'grew from 74 quads in 1986 to 91 quads in 199~, and cai1:>on emissi~ns have been 
.increasing at a similar pace.·· • 

Despite the growth in energy consumption since 1986, the U.S. economy today remains more energy 
productive than it was 25 years ago. In 1970, 19.6 thousand Btu of energy ¥.;ere consumed for each · 
(1992) dollar of GDP. By 1995, the energy intensity-of the economy had dropped to 13.4 thousand 
Btu ·of energy per (1992) dollar of GDP. The U.S. Department of Energy ·(OOE) estimates that the 
country is sav_ing $150 to $200 billion annually as a result of these impr!)vements. . '.i>~ • 

. . . . 

. . 

l 
Nevertheless, many cost-effective energy-efficient techn(?logies _remain underutilized. A host of 
market 'barriers account for Ulese lost opportunities. And· declining energy R&D expenditures may 
cause promising technol~gy options to be foregone. • 

The rational~ for government support of energy.:efficiency R&D.is strong. Much energy-efficiency 
research is both long-term· and high-risk and therefore is not adequately funded by the private 
sector :- despite 'the possibility of sizable gains in the long run. Furthermore, advances in energy 
efficiency offer subst~tial public benefits (such as carbon reductions and improved national security 
through greater oil independence) that cannot b~ fully captured ii) th~ private 1;1W'ketplace. 

The benefits of past public investments in energy-efficiency R&D . have been well documented . 
. Bet.ween 1978 and 1996, DOE spent approximately $8 billion on energy-efficiency research, . 
development and demonstration (RD&D). Just five of the technofogies that were developed or 
demonstrated with a fraction of this DOE support have re~ulted in net benefits of $28 billion 
through 1996. Many other R&D successes have produced t~ologies yieldinS substantial energy 
and cost savings in the marke~ The DOE RD&D portfolio has also led to significant environment;al, 
health, productivity, and economic compe~tiveness benefits, as well. 

The HE/LC scenario with $50/toMe carbon charge has the potential to reduce carbon emissions by 
approximately 380 million toMes, -thereby achieving 1990 car~on emission levels in 2010. Of·this 
380 million toMe reduction, about 190 million toMes are· fr<?~ supply techn~logies. ·.-'!he largest of . _ 
these technologies involves increased use of natural gas for electricity generation (including • 
repowering existing coal-fired power plants and dispatching natural gas-fired-power plants in 
preference . to coal plants). • Other electricity-supply technologies include ·renewables (wind, co­
firing coal-based power plants with biofuels, expansion of hydropower capacity, mixing ethanol· 
fuel with gasoline), power plant efficiency improvements, and nuclear power plant extensions. The 
remaining 40 million toMes comes from deploying other low-carbon technologies. The largest of 
these - deploying advanced combustion turbines in industry- also involves increased use of natural 
gas. Other technologies in this category include fu!!l cell cogenerators in large .industrial buildings, • 
ethanol from cellulose, biomass and black liquor guification, and low carbon industrial. process 
technologies. Figure 1.3 (below).illustrates this breakout of carbon emissions reductions by type of 
t~chnology. • •• • • 

Approximately 140 MtG of the increase in carbon emissions between 1990 and 2010 will have 
occurred by.the end of 1997; thus, it is useful to look at the 13-year forecut starting with 1997. The 
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, carbon reductions incorporated in the efficiency case cut the overall growth in carbon ~l~ ( i ~ ' ••••••• 
between 1997 and 2010 froin 240 million toMes (u forecast in the BAU case) tci 120. The HE/LC ;·.· .; · •• 

• scenario with.$50/toMe carbon charge reduces carbon emissions in 2010 by about 130 million toMes • 
(compared with the 1997 level). • 

1.4 RESULTS 
' f 

1.4.1 Prospects for Improved Efficiencies by the Year 2010 

Table 1.1 and Figu~ 1.1 compare the nation's primary energy use in quads for .the years 1990 and 1997 • 
(projected) with the results of the three scenarios for 2010. (We have included only the high- . 
efficiency /low-carbon case at S50/toMe in the table and &gure for simplicity.) In addition, the 
HE/LC case shown below does not reflect the energy.impacts of the selected low-carbon technologies 
described later in this summary (e.g., stationary fuel cells for buildings, advanced turbine systems · 
an~ biomass gasification in industry) or the supply-si~e options shown in Table 1.4. 

Table 1.1 Primary Energy-Use in Quads: ·1990-2010 

2010 
· ·Business-as-

1990 1997 Usual Efficiency 
Case Case 

High-Efficiency/ 
Low-Carbon 

Case ($SO/tonne C) 

Buildings 29.4 33.7 36.0 34.1 32.0 

33.6 

27.8 

I 
• Industry 32.1 32.6· 37.4 35.4 

Transportation 22.6 25.5 32.3 29.2 

Total 84.2 91.8 10:S.7 98.7 93.4 
Source: Energy use estimates for 1990 come'from EIA (1996a, Table 2.1, p. 39). 

• Energy use estimates for 1997 come from forecasts conducted for EIA (1996b). 
Numbers may not add to the totals due to rounding. 

1he major observations are as follows: 

. • In the business-as-usual case, energy use increases by 22 quads (26%) between 1990 and 2010; 8 • • • 
quads .of this increase have occurred during the first seven years of this 20-year period. The , . 
fastest growing sector during these initial seven· years has been buildings (4.3 quads) followed 
by transportation (2.9 quads) and industry (0.5 quads). In the BAU case, the fastest growing 
sector during the remaining 13 years is transportation (6.8 quads). This is followed by industry 
(4.8 quads) and then buildings (2.3 quads). The rapid projected growth in the energy consumed 
for transportation is driven by estimates of increased per capita travel and minimal fuel 
ef fidency gains. • 

• 'Ille efficiency scenario cuts the overall growth between-1990 and 2010 from 22 to 15 quads. This 
is.a 17% increase over the level of energy consumption in 1990, down from a~% ~crease .in the 

1.4 

; BAU case. Relative to the. BAU case, the efficiency _sce~rio for transportation ·delivers 
slightly more energy savings (3.1 quads) than do the same scenarios for the industrial (2.0) or 
buildings (1.9) sectors. Compared with 1997 levels,' the smallest 'increase in energy growth for 
this _case ~ in buildings (0.4 quads), followed by industry (2.8 quads), and transportation (3.7 
quads). • 
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• The high:-efficiency /low-carbon scenario with $SO/tonne ~ charge further .. d~~ the j~~~:,.t ·-.. , 
overall growth between 1990 and 2010, reducing it from 22 to 9 quads. This is an 11% increase .: • ' •. 
over th, level of energy consumption in 1990 . • Relative to the BAU case, ' the high• 
efficien~y/low-carbon scenario for buildings, industry, and transportation'.delivers energy .. 
savings ranging.from 3.8 to 4.S q~ds for each sector. Compared -with 1997 levels, the buildings 
sector is down about 2 quads and in~ustry and transportation are up 1 and 2 quads, respectively; • .. \ . 

;''''I 

: -:~• .. I · . 

120 

100 

Energy · . 60 
(Quads/year) 

Figure 1.1 Primary Energy Use in Quads: 1990-2010 

Bulldlngs 

Indus.try 

1973 1986 1990 1995 1997 .t • Efficiency t : 
cu. 
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•• • Efficiency/ 

U1ual Low I 
Cerbon _ 

2010 Scenarios 

Table 1.2 documents the impact of these projected energy savings in 20~0 on carbon emissions in that 
same year. It also presents the results of the HE/LC scenarios with both $25 and $50 per tonne · 
carbon charges. These scenarios show significant carbon reductions from the combination of greater • 
efficiency improvements and increased use of advanced low-carbon technologies. 2 In lhese cases, a 

• number of low:--earbon technologies have high rates of adoption (e.g., advanced turbine systems and 
biomass gasification in industry), the utility grid is dispatched to reduce carbon emissions (by using 
many coal plants for intermediate power and by running more natural gas pJ.ants·as base load), a set 
of coal-based power plants are repowered, nuclear plant lifetimes are extended, and key renewable 
energy technologies are deployed. In all cases, these technologies and measures are estimated to be . 
cost-effective with a differential carbon fee of $SO/tonne. • 
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Buildings 
Indusay 
Transportation 
Utilitiesb 

Total (rounded) 

Change from 1990 
Change from BAU 

.. ·.•1''. 
_,-;;.';'°' 
l'r.°' 

.. . 

1990 

460 
452 
432 

1340 

Table 1.2 Carbon Emissions (MtO: 1990-2010 

2010 
Business-as-
Usual(BAU) Efficiency Case 

1997 Case 

~II 571 546 
482 534 512 
486 616 543 

1480 1720 1600 
140 380 260 • 

-120 

High-Efficienc[' 
. Low-Carboq 

$25/tonne $SO/tonne 
"'527 509 

488 452 
528 Sil 
-48 -136 

1490 1340 
ISO 0 

-230 -380 

'This SQ!nario includes the carbon emission reductions resulting from a carbon ~t price of $25 or SSO/toMe: 
(1) dispatch of power plants in which natural gas is favored relative to coal, (2) repowering and partial 
repowering of coal-based power plants to convert to natural gas, and (3) introduction of selectea low-carbon 
technologies to replace conventional ones, primarily in the indusmal and utility sec(ors. 

bThe entries in the last two columns are negative as they correspond to reductions in carbon emissions resulting . 
from the increased use of natural gas in power plants as a result of the $50/toMe carbon permit price in this 
scenario. • 

Figures 1.2 and 1.3 complement the above table by illustrating the carbon emissions reductions from 
each scenario. The major observations ·are: 

• In the BAU case, carbon emissions are forecast to increase by approximately 380 million tonnes. 

• The energy-efficiency gains incorporated in the efficiency case cut overall growth. between 1990 
an~ 2010by one-third (from 380 to 260 million tonnes). This represents a carbon increase of 19% 
above 1990 emissions. 

• The HE/LC scenario with $25/tonne carbon charge has the potential to reduce carbon emissions 
by 230 million tonnes from the BAU case in 2010. The largest part of these carbon reductions are 
from increased efficiency, but major changes in electricity supply (carbon-based dispatching 
and repowering) contribute nearly 35 million tonnes, and other low-carbon technology·, 
particularly renewables and advanced turbine systems, produce appr.oximately another 25 
million tonnes. 

• The HE/LC scenario with $SO/tonne carbon charge has the potential to reduce carbon emissions 
by approximately 380 million tonnes, thereby achieving 1990 carbon emission levels in 2010. • Of 
this 380 million tonne carbon reduction, about 190 million tonnes are from increased energy 
efficiency, 140 million toMes results from increases in the use of low-carbon fuels and 
technologies in the utility sector, and SO million tonnes results from the use of low-carbon 
technology in industry and transportation. 

1.6 

100 million of the 140 million tonnes of carbon reductions in the utility sector comes from 
. redispatching the utility system (favoring the use of low-carbon fuels) and from repowering 
• coal plants with natural -gas. Both are cost-effective with a $50/toM~ carbon charge. The 
remaining 40 million tonnes are from renewables (wind, co-firing coal-based power plants with . . 
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· ..,,.., •• ,. .;~ biofu~ls; expansion of hydropower capacity), nuclear ·power .plant -Jiff e.~tenslons,. and. pow~r:.l~ {~'-\ · 
'plant efficiency improvements.· • • • • : • • • • ... • •. ;;>.;. 

The remaining SO mllli~n tonnes of carbon reductions in industry and ttanspo_i:tation ~ -about 
.equally'' divided -among three sets of fuels/technologies: (1) advanced combustion turbine .· . • 
cogenerators in industry, (2) biomass·· an<f black liquor gasification and low-c~bon µ-idustrial ,) · 
processes, and (3) cellulosic ethanol/ gasoline blends for autom~iles. . . . . •• . _"·· '(·.< , .. 

. . . • . . • . . .. . - ;'ll , ,_., ' 

>/ 

• Approximately 140 MtC of the in~ in carbon emissions between ,1990 and 2010 will.have· (j~,£/i ::_ 
occurred by the end of 1997; thus, it is useful to·look at the 13-reir forecast .starting. with 1997. :\ ., If .; '._:-1: 
The . carbon reductions 'incorporated in the. efficiency case .cut the overall growth in carbon . : . •• ·' 
emissions between 1997.- and 2010 from 240 million toMes (as forecast in tl)e BA~ case) to 120. • • 
The HE/LC scenario with $50/toMe carbon charge miuctS carbon emissions in 2010 by about 130· 
~on toMes (compared with the _1997 level). 

Figure 1.2 Reductions in Carbon Emissions from Each Scenario . . . 
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Table 1.3 provides a comparison of the growth rate in energy and in carbon emisslbns for the four , 
cases, from 1990 to 2010. For the BAU and efficiency cases, the growth in carbon emissions is slightly 
more rapid than the increase in energy demand. For the HE/LC cases, carbon emissions .decline 
while energy consumption rises. The carbon reduction .reflects the increased deployment of low­
carbon fuels and technologies as a consequence of the relative increase in price of carbon-based fuels 
precipitated by the $SO/tonne incentive. • , 

Table 1.3. Avera_ge Annual Energy and ~bon Growth Rates, 1997 to 2010, for Four C&Set 1. -

High Efficiency/ High Efficiency/ 
Business-As- Effacierq' Low Carbon Case Low Carbon Case 
Usual (BAU) Case ($25/tonne) ($SO/tonne) 

Gross Domestic Product 
(GDP)1 1.88% 1.88% • t.88% 1.88% 

. Energy Demand 1.09% 0_.56% 0.34% 0.13% 

Carbon Emissions · 1.16% 0.60% 0.05% -0.76% 

Energy Consumption Per -0.77% -1.30% -I.SI% -1.71% 
GDP(E/GDP) 

Carbon ~missions Per GDP -0.70% -1.25% -1.79% .-2.59% 
(C/GDP) • . 
1 The Gross Domestic ~uct in 1995 was $6,739 billion chained 1992 dollars. 

b The carbon decrease per. unit GDP growth for 1990 to 2010 is 0.7%, 1.lo/o, 1.4% and 1.9% per year for the 
reference, efficiency, $25/toMe HE/LC, and SSO/toMe HE/LC cases, respectively. 

It is useful to compare the scenarios in this study to those of other studies. The 1991 report by the · 
• Office of Technology Assessment (OTA) titled Changing by Degrees (U.S. Congress, 1991) analyzed 

the potential for energy efficiency to reduce c;arbon emissions by the year 2015, starting with the 
base year of 1987. Its "moderate" scenario results in a 15% rise in carbon emissions, from 1300 
MtC/year of carbon in 1987 to 1500 MtC/year of carbon in 2015 (compared to a BAU forecast of 1900 
MtC/year). Its "tough" scenario results in a 20% to 35% emissions reduction relative to 1987 levels, 
or emissions levels of 850 to 1000 MtC/year of carbon in 2015. Our efficiency and HE/LC cases· 
ranging from 1.3 to 1.6 billion tonnes of carbon emissions in 2010 are comparable to OTA's "moderate" 
case and show considerably higher emissions than OTA's "tough" case. 

Another benchmark is provided by the 1992 National Academy of Sciences (NAS) report on Policy . 
Implications of Greenhouse Warming (National Academy of Sciences, 1992). • This study identified a 
set of energy conservation technologies that had either a positive economic return or that had a cost 
of less than S2.50 per tonne of carbon:. Altogether, NAS concluded that these technologies offer-the 
potential to reduce carbon emissions by 463 million tonnes, with more than half of these reductions 
arising from cost-effective investments in building energy efficiency. Our efficiency and HE/LC 
cases suggest the potential for reducing carbon emissions by between 120 and 380 million tonnes by the 
year 2010. One reason that the NAS estimate ·is higher is because it is not limited to the 2010 time 
frame, buf rather characterizes the -full potential for.carbon reductions . . Thus, it did not take -into 
accdunt the replacement rates for equipment and pr~esses, and other factors that prevent the 
instantaneous, full market penetration of cost-etfective energy-efficient and low-carbon 
technologies. 
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1.4.2 R&D'a Potential for Further Benefits by 2020 

. If carbon ~uctions in 2010 and be.yond are to ~ sustained at reasonable cost, vigorous R&D efforts 
are needed to fill the pipeline of next-g~eration energy technologies. It is difficult to estimate the 
carbon savings that .will accrue from these technologies; however, our effort to characterite their 
features suggests tha_t an aggressive pace of carbon reductions over the next quarter century can.be 
sustained, with ·a sufficient investment in R&D. Our analysis of R&D potential for ~e year 2020.· 
focuses on opportunities for improved energy-efficiency and renewable energy technologies. The 
potential lollg-term contributions of carbon sequestration, advanced coal technologies, and nuclear. 
power may also be significant. · However, the treatment of vigorous R&D initiatives to improve 
these supply options beyond 2010 is beyond the scope of this report. ' • • 

Renewable energy technologies will likely play a crucial role in limiting carbon emissions over the 
long term. Low-carbon energy supply options are needed to fuel domestic and international economic 
development without ·stimulating further global warming. Although renewable resources account 
for only 7% of the nation's total energy consumption at present, many believe that they are at the 
beg~g of a long-term growth trajectory. With continuing ~echnological dievelopment and cost· 
reductions, renewables could become preferred energy resour!:es some .time within the next several 
decades. Early evidence of this transition is seen in the continuing adoption of renewable power 
systems, including especially wind farms and biomass power systems, even in the face of low gas­
fired power generation costs and considerable uncertainty in today's electric energy sector. 

With a vigorous and sustained program of research, development and deployment, biomass, wind, 
photovoltaics, geothermal, and solar 'thermal technologies could deliver significant quantities of 
electricity in 2020, thereby substantially displacing carbon emissions. For example, while the use of 
forestry and agricultural residues in biomass power systems continues to be an attractive power 
option where those residues exist, the successful development pf higher-effi!=iency biomass 
gasification systems would make this technology competitive in a wlder range of appHcations, 
including for power systems using dedicated feed stock supply systems. At the same time, biological 
and agricultural research on biomass production will lead both to higher biomass yields and ·better 
species for energy conversion p_urposes in the future. 

A second area in which a vigorous and sustained R&D effort could spawn a range of key 
improvements is in wind power systems. Potential improvements include advanced blade shapes 
that increase wind power capture while reducing stress loads, elimination of gearboxes through 
development of direct-drive generators, variable speed turbines, and better resource prediction that 

. will incre.ase the value of wind power to power systems operators . 

. A third area of renewables development that is at the beginning of a long-term grow'tit path is the 
use of renewables in buildings. Solar daylighting, passive solar designs, solar water heating, and 
geothermal heat pumps already are cost-competitive in many applications, but are not yet widely 
used. R&D advances could substantially accelerate their market penetration. • In addition, 
building-integrated photovoltaic products will benefit directly from advances in materials 
research. The ultimate vision is that many buildings will become unet energy generators" through a 
combination of renewable ene~gy and energy-efficiency technologies. 

In the next quarter century, improved energy-efficiency technologies will result from a combination 
of incremental advances and fundamental breakthroughs. Incremental improvements in all sectors 
can be achieved by the greater reliance on more precise and reliable sensors and controls or on lower­
cost sensors and contt:ols, often integrated into industrial processes, transportation systems, and 
buildings. Advanced manufacturing technologies, including rapid prototyping and ultraprecision 
fabrication, 'also offer broad opportunities for continuous incremental improvements in energy 
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Chapter 1 Arialysls Results•./ 

·· efficiency and renewable energy. Breakthroughs in bioprocessing,·separations, superconductivity, · 
catalysts, ·and materials can have wide-ranging impacts on energy efficiency and carbon emissions 
by the year 2020. Examples of specific technology opportunities are described·~ this report, by 
sector. • 

Six R&D areas are forecast to offer great promise to reduce significantly the energy requirements of 
our nation's buildings in 2020: advanced construction methods and materials; adaptive building • 
envelopes; multi-functional equipment; integrated, advanced lighting systems, controls and · 
communications; and self-powered buildings. 

In addition to the broad application of better process modeling, sensors, and controls in industry, 
many process/industry-specific opportunities for efficiency gains exist. These are described for each 
of OOE's targeted industries of the future: pulp and paper, chemicals, petroleum refining, glass, 
aluminum, iron and steel, and metal _casting. • 

Many of the advanced technologies that have the potential to significantly improve the energy 
efficiency of transportation after 2010 need considerable R&D investment before they can become 
commercially available in the year 2020. For example, to achieve fuel economies in the 60-80 miles 
per gallon (MPG) range and remain affordable and safe, light-duty vehicles will need 
breakthroughs in manufacturing processes for composite materials; large redu~on in fuel cell costs 
and/ or cost reductions and performance gains in batteries; ultra-low rolling resistance tires; high_. 
efficiency accessories; and highly aerodynamic designs. Opportunities for R&D to lead to 
improvements in the energy efficiency of other transportation modes are also described. 

In all, the continued adoption of energy effident and renewable energy technologies and a steady 
flow of technology improvements from collaborative R&D programs with industry could make such 
environmentally friendly technology an attractive option for domestic and g~obal energy economies 
in the future. With strong public-private partnerships to support the necessary R&D and market 
transformation activities, ample cost-effective energy products and practices will be available in 
2020. 

1.5 ASSESSMENT OF COSTS ANO SOURCES OF CARBON REDUCTIONS 

The business-as-usual scenario projects an increase of 380 MtC/year between 1990 and 2010. In our 
efficiency ~enario, in which the nation actively pursues policies and programs to promote market 
acceptance of energy efficiency while expanding commitments to research and. development, energy­
efficient technologies reduce this growth in carbon emissions by 120 MtC/year. Under a carbon cap 
and trading system, in which permits for carbon sell for $25 and $50/toMe C for the two cases 
considered, very substantial carbon reductions appear possible. Detailed results for these cases, 
showing the sources of the carbon reductions, are contained in Table 1.4. (Summaries of these results 
were presented in Figures 1.2 and 1.3.) Results indicate that, for the HE/LC case, there is a 
potential to roughly return to 1990 levels of carbon emissions in 2010 at a cost of approximately 
$SO/tonne carbon. About two-thirds of the increase in carbon emissions is eliminated in the case 
with $25/toMe carbon charge. 

The estimates in Table 1.4 include ranges for most of the electricity supply options and the .other 
low:(arbon technologies. There are no ranges for the efficiency technologies because the models used 

.. to estimate their penetration are nonstochastic. When selecting a single estimate for the $50/toMe 
case, numbers from the low end of the ranges were generally selected in order to be cautious. Because 
we did not conc;iuct an integrating analysis in which supply options compete against one another, we 
felt it important to minimize potential overlap by entering the supply option.s in conservative 
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Buildings 
Energy efficiency 
Fuel cells 

Industry 
Energy .efficiency 
Advanced turbine systems 
Biomass and black liquor gasification, 

cement clinker replacement. and 
aluminum technologies 

Transportation 
En~rgy efficiency 
Ethanol 

Utlllty Supply · Options 
: Carbon-ordered dispatching • 
Converting coal-based power plants to· 

natural gas 
Co-firing coal with biomass 
Wind 
Extending the life of existing nuclear 

plants 
Hydropower expansions 
Power plant efficiency 

Efficiency 
Case 

.,,, 
·25 

25 

22 

22 

61 
12 
73 

• S2S/tonne ' 

42 
2 

44 

36 
5 

,. . 5 

46 

74 
14 

. \ • 88 
' • 
' 

2S 
9 

5 
2 
3 

2 
2 

48 

Total (rounded) ·120 226 

'Numi,e;, in parenthesis are ranges, as documented ln the text of the report. · 
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$SO/tonne• ' 

59 
3 

62 

Sl 
17 (15-26) 
14 (13-16) 

82 

87 
16 

103 

55::.:· 
40 (25-66) 

17 (16-24) 
7 (6-20) . 
5 (4-7) 

4 (3-5) 
8 (7-13) 

136 

383 

,. 
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We have analyzed' the economics of carbon emissions reductions from two different perspectives.",in\ ~:'; 
the first, which we label· "best estimate," we evaluate all costs and benefits with a real · discount .: . 
rate that approximates the cost of _capital for_ tfficitncy inwstments for the· different end-use 
sectors: 7% for buildings, 10% for transportatiol\, and 12.So/o fqr industry. The lowest cost, •for . 
buildings, is based · on ~e fact that the money for residential buildings is derived from home. 
mortgages or home .improvement 1~. The higher cost for industry reflects the fact that energy• • 
efficiency investments have to compete with investments for other projects. These discount rates are . . ) 
not those that describe current market behavior, but rather are reflective of costs of capital if the , • , 
market did invest in the energy~fficiency me'5ures. • One cou1d argue that a lower discount rate . • , : 
should be used for the "best estimate" case-namely, a soda! discount rate which might be between ·~ . 
3 and 7o/o real - but we have made .a more conservative assumption on discount rates. For the "best . • 
estimate" case, we assume costs for efficiency measures brought about by utility, federal programs, 
and state programs (e.g., demand-side management programs by utilities, federal market 
transformation programs) to· be 15% of technology costs. We also assume that at least half 'of ·the 
~fficiency occurs as a result of _federal policies (e.g., standards or carbon permit ~es) which ~dd 
very little direct program costs. The electric supply-side technologies are assumed • to add an 
incremental cost of $30/tonne carbon in 2010, based on an average'estimate of the incremental costs of 
the technologies from the appropriate sections of this report. 

The second perspective, which we label "alternative view," assumes that there are hidden costs 
associated with achieving widespread market acceptance of many of th~ efficiency and low-carbon 
technologies, even after the imposition of a carbon charge and the implementation of major policies 
and programs to promote a low-carbon future. In this perspective, we evaluate costs and benefits at a 
real discount rate of 15% for buildings and 20% for transportation and industry. Program costs are 
increased to 15% of the cost of efficiency measures. Other data and assumptions in this case are the 
same as for the "best estimate" case. • 

The results of the ~on~mic analysis are presented in Table 1.5. • We show results for two of o\1f, 
scenarios (efficiency case and HE/LC at $50/toMe carbon) and for .both the "best estimate" and · 
"alternative view~ perspectiv~s. • Also, we have grouped the results into just four ·categories oJ 
energy technologies. For more detail, both on the results and methodology, the reader is referred to 
~~~~ • ' 

The ·"best estimate" for the efficiency scenario shows annual net benefits of $26 billion in 2010 ($26 
billion in costs and $52 billion in benefits). This value reflects the fact that, even after accounting - . 
for energy-efficiency. in'-'.estment, the annual energy savings (wlthout including the ' benefits of,. , . . 
reduced carbon emissions)_ are $26 ,billion greater than the required investment. The ,"bes't estimate~·, 
for the HE/LC scenario with $SO/tonne carbon charge produces an annual net J,,enefit of $38 billion in • 
2010 (SSO billion in costs and $87 billion in benefits). • 

The ,.alternative view,. shows annual net direct benefits for the efficiency scenario of $7 billion in 
2010 ($45 billion in costs and $52 billion in benefits). For the HE/LC ($50/toMe carbon) scenario, 'the 
"alternative view" indicates annual net benefits of $6 billion in 2010 ($81 billion in costs and $87 
billion in be~efits). 
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Table t.5 Costs and Benefits of th.e Efficiency and High-Efficiency/Low-carbon Scenarl~ : Best . , : .;_ , . f ·-Y.: ... 
Cue and Alternative View Estimates (billions of 1995$, annualized) -.' •,,> :,, • • . . ' ' . -~ 

Ertlclency Hl1h-Ertlclency/Low-Carboa 
'. ,_.,,_J'., 

· Case · Caseb · • • ·.,,.··: • 
Net BenefitsC . Carbon Savings Net Benefits«= . Carbon Savings ·, ':·<··: 

-==(b=il=lio=n=1=99=S=S=) ===-==-==M=tC========(b==ill=io=n=l99==5=$)=======·=M=tC==-•· • _/.:~{t
1

-' 

Best Estimate 
Energy Efficiencya 
Electricity Qispatch 
Electricity Repowering 

,. ''\i.\ •'. 

26 120 ·43 
(1.8) 
(l.8) ' 
(1 .6) 

213 
55 
45 

: -~ ;·. 

0 ·0 . ,. Ji ff#, 
,:~>;;t 

Other Low-Carbon Techologies 
Total 
Alternative View 
Energy Efficiency4 
Electricity Dispatch 
Electricity Repowering 
Other Low-Carbon Techologies 
Total 

0 
0 
26 

7 
0 
0 
0 
7 

0 
0 

120 

120 
0 
0 
0 

120 

• Energy efficiency category includes ethanol in transportation. . 
b Benefits and carbon savings in the HE/LC~ are relative to BAU case. 

38 

IZ.S 
(2.8) 
(1.9) 
(1.8) 

6 

' 72 
385 

213 
ss 
45 
72 

385 

c Net benefits are calculated as annual energy savings minus aMualized capital costs (energy savings equal zero . 
for supply-side technologies ~d advanced low-carbon technologies. • • . 

Another way to present these results is in the form of a conservation supply curve, as shown for the 
HE/LC scenario in Figure 1.4. This figure has the cost of conserved carbon on .the y-axis . 
(1995$/toMe C) and carbon savings in 2010 (MtC/year) on the x-axis. Carbon savings from buildings 
sector efficiency are least expensive, followed by industrial and transport sect~r efficiency. All 
three of these sectors reduce carbon emissions and save money at the same time. More than 200 MtC 
of carbon reductions can be achieved in these three sectors. The ·remaining 180 MtC of carbon 
reductions in 2010 are in electricity supply side and advanced carbon saving options. These savings 

• are achieved at a cost of $30-37/toMe C, but the added cost of these options is more than ' 
outweighed by the benefits captured by the money-saving options, resulting in the net benefit of $38 
billion per year. 

. . . . 
In addition to these costs, one··needs to calculate the impact of the cases on natural gas demand. In 
all of these cases, natural gas replaces very ta,ge quantities of coal. Higher natural gas demand 
would . result .ii\ higher natural gas prices, which in tum would increase the cost of substituting 
natural gas for coal in power production, etc. As it turns out, our scenarios have rtduet4 gas demand 
compared with the BAU case (or with AE097 baseline for 2010, on which the price of natural gas in 
our work is based). Specifically, demand for natural gas in the HE/LC ($50/toMe) case declines in 
2010 by 2 quads compared with the business-as-usual case. This is the result of declines of 0.5 quads 
for buildings, 1.0 quads for industry, and 0.5 quads for electricity. The latter occurs because of the 
balance among three factors: (1) increase in gas demand because of the large-scale substitution of 
natural gas for coal. (2) ~ecrease of gas demand because of the use of many _low-carbon technologies 
that do not use natural gas (wind, nuclear power plant extensions, power· plant efficiency upgrades, 
hydropower expansion, co-firing with biofuels), and (3) the large increase in cogeneration, which 
reduces demand for natural gas for heating applications. The sum of the second and third effects are 
59mewhit gr~ater than the first, and thus total natural gas del!land associated with electricity 
generation declines. This will reduce the cost of'natural gas, a benefit that we have not included in 
Table 1.5. 
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Figure 1.4 Cost of Carbon Savings in 2010, High Efficiency/Low Carbon Cue (Best Esti~ate) 

400 

- St.art Year: 1997; Forecast Year: 2010. 
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300 - 2010 Carbon permit price• $50llon carbon (1995$) • 
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Prog~ costs • 7% for demand sectors and 1% for electrtclty supply side options. 
Re~I Discount Rates: 7% for buildings, 12.5% for Industry, and 10% for transport. 
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The $50/toMe carbon charge, while not constituting a direct cost, does represent a potentially large 
transfer payment. The magnitude of the transfer payment, as well as the losers and winners from 
the transfers, depends on the nature of policy and its implementation as a cap and trade system or 
some alternative. The amount of money that could be in play is very large: $50/toMe times 1.3 
billion toMes per year equals AMual revenues of $65 billion. 

In short, while there will surely be winners and losers for these energy:efficiency ~d low-carbon 
scenarios, our analysis shows that their net economic costs - under a range of assumptions and 
alternative methods of cost analysis - are . favorable: from $6 billion to $38 billion per year in 2010. 
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This analysis co~ts the benefits of reduced expenditures on energy but does not explldtly val~e _the·-~t :.1~ n i. 
benefits of reduang carbon dioxide emissions. • . I . • •. ?llr 

. ~ 

lhe achievability of the cases depends on many· factors. In all cases, carbon ~uctions require the • \.:·:: 
nation to embark on an aggressive set of policies and progr~, presumably in response to an 1 • • •:· ·, • • • '. : • t 

~temational agreement on climate change or other events that result in a national determination_;t~'. • • / i:1\·. • -~ ,, ·, I 
reduce the growth of carbon emissions. In the high-efficiency /low-carbon-case, we 8:5Sume a vi~rous ,-'-'~r•ff"' •· . • . :; . 
national program of rese~development, demonstration, and diffusion, and a.trading regime.for,· .·•:l•i:;r .• . • .. · 
carbon with a domestic permit price of $50/toMe carbon. Wltho~t some scheme that provides:an '.··~F:;: ~ 
incentiv:e of this nature for switching from coal to nat:ural gas, and for deploying other low-carbon· • :," • ., • • t 
technologies, much of the carbon reductions in our case would not be possible. 

. ' 
Government policies and programs that encourage and/ or require the adoption of energy-efficiency 
and low-carbon technologies will be needed, along with incentives for industry to invest more in 
thes,e technologies. Additional private ancl public investments are necessary, not only to accelerate 
the introduction of new technologies into the market before 2010 but~ to ~ -ure ~ology for the 
period after 2010. The transportation and utility sectors are especially dependent on early 
tecl;lnological advances to achieve the scenario results in 2010: • • • · • 

There is no assurance that these and other driving forces will cause the scenarios we have described 
to take place. Our major c:onQusion is that the cost-effective technology can be deployed to achieve 
major reductions in carbon emissions by 2010. Cost-effective energy efficiency alone can take the 
nation 30 to 50% of the way to 1990 levels (from our expected base case results). A,n important 
finding is that two additional utility sector measures can reduce carbon emissions by another 30% at 
an estimated cost of. $50/toMe carbon: carbon-based dispatch and conversion·of existing power 
plants from coal to natural gas.3 Finally, we identify additional technologies that can contribute up 
to 20% of the carbon reductions, also for less than SSO/toMe. A next generation of advanced energy­
efficiency 11'\d renewable energy technologies promises to enable the continuation of an aggressive 

•• pace of energy and carbon reductions over the next quarter century. 
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ENDNOTES 

1 The five national laboratories participating in the study . were: Argonne National Laboratory 
(ANL), Lawrence Berkeley National Laboratory (LBNL), National Renewable Energy Laboratory 
(NREL), Oak Ridge National Laboratory (ORNL), and Pacific Northwest National Laboratory 
(PNNL). LBNL and ORNL were the c~leaders of the effort. • • • 
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l $SO per tOMe of carbon corresponds to 12.5 cents per gallon of .gasoline or o.s -~~ per kilowatt~hour,, 
for electridt>: produced from natural gu at 53% efficiency ~or 1.3 cents per lcil~watt-hour for~ at 
34% effidency). $25 per tonne would cut these gasoline and electricity price inaements in half. 
3 The cost curve for repowering is relatively .flat; as such, considerable additional reductions are .. 
possible ·at a cost ~ot ·too different from $50/toMe. The results are· highly sensitive to the .price / : , . 
differential between coal and natural gu; at il _. lower (higher) price differential, a higher (lo~er) .·• : • :· 
permit price of carbon is needed. , • · ;' • • . : t · • ' , , .: " • • • • • • , 
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Chapter 2 

INTRODUCTION AND BACKGROUND 

J: .•• ~.';• 

This report presents the results of a m~ti-laboratory study.aimed at quantifying .the potential for. ··i-:f a: 
e~ergy-efficient. an.d low-carbon technologies .to reduce c~bon emiss!ons in' the United States. _ The.,1~4:.- __ • . t 
stimulus for this study derives from a growU\g recognition of the link betw~ ~ergy-effkiency _1::-'':,c;. ·< . .. 
R&:D and the nation's ability to respond to international c:al1s to recluce the growth of ~ouse ?f¼ tt- - " l 
gas emissions. According to a recent report of the Intergovernmental Panel on Climate Change 1'_:;; ,;;:::> ·.: • ' • 
(IPCC), the earth's surface temperature ·has_increased about 0.2 degrees Celsius per decade since .:_.-~:,;:::·\ : -~ 
1975. Further, the IPCC report concluded that "the balance of evidence sugges~ that there is a • 
discernible human influence on global climate" as _the result of activities that contribute· to the 
production of greenhouse gases (IPCC, 1996, p. 5). By preventing heat radiated from the sun-warmed 
earth from escaping into space, the increased concentration of greenhouse gases iri'tfie atmosphere 
contributes to global warming. 

The major greenhouse gases are water vapor (H20), carbon dioxid~ (CO2), methane (CH4)~ ozone 
(0,), nitrous oxide (N20), and a host of engineered chemicals such as chlorofluorocarbons (CFCs). 
CO2 accounts _ for a majority of recent increases in the heat-trapping capacity of. the atmosphere, 
with worldwide atmospheric concentrations of CO2 increasing at ·about 0.5% annually. Of all the 
·human activities that contribute to these increases, fossil fuel combustion is by far the largest, 
. accounting for almost 60% of the greenhouse warming resulting from anthropogenic sources in recent 
years (NAS, 1992, Table 2.2, p. 8). Energy-efficient technologies reduce CO2 emissions by displacing 
the need. for fossil ~el combustio~; this report focuses on· this single greenhouse gas. This report 
quantifies the climate benefits of energy-efficient and low-carbon technologies in terms of reductions 
in i:nillions of metric tons of carbon (MtC) emitted.1 

Analysis by a number ·of key climate and energy· modelers indicates that significan~ research and · 
development on greenhouse-friendly technologies is essential to achieving meaningful targets at 
affordable costs. As a result, climate change is becoming a major impetus for energy R&:D programs 
~d is likely to grow in importance in the future. By documenting the emissions reductions that past 
energy-efficiency R&:D can deliver by the year 2010, and by describing the potential for future 
research to reduce carbon emissions even farther, this report is intended to inform a broad public 
about technology-based approaches to reduce greenhouse gas emissions. 

-
2.1 OBJECTIVES OF THE STUDY 

The purposes of this study are threefold: 

1. To provide.a quantitative assessment of the re4uction in energy consumption and carbon 
emissions that could result by the year 2010 from a vigorous national commitment to accelerate 
the development and deployment of cost-effective energy-efficient and low-carbon 
technologies; • • 

2. To d9CUfflent the costs and performance of the technologies that underpin a year 2010 scenario 
in which substantial energy savings and carbon ~ions reductions are achieved; 

3. To illustrate the potential for energy-efficiency and renewable energy R&:D to lead to further 
reductions in energy use and carbon emissions by the year 2020. 
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Chapter2 Introduction & Background 

The report focuses on energy~fficiency ~d renewable energy R&D. The coverage of additional 
selected low-carbon end-use and electricity supply options was based in large measure on their 
perceived potential to contrib'-:'te significantly to stabilizing carbon emissions by 2010 at their 1990 
level, which ~ one possible national tar~t under discussion. • 

2.2 METHODOLOGY • 

2.2.1 Overview 

To achieve these objectives, we start~ with the Annual Energy Outlook 1997 (AE097) .reference 
case forecasts for the year 2010 (En~rgy Information Administration, 1996). After thoroughly 
reviewing these forecasts on a sector-by-sector basis, and working with EIA staff, we chose to accept 
the EIA ''business-as-usualH (BAU) scenario as is for buildings and industry and to Qtodify some of 
the assumptions and data and produce a new BAU case - not greatly different from the EIA case - for 
the transportation and the electric utility sectors. • 

We then assembled existing information on the performance and costs of technologies to increase 
energy efficiency or, for selected end-uses, to switch from one fuel to another (e.g., from el~triclty to 
natural gas for residential end-uses or from gasoline to biofuels for transportation). For the buildings 
sector, the technology performance and cost data base are extensive. For transportation, the data 
base - although less fully developed -than for buildings- is sufficient for our purposes . . For industry, 
only partial information on technologies and costs is presently available. As a result, the analysis 
for industry relies primarily on historical relations between energy use and economic activity and 
much less on explicit technological oi,portunities. The industrial analysis ~ includes some 
examples of industrial low-carbon technologies. The analysis of low-carbon supply technologies in 
the electricity sector is based on a review of the literature including detailed technology 
characterizations prepared by DOE in conjunction with its national laboratories and industry. 

Next we created scenarios of increased energy efficiency and lower-carbon emissions using the 
technology data (or, in the industrial sector, historical relations) as a key input We chose to run 
three scenarios other than the BAU case. We have termed the first the "efficiency,. case. It 
assumes that the United _States increases its emphasis on energy efficiency through enhanced 
public- and private-sector efforts. The general philosophy of the efficiency case is that it reduces, 
but does not eliminate, various market barriers and lags to the adoption of cost-effective energy-
efficient technology. • 

The other two cases, dub~ the "hlgh efficiency /low carbonH (HE/LC) cases, describe a world in 
which, as a result of commitments made on a climate treaty or other factor.s, the nation has 
embarked on a path to reduce carbon emissions. They assume a major effort to reduce carbon 
emissions through federal policies and programs (including environmental · regulatory reform), 
strengthened state programs, and very active private sector involvement. They include a focused 
national R&D effort to develop and transform markets for low-carbon energy options (e.g., fuel cells 
for microcogeneration in buildings and advanced turbine systems for combined heat and power in 
industry). The difference between the two HE/LC cases is in the assumpti~n of a carbon permit price 
resulting from a domestic trading scheme for carbon emissions with a cap on U.S; emissions (or from 
equivalent policy measures that increase the price of carbon-based fuels relative to those with less 
carbon). We assume a domestic permit price of $25 and SSO per tOMe of carbon for the two cases. 
Bot;h of these HE/LC cases include a program of research, development, demonstration and-diffusion 
that is more vigorous than in the efficiency case. In some secton (buildings and industry), the carbon 
price signal, combined with policies promoting energy efficiency, is believed to trigger the bulk of 
the additional ~arbon reductions portrayed in the HE/LC cases . . In the transportation sector, it is 
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the R&D-driven technoiogy breakthroughs that generate the·bulk of the carbon reductions beyoncf j;~ 
the efficiency case. For the ·electricity sector, higher prices for carbon based fuels cause larger· shifts ::_ \'.4} \ 
from coal to natural gas; for this sector, these same ·higher relative prices combined with federal \'. f \, .•':· 
and priv~te ~arch. development, and demo~tratlon ~an b~g advanced low~on technologies .· ::·\:f\;~t,i)0 .. 
to market. . . . . 1 ;-. 'J· ...- • •'1"· ·,:. ·:: ;1. 

Although the work focu~s on 20~0, we also· look beyond this date. Here we -d~ribe ri~J -;:lit ;_;,'. >, ,:'J 
technologies, material:5, processes, manufactutjng methods, and other R&D advances that promise _.,;.;. 1 

'· •;~ : • ·: J 
to offer sigrµficant energy benefits by the· year 2020; for this time period, we make no effort to {;•, :. ' , .: :; . :. • i 
forecast specific levels of market penetration, energy savings, or carbon reductions. Thus, instead of , '; .:r!=·.~, :s: ,· 
creating scenarios we describe the technological innovations that could enable the continuation 0£ an : . :;,;. \ :· ,1,

1

1~: t 
aggressive pace of decarbonization well in_ to the next quarter century, if appropriate investments in• • . ·, ··'.· ,>,./~.'.·_ : 
R&D were made. .... •· :, ;·· ·:.·· • , ·i\ .. 

· '~;;. ./-.:~ . :·.~ ... -, :_-, -~ . ,1 

2.2.2 Time Frame 

Analysis for all sectors focuses on two base y~ars (1990 and 1~97) against which future progress is 
benchmarked, and a target year of 2010 for assessing emissions reduction potential. Energy use. and 
emissions for 1990 and 1997 are reported as. base years against which we compare future energy 
consumption and carbon emissions. 

The report examines a "snapshot" of energy use and carbon emissions, by sector, in 2010. The 
increased use of energy-efficient technologies combined with the development of new technologies 

. based on past R&D plus an invigorated R&D effort initiated in 1998 are needed to achieve our 2010 
scenarios. 

We also highlight the likely post-2010 benefits of an · intensified investment in energy R&D. This ; 
captures the effects of technologies that may not be widely commercial for some ·years but that could • • 
cleliver cost-effective energy s~vings and em~sions reductions, if public and privately supported ' . 
R&D were to accelerate their proof of concept and reduce their developmental risks. •. 

2.2.3 End-Use Efficiency Scenarlos 

Each of the three end-use sector chapters is consistent in terms of overall approach, scope, and time. 
frame. They each analyze three .scenarios for the year 2010: a business-as-usual case, an effidency 
case, and a high-efficiency /low-carbon case. (In the integration of this work, we later assess two 
different HE/LC cases..;. one with a ~25/toMe carbon· charge and the other•with a $50/toMe carbon 
charge. The buildings sector also presents a "frozen efficiency" baseline, for additional comparison 
purposes. While there is variation in the methodologies used to estimate the energy savings and 
emission reductions potential of each sector, the three sector chapters are similar in using a 
combination of technology analysis and model-based forecasting. Specifically, the buildings and 
transportation sectors use stock models with technology characteristics and other parameters taken 
from assessments of individual technologies. The industrial sector !orecasts conservation investment 

• behavior based on econometric modeling with industry-specific conservation _supply curves as inputs. 

All of the scenarios described in this report use the AF.097 forecasts of national economic output as 
measured by gross domestic product (GJ?P), which is p!(>jected to increase by 1.9% per year through 
2015. Similarly, the buildings' sector uses the AE097 forecast . of growth in residential and 
commercial floorspace; the industrial sector uses the AE097 assumption of a 2.1% annual growth 
rate for manufacturing production; and the transportation sector uses the AE097 forecast of a 3.7% 
annual increase in air travel. , 
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• : • The scenarios for each sector also use th~ AE097 ene~ price forecasts. · World _oil pric~~~ : . .., n .~z}-\ .\·. • ~ 
assumed to rise from $17 per barrel in 1995 to S20.4 per barrel (in 1995S) in 2010. In AE097, na~~i: ·:t,~:-•·,..-.; .-,.: : • • 
gas prices in the industrial, electricity, and transportation sectors increase throughout the forecast :.-,.·.,;. ~:;':_: ·,. • ·' • 
period; natural gas prices for the residential. and commercial sectors decrease significantly._~·- t~';~~:<? .• · 
Between 1995 and 2010, the ·average price of electricity is projected to decline by 0.6% a year as .a S:~1( >,",;;;_.:: • • 
result of competition among electricity suppliers. Electricity prices are forecast to decrease the most: (( f ).+,:=:~: .-; · .. 
for industrial customers and the least for residential customers. • •01, :·iJ y /. -.:_ · · 

Such macroeconpmic and fuel price ~umptions strongly influen~ the rate of penetration of energi~!:i~ttJr .. < .: . . • .. J 
efficient technologies in 'eacl\ sector. Further details regarding these assumptions can be found iri'l?~}i._.J 1_· • .. . • ; 

EIA (1996c). · • . ~-\ ·, , • · • · . • 
• • . :\ . ~ ' ~,,.. , 

Frozen Efficiency Baseline. This case, which is ~alyzed only for the buildings sector, assumes that ., .. • • ; : : • 
energy-consuming equipment and systems existing in the year 1997 remain at the same ·efficiency -_. .> · '. : 
until they are retired. This eqttipment and these systems retire over the 1997-2010 period at a rate · ,· • • 
based on standard equipment lifetimes. It assumes that all new equipment employed after 1997,(,. • .. : • 
remains at the efficiency of new devices in the year 1997. The frozen efficiency baseline provides an :,:· ' •. · 

. • upper bound to likely energy demand (under the economic assumptions applied to all the cases), •,. •.·;_.:. 
because it ignores all forces leading to higher efficiency of new equipment in the business-as-usual '·.-,, • •• • • 
case. It also ignores any retrofits that might take place if there were economic reasons for early . 
retirement of equipment. 

This case is presented primarily for heuristic reasons: it describes an easily-understood ,case in 
which technology does not change. This is useful for exploring the impacts of technology change. 
• Also, the case is not necessarily divorced from reality: in the era of low energy prices preceding the · 
oil embargo of 1973-74, the energy efficiency of many household, transportation, and industrial 
technologies changed very little. 

'Business-as-Usual Case. The business-as-usual (BAU) case represents the best estimate of future 
energy use given current trends in service demand, stock turnover, and natural progress in the • 

• efficiency of new equipment. It assumes that ·R&D and implementation programs at DOE and EPA . 
continue at more or less current levels, without a significant influx of new funding. It captures likely 
changes in efficiencies of new equipment over the analysis period. It _also allows for some early· , 
retirement of equipment where cost savings from new energy-efficient products are high relative to 
purchase ~d installatio~ costs, as in some industrial motor and drive systems and commercial .· 
lighting :retrofits. • . . • • • 

' 

To create this scenario, the buildings and industry sectors adopted the AE097 reference case as their 
BAU cases. For the transportation sector, we modified AE097 somewhat. Specifically, the AE097 
reference case forecasts that the efficiency of passenger cars will inaease from 27.S MPG in 1997 to 
31.5 MPG in 2010. We believe such improvements are unlikely in the absence of increases in real 
gasoline prices and hence our BAU case for transportation leaves the MPG performance of light-duty 
\'.ehicles in 2010.unchanged from 1997 performance. 

Efficiency Case. The efficiency case describes the potential for cost-effective, energy-efficient 
technologies to penetrate the market by the year 2010, given an invigorated public- and private­
sector effort to promote energy e(ficiency through enhanced R&D and market .transformation 
acttvities. This case assumes that national policy, possibly in combination with exogenous .events, 
leads to an incr~ase in the cost-effectiveness and deployment of energy-efficient technologies. Cost­
effectiveness is improved because R&D, in combination. with inaeased deploymen·t efforts, result in 
declining capit,1 costs. We do not specify the policies or exogenous events that could precipitate 
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su~ changes. Instead, we examine the potential for technology~ased energy and carbon reductions,· . i~v.\L,.;;,:. 
assuming that significant efforts are undertaken to enhance the attractiv~ess of these t~ologies. •. , · ••• 1·~ 

. '.,, . 
'{' ,' 

To be attractive to these manufacturers and consumers, a technology must .be cost-effective, Thus, 
this scenario limits itself to descrl~irig the potential for cost-effective technologies to reduce. energy, . 
use and carbon emissions. A technology is defined as "cost~ffective" if it delivers a good or.service.:,:. , 
at equal or lower life-cycle costs relative to current practice.2 Externalities are not internalized in. ~r;;L. · • 
this definition of cost-effective. An energy-effitjent technology may be societally cost-effective, ·~.~r ~.~\t; 
instance by, taking into account its ·a1t quality or safety benefits, but not be.Judged. CC?5t-effectiv~_by,~~J~;.,::. 
our narrower economic aiteria. This scenario reflects the view that "policy options ~xist that would .· ./\,~tr~} · 
slow climate change without harming American living standards, and these measures may in fact : \:'·'< ;· ~. • 
improve U.S. productivity in the longer run" (Arrow et al., 1997). • : • 

Compared to the business-as-usual case, the efficiency case assumes (1) better technology and (2) 
higher peneti:ation rates for energy-efficient and low-carbon technologies . . 

·t ·t 

1. ;,Bett~r technology" results from an invigorated public- and private-sector investment in R&:D • 
such that energy-efficient technologies become more cost-competitive based on ·current fuel :­
prices. Performance improvements between 1997 and 2010 are mostly incremental in this 
scenario, but by 2020 they coul_d be revolutionary. 

2. "Higher penetration rates" result from an invigorated set of policies and market 
transformation programs that remove or reduce market failures which inhibit the use of 
energy-efficient and low-carbon systems. Through improved information and ris~ reduction, • 
capital markets for energy-efficiency investments could be strengthened-and consumer 
investment hurdle rates for the purchase of high-efficiency equipment could be lowered . . 

Despite its assumption of an aggressive public commitment to energy efficiency, this. scenario also 
takes into account ·real-world experience and program implementation constraints which S';'ggest 
that it is not reasonable to assume that every consumer will purchase the least<ost, high-efficiency, 
technology option. There are many reasons to expect a shortfall from such a maximum case: capital 
rationing, imperfect information, ~placed incentives, and Ute unevenness of supply, installation, 
and maintenance networks (DOE, 1996b). • 

' 
High-Efficiency/Low-Carbon Case. The high-efficiency /low-carbon (HE/LC) case assumes a 
greater commitment to reducin~ carbon em~sions through federal policies and . programs, 
strengthened state programs, and very active private sector involvement. One way to view this case 

• is to see it as an attempt to model a world where an international global warming treaty is 
negotiated over the next few years and where the outcome for the United States· (and ;ither Annex I · 
nations) is to stabilize carbon and other greenhouse gas emissions in 2010 at 1990 levels. The United 
·states pursues those reductions by (1) aggressively instituting federal policies to ·develop and 
deploy energy-efficiency and low-carbon technologies, such as increased funding for market . 
transformation and R&D efforts and (2) by issuing tradable emission permits. 

In this rendition of th~ HE/LC case, policies are put into place by 2000 and progressively phased in 
until they are fully in place by 2010. The permit price for carbon wo~ld presumably rise steadily 
through 2010. Thus, we have multiple factors affecting consumer and business behavior, including 
the following: • 

• The recognition that policies t~ reduce carbon emissions will necessarily_ follow the signing of 
an international agreement, including an anticipation of higher relative prices for carbon­
based fuels; 
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• The actual increases over time in the permit price of ·carbon (which we model as averaging 
either S2S or $50 per _toMe for inuch of this period); 

• Increased federal effort to accelerate R&D and diffusion of low-carbon technologies; 

• The developme~t and introduction by other countries of advanced low-carbon technologies; and 

• • The change in consumer preferences and behavior that would result from Afl international 
treaty and national commitment to stabilize greenhouse gases, much like changes in consumer 
behavior in the aftermath of the oil embargo of 1973-74. . . •. 

In summary, this scenario for 2010 desaibes a combination of better technology, "readier" markets, 
and a price of carbon that results in a significantly increased willingness to manufact¥re, purchase, 
and use low-carbon technologies. 

2.2.4 Methodological Differences _Across Sectors 
'• 

The operational definitions used to model these scenarios for the individual end-use sectors reflect 
the above conceptual definitions, but are nevertheless distinct (Table 2.1). These differences are du~ 
partly to the modeling approaches used for each sector. They atso· reflect the authors' sense of wha~ 
could "drive,. significant increases in energy efficiency in each sector. 'For h:lstance, to achieve a 
high-efficiency /low-carbon scenario, the transportation analysis postulates a set of technology 
breakthroughs. The industrial analysis, on the other hand, achieves its high-efficiency /low­
carbon scenario by doubling market penetration rates and assuming that energy-efficiency decisions 
are treat~ -as strategic investments wit;h correspondingly lower hurdle rates. 

I 

The sectors also differ in the way that life-cycle costs and benefits are calculated to determine the 
cost-effectiveness of technologies in their ,tficiency scenarios. 

• The buildings sector employs a 7% real discount rate to value the stream of benefits accruing 
from an investment. These benefits accumulate throughout the specific operational lifetimes 
assumed for individual technologies. The efficiency case assumes market penetration of about 
one-third of the technologies 'tha~ are cost-effective at a .7% real discount bu~ not adopted in 
the business-~usual case. _ The·HE/LC case doubles_ this penetration. 

• The industrial sector assumes a capital recovery factor (CRF) of 15%, ·rather than 33% (which 
is the BAU assumption): Thus, to be considered cost-effectiye_ in this sector, an investment 
must pay back in no more than approximately seven years. • • 

• The transportation sector uses a 7% disco~t rate, but it is applied only to the first five years of 
operatio¥t, even though the expected lifetim~ of a vehicle may be much longer. This five-year 
period is meant to reflect the realities of purchase behavior in _this sector, and ·results in 
decisions that are based on considerably less than the full life-cycle of benefits. 
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. Table 2.1 Conceptu~ and Opentional Definitions of Scenarios for 2010 , • ._. __ >-'.:ti~::f · i. 

lEf Best

8.::3:~:: p-~=:: ~E1::0 .. : i_,f. J'?t:_ .l 
Oef~~tion energy use given current effective, 'energy:. . ' potential for energy ; . •• ·: ~'.~ ~ki: .. ,, ·: • ' • '.'• ; I 

trends in service demanct efficient techriologfes to_ effitjency and -low-carb01{ J,i:lt~;., ',,~ • f 
~~U:the. ~~~ein~g:::t • =:~~~.!:!=~-,-. ·::.:? ~•'."{~·~-~~: . . ~ 

• ... , i,• . 

efficiency of new effort to promote energy· reduce carbon emissions 
• equipment, including efficiency through resulting from actions that 
advances supported by enhanced public and might include.the creation 
current public-sector private-sector R&tD and of a market•.value for 
programs; assumes no market transformation carbon of $25:arid $50 per 
'changes in federal energy activitie·s: toM~. - .! 

or environmental 
policies .. 

Operational Definitions: 
Buildings . AE097 reference ca.c;e 

developed using the 
NEMSmodela 

Industry 

Transportation 

. I , 

AE097. ref~ce case; 
LIEJ: is • calibrated .to this 
case and then is modified 
to produce the two· 
efficiency scenarios. • 

AE097 reference case 
modified to hold new 
·light~uty vehicle fuel 
economy constant at . 
~nt levels. 

35% of the difference in 
total energy savings . 
between the BAU and 
cost-effective enerp 
savings potential. • 

The · capi_tal recovery 
factor (CRF) (or ~ergy• 
efficiency investment 
used in LIEF is lowered 
from 33% to lSo/o;c 

Assumes earlier , 
introduction of advanced 
fuel ~onomy ~echnology 
and adds certain key" • 
~echnologies' that are·not 
in the BAU. 

65% of the difference in 
total energy _savings 
between the BAU and 
cost-effective energy 
sayings potential. 

The CRF: is l~wered to 
15% and ~e penetration 
rates for energy-efficient_ 
technology used in the 
BAU are doubled. 

Postulates breakthroughs 
in hybrid vehicle : 
technology, major 

·aer~ynamic and engine 
efficiency g~ for ' 
commercial aitcraft, and 
other technological 
achievements. 

a NEMS • National Energy Modeling System developed by DOE's Energy Information Administration. 

b The cost-effective energy savings potential is defined u the difference between the energy demand that results 
from using the most energy-effident of the cost-effective technology currently ·availab'Te or forecasted to be 
available by 2010, and th_e energy demand in 2010 assuming busineu-as-usual rates of technology change and use 
in the economy. • 

c LIEF• Long-Term Industrial Energy Forecasting model developed by ArgoMe National Laboratory and 
Lawrence Berlieley Nati~nal Laboratory. . . • . . . 
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Chapter2 

·- •, . • ....... . .. ' . 
• ·2~2.s Wlfit the Study Does Not Do . 

This report d~s not describe the polici~s that might, be implemented to achieve higher 
penetrations of energy-efficient and low-carbon technologies. (R~views·of a wide ~ge of possible • • 

. policy options ·can be found in several recent publications, including OTA (1991), NAS (1992), and • •. 
DOE (1996b)). Rather; this report highlights the potential performance and impacts of • 
technological developments and transformed markets. The existence of cost-effective technologies • • . _ 
is a prerequisite for public policies to work. , Without the. technologies, policies to reduce greenhouse _;,:_.1~: ;- .. ·:· • 

. gas emissions will .be very costly. Indeed, ~ analysis suggests that carbon stabilization co~d ~ •. _:.,: . ..:. .. , 
produce net benefits if the nation invests signlficantly in ·cost-effective energy-efficiency and low~:.i'-. :, ... • . 
carbon technologies. . . , 

Thus, we believe it is critical to understand the availability of technologies, their performance, and 
their costs for as many end-uses of energy u possible. Armed with this knowleage, discussion of 
policies becomes much more meaningful. Without it, such discussion is less likely to lead to good · 
decisions. Thus, we choose to focus this report on the more narrow topic of-technologies in the belief 
that doing a credible job in this area will ultimately further the policy dialogue; • 

A second reason for focusing on technologies is our belief that the role of R&D on energy-efficient ind· . 
low-carbon t~ologies as a means to deal with climate change and other environmental impacts_ • 
has been inadequately recognized. · If effective energy technologies are.not developed, then the cos_t 
of reducing greenhouse gas emissions (and other environmental impacts of energy) will be very high. 

As in the AE097 reference case, each of th~ scenarios is completed at the national level. Thus, 
regional variations in population and economic activity are not considered, nor are regional 
differences in fuel price, weather, or air quality and environmental conditions that might create 
regional niche markets for particular technologies. As •a result, our analyses have undoubtedly 
overlooked the possible development of regional markets for advanced energy technologies. A 
vah,1able next step would be to conduct analyses at a finer geographic scale to produce national 
estimates that reflect such re~onal' variations: , 

2.3 OVERVIEW OF. THE · REPORT 

The rest of Chapter 2 sets the stage for the ·remainder of .this report. It describes historical energy 
and carbon trends, both at the national level and by sector, as a backdrop for assessing energy 
consumption and carbon 'emission forecasts. It also discusses the government's role in energy R&D, 
including the rationale for government support and some evidence of past energy-efficiency 
~ology successes that benefited from government sponsorship. • • 

Chapters 3 through S address each of the major energy end-use sectors: buildings (Chapter 3), 
industry (Chapter 4), and transportation (Chapter S). Four tasks are completed for each sector: 

1. Energy scenarios with and without a strong efficiency push,· focusing on the year 2010, and 
including comparisons 'Vith the AE097 projections from the National Energy Modeling 
System; .· • 

2._. Documentation of the cost and performance assumptions for individual energy-efficient and · 
• low-carbon technologies; -

3. Development of three scenarios (business-as-usual, effic~ency, and high-efficiency/low­
carbon cases) for the year 2010 and an explanation of how the scenarios were developed; and 
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4. Descriptions of new technol~~ that could become a~ailable in the 2010 to 2020 time ~~.;t~. 
as the result of R&D over the next two decades. • • • •• ; •• ·:-, " 

·1 : -\:~~/_;:.'':, 
Each of these chapters is accomp~ed by appendices that provide detailed documen~tion· of. th~ · .,. • • 
technology assumptions and the forecasting methodologies used. These are labeled. Appendices C • ·. , • .. • 
(buildings), D (industry), and E (transportation). • • ·,,. ,;, . ,,. 

• . • • • : ~: 1~i/ ;>~ ~· . l~ 
. ' . . ,,,.ft:;~. I • ;; 

Chapter_ 6 analyzes the electricity ~or to forecast the effect of electricity and demand savings in ~r}·~·.\/: : ·: t 
the year 2010 on COi emissions from power plants. It also assesses the impact of a S25 / tonne and :1?:.!~ ~:. • • • i 
SS0/tonrie permit price for carbo~ on the ~~tion mix used by the electricity sect~r in 2010. _The ,\;:~,~~\!}:',:·· • l 
results of these analyses are used m the buildmgs and industry sector chapters to convert .electricity • "·· •:: ·'. • 
savings into carbon reductions. Results from this chapter reveal the importance of fuel choice for •1 

new power plants and fuel switching for existing power plants as determinants of carbon emissions in . 
2010. Specifically, the' ~ost and magni~de of fuel switching from coal to natural gas for power .· 
generation, the possible early retirement of some coal-fired plants, and the upgrading/repowering .• 
of existing plants were identified as key issues for Chapter 7. • 

The possible conversion of coal plants to natural gas combined cycle technologies is analyzed in 
Chapter 7, as· one of many electricity supply-side options for reducing carbon emissions by 2010: , 
Other options are addressed in Chapter 7, albeit more briefly, including cofiring coal with. biomass, : 
efficiency impro·vements in generation and T&D, advanced coal technologies, and nuclear plant life 
extension. The chapter also characterizes the carbon reduction benefits that could accrue by the · • 
year 2020 from a sustained renewable energy R&D effort. 

2.4 HISTORICAL ENERGY TRENDS 

2.4.1 National Trends 

In studying historical trends in energy use an~ carbon emissions, we have chosen to highlight the 
years 1973, the beginning of rising energy prices to the nation; 1986, the year in which energy prices 
began . a ten-year decline in real terms; 1990, the year generally used as a reference for carbon 
emissions; and 1997, the first year of our forecast period. 

Between 1973 and 1986, the nation's consumption of primary energy froze at about 74 quads - while 
the GNP grew by 35%.3 People purchased more fuel-efficient cars and appliances, insulated and 

. caulked their homes, and adjusted thermostat:5. Businesses retrofitted their buildings with more 
efficient heating and cooling equipment and installed energy management and control systems. 
Factories adopted more efficient manufacturing processes and purchased more efficient motors for 
conveyors, pumps, fans, and compressors. These investments in more efficient technologies were 
facilitated by higher e·nergy prices and by federal and state policies that were enacted and 
implemente_d to promote energy efficiency. About one-third of the freeze in energy use during this 
period was the resu1t of structural changes such as declines in energy-intensive industry and 
increases in the service sector; two-thirds was ~ue to increases in energy efficiency (DOE, 1995). 

The gains in energy productivity achieved by the U.S. in the two decades following the 1973-74 
Arab oil embargo represent one of the great economic success stories of this century. The extent to 
which the U.S. economy improved its .energy productivity can be quantified by examining the 
relationship between total energy consumption and gross domestic product (GOP), as depicted in 
Figure 2.1. In Figure 2.1, primary energy use is measured in quads and energy consumption per dollar 
of GDP is measured in thousands of Btus per 1992$. In 1970, 19.6 thousand Btu of energy were 
consumed fM each dollar of GDP (1992$). By 1995, the energy intensity of th.e economy had dr9pped 
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to 13.4 thousand Btu of energy per dollar of GDP (1992$) (ElA, 1996a, p. 11). DOE estimates that the 
country is saving S15P to $200 billion annually as a result ol these improvements. 

Figure 2.1 Energy Consumption Per Dollar of GIOSI Domestic Product 1973-1995 

100. 

60....__...__. _____ ..._._._._ ___ ...__..__.. ___ ..._._._, _____ 10 

1970 1975 1980 1985 1990 1995 
Year 

I 

Startj.ng in 1986, energy prices began their descent in real terms that .has continued to the present. As 
a result, energy demand grew from 74 quads in 1986 to 91 quads in 1995, and it continues to increase. • 
One of the major lessons of the period since 1973 is that the economy will and can respond to energy 

• price changes. In addition t<? prices, ·other factors are also important and can slow the decline in 
conservation activity that otherwise would be expected with declining energy prices. Federal 
policies, as well as federal, state, and utility programs and consumer preferences for energy-efficient 
appliances, houses, and cars can increase the purchase ~d use of energy-efficient products. 
Technological developments can improve the energy efficiency, reduce the carbon emissions, and 
often improve the performance of the product. Demand for energy-efficient products and lo~-carbon 
energy technologies is also strengthened by factors such as environmel'.'tal .concerns. 

2.4.2 Sectoral Trends 

Each end-use sector functions differently in the U.S. energy marketplace. One of the reasons · for 
these differences LS the differing market structure for delivering new t~ologies and products in 
each sector. Residential and commercial building technology ls shaped by tho~ds of building 
contractors and architectural and engineering flI'D\S, whereas transportation technology is in the 
hands of a few manufacturers. • 

The principal causes of energy inefficiencies in manufacturing and transportation are not the same as 
the -causes of inefficiencies in homes and office buildings, although there are some si;milarities 
(Hirst and Brown, 1990). For example, in the manufacturing sector, energy-efficiency investments 
are hindered by a preference for investments that increase output compared with ·investments that 
reduce operatl.rtg costs. The cost and relative difficulty of obtaining reliable information often 
prevents energy-efficient features of buildings from being capitalized into real estate prices. This is 
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partly due:to .th~ lack of widely accepted building energy rating,systems. These aame.~fo~_tion , '. /\,~. 
gaps do not characterize the transportation sector, which has a well understood labeling system for • ·'. ·::11,:-:" . 

. vehicles; in the form of miles per gallon. Misplaced incentives inhibit energy-efficient ,investments • .. : • ''l; •\ . 
in each of the sectors. Consumers often must use the energy technologies selected by oth,rs. ·;· 
Specialists write product specifications for military purch~ that limit access to alternatives;_ i • .;~·· 
Fleet managers select the vehicles to be used by others. ~d architects, engineers, and builders have . ':· .• • . ' 
great control .over the energy integrity of buildings, even though they do not pay the ·energy bills:· n· • ,:., 
The involvement of intermediaries in the purchase of energy technologies limits the ultimate' 
consumer's role in decision· snaking and leads to an emphasis on first cost rather than life-cycle cost 
(DOE, 1996b). • • ' · · •• . . t 

The end-use sectors also differ in terms of their ability to respond to changing energy prices. The 
tra~sportation and residential sectors can respond relatively rapidly to price spikes, through 
reduced driving and by adjusting thermostat settings, respectively. 

The vast diffetences in the R&D capabili'ty of the various sectors also influence . their ability to 
respond quickly to changing energy prices and market signals. The private sector u a whol~ spends 
more ti)an $100 billion per year ·on R&D, dwarfing the government ex~nditure on all non-defense 
t~ology R&D. Of this R&D expenditure, the automobile manufacturers ~tand out - Ford alone • 
spends more than $8 billion .per year on R&D. Next comes the rest of the industrial sector. Here, 
manufacturers account for a majority of the R&D expenditures. Finally, in the buildings sector,·the 
construction· industry has virtually no indigenous .R&D. The Council on Competitiveness in 1992 
estimated that the construction industry spends less than 0.2% of its sales on R&D, far less than 
other industries, which average 3.5%. 

Finally, each of the sectors is distinct in terms of their dynamics and primary societal benefits from 
improved energy efficiency. Improving the efficiency of transportation is needed to improve air 
quality and reduce dependence on imported oil. Improving.the efficiency of the industrial sector 

. improves economic competitiveness and is often effective in preventing pollution.- Oppo~ties for 
energy-efficiency improvements are most widespread in the buildings sector because of market 
barriers in the form of information that is diff~cult to obtain, energy consumers who do· n~t make • 
purchase decisions on energy-using equipment, etc. Such differences make analysis by end-use sector 
essential for understandil:lg the U.S. energy, carbon, and innovation picture as a whole. 

Table 2.2 presents the primary energy consumed annually by the buildings, industry, and 
transportation sectors between 1973 and 1997. It shows significant sectoral differences in energy 
consumption trends. For instance, during the 1973-86 period when the co~try's primary energy use 
was steady at 74 quads, energy use in buildings and transportation increased by 2.7 quads and 2.2 
quads respectively; industry experienced a compensating decline of 4.9 quads. 

Table 2.2 Primary Energy Use in Quads: 1973-1997 

1973 1986 1990 1995 I 1997 

Buildings 24.1 26.9 29.4 32.1 33.7 
Industry 31.5 26.6 32.1· • 34.5 32.6 
Transportation 18.6 20.8 22.6 24.1 ·25.5 

Total 74.3 74.3 84.2 90.6 91.S 
Source: Energy use estimates for 1973--95 come from ElA (1996a, Table 1.1, p. 39). Energy use estimates for 1997 
come from EIA (1996c). . 
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Over the entire period from 1973 to 1997, energy use inaeased in buildings from 24.1 to· 33.7 quads · 
(40%); in industry; from 31.5 to 32.6 quads (3.5%); and in transportation, from 18.6 to 25.5 quads 

. . . (37%). M shown in Table 2~3, the growth in buildings and transportation hu been relatively 
steady, at less than 1% per year ~m 1973 to 1986, and between 1:3 and 2.9% per year from 1986 to -
1997. Growth in energy demand in industry hu.been much more volatile during the period. showing· . 
•ubstan~l declines during the period of rising prices (a negative 1.3% annual growth for the 13 . 
years of increasing energy prices), an increase of 2.7% per_year from 1986 to 1995, and a 2.9% per ye~ · 
decline from 1995 to 1997. • • • 

Table 2.3 Historical Energy Growth Rates: 1973-1997 

- MGR AAGR ·MGR AAGR AAGR 
1973-97 1973-86 1986-90 1990-95 1995-1997 

Buildings 1.41% .0.85% 2.25%·.· 1.77% 2.46% 
Industry ,0.14% -1.31% 4.81% 1.45% -2.87% 
Transportation 1.32% 0.86% 2.10% 1.29% • 2.86% 

Total 0.89% 0.0% 3.18% 1.48% 0.66% 
AAGR • Average Annual Growt!t Rate 

( 

The growth of carbon emissions during the period roughly follows that of energy demand growth. 
Table 2.4 shows estimated carbon emissions from 1973 to 1997. Like energy, carbon.e~ions were 
flat between 1973 and 1986. The inaease in the fraction of coal in the final mix from 17.So/o in 1973 to 
23.2% in i 986 was offset by the inaeasing fraction of primary energy from nuclear power, from 0.1 o/, 
in 1973 to 6.0% in 1986. From 1986 to 1997, carbon emissions grew more slowly than energy 

. consumption. This was a result of an incre~ in the share of natural gas from 22.5% in 1987 to 25.4% 
in 1997 and in electricity from nuclear power from 4.5% t~ 7.2%, combined with a small decrease in , 
coal (23.3% to 22.5%) and a larger decrease in petrQleum _(43.3% to 39.7%). 

Table 2.4 Carbon Emissions from Fossil Energy Consumption: 1973 to 199'1 

1973 1986 . 1990 : 1995 1997 
Carbon emissions from 
energy in MtC 1260 1240 1344 1424 1480 , 

1973-97 1973-86 1986-90 1990-95 1995-97 
Average annual 
growth rates (MGR) 0.67 -0.12% 2.03% 1.16% 1.95% -
for carbon emissions 

Sources: Carbon emissions estimates for 1990 are from ~IA~996b, Table 6, p. 16), and for 1995 are from EIA 
(1996b, Table A19, p. 120). Carbon emission estimates for 1 and 1986 were derived u,ing factors for carbon 
em~sions from combustion of oil, natural fas, and coal for 1990. for 1997, they are from the end-use sector 
analyses described in Chapters 3 through 5 o this report. · 
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Although non-COiindustrial emissions of greenhouse gases are small by weight, they have globat ·f':-4,: ." , . 
wanning potentials (GWPs) that range from 21 for methane to 23,900 f~r sulfur hexafloride _(SF,). • • :~ : .. ·:· • 
Carbon. dioxide has a GWP of one by definition. Figure 2.2 shows the relative contribution of these .- • 
other gases in MtC equivalent. The largest non-COi greenhouse gu contrib_ution ~ from m~thU'.'e 
(CH4}, which is responsible for 177.5 MtC equivalent and has a GWP of 21. Next is nitrous o~de( .'. 
(N2O),_ which isresponsi~le'for 39.1 MtC equivalent and. has a GWP of 310. Finally, in 1994, variot.ts ~. •, • . 
halocarbons and oth~r engineered chemicals amounted to 29.5 ~tC equivalent. These engineered ;l 

1 
~ •• • • 

chemicals are ~ source of concern since their emissions are growing rapidly - and the United States ~ -.-::.;t ·.: \ 
the major source. SF, alone is increasing at a rate of 0.5 MtC equivalent per year (EIA l~b). Note :' ... ,,'.·· r· • ·; -
also that many of these emissions are seen not only in energy-intensive industries but also ~- "high- :· .. • . ·-.. ·.-.. , . 
tech,. and service industries, u shown in Figure 2.2. • .. ·.: : 

Figure 2.2 Non-COi Glffnhouse Gu Emissions by End-Use Sector and Industry 
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2.5 THE GOVERNMENT'S ~OLE IN ENERGY R&D 

2.5.1 Rationale for Government Support 

Most people agree that the federal government has a clear_ and important role in the funding of basic 
research, and _that it should not fund research that the private sector would conduct on its own. 
Between ~ese two extremes is a wide range of applied technology development and deployment 
activities where the rationale for federal sponsorship is often unclear. 

Economists have identified at least three situations in which the government's role in the R&O 
process is justified. First is the situation where the potential aggregate benefits of the research are 
large, but the uncertainties are simply too great for the private sector to shoulder the full research 
costs. Second is the case where R&D activities will result in benefits that cannot be captured by 
private entities. Although benefits might accrue to society ~t large, no singl~ firm can realize 
enough economic gain to justify the research costs. A recent Council of Economic Adv~rs report 
(S:EA, 1995) estimated that the private returns from R&O are 20 to 30%, while social returns 
(including energy and environmental benefits) are 50% or higher. This economic barrier limits the 
extent to which the private sector can supplant a government role in maintaining nationally 
beneficial R&O. The third situation occurs when the public sector is the primary consumer of the 
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results of the R&:D. ·This is characteristic, for instance, of much defense and crime prevention : • 
research. 

Based on these three justifications, the rationale for government support of energy-efficiency and .. 
low-carbon technology IUc.D is strong. ~uch of this research is both long-term and high-risk and 
therefore cannot be afforded by private companies despite the possibility of substantial gains in the . 
long run. Examples include high t~mperature superconductivity, fuel cell vehicles, and building 
materials with switchable thermal and optical properties. Advances in energy research also o~r 
substantial public benefits that cannot be fully captured by private entities. Specifically, energy• 
efficiency and low-carbon resources improve energy security by reducing the nation's reliance on 
foreign sources of oil; they lead to reductions in waste' streams; and they · reduce greenhouse gas 
emissions, which contribute to global warming. Finally, it is possible that govefl\Jl\ents will in the 
future become the principal purchaser of greenhouse gas reductions as the result of future 
international agreements. In this case, the third rationale for federal sponsorship of energy R&:D •• 
will also apply. • • 

Industry's R&:D priorities are shifting away from basic and applied research and toward near-term 
product development and process enhancements. Business spending on.applied research has dropped 
to 15% of overall company R&:D spending, while basic research has dropped to just 2%. In addition, 
corporate inve~tments in energy R&:D, in particular, are down significantly (DOE, 1996a, p. 2). 

Great potential exists for public:private R&:D partnerships to produce scientific breakthroughs and 
incremental technology enhancements that will produce new a~d improved products for the 
marketplace. U.S. industry spends more than $100 billion per year on all types of R&:D. The top 20 
R&:D performing companies all have R&:D budgets exceeding $1 billion per year. These 
expenditures dwarf the U.S. government's energy-related R&:D appropriations. If climate 
mitigation policies reoriented • even a tiny fraction of this private-sector expenditure and 
capability, it could have an enormous impact. One way to reorient private-sector R&:D is through 
industry-government R&:D partnerships that involve joint technology roadmapping, collaborative 
priorities for the development of advanced energy-efficient and low-carbon technologies, and cost­
shared R&:D. 

2.5.2 Past R&D Successes 

Some indication of the cost-effectiveness of energy-efficiency R&:D can be gleaned from the 
experiences to date of DOE's Office of Energy Efficiency and Renewable Energy. From fiscal year 
1978 through fiscal year 1994, DOE spent a total of about S8 billion on energy-efficiency R&:D and 
related deployment programs. Estimates of the benefits of several dozen projects supported by this 
funding were published in DOE/SEAB (1995). In response to a detailed review of these estimates by 
the General Accounting Office in 1995/96, DOE has revised and updated the estimated benefits 
accruing from five technologies that were developed with DOE .support. Altogether, these five 
technologies alone have resulted in net benefits (i.e., the value of energy saved minus annualized 
cost premiums for better equipment) of approximately $28 billion (1996$) and annual emissions 
reductions of 16 MtC equivalent (Table 2.5). . 

Thus, the value of the energy saved by these five technologies; alone, far exceeds ~e cost to the 
taxpayers of DOE's entire energy-efficiency R&:D budget over the past two decades. Additional 
case studies and benefits are documented in Geller and McGaraghan (1996) and DOE/SEAB (1~5). 
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·-. \ • Tabie' 2.5 Cumulative Net ·savh_tgs ~d Carbon Reductions from Five Ene·rgy:Effld~~t- • ' ,• ~-
Developed with DOE Funding • • '~ ·, . . . . - . . · . :·:,. 

• . ,: ', ' : ·-3, ... : . 
Net Present Value 

of Savings Thru 
1996 

(billions of 1996$ 

Annualized . . , . • . . 
I ,-._-1...-.!..: t\.:-• I • • 

Consumer Cost . Annual '-«UUUll f ti~.'·,: •. ' . ,' . ,· 
Savings . Reductions in 1996 f tiJ.~ • \ 

Ener -Efficient Technolo 

. • Building Design Software . • · 

• Refrigerator Compressor· . 

. • Electronic Ballist 

• Flame Retention Head Oil Burner 

• Low-E Windows 

Totals 

• 11.0 

6.0 

.3.7 

5.0 

3.0 

28 

illions of 1996$ • • . 

0.7 

1.4 

0.5 

0.3 

3.4 

3 

1 

16 

'. \ 

Note: Savings for the refrigerator compressor and flame retention head oil burner are through.1996 only; the· • .. 
remainder are savings from products in place by the end of 1996 and include estimated energy savings frQm th~ ··.··, •. 
product's years in operation t>eyond 1~. · . • • ,.. • ,' · 

• , I , • • • ·, • . ~. 

. . . 
In addition, results recently, reported by Elliott et al. (1997) ~dkate that the total beneOts :.. •• . .. 
including both energy and non:.energy savings - that accrue from so-called "energy-saving" projects · , 
are typically much greater than those from the energy savings alone. In fact, based.on numerous case . 
studi~, the authors conclude that the average total benefits received from these "energy-sav~g" . . 
projects are dose to two to four times the, value of the energy savings alone. They also noted that 
costs and benefits resulting from non-energy ramifications of energy-efficiency ·projects are often not · . 
included in cost/benefit analysis of energy-efficiency projects. Similarly, Romm and Ervin (1996) ': . 
describe public health benefits that have resulted from advances in energy◄fficient and ~~wable:1,.: :: • . 
energy technologies, and Romm (1994) describes productivity gains that have accompani~(::,:.:;: ' 
•investn)ents in industrial efficiency improvements. • • • ' • • ., • • 
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ENDNOTES 

. . 
1 In this teport, carbon dioxide is .:neasured in carbon units, defined as the weight of the c~bon . 
content of carbon dioxide. Cart,on dioxide units at full molecular weight (typically, million tonnes 
of carbo~ (MtC)) can ~ converted into carbon units by dividing by :4,4/12, or 3.67. This approach _has 
been adopted for two reasons: (1) carbon dioxide is most commonly measq.red in carbon units in _the 
scientific community, in part because it is argued that not all carbon from combustion is, in fact, 
emitted in. the form of carbon dioxide, and (2) carbon units are.m~re convenient for comparisons with 
data on fuel ~onsumption and carbon sequestration (EIA,.1996b): Note th~t, in the U.S., a "ton" 
(sometimes referred to as a "short ton") equals 2000 pounds; a metric ton, or "tonnet equals 1000 
kilograms (approximately 2204 pounds). 
2 w, evaluate cost-effectiveness from several viewpoints;· with real discounts between 7% and 20%. 
Even with the high discount rates, the efficiency case is cost-effective. • • 

' • , • ' 1 

3 Primary energy use is the chemical energy embodied in fossil fuels (coal, _oil and natural gas) or 
biomass, the potential energy of a _water reservoir, the el~omagnetic energy of solar rad~ation, 
and the energy released in nu~lear reactors. For the most part, p~ary energy is transformed into 

. electricity or fuels s~ch as gasoline, jet fuel, heating oil or charcoal _:.. these, in tum, are ~ferred to as 
secondary energy. The end-use sectors of the energy system provide energy services such as cooking, 
illumination, comfortable indoor climate, refrigerated storage, transportation and consumer goods 
using both primary and secondary energy (NAS, 1992, p. 3) 
4 The net present value (NPV) of cost savings, cumulative through 1996 

1996 

L (E P) 0.07(1996- t) , 
NPV• t - t e t • entry year · 

where: Et is value in 1996$ of energy saved in year t . . 
Pt is annualized cost premium (1996$) of the better product 

. . ' . 

0.91 is_ the 7% real interest rate recommended ·by the Office of Management and Budget. 
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Proposed Media Roll Out for Five Laboratory Climate Change Study 

THE NEWS 
Peer-reviewed study dQ!lomtratcs ability of U.S. industcy to meet range of possible climate 
change commitments through development and deployment of tochnologics that i.ocn,uc_ 
efficiency and reduce emissions. The study's conclusions are clear: Clean energy technology 
can prevent climate change and contribute to economic growth. Industry can remain strong and 
competitive - even with the challenges of reducing global pollution. 

To illustrate study results - and demonstrate that the technology solution is viable - DOE has a 
set of additional, newsworthy ann01.mcements. For example: 

• Clean diesel grant to Caterpillar and Cummins, reducing exhaust fumes 

• Air conditioning standards for low-cost cooling - less electricity means reduced emissions 
from power plants 

• Climate technology grants to communities 

• A call for proposals to devolop technologies that recycle or isolate greenhouse gases, such aa 
carbon emissions released by power plants. 

• As many as 10 of DOE's 36 R&D 100 awards are technologies that contribute to reducing 
global wanning. For example. Lawrence Berkely Laboratory's innovation rcdl.lccs costs for 
applying energy efficient film on building windows. 

ANNOUNCEMENT OPTIONS 

I. Event or announcement by the Vice President with Secretlll'Y Peiia 

• DOE issues press release 

2. New York Tunes exdu&ive "" &tudy only; broader announcement via press release 

• Include presidentiaVvice pl-esidential quote in release 
• Media conference call with Secretary Pena and WH principals 
• Follow up media by DOE. CEQ 

3. New York Times exclusm on study only; broader announcement 11ia Secretarial event 

• President's quote•in release 
• Follow up media by DOE, CEQ 

. • Delay until September 



' " 1 
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FOLLOW UP MEDIA 

Opinion editorial: Secretary Pcfia's byline 

Editorial boards: Provide top 25 papers with release and studies ... Calls by DOE/CBQ to 
Washington Post, New York Times ... Mailings to Bwiiness Week, Aut.omotive Week. .. 

Columnists: Robert Samuelson. .. (add'l TBD) 

Broadcast: Seek opportunities to discuss study on CNBC programs, Talk of the Nation (weekly 
or Friday science show), Diane Rehm, TechnoPolitics, etc. 

Reef onal: Participating laboratories promote to regional media (New Mexico, Chicago, 
Tennessee, Denver, Washington Statc)-via statements by lab directors, mailings/calls to 
editorial boards 
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EXECUTIVE SUMMARY 

This · report presents the results of ·a study conduc~ed by five U.S. Department of Energy -nati.onal 
laboratories · that· quantifies the potential for energy-efficient and low-carbon technologies to reduce 
carbon emissions in the United States.1 TI\e study documents in detail how four key sectors of the economy 
- buildings, transport~tion, industry, and electric utilities- could respond to directed policies to expand· 
adoption of energy-efficiency and low-carbon technologies, an increase in the relative price of carbon­
based fuels by S25 or $50/toMe (e.g., as a result of a cap on domestic carbon emissions and a market for 
carbon "permits"), and an aggressive program of research, development, and deployment of clean 
technologies. Current projections suggest that a carbon emissions reduction of 380 million metric tons (MtC) • 
is required to stabilize U.S. einissions in 2010 at 1990 levels.' • • 

The study, which has been peer-reviewed by industry and academic ~xperts, uses a technology-by:. 
technology assessment as well as an engineering-economic modeling approach. It draws upon a wide 
variety of technology cost and performance information to assess potential impacts. Analysis of the 
buildings, industry, · and transportation sectors quantifies the impacts of end-use energy-efficiency 
improvements on carbon emissions. The utility sector analysis estimates the impacts of those 
improvements on utility carbon emissions, and quantifies additional emissions reductions through 
conversion of a number of coal power plants to natural gas, dispatching of the utility grid with $25 and 
$50/toMe carbon permit prices, the accelerated use of biomass cofiring and wind energy, and other low­
carbon electricity supply options. Finally, a number of other promising low-carbon technologies are 
examined to determine their potential for reducing emissions in the end-use sectors, including advanced gas 
turbines in industry, transportation biofuels, and fuel cells in buildings. 

. ( . 

Three overarching conclusions emerge from the analysis of altem_ative carbon scenarios. First, a vigorous 
national commitment to develop and deploy cost-effective energy-efficient and low-carbon technologies 
has the potential to restrain the growth in U.S. energy consumption and carbon emissions such that levels 
in 2010 are close to those in 1997 (for energy) and 1990 (for carbon). We analyze a case in which energy 
efficiency alone can reduce carbon emissions by 120 MtC by 2010. Under more aggressive assumptions 
motivated in part by a $25/toMe carbon permit pric~, a combination of energy-eff~cient and low-carbon 
technologies can reduce 2010 emissions by a total of 230 MtC. Under a $50/toMe carbon permit price, 
technology investments reduce 2010 emissions by about 380 ¥tC, The analysis also suggests that 
substantial additional savings are available if permit prices were to begin to rise above the $50/toMe 
level. • 

The second conclusion is that, if feasible ways are found to implement the carbon reductions as described 
above, all the cases (with reductions varying between 12~ and 380 MtC/year by 2010) can produce benefits 
that exceed costs, counting ·as benefits only the energy savings to the nation. We estimate net benefits of $6 
to $38 billion per year in 2010. Such net benefits~ not generally observed in macroeconomic models requiring 
structural change in the economy to -accommodate reductions in carbon emissions, result from the 
application of cost-saving energy technologies at the sectoral leyel. • 

The third conclusion is that 'a· next generation of energy-efficient and low-carbon technologies promises to 
enable the continuation of an aggressive pace of cost-effective carbon reductions over the next quarter 
century. This report documents a wide array of advanced technology options that .could be cost­
competitive by the year 2020, assuming a vigorous and sustained program of energy R&D beginning now 

~ . an~_extending beyond 2010 . . 
1 The five national laboratories participating in the study were: Argonne National Laboratory (ANL). Lawrence Berkeley 
National Laboratory (LBNL). National Renewable Energy Laboratory (NREL), Oak rudge National Laboratory (ORNL). 
and Pad tic Northwest National Laboratory (PNNL). LBNL and ORNL were the co-leaders of the effort. 
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Chapter· 1 

ANALYSIS RESULTS 

This report presents the results of a study condu~ by five U.S. Department of Energy national 
laboratories that quantifies the potential for energy-efficient and low-carbon· technologies to reduce 
carbon emissions . in the United States.' The stimulus for this study derives from a growing 
recognition that any national effort to reduce the ·growth of greenhouse gas emissions ·must consider· • • 
ways of increasing the productivity of energy use. To add greater definition to· this view, we 
quantify the reductions in carbon emissions that can be attained ·through the improved performance 
and increased penetration of efficient and low-carbon technologies by the year 2010. We also take a 
longer-term perspective by characterizing the potential for future research and development to lead 
to further carbon reductions over the next quarter century. A3 such, this report underscores the value 
of energy technology research, development, demonstration, and dif{usion as a public response to 
glo.bal climate change. • 

Two overarching conclusions emerge from tlie analysis of alternative carbon scenarios. First, a 
vigorous national co~tment to develop and deploy cost-effective energy-efficient and low-carbon 
technologie~, 'along w~th utility sector investments, has the potential to restrain the growth in U.S. 
energy consumption and carbon emissions such that levels in 2010 are close to those in 1997 (for 
energy) and 1990 (for carbon). It must be noted that such a vigorous national commitment would have 
to go far beyond current efforts. • • 

• Second, a next generation of energy-efficient and low-carbon technologies promises to enable the 
continuation of an aggressive pace of carbon reductions over the next quarter century. This report 
documents a wide array of advanced technology options that could be cost-effective by the year 
2020, assuming a vigorous and sustained program of energy R&D beginning now and extending beyond wm • • 

1.1 OBJECTIVES OF THE REPORT 

The purpo~s .of this study are threefold: 

1. To provide a quantitative assessment of the reduction in energy consumption and carbon 
emissions that could·result by the year 2010 from a vigorous national commitment to accelerate 
the development and deployment of cost-effective energy-efficient and · low-carbon 
technologies; • • • 

2. To document the costs and performance of the technologies that underpin a year 2010 scenario 
in which substan~al energy savings and carbon emissions reductions are achieved; 

3. To illustrate the potenti~ for energy-efficiency and renewable energy R&D to lead to further 
reductions in energy ';lSe and carbon emissions by the year 2020 .. 

1.2 .METHODOLOGY 

To achieve these objectives, we started with the Annual Energy Outlook 1997 (AE097) reference 
case forecasts for the year 2010 (Energy Information Administration, 1996). After thoroughly 
reviewing these forecasts on a sector-by-sector basis, and working with ElA staff, we chose to accept 
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the EIA "business-as-usual;, (BAU) scenario as is for buildings and industry and to modify some of. 
the assumptions and data to produce a new BAU case - not greatly different from the EIA case - for 
the transportation and the electric utility sectors. • 

We then assembled existing information on the. perform~ce and costs of technologies to increase 
energy efficiency or, for selected end-uses, to switch from one fuel to another (e.g., from electricity to • 
natural gas for residential end-uses or from gasoline to biofuels for transportation). For the buildings 
sector, the technology performance and cost data base are extensive. For transportation, the data 
base~ although.less fully developed than for buildings- is sufficient for our purposes. For industry, ·· 
onty•partial information on technologies and costs is presently available. A$ a result, the analysis 
for industry relies primarily on historical relations between energy use and economic activity and 
much less on explicit technological opportunities. The industrial analysis also includes wme 
examples of industrial low-carbon technologies .. The analysis of low-carbon supply technologies in 
the electricity sector is based on a review of the literature including detailed technology 
characterizations prepared by DOE in conjunction with its national laboratories and industry. 

Next we created scenarios of increased energy efficiency and lower carbon emissions using the 
technology data (or, in the industrial sector, historical relations) as a key input. We chose to run 
three scenarios other than the BAU case. We have termed the first the "efficiency" (EFF) case. It 
assumes that. the United States increases its emphasis on energy efficiency through enhanced 
public- and private-sector efforts. The general philosophy of ~e efficiency case is that it reduces, 
but does not eliminate, various market barriers and lags fo the adoption of cost-effective energy­
efficient techn~logy. 

The other two cases, dubbed the "high-efficiency /low-carbon" (HE;'LC) cases, describe a world in 
which, as a result of commitments made on a climate treaty or other factors, the nation has 

. embarked on a path to reduce carbon emissions. These two cases assume a major effort to reduce 
carbon emissions through federal policies and programs (including environmental regulatory 
reform), ·strengthened state programs, and .very active private sector involvement. They include a 
focused national R&D effort to develop and transform markets for low-carbon energy options (e.g., 

. fuel cells for microcogeneration in buildings and advanced turbine systems for combined heat and 
power in industry). The difference between the two HE/LC cases is in the assumption of a carbon 
permit price resulting from a domestic trading scheme for carbon emissions with a cap on U.S. 
emissions (or from equivalent policy measures that increase the price of carbon-based fuels relative 
to those with less carbon). We assume a domestic permit price of $25 and $50 per tonne of carbon for 
the two cases. Both of these HE/LC cases include a program of research, development, 
demonstration and diffusion that is more vigorous than in the efficiency case. In some sectors 
(buildings and industry)~ the carbon price signal, combined with policies promoting energy 
efficiency, is believed to trigger the bulk of the additional carbon reductions portrayed in the 
HE/LC cases. In the transportation sector, it is the R&D-driven technology breakthroughs that 
generate the bulk of the carbon reductions beyond the efficiency case. For the electricity sector,' 
higher prices for carbon-based fuels cause larger shifts from coal to natural gas; for this sector; these 
same higher relative prices combined with federal and private research, development, and 
demonstration can bring advanced low-carbon technologies to market. 

Although the work focuses on 2010, we also Jook beyond this date. Here we describe new 
technologies, materials, processes, manufacturing methods, and other R&D advances that promise 
to offer significant energy benefits. by the year 2020; for this time period, we make no effort to 
fo~ast specific levels of market penetration, energy saving,, or carbon reductions. Thus, instead of 
creating scenari_os we descri~ the technological innovations that could enable the continuation of an 
aggressive pace of decarbonization well into the next quarter century, if appropriate investments in 
R&:D were made. 
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• • • Analysis Results 

1.3 BACKGROUND 

·Toe decade of gains in energy productivity achieved by the U.S. following the 1973-74 Arab oil 
· embargo represents a p~riod of econ·omk growth that .was .decoupled from increases in energy 
consumption, resulting in substantial economic benefits. Between 1973 and 1986, the nation's 
consumption of primary energy froze at about 74 quads - while the GNP grew by 35%. • Starting in 
1986, energy prices began a descent in real terms that has continued to the present. As a result, • 
energy demand 'grew from 74 quads in 1986 to 91 quads in 1995, and carbon emissions have been 
.increasing at a similar pace. · 

Despite the growth in energy consumption since 1986, the U.S. economy today remains more energy 
productive than it was 25 years ago. In 1970. 19.6 thousand Btu of energy "{ere consumed for each · 
(1992) dollar of GDP. By 1995, the energy intensity-of the economy had dropped to 13.4 thousand 
Btu ·of energy per (1992) dollar of GDP. The U.S. Department of Energy (DOE) estimates that the 

• country is sav_ing $150 to $200 billion annua~ly as a result of these impr~vements. ' 

l 
Nevertheless, many cost-effective energy-efficient technologies remain underutilized. A host of 
market 'barriers account for these lost opportunities. And· declining energy R&:D expenditures may 
ca~ promising technology options to be foregone. • 

The rational~ for government support of energy~ffi~ency R&:D is strong. Much energy-efficiency 
research is both long-term and high-risk and therefore is not adequately funded by the private 
sector'."" despite 'the possibility of sizable gains in the long run. Furthermore, advances in energy 
efficiency offer subst!U'tial public benefits (such as carbon reductions and improved national security 
through greater oil independence) that cannot b~ fully captured ir'.l the private marketplace. . . 

The benefits of past public investments in energy-efficiency R&:D have been well documented . 
. Between 1978 and 1996, DOE spent approximately $8 billion on energy-efficiency research, . 1. 

development and demonstration (RD&:D). Just five of the technologies that were developed or 
demonstrated with a fraction of this DOE support have resulted in net benefits of $28 billion 
through 1996. Ma,ny other R&:D successes have produced t~ologies yielding substantial energy 
and cost savings in the market. The DOE RD&:D portfolio has also led to significant environment~l, 
health, productivity, and economic competitiveness benefits, as well. 

The HE/LC scenario with $50/toMe carbon charge has the potential to reduce carbon emissions by 
approximately 380 million tonnes, thereby achieving 1990 carbon emission levels in 2010. Of-this 
380 million toMe reduction, about 190 million toMes are from supply technologies. The largest of . 
these technologies involves increased use of natural gas for electricity generation (including 
repowering existing coal-fired power plants and dispatching natural gas-fired power plants in 
preference . to coal plants). Other electricity-supply technologies include renewables (wind, co­
firing coal-based power plants with biofuels, expansion of hydropower capacity, mixing ethanol 
fuel with gasoline), power plant efficiency improvements, and nuclear power plant extensions. The 
remaining 40 million toMes comes from deploying other low-carbon technologies. The largest of 
these - deploying advanced· combustion turbines in industry - also involves increased use of natural 
gas. Other technologies in this category include fu~l cell cogenerators in large industrial buildings, 
ethanol from cellulose, biomass and black liquor gasification, and lo~ carbon industrial. process 
technologies. Figure 1.3 (below) .illustrates this breakout of carbon emissions reductions by type of 
~echnology. • • 

Approximately 140 MtG of the increase in carbon emissions between 1990 and 2010 will have 
occurred by.the end of 1997; thus, it is useful to look at the· 13-year forecast starting with 1997. The 

August 1, 1997 1.3 



carbon reductions incorporated in the efficiency case cut the overall growth in carbon emisslo& • 1 
/ , • 

between 1997 and 2010 froin 240 million toMes (u forecast in the BAU case) to 120. The HE/LC · . • 
scenario with.$50/toMe carbon charge reduces carbon emissions in 2010 by about 130 million toMes 
(compared with the 1997 level). • • 

1.4 RESULTS 

1.4.1 Prospects for Improved Efficiencies by the Year 201 o 

Table 1.1 and Figur~ 1.1 compare the nation's primary energy use in quads for the years 1990 and 1997 • 
(projected) with the results of the three scenarios for 2010. (We have included only the high­
efficiency /low-carbon case at SSO/toMe in the table and t.gure for simplicity.) In addition, the 
HE/LC case shown below does not reflect the energy impacts of the selected low-carbon technologies 
described later in this summary (e.g., stationary fuel cells for buildings, advanced turbine systems 
an~ biomass gasification in industry) or the supply-side options shown in Table 1.4. ' 

Table 1.1 Primary Energy Use in Quads: ·1990-2010 

2010 
• Business-as- High-Efficiency/ 

1990 1997 Usual Efficiency Low-Carbon 
Case Case Case ($SO/tonne q 

Buildings 29.4 33.7 36.0 34.1 32.0 

• Industry 32.1 32.6· 37.4 35.4 33.6 

Transe2rtation 22.6 25.S 32.3 29.2 27.8 

Total 84.2 91.8 105.7 98.7 93.4 
Source: Energy use estimates for 1990come.from EIA (1996a, Table 2.1, p. 39). 

• Energy use estimates for 1997 come from forecasts conducted for EIA (1996b). 
Numbers may not add to the totals due to rounding. 

The major observations are as follows: 

. • In the business-as-usual case, energy use increases by 22 quads (26%) between 1990 and 2010; 8 • 
quads .of this increase have occurred during the first seven years of this 20-year period. The 
fastest growing sector during these initial seven· years has been buildings (4.3 quads) followed 
by transportation (2.9 quads) and industry (0.5 quads). In the BAU case, the fastest growing 
sector during the remaining 13 years is transportation (6.8 quads). This is followed by industry 
(4.8 quads) and then buildings (2.3 quads). The rapid projected growth in the energy consumed 
for transportation is driven by estimates of increased per capita travel and minimal fuel 
efficiency gains. 

• The efficiency scenario cuts the overall growth between 1990 and 2010 from 22 to 15 quads. This 
is.a 17% increase over the level of energy consumption in 1990, down from a 26% ~crease .in the 

1.4 

:·BAU cue. Relative to the. BAU case, the efficiency scenario for transportation delivers 
slightly more energy savings (3.1 quads) than do the same scenarios for the industrial (2.0) or 
buildings (1.9) sectors. Compared with 1997 levels,' the smallest ·increase in energy growth for 
this _case~ in buildings (0.4 quads), followed by industry (2.8 quads), and transportation (3.7 
quads). 
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• The high-efficiency /low<arbon scenario with $50/toMe carbon charge further .decreases the 

overall growth between 1990 and 2010, reducing it from 22 to 9 quads. This is an 11% increase 
over th~ level of energy consumption in 1990. • Relative to the BAU case, ' the high­
efficien~y /low-carbon scenario for buildings, industry, and transportation'.delivers energy 
savings ranging.from 3.8 to 4.5 q\Jads for each sector. Compared -with 1997 levels, the buildings 
sector is down about 2 quads and in~ustry and transportation are up 1 and 2 quads, respectively. • 
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80 

Energy ·. 60 
(Quads/year) 

0 

Figure 1.1 Primary Energy Use in Quads: 1990-2010 
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carbon. 
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Table 1.2 documents the impact of these projected energy savings in 2010 on carbon emissions in that 
same year. It also presents the results of the HE/LC scenarios with both $25 and $50 per tonne 
carbon charges. These scenarios show significant carbon reductions from the combination of greater 
efficiency improvements and increased use of advanced low-carbon technologies. 2 In these cases, a 
number of low~arbon technologies have high rates of adoption (e.g., advanced turbine systems and 
biomass gasification in industry), the utility grid is dispatched to reduce carbon emissions (by using 
many coal plants for intermediate power and by running more natural gas plants as base load), a set 
of coal•b~d power plants are repowered, nuclear plant lifetimes are extended, and key renewable 
energy technologies are deployed. In all cases, these technologies and measures are estimated to be . 
cost-effective with a differential carbon fee of $SO/tonne. 
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1990 

Buildinas 460 
Industry 452 
Transportation 432 
Utilitiesb 

Total (rounded) 1340 
Chanae from 1990 
Change from BAU 

. ._. , 

Table 1.2 Carbon Emissions (Mt0: 1~2010 

2010 
Business-as-
Usual(BAU) Efficiency Case 

1997 Case 

5.11 571 S46 
482 . 534 512 
486 616 543 

1480 1720 1600 
140 380 . 260 • 

-120 

Hiah-Efficiencl' 
Low-Carboll 

$25/tonne $SO/tonne 
·s21 509 
488 452 
528 513. 
-48 -136 

1490 1340 
150 0 

-230 -380 

~is ~ario includes the carbon emission fflfuctions resulting from a carbon permit price of $25 or SSO/toMe: 
(1) dispatch of power plants in which natural gas is favored relative to coal, (2) repowering and partial 
reP.Owering of coal-based power plants to convert to natural gas, and (3) introduction of selectea low-carbon 
technologies to replace conventional ones, primarily in the indusb'ial and utility sectors. 

bThe e~tries in the last two columns are negative as they corres~nd to fflfuctions in carbon emissions resulting · 
from the increased use of natural gas in power plants as a result of the S50/toMe carbon permit price in this 
scenario. 

Figures 1.2 and 1.3 complement the above table by illustrating the carbon emissions reductions from 
each scenario. The major observations ·are: 

• In the BAU case, carbon emissions are forecast to increase by approximately 380 million toMes. 
. . 

• The energy-efficiency gains incorporated in the efficiency case cut overall growth between 1990 
and, 2010 by one-third (from 3$0 to 260 million toMes). 1his represents a carbon increase of 19% 
above 1990 emissions. 

• The HE/LC scenario with $25/toMe carbon charge has the potential to reduce carbon emissions 
by 230 million toMes from the BAU case in 2010. The largest part of these carbon reductions are 
from increased efficiency, but major changes in electricity supply (carbon-based dispatching 
and repowering) contribute nearly 35 mill~on toMes, and other low-carbon technology·, 
particularly renewables and advanced turbine systems, produce appi:oximately another 25 
million toMes. 

• The HE/LC scenario with $50/toMe carbon charge has the potential to reduce carbon emissions 
by approximately 380 million toMes, thereby achieving 1990 carbon emission levels in 2010. • Of 
this 380 million toMe carbon reduction, about 190 million toMes are from increased energy 
efficiency, 140 million tonnes results from increases in the use of low-carbon fuels and 
technologies in the utility sector, and SO million toMes results from the use of low-carbon 
technology in industry and transportation. 

100 million of the 140 million toMes of carbon reductions in the utility sector comes from 
. redispatching the utility system (favoring the use of low-carbon fuels) and from repowering 
• coal plants with natural •gas. Both are cost-effective with a $SO/tonne carbon charge. The 

remaining 40 million toMes are from renewables (wind, co-firing coal-based power plants with 
, . 
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. ·plant efficiency improvements. · . • . •. • . • • • : 

The remaining 50 miltion toMes of carbon reductions in industry and transportation ~ about 
.equall;y"divided -among three sets of fuels/technologi~: (1) advanced com~ustion turbine 
cogenerators in industry, (2) biomass an~ black liquor gasification and low-ca,rbon µldustrial _ 
processes, and (3) cellulosic ethanol/ gasoline blends for automobiles. 

, . 

• Approximately 140 MtC of the in~ in carbon emissions between 1990 and 2010 will_ have 
occurred by the end of 1997; thus, it is useful to'look at the 13-yeu forecast starting with 1997. 
The . carbon reductions ·incorporated in the. efficiency case .cut the overall growth in carbon 
emissions between 1997. and 2010 from 240 million toMes (as forecast in the BAU case) to 120. 
The HE/LC scenario with $50/toMe carbon charge i-tduca carbon emissions in 2010 by about 130 
~on tonnes (compared with the _1997 level). 

Figure 1.2 Reductions in Carbon Emissions from Each Scenmo 
. ' . 

0 '--_ _._ __ .....___.... ______ ..._ _ _, 

Efficiency Hae Case Hae Case 
Case OS2Monne e 0$5Monne e 

Figure 1.3 Reductions in Carbon Emissions from Each Type of Technology 
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Table 1.3 provides a comparison of the growth rate in energy and in carbon emissions for the four 
cases, from 1990 to 2010. For the BAU and efficiency cases, the growth in carbon emissions is slightly 
more rapid than the increase in energy demand. For the HE/LC cases, carbon emissions .decline 
while energy consumption rises. The carbon reduction .reflects the increased deployment of low­
carbon fuels and technologies as a consequence of the relative increase in price of carbon-based fuels 
precipitated by the $SO/tonne incentive. 

Table 1.3 Avera_ge Annual_ Energy and Cubon Growth lutes, 1997 to 2010, for Four Cues 

High Efficiency/ High Efficiency/ 
Business-As- Efficie~y Low Carbon Case Low Carbon Case 
Usual (BAU) Case ($25/tonne) ($50/tonne) 

Gross Domestic Product 
(GDP)~ 1.88% 1.88% 1.88% 1.88% 

. Energy Demand 1.09% 0.56% 0.34% 0.13% 

Carbon Emissions 1.16% 0.60% 0.05% -0.76% 

Energy Consumption Per -0.77% -1.30% -1.51% -1.71% 
GDP(E/GDP) 

Carbon \missions Per GDP -0.70% -1.25% -1.79% -2.59% 
(C/GDP) · . 
• The Gross Domestic J>roduct in 1995 was $6,739 billion chained 1992 dollars. 

b The carbon decrease per. unit GDP growth for 1990 to 2010 is 0.7%, 1.1%, 1.4% and 1.9% per year for the 
reference, efficiency, S25/toMe HE/LC, and S50/toMe HE/LC cases, respectively. 

It is useful to compare the scenarios in this study to those of other studies. The 1991 report by the 
• Office of Technology Assessment (OTA) titled Changing by Degrees (U.S. Congress, 1991) analyzed 

the potential for energy efficiency to reduce ~arbon emissions by the year 2015, starting with the 
base year of 1987. Its "moderateH scenario results in a 15% rise in carbon emissions, from 1300 
MtC/year of carbon in 1987 to 1500 MtC/year of carbon in 2015 (compared to a BAU forecastof 1900 
MtC/year). Its " tough" scenario results in a 20% to 35% emissions reduction relative to 1987 levels, 
or emissions levels of 850 to 1000 MtC/year of carbon in 2015. Our efficiency and HE/LC cases· 
ranging from 1.3 to 1.6 billion tonnes of carbon emissions in 2010 are comparable to OTA's "moderate" 
case and show considerably higher emissions than OTA's "tough" case. 

Another benchmark is provided by the 1992 National Academy of Sciences (NAS) report on Policy 
Implications of Greenhouse Warming (National Academy of Sciences, 1992). ·This study identified a 
set of energy conservation technologies that had either a positive economic return or that had a cost 
of less than $2.50 per tonne of carbos:i. Altogether, NAS concluded that these technologies offer the 
potential to reduce carbon emissions by 463 million tonnes, with more than half of these reductions 
arising from cost-effective investments in building energy efficiency. Our efficiency and HE/LC 
cases suggest the potential for reducing carbon emissions by between 120 and 380 million tonnes by the 
year 2010. One reason that the NAS estimate is higher is because it is not limited to the 2010 time 
frame, but rather characterizes the full potential for .carbon reductions. Thus, it did not talce ·into 
account the replacement rates for ~quipment and processes, and other factors that prevent the 
instantaneous, full market penetration of cost-effective energy-efficient and low-carbon 
technologies. 

1.8 August 1, 1997 



• Anal ls·Aesults 

1.4.2 R&D'a Potential for Further Benefits by 2020 : ~';!,.A;.~•'ii' .. ,~ • 
I.·' 

. U carbon ~uctions in 2010 and beyond are to be sustained at reasonable cost, vigorous R&D efforts 
are needed to fill the pipeline of next-g~eration energy technologies. It is difficult to estimate the 
carbon savings that -will accrue from these technologies; however, our effort to characteri.te their 
features suggests tha_t an aggressive pace of ~arbon ft:ductions over the next quarter century can.be · , 
sustained, with ·a sufficient investment in R&D. Our analysis of R&D potential for the year 2020 ... . • 
focuses on opportunities for improved energy-efficiency and renewable energy technologies. The • • • '. 
potential long-term contributions of carbon sequestration, advanced coal technologies, and nuclear. • • 
power may aiso be significant. However, the treatment of vigorous R&D initiatives to improve ·" 
these supply options beyond 2010 is beyond the scope of this report. ' • • 

Renewable energy technologies will likely play a aucial role in limiting carbon emissions over the 
long term. Low-carbon energy supply options are needed to fuel domestic and international economic • 
development without ·stimulating further global warming. Although renewable resources account 
for only 7% of the nation's total energy consumption at present, many believe that they are at the .'·. 
beglllll;ing of a long-term growth trajectory. With continuing technological d,evelopment and cost· • 
reductions, renewables could become preferred energy resources some ti.me within the next several 
dee.ides. Early evidence of this transition is seen in the continuing adoption of renewable power 
systems, including especially wind farms and biomass power systems, even in the face of low gas­
fired power generation costs and considerable uncertainty in today's electric energy sector. 

With a vigorous and sustained program of research, development and deployment, biomass, wind, 
photovoltaics, geothermal, and solar · thermal technologies could deliver significant quantities of 
electricity in 2020, thereby substantially displacing carbon emissions. For example, while the use of 
forestry and agricultural residues in biomass power systems continues to be an attractive power 
option where those residues exist, the successful development pf higher-effi~iency biomass 
gasification systems would make this technology competitive in a wider range of applkations, 
including for power systems using dedicated feed stock supply systems. At the same ti.me, biological 
and agricultural research on biomass production will lead both to higher biomass yields and ·better 
species for energy conversion purposes in the future. • 

. . 
A second area in which a vigorous and sustained R&D effort could spawn a range of key 
improvements is in wind power systems. Potential improvements include advanced blade shapes 
that increase wind power capture while reducing stress loads, elimination of gearboxes through 
development of direct-drive generators, variable speed turbines, and better resource prediction that 

. will incre.ase the value of wind power to power systems operators. • 

' . f ' • . 

. A third area of renewables development that is at the beginning of a long-term growth path is the 
use of renewables in buildings. Solar daylighting, passive solar designs, solar water heating, and 
geothermal heat pumps already are cost-competitive in many applications, but are not yet widely 
used. R&D advances could substantially accelerate their market penetration. • In addition, 
building-integrated photovoltaic products will benefit directly from advances in materials 
research. The ultimate vision is that many buildings will become "net energy generators" through a 
combination of renewable ene~gy and energy-efficiency technologies. • 

In the next quarter century, improved energy-efficiency technologies win result from a combination 
of incremental advances and fundamental breakthroughs. Incremental improvements in all sectors 
can be achieved by the greater reliance on more precise and reliable sensors and controls or on lower- . 
cost sensors and conti:ols, often integrated into industrial processes, transportation systems, and 
buildings. Advanced manufacturing technologies, including rapid prototyping and ultraprecision 
fabrication, 'also offer broad opportunities for continuous incremental improvements in energy 
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• efficiency and renewable energy. Breakthroughs in bioprocessing,·separations, superconductivity, 
catalysts, ·and materials can have wide-ranging impacts on energy efficiency and carbon emissions 
by the year 2020. Examples of specific technology opportunities are described·~ this report, by 
sector. • 

Six R&D areas are forecast to offer great promise to reduce significantly the energy requirements of 
our nation's buildings in 2020: advanced construction methods and materials; adaptive building • 
envelopes; multi-functional equipment; integrated, advanced lighting systems, controls and · 
communications; and self-powered buildings. 

In addition to the broad application of better process modeling, sensors, and controls in industry, 
many process/industry-specific opportunities for efficiency gains exist. These are described for each 
of OOE's targeted industries of the future: pulp and paper, chemicals, petroleum refining, glass, 
aluminum, iron and steel, and metal casting. • 

Many of the advanced technologies that have the potential to significantly improve the energy 
efficiency of transportation after 2010 need considerable R&D investment before they can become 
commercially available in the year 2020. For example, to achieve fuel economies in the 60-80 miles 
per gallon (MPG) range and remain affordable and safe, light-duty vehicles will need 
breakthroughs in manufacturing processes for composite materials; large reduction in fuel cell costs 
and/or cost reductions and performance gains in batteries; ultra-low rolling resistance tires; high­
efficiency accessories; and highly aerodynamic designs. Opportunities for R&D to lead to 
improvements in the energy efficiency of other transportation modes are also described. 

In all, the continued adoption of energy effident and renewable energy technologies and a steady · 
flow of technology improvements from collaborative R&D programs with industry could make such 
environmentally friendly technology an attractive option for domestic and g~obal energy economies 
in the future. With strong public-private partnerships to support the necessary R&D and market 
transformation activities, ample cost-effective energy products and. practices will be available in 
2020. 

1.5 ASSESSMENT OF COSTS AND SOURCES OF CARBON REDUCTIONS 

The business-as-usual scenario projects an increase of 380 MtC/year between 1990 and 2010. In our 
efficiency scenario, in which the nation actively pursues policies and programs to promote market 
acceptance of energy efficiency while expanding commitments to research and_ development, energy­
efficient technologies reduce this growth in carbon emissions by 120 MtC/year. Under a carbon cap 
and trading system, in which .permits for carbon sell for $25 and $50/toMe C for the two cases 
considered, very substantial carbon reductions appear possible. Detailed results for these cases, 
showing the sources of the carbon reductions, are contained in Table 1.4. (Summaries of these results 
were presented in Figures 1.2 and 1.3.) Results indicate that, for the HE/LC case, there is a 
potential to roughly return to 1990 levels of carbon emissions in 2010 at a cost of approximately 
$50/toMe carbon. About two-thirds of the increase in carbon emissions is eliminated in the case 
with $25/toMe carbon charge. 

The estimates in Table 1.4 include ranges for most of the electricity supply options and the _other 
low:-earbon technologies. There are no ranges for the efficiency technologies because the models used 

• • to estimate their penetration are nonstochastic. • When selecting a single estimate for the $50/toMe 
case, numbers from the low end of the ranges were generally selected in order to be cautious. Because 
we did not conguct an integrating analysis in which supply options compete against one another, we 
felt it important to minimize potential overlap by entering the supply option, in conservative 
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quantities. Also note that several renewable resources that could. play a .significantly grea~er .-rple;) ;_; • -': 

, • • ' , , I \ , <I - :0.. - •~ 

by 2010 are omitted from Table 1.4; the,e resources·include include photovoltaics, geothermal, ~lar.;·,;!p:.'./:·;:. 
thermal;_ and landfiU gas. . • · . · . · • . : ' . . ,' • 

• It is important to recognize that there are significant uncertainties in the analysis and in many of • 
the factors that will dete~e. the feasibility and the costs of achieving the. carbon reductions 

. shown in Table 1.4. We ptesent below a summary·of the ~xpected_ technology costs in 2010, as well as . 
the cost of implementing .a carbon permit system. While these costs are ~ecessarily uncertain, they : 
are our best estimates and, in our view, as likely to be high as to be low. We note, however, that we 
have focused our analysis on technology costs, and have not assessed policies or programs to achieve 
market accept~ce. • • 

Table 1.4 Potential Annual Reductions in Carbon· Emissions in 2010, Compared to the Business-A.s­
Usual Forecast for 2010 (MtC) 

'• "f,f' 

High-Efficiency/Low-Carbon 
Case 

Efficiency 
Case $25/tonne $SO/tonne• i 

Bulldlngs ,,. 
Energy efficiency 25 42 59 
Fuel cells 2 3 

25 44 62 

Industry 
Energy.efficiency 22 36 SI 
Advanced turbine systems s 17 (15-26) 
Biomass and black liquor gasification, s 14 (13-16) 

cement clinker replacement, and 
aluminum technologies 

22 46 82 

Transportation 
En~rgy efficiency 61 74 87 
Ethanol 12 14 16 

73 88 103 

Utlllty Supply · Options 
1 Carbon-ordered dispatching_ • 25 55 : 
Converting coal-based power plants to 9 40 (25-66) 

natural gas 
Co-firing ¢oat with biomass s 17 (16-24) 
Wind 2 7 (6-20) . 
Extending the life of existing nuclear 3 s (4-7) 

plants 
Hydropower expa,:1sions 2 4 (3-5) 
Power plant efficiency 2 8 (7-13) 

48 136 

Total (rounded) 120 226 383 
I 

' 'Numbers in parenthesis are ranges, as documented in the text of the report. 
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We have analyzed. the economics of carbon emissions reductions froin two different .perspectives. In • 
the first, which we label · "best estimate," we evaluate all costs and benefits with a real discount 
r'ate that approximates the cost of capital /or tffic~ncy inwstmmts for the· different end-use 
sectors: 7% for buildings, 10% for transportatiol'\, and 12.5% fqr industry. The lowest cost, -for . 
buildings, is based on the fact that the money _for residential buildings is derived from home 
mortgages or home .improvement loans. The higher cost for industry reflects the fact that energy­
efficiency investments have to compete with investments for other projects. These discount rates are 
not those that describe current market behavior, but rather are reflective of costs of capital if the 
market did invest in the energy-efficiency me-.sures. • One could argue that a lower discount rate • 
should be used for the "best estimate# case - namely, a social discount rate which might be between _ 
3 and 7% real - but we have made a more conservative assumption on discount rates. For the "best . 
estimate" case, we assume costs for efficiency measures brought about by utility, federal programs, 
and state programs (e.g., demand-side management programs by utilities, federal market 
transformation programs) to be 15% of technology costs. We also assume that at least half ·of the 
~fficiency occurs as a result of federal policies (e.g., standards or carbon permit charges) which add 
very little direct program costs. The electric supply-side technologies are assumed ·to add an 
incremental cost of $30/tonne carbon in 2010, based on an average estimate of the incremental costs of 
the technologies from the appropriate sections of this report. • 

The second perspective, which we label "alternative view,H assumes that there are hidden costs 
associated with achieving widespread market acceptance of many of the efficiency and low-carbon 
technologies, even after the imposition of a carbon charge and the implementation of major policies 
and programs to promote a low-carbon future. In this perspective, we evaluate costs and benefits at a 
real discount rate of 15% for buildings and 20% for transportation and industry. Program costs are 
increased to 15% of the cost of efficiency measures. Other data and assumptions in this case are the 
same as for the ''best estimate" case. 

The results of the economic analysis are presented in Table 1.5. We show results for two of our · 
scenarios (efficiency case and HE/LC at $SO/tonne carbon) and for -both the "best estimate" and 
"alternative view" perspectiv~s. Also, we have grouped the results into just four categories of 
energy technologies. For more detail, both on the results and methodology, the reader is referred to 
Appendix A-2. 

The ·"best estimate" for the efficiency scenario shows annual net benefits of $26 billion in 2010 ($26 
billion in costs and $52 billion in benefits). This value reflects the fact that, even after accounting 
for energy-efficiency. in".estment, the annual energy savings (without including the benefits of . 
reduced carbon emissions) are $26 _billion greater than the required investment. The ''best estimate" • 
for the HE/LC scenario with $SO/tonne carbon charge produces an annual net ~efit of $38 billion in 

• 2010 ($50 billion in costs and $87 billion in benefits). • 

The #alternative view" shows annual net direct benefits for the efficiency scenario of $7 billion in 
2010 ($45 billion in costs and $52 billion in benefits). For the HE/LC ($SO/tonne carbon) scenario, the 
"alternative view" indicates annual net benefits of $6 billion in 2010 ($81 billion in costs and $87 
billion in be~efits). 
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Table 1.5 Costs and Benefits of the Efficiency and High-Efficiency/Low-Carbon Scenarios: Best . ';<,/~ 
• Cue and Alternative View Estimates (billions of 1995$, annualized) . -:· :.;: :2\};'l} . 

------------------------------------. ,. ,· ECllclency Hl1h-Erficlency/Low-Carbon 
Case Caseb • 

Net Benefitsc Carbon Savings Net BenefitsC . Carbon Savings 
~illion 1995$} MtC (billion 1995$} MtC 

Best Estimate 
Energy Efficiency' 26 120 ·43 213 
Electricity ~ispatch 0 0 (1.8) 55 
Electricity Repowering 0 0 (1.8) 45 
Other Low-Carbon Techologies 0 0 (1.6) 72 
Total 26 120 38 385 
Alternative View 
Energy Efficiency4 7 120 1i.5 213 
Electricity Dispatch 0 0 (2.8) 55 
Electricity Repowering 0 0 (1.9) 45 
Other Low-Carbon Techologies 0 0 (1.8) 72 
Total 7 120 6 385 
1 Energy efficiency category includes ethanol in transportation. . 
b Benefits and catbon savings in the HE/LC case are relative to BAU case. 
c Net benefits are <:akulated as annual energy savings minus aMualized capital costs (energy savings equal zero 
for supply-side technologies and advanced low-carbon technologies. • • • • . • 

Another way to present these results is in the form of a conservation supply curve, as shown for the 
HE/LC scenario in Figure 1.4. This figure has the cost of conserved carbon on _the y-axis · 
(1995$/toMe C) and carbon savings in 2010 (MtC/year) on the x-axis. Carbon savings from buildings 
sector efficiency are least expensive, followed by industrial and transport sect~r efficiency. All 
three of these sectors reduce carbon emissions and save money at the same time. More than 200 MtC 
of carbon reductions can be achieved in these three sectors. The 'remaining 180 MtC of carbon 
reductions in 2010 are in electricity supply side and advanced carbon saving options. These savings 

• are achieyed at a cost of $30-37 /toMe C, but the added cost of these options is more than ' 
outweighed by the benefits captured by the money-saving options, resulting in the net benefit of $38 
billion per year. • 

In addition to these costs, one needs to calculate the impact of the cases on natural gas demand. In 
all of these cases, natural gas replaces very ll;fge quantitie~ of coal. Higher natural gas demand 
would .result .in higher natural gas prices, which in tum would increase the cost of substituting 
natural gas for coal in power production, etc. As it turns out, our scenarios have rtduct4 gas demand 
compared wiU\ the BAU case (or with AE097 baseline for 2010, on which the price of natural gas in 
our work is based). Specifically, demand for natural gas in the HE/LC ($50/toMe) case declines in 
2010 by 2 quads compared with the business-as-usual case. This is the result of declines of 0.5 quads 
for buildings, 1.0 quads for industry, and 0.5 quads for electricity. The latter occurs because of the 
balance among three factors: (1) increase in gas demand because of the large-scale substitution of 
natural gas for coal, (2) decrease of gas demand because of the use of many _low-carbon technologies 
that do not use natural gas (wind, nuclear power plant extensions, power plant efficiency upgrades, 
hydropower expansion, co-firing with biofuels), and (3) the large increase in cogeneration, which 
reduces demand for natural gas for heating applications. The sum of the second and third effects are 
~mewhat greater than the first, and thus total natural gas dellland associated with electricity 
generation declines. This will reduce the cost of natural gas, a benefit that we have not included in 
Table 1.5. • 
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Figure 1.4 Cost of Carbon Savings in 2010, High Efficiency/Low Carbon Cue (Best Estin_tate) 
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St.art Year: 1997; Forecast Year: 2010. 
Baseline Carbon Emissions for year 2010 • ·1120 Mt C/year • zero savings polnl 
2010 Carbon permit price• $5°"on carbon (1995$) • 
Prograry, costs• 7% for demand sectot1 and 1% for electricity supply side options. 
Re~I Discount Rates: 7% for buildings, 12.5% for Industry, and 10% for transport. 

C 200 - . '• •,-. . 
C 
0 

I 100 0, -
0, 
T--C 
0 0 -1-- - - - - - ._ -e 
ca 

(.) 

'g-100 -
~ • 
Cl) en . 
5 -200 -
0 -0 
;-300 - 1 
0 

(.) 

-400 
0 

1. Buildings Efficiency 
2. Transport Efficiency 
3. Industry Efficiency 

·Total Savings 

4 5 6 

- - - - - - - - - - - - - - - - - - - - -

• en .. 

2 3 ... C: 
I .2 
<) .; 
-e :::E Q) 

or-,. 
(X) 0, 
~ 0, ,.. ,.. 

,, 
I I I 

100 200 300 
Carbon Savings In 2010 (MtC/year) 

Annual 
Savings 
$19.3B 
$16.2B 
$7.9B 

$43.4B 

4. Electric Repowering/Other • 
5. Fuel Cells m Commercial Bldgs. 
6. Electricity Dispatch 
7. Industry Other 
Total Costs 

Total Annual Net Savings (Items 1 through 7) = $38 Biyear 

/. 

.7 

- - - - -

..:~ m .2 
<) j 
-e ~ Cl) 

~i ,.. ,.. 

. .,, 
400 ' 

Annual 
Costs 
$2.6B 
$0.1B 
$1.8B 
$1.1B 
$5.6B 

The $50/toMe carbon charge, while not constituting a direct cost, does represent a potentially large 
transfer payment. The magnitude of the transfer payment, as well as the losers and wiMers from 
the transfers, depends on the nature of policy and its implementation as a cap and trade system or 
some alternative. The amount of J:J\Oney that could be in play is very large: $SO/tonne times 1.3 
billi~n toMes per year equals annual revenues of $65 billion. 

In short, · while there will surely be wiMers and losers for these energyaefficiency and lowacarbon 
scenarios, our analysis shows that their net economic costs - under a range of assumptions and 
alternative methods of cost analysis - are . favorable: from $6 billion to $38 billion per year in 2010. 
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This analysis counts the benefits of reduced expenditures on energy but does not explicitly valu~.-the)f -'·,~tiff.::1-
benefits of reducing carbon dioxide emissioN. • ·, .• .-~ • ·, -/t,. 

... 'I\,• 

The achievability of the c~ depends on many factors. In all cases, carbon reductions req~ the .• 
nation to embark on an aggressive set of policies and progr~, presumably in response to an , 
international agreement on climate change or other events that result in a national determination ;to 1 : ·' ! : 

reduce the growth of c;arbon emissions. In the high-efficiency /low-carbon case, we assume a vigorous ,':t . \'i, • • 
national program of research,. development, demonstration, and diffusion, and a trading regime 'for'-·~·. t··. 
carbon with a domestic permit price of $50 / toMe carbon. Without some scheme that provides u '•,., 'ft: ... 
incentive of this nature for switching from coal to natural gas, and for deploying other low-carbon· < ·~~ .. 
technologies, much of the carbon reductions in our case would not be possible. ,:· 

Government policies and programs that encourage and/ or require the adoption of energy-efficiency 
and low-carbon technologies will be needed, along with incentives for industry to invest more in 
the~ technologies. Additional private anct public investments are necessary, not only to accelerate 
the introduction of new technologies into the market before 2010 but llso to ~ure technology for the 
period after 2010. The transportation and utility sectors are especially dependent on early 
te~ological advances to achieve the scenario results in 2010; 

. . . . ' 

There is no assurance that these and other driving forces will cause the scenarios we have described 
to take place. Our major conclusion is that the cost-effective technology can be deployed to achieve 
major reductions in carbon emissions by 2010. Cost-effective energy efficiency alone can take the , 
nation 30 to SO% of the way to 1990 levels (from our expected base case results). A,n important 
finding is that two additional utility sector measures can reduce carbon emissions by another 30% at 
an estimated cost of. $SO/tonne carbon: carbon-based dispatch and conversion of existing power 
plants from coal to natural gas.3 Finally, we identify additional technologies that can contribute up 
to 20% of the carbon reductions, also for less than $50/toMe. A next generation of advanced energy­
efficiency and renewable energy technologies promises to enable the continuation of an aggressive 

··pace of energy and carbon reductions over the next quarter century. 
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ENDNOTES 

1 The five natiooal laboratories participating in the study . were: ArgoMe National Laboratory 
(ANL), Lawrence Berkeley National Laboratory (LBNL), National Renewable Energy Laboratory 
(NREL), Oak Ridge National Laboratory (ORNL), and Pacific Northwest National Laboratory 
(PNNL). LBNL and ORNL were the co-leaders of the effort. • • • 
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I 
2 $50 per toMe of ~n corresponds to 12.5 cents per gallon of .gasoline or 0.5 c~ts per kilowatt-hour_. 
for electricity produced from natural gas at 53% efficiency (or 1.3 cerits per kilowatt-hour for coal at 
34o/o effidency). S25 per toMe would cut these gasoline and electricity price increments in half. 
3 The cost curve for repowering is relatively flat; as such, considerable additional reductions are 
possible at a cost ~ot too different from $50/toMe . . The results are higl:tly sensitive to the price 
differential between coal and natural gas; at a lower (higher) price differential, a higher (lower) 
permit price of carbon is needed. • • 
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Chapte~ 2 

INTRODUCTION AND BACKGROUND 

This report presents the results of a multi-laboratory study .aimed at quantifying . the potential for 
energy-efficient an.d low-carbon technologies to reduce carbon emissions in the United States. The 
stimulus for this study derives from a growing recognition of the link between energy-efficiency . 
R&:O and the nation's ability to respond to international calls to recluce the growth of greenhouse . 
gas emissions. According to a recent report of · the Intergovernmental Panel on Climate Change 1 

(IPCC), the earth's surface temperature has increased about 0.2 degrees Celsius per decade since 
1975 .. Further, the IPCC report concluded that Hthe balance of evidence sugges~ that there is a 
discernible human influence on global climateH as . the result of activities that contribute to the 
production of greenhouse gases (IPCC, 1996, p. 5). By preventing heat radiated hom the sun-warmed 
earth from escaping into space, the increased concentration of greenhouse gases iri the atmosphere 
contributes to global warming. 

The major greenhouse gases are water vapor (H20), carbon -dioxide (CO2), methane (CH4), ozone 
(03), nitrous oxide (N20), and a host of engineered chemicals such as chlorofluorocarbons (CFCs). 
CO2 accounts for a majority of recent increases in the heat-trapping capacity of the atmosphere, 
with worldwide atmospheric concentrations of CO2 increasing at ·about 0.5% annually. Of all the 
human activities that contribute to these increases, fossil fuel combustion is by far the largest, 
accounting for almost 60% of the greenhouse warming resulting from anthropogenic sources in recent 
years (NAS, 1992, Table 2.2, p. 8). Energy-efficient technologies reduce CO2 emissions by displacing 
the need for fossil ~el co~bustio~; this report focuses on this single greenhouse gas. This report 
quantifies the climate benefits of energy-efficient and low-carbon technologies in terms of reductions 
in i:nillions of metric tons of carbon (MtC) emitted.1 

. ' ' 

Analysis by a number of key climate and energy· modelers indicates that significan~ research and 
development on greenhouse-friendly technologies is essential to achieving meaningful targets at 
affordable costs. As a result, climate change is becoming a major impetus for energy R&:D programs 
~d is likely to grow in importance in the future. By documenting the emissions reductions that past 
energy-efficiency R&:O can deliver by the year 2010, and by describing the potential for future 
research to reduce carbon emissions even farther, this report is intended to inform a broad public 
about technology-based approaches to reduce greenhouse gas emissions. 

2.1 OBJECTIVES OF THE STUDY 

The purposes of this study are threefold: 

1. To provide.a quantitative assessment of the reduction in energy consumption and carbon 
emissions that could result by the year 2010 from a vigorous national commitment to accelerate 
the development and deployment of cost-effective energy-efficient and low-carbon 
technologies; • • 

2. To document the costs and performance of the technologies that underpin a year 2010 scenario 
in which substantial energy savings and carbon ~missions reductions are achieved; 

3. To illustrate the potential for energy-efficiency and renewable energy R&:O to lead to further 
reductions in energy use and carbon emissions by the year 2020. 
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The report focuses on energy:.efficiency ~d renewable energy R&D. The coverage of additional 
selected low-carbon end-use and electricity supply options was based in large measure on their 
perceived potential to contrib~te significantly to stabilizing carbon emissions by 2010 at their 1990 
level, which ~ one possible national target under discussion. 

2.2 METHODOLOGY 

2.2.1 Overview 

To achieve these objectives, we started with the Annual Entrgy Outlook 1997 (AE097) .reference 
case forecasts for the year 2010 (En~rgy Information Administration, 1996). After thoroughly 
reviewing these forecasts on a sector-by-sector basis, and working with EIA staff, we chose to accept 
the ~IA ''business-as-usualH (BAU) scenario as is for buildings and industry and to zpodify some of 
the asswnptions and data and produce a new BAU case - not greatly different from the EIA case - for 
the transportation and the electric utility sectors. 

We then assembled existing information on the performance and costs of technologies to increase 
energy efficiency or, for selected end-uses, to switch from _one fuel to another (e.g., from electricity to 
natural gas for residential end-uses or from gasoline to biofuels for transportation). For the buildings 
sector, the technology performance and cost data base are extensive. For transportation, the data 
base - although less fully developed than for buildings - is sufficient for our purposes . . For industry, 
only partial information on technologies and costs is presently available. As a result, the analysis 
for industry relies primarily on historical relations between energy use and economic activity and , 
much less on explicit technological oi,portunities. The industrial analysis also includes some 
examples of industrial low-carbon technologies. The analysis of low-carbon supply technologies in 
the electricity sector is based on a review of the literature including detailed technology 
characterizations prepared by DOE in conjunction with its national laboratories and industry. 

Next we created scenarios of increased energy efficiency and lower-carbon emissions using the 
technology data (or, in the industrial sector, historical relations) as a key input. We chose to run • 
three scenarios other than the BAU case. · We have termed the first the "efficiencyH case. • It 
assumes that the United _States increases its emphasis on energy efficiency through enhanced. 
public- and private-sector efforts. The general philosophy of the efficiency case is that it reduces, 
but does not eliminate, various market barriers _and lags to the adoption of cost-effective energy• 
efficient technology. • 

The other two cases, dubbed the "high efficiency /low carbon" (HE/LC) cases, describe a world in 
which, as a result of commitments made on a climate treaty or other factor::s, the nation has 
embarked on a path to reduce carbon emissions. They assume a major effort to reduce carbon 
emissions through federal policies and programs (including environmental regulatory reform), 
strengthened state programs, and very active private sector involvement. They include a focused 
national R&D effort to develop and transform markets for low-carbon energy options (e.g., fuel cells 
for microcogeneration in buildings and advanced turbine systems for combined heat and power in 
industry). The difference between the two HE/LC tases is in the assumptio_n of a carbon permit price 
resulting from a domestic trading scheme for carbon emissions with a cap on U.S. emissions (or from 
equivalent policy measures that increase the price of carbon-based fuels relative to those with less 
carbon). We assume a domestic permit price of $25 and $50 per tonne of carbon for the two cases. 
Both of these HE/LC cases include a program of research. development, demonstration and diffusion 
that is more vigorous than in the efficiency case. In some sectors (buildings and industry), the carbon 
price signal, combined with policies promoting energy efficiency, is believed to trigger the bulk of 
the additional ~arbon reductions portrayed in the HE/LC cases . . In the transportation sector, it is 
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the R&D-driven technology breakthroughs that generate the·bulk of the carbon reductions beyond • .·:· 
the efficiency case. For the electricity sector, higher prices for carbon based fuels cause larger shifts 
from coal to natural gas; for this sector, these same ·higher relative prices combined with federal 
and private research, development, and demo~tration can bf4,g advanced low:.Car:bon technologies 
to market. • . . 

1 

Although the work focuses on 2010, we also look beyond this date. Here we describe new . • 
technologies, materials, processes, manufactutjng methods, and other R&D advances that promise , . , .. . 
to offer si~ificant energy benefits by the· year 2020; for this time period, we make no effort to . • • ' 
forecast specific levels of market penetration, energy savings, or carbon reductions. Thus, instead of 
creating scenarios we describe the technological innovations that could enable the continuation of. an 
aggressive pace of decarbonization well into the next quarter century, if appropriate investments in 
R&D were made. 

2.2.2 Time Frame 

'' ... 

Analysis for all sectors focuses on two base years (1990 and 1997) against which future progress is 
benchmarked, and a target year of 2010 for assessing emissions reduction potential. Energy use. and 
emissions for 1990 and 1997 are reported as base years against which we compare future energy 
consumption and carbon emissions. 

The report examines a "snapshot" of energy use and carbon emissions, by sector, in 2010. The 
increased use of energy-efficient technologies combined with the development of new technologies 

. based on past R&D plus an invigorated R&D effort initiated in 1998 are needed to achieve our 2010 
scenarios. 

We also highlight the likely post-2010 benefits of an intensified investment in energy R&D. This 
captures the effects of technologies that may not be widely commercial for some years but that could 
aeliver cost-effective energy savings and emi~sions reductions, if public and privately supported 
R&D were to accelerate their proof of concept and reduce their developmental risks. 

2.2.3 End~Use Efficiency Scenarios 

Each of the three end-use sector chapters is consistent in terms of overall approach, scope, and time 
frame. They each analyze three scenarios for the year 2010: a business-as-usual case, an efficiency 
case, and a high-efficiency /low-carbon case. (In the integration of this work, we later assess tv.'.o 
different HE/LC cases,.;. one with a $25/toMe carbon charge and the other with a $50/toMe carbon 
charge. The buildings sector also presents a "frozen efficiency" baseline, for additional' comparison 
purposes. While there is variation in the methodologies used to estimate the energy savings and 
emission reductions potential of each sector, the three sector chapters are similar in using a 
combination of technology analysis and model-based forecasting. Specifically, the buildings and 
transportation sectors use stock models with technology characteristics and other parameters taken 
from assessments of individual technologies. The industrial sector forecasts conservatiort investment 

• behavior based on econometric modeling with industry-specific conservation _supply curves as inputs. 

All of the scenarios described in this report use the AE097 forecasts of national economic output as 
measured by gross domestic product (GJ?P), which is P!ojected to increase by 1.9% per year through 
2p1s, SiJnilarly, the buildings sector uses the AE097 forecast . of growth in residential and 
commercialfloorspace; the industrial sector uses the AE097 assumption of a 2.1% annual growth 
rate for manufacturing production; and the transportation sector uses the AE097 forecast of a 3.7% 
annual increase in air travel. , 
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The scenarios for each sector also use the. AE097 energy price forecasts. World oil prices are 
assumed to rise from $17 per barrel in 1995 to $20.4 per barrel (in 1995$) in 2010. In AE097, natural 
gas prices in the industrial, electricity, and transportation sectors increase throughout the forecast 
period; natural gas prices for the residential and commercial sectors decrease significantly. 
Between 1995 and 2010, the ·average price of electricity is projected to decline by 0.6% a year as a 
result of competition among electricity suppliers. Electricity prices are forecast to decrease the most • 
for industrial customers and the least for residential customers. 

Such macroeconC)mic and fuel price assumptions strongly influen~e the rate of penetration of energy­
efficient technologies in ·eacn sector. Further details regarding these assumptions can be found in . 
EIA (1996c). • • 

Frozen Efficiency Baseline. This case, which is analyzed only for the buildings sector, assumes that 
energy-consuming equipment and systems existing in the year 1997 remain at the same ·efficiency 
until they are retired. This eq1::1ipment and these systems retire over the 1997-2010 period at a rate 
based on standard equipment lifetimes. It assumes that all new equipment employed after 1997 
remains at the efficiency of new devices in the year 1997. The frozen efficiency baseline provides an 

• upper bound to likely energy demand (under the economic assumptions applied to all the cases), 
because it ignores all forces leading to higher efficiency of new equipment in the bU$iness-as-usual 
case. It also ignores any retrofits that might take place if there were economic reasons for early 
retirement of equipment. 

This case is presented primarily for heuristic reasons: it describes an easily-understood -case in 
which technology does not change. This is useful for exploring the impacts of technology change. 
Also, the case is not necessarily divorced from reality: in the era of low energy prices preceding the 
oil embargo of 1973-74, the energy efficiency of many household, transportation, and industrial 
technologies changed very little. 

Business-as-Usual Case. The business-as-usual (BAU) case represents the best estimate of future 
energy use given current trends in service demand, stock turnover, and natural progress in the 
efficiency of new equipment. It assumes that R&D and implementation programs at DOE and EPA 
continue at more or less current levels, without a significant influx of new funding. It captures likely 
changes in efficiencies of new equipment over the analysis period. It also allows for some early 
retirement of equipment where cost savings from new energy-efficient products are high relative to 
purchase and installatio~ costs, as in some industrial motor and drive systems and commercial 
lighting retrofits. • 

To create this scenario, the buildings and industry sectors adopted the AE097 reference case as their 
BAU cases. For the transportation sector, we modified AE097 somewhat. Specifically, the AE097 
reference case forecasts that the efficiency of passenger cars will increase from 27.S MPG in 1997 to 
31.S MPG in 2010. We believe such improvements are unlikely in the absence of increases in real 
gasoline prices and hence our BAU case for transportation leaves the MPG performance of light-duty 
\'.ehicles in 2010-unchanged from 1997 performance. 

Efficiency Case. The efficiency case describes the potential for cost-effective, energy-efficient 
technologies to penetrate the market by · the year 2010, given an invigorated public- and private­
sector effort to promote energy efficiency through enhanced R&D and market .transformation 
activities. This case assumes that national policy, possibly in combination with exogenous.events, 
leac:is to an increase in the cost-effectiveness and deployment of energy-efficient technologies. Cost­
effectiveness is improved because R&D, in combination. with increased deployment efforts, result in 
declining capit~l costs. We do not specify the policies or exogenous events that could precipitate 
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SU~ changes. Instead, we examine the potential for technology-based energy and carbon reductions, . • ir~::~1:;( 
assuming that significant efforts are undertaken to enhance the ·attractiv~ess of these t~ologies . ... , • '.'· : t: 

' 
To be attractive to these manufacturers anci consumers, a technology must be cost-effective, Thus, 
this scenario limits itself to descril:>ing the potential for cost-effective technologies to reduce energy · 
use and carbon emissions. A technology is defined as Hcost1ffective" if it delivers a good or, service _. 
at equal or lower life-cycle costs relative to current practice.2 Externalities are not internalized in ' -: • 
this definition of cost-effective. An energy-effitjent technology may be societally cost-effective, for . •. • • .. 
instance by, taking into account its air quality or safety benefi~, but not be judged cost-effective by . >•,\ ... 
our narrower economic aiteria. This scenario reflects the view that #policy options exist that would • • 
slow climate change without harming American living 'standards, and these measures may in fact 
improve U.S. productivity in the longer run" (Arrow et al., 1997). 

Compared to the business-as-usual case, the efficiency case assumes (1) better technology and (2) 
higher penet~ation rates for energy-efficient and low-carbon technologies. 

. . .. 
1. ;,Bett~r technology" results from an invigorated public- and private-sector investment in R&D 

such that energy-efficient technologies become more cQst-competitive based on current fuel -
prices. Performance improvements between 1997 and 2010 are mostly incremental in this 
scenario, but by 2020 they coul~ be revolutionary. 

2. "Higher penetration rates" result from an invigorated set of policies and market 
transformation programs that remove or reduce· market failures which inhibit the use of 
energy-efficient and low-carbon systems. Through improved information and risk reduction, • 
capital markets for energy-efficiency investments could be strengthened-and consumer 
investment hurdle rates for the purchase of high-efficiency equipment could be lowered . . 

Despite its assumption of an aggressive public commitment to energy efficiency, this scenario also 
takes into ·account real-world experience and program implementation constraints which suggest 
that it is not reasonable to assume that every consumer will purchase the least-cost, high-efficiency . 
technology option. There are many reasons to expect a shortfall from such a maximum case: capital 
rationing, imperfect information, ~placed incentives, and ~e unevenness of supply, installation, 
and maintenance networks (DOE, 1996b). 

High-Efficiency/Low-Carbon Case. The high-efficiency /low-carbon (HE/LC) case assumes a 
greater commitment to reducing carbon emissions through federal policies and programs, 
strengthened state programs, and very active private sector involvement. One way to view this case 

• is to see it as an attempt to model a world where an international global warming treaty is 
negotiated over the next few years and where the outcome for the United States (and :other Annex I 
nations) is to stabilize carbon and other greenhouse gas emissions in 2010 at 1990 levels. The United 
·states pursues those reductions by (1) aggressively instituting federal policies to develop and 
deploy energy-efficiency and low-carbon technologies, such as increased fundirig for market 
transformation and R&D efforts and (2) by issuing tradable emission permits. 

In this rendition of th~ HE/LC case, policies are put into place by 2000 and progressively phased in 
until they are ~lly in place by 2010. The permit price for carbon wo~ld presumably rise steadily 
through 2010. Thus, we have multiple factors affecting consumer and business behavior, including 
the following: • 

. 
• The recognition that policies t~ reduce carbon emissions will necessarily follow the signing of 

.an international agreement, including an anticipation of higher relative prices for carbon• 
based fuels; 
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Chapter2 

• The actual increases over time in the permit price of carbon (which we model as averaging 
either $25 or $50 per _toMe for inuch of this period); -

• Increased federal effort to accelerate R&D and diffusion of low-carbon technologies; 

• The development and introduction by other countries of advanced low-carbon technologies; arid 

• The change in consumer preferences and behavior that would result from an international . 
treaty and national commitment to stabilize greenhouse gases, much like changes in consumer 
behavior in the aftermath of the oil embargo of 1973-74. 

In summary, this scenario for 2010 describes a combination of better technology, #readier" markets, 
and a price of carbon that results in a significantly inaeased willingness to manufach;lre, purchase, 
and use low-carbon technologies. 

2.2.4 Methodological Differences .Across Sectors .. 

The operational definitions used to model these scenarios for the individual end-use sectors reflect 
the above conceptual definitions, but are nevertheless distinct (Table 2.1). These differences are du~ 
partly to the modeling approaches used for each sector. They a1so-reflect the authors' sense of wha~ 
could "drive" significant increases in energy efficiency in each sector. 'For instance, to achieve a 
high-efficiency /low-carbon scenario, the transportation analysis postulates a set of technology 
breakthroughs. The industrial analysis, on the other hand, achieves its high-efficiency /low­
carbon scenario by doubling market penetration rates and assuming that energy-efficiency decisions 
are treated ·as strategic investments wil;h correspondingly lower hurdle rates. 

I 

The sectors also differ in the way that life-cycle costs and benefits are calculated to determine the 
cost-effectiveness of technologies in their , ·fficiency ·scenarios. 

• The buildings sector employs a 7% real discount rate to value the stream of benefits accruing 
from an investment. These benefits accumulate throughout the specific operational lifetimes 
assumed for individual technologies. The efficiency case assumes market penetration of about 
one-third of the technologies 'that are cost-effective at a 7% real discount bu~ not adopted in 
the business-as-usual case. The·HE/LC case doubles this penetration. 

• The industrial sector assumes a capital recovery factor (CRF) of 15%, rather than 33% (which 
is the BAU assumption): Thus, to be considered cost-effective in this sector, an investment 
must pay back in no more than approximately seven years. 

• The transportation sector uses a 7% discount rate, but it is applied only to the first five years of 
operatio~, even though the expected lifetime. of a vehicle may be much longer. This five-year 
period is meant to reflect the realities of purchase behavior in this sector, and 'results in 
decisions that are based on considerably less than the full life-cycle of benefits. 
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Table 2.1 Conceptu~ and Operational Definitions of Scenarios for 2010 

Scenario/ Business-as-Usual Efficiency High-Efficiency/ 
Definition . (BAU) '(EFF) Low-Carbon (HE/LC) 

Conceptual , Best estimate of future . Potential for cost- Optimistic but feasible 
Definition energy use given current effective, energy~ potential for energy 

trends in service demand, efficient technologies to_ efficiency and low-carbon· 
stock turnover, and penetrate the market . technology based on a , 
natural progress in the given an invigorated greater commitment to 
efficiency of new effort to promote energy reduce carbon emissions 
equipment, including efficiency through resulting from actions that 
advances supported by enhanced public and might include .the creation 
current public-sector private-sector R&D and of a market•.v.alue for 
programs; assumes no market transformation carbon of $25:and $50 per 
changes in federal energy activities. tonne. 
or environmental 
policies . . 

Operational Definitions: 
Buildings AECIJ7 reference ca.c;e 35% of the difference in 65% of the difference in 

developed using the total energy savings . total energy _savings 
' NEMS model. a between the BAU and between the BAU and 

cost-effective enerw cost-effective energy 
savings potential. savings potential. 

Industry AECIJ7 reference case; The capital recovery The CRF: is l~wered to 
LIEF is calibrated to this factor (CRF) for ei:iergy- 15% and the penetration 
case and then is modified efficiency investment rates for energy-efficient_ 
to produce the two used in LIEF is lowered technology used in the 
efficiency scenarios. from 33% to 15%. c BAU are doubled. 

Transportation AECIJ7 reference case Assumes earlier Postulates breakthroughs 
modified to hold new introduction of advanced in hybrid vehicle . \ 

light-duty vehicle fuel fuel economy ~echnology technology, major 

I . 
economy constant at and adds certain key ·aerodynamic and engine 
current levels. technologies that are not efficiency g~ for 

in the BAU. commercial aircraft, and 
other technological 
achievements. 

a NEMS • National Energy Modeling System developed by DOE's Energy Information Administration. 

b The cost-effective energy savln_gs potential is defined as the difference between the energy de~nd that results 
from using the most energy-efficient of the cost-effective technology currently ·availab,e or forecasted to be 
available by 2010, and the energy demand in 2010 assuming busineu-as-usual rates of technology change and use 
in the economy. • 

c LIEF• Long-Term Industrial Energy Forecasting model developed by Argonne National Laboratory and 
Lawrence Berl<.eley National Laboratory. . . 
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2;2.5 Wtmt the Study Does Not Do 

This report does not describe the polici~s that might . be implemented to achieve higher 
penetrations of energy-efficient and low-carbon technologies. (Reviews of a wide range of possible 

. policy options ·can be found in several recent publications, including Of A (1991), NAS (1992), ind · 
DOE (1996b)). Rather; this report highlights the potential performance and impacts of 
technological developments and transformed markets. The existence of cost-effective technologies 
is a prerequisite for public policies to work. Without the_ technologies, policies to reduce greenhouse : 
gas emissions will .be very costly. Indeed, ~ analysis suggests that carbon stabilization could • 
produce net benefits if the nation invests sigru.ficantly in cost-effective energy-efficiency and low­
carbon technologies. 

Thus, we believe it is critical to understand the availability of technologies, their performance, and 
their costs for as many end-uses of energy as possible. Armed with this knowledge, discussion of 
policies becomes much more meaningful. Without it, such discussion is less likely to lead to good 
decisions. Thus, we choose to focus this report on the more narrow topic of technologies in the belief • 
that doing a credible job in this area will ultimately further the policy dialogue. 

A second reason for focusing on technologies is our belief that the role of R&D on energy-efficient and 
low-carbon t~ologies as a means to deal with climate change and other environmental impacts • 
has been inadequately recognized. U effective energy technologies are.not developed, then the cos_t 
of reducing greenhouse gas emissions (and other environmental impacts of energy) will be very high. 

As in the AE097 reference case, each of the scenarios is completed at the national level. Thus, 
regional variations in population and economic activity are not considered, nor are regional 
differences in fuel price, weather, or air quality and environmental conditions that might create 
regional niche markets for particular technologies. As •a result, our analyses have undoubtedly 
overlooked the possible development of regional markets for advanced energy technologies. A 
vah,1able next step would be to conduct analyses at a finer geographic scale to produce national 
estimates that reflect such regional variations. , 

2.3 ·ovERVIEW OF THE REPORT 

The rest of Chapter 2 sets the stage for the remainder of .this report. It describes historical energy 
and carbon trends, both at the national level and by sector, as a backdrop for assessing energy 
consumption and carbon •emission forecasts. It also discusses the government's role in energy R&D, 
including the rationale for government support and· some evidence of past energy-efficiency 
~ology successes that benefited from government sponsorship. • • 

Chapters 3 through 5 address each of the major energy end-use sectors: buildings (Chapter 3), 
industry (Chapter 4), and transportation (Chapter 5). Four tasks are completed for each sector: 

1. Energy scenarios with and without a strong efficiency push, focusing on the year 2010, and 
including comparisons with the AE097 projections from the National Energy Modeling 
System; .• 

2,- Documentation of the cost and performance assumptions for individual energy-efficient and · · 
' low-carbon technologies; 

3. Development of three scenarios (business-as-usual, effic~ency, and high-efficiency /low­
carbon cases) for the year 2010 and an explanation of how the scenarios were developed; and 
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-
4. Descriptions of new technologi~ that could become available in the 2010 to 2020 time period, 

as the result of R&D over the next two decades. 
\ ' t : ~·~ ' '~ 

Each of these chapters is accomp~ed by appendices that provide detailed documentation ot' the 
technology assumptions and the forecasting methodologies used. These are labeled Appendices C 
(buiidings), D (industry), and E (transportation). • 

Chapter 6 analyzes the electricity ~or to forecast the effect of electricity and demand savblgs in' 
the year 2010 on C~ emissions from power plants. It also assesses the impact of a $25/toMe and 
$50/toMe permit price for carbon on the generation mix used by the electricity sector in 2010. The 
results of these analyses are used in the buildings and industry sector chapters to convert electricity 
savings into carbon reductions. Results from this chapter reveal the importance of fuel choice for 
new power plants and fuel switching for existing power plants as determinants of carbon emissions in 
2010. Specifically, the· ~ost and magnitude of fuel switching (rom coal to natural gas for power 
generation, the possible early retirement of some coal-fired plants, and the upgrading/repowering 
of existing plants were identified as key issues for Chapter 7. 

The possible conversion of coal plants to natural gas combined ~de technologies is analyzed in 
Chapter 7, as one of many electricity supply-side options for reducing carbon emissions by 2010. 
Other options are addressed in Chapter 7, albeit more briefly, including cofiring coal with biomass, 
efficiency improvements in generation and T&D, advanced coal technologies, and nuclear plant life 
extension. The chapter also characterizes the carbon reduction benefits that could accrue by the 
year 2020 from a sustained renewable energy R&D effort. 

2.4 HISTORICAL ENERGY TRENDS 

2.4.1 National Trends 

In studying historical trends in energy use and carbon emissions, we have chosen to highlight the 
years 1973, the beginning of rising energy prices to the nation; 1986, the year in which energy prices 
began a ten-year decline in real terms; 1990, the year generally used as a reference for carbon 
emissions; and 1997, the first year of our forecast period. 

Between 1973 and 1986, the nation's consumption of primary energy froze at about 74 quads - while 
the GNP grew by 35%.3 People purchased more fuel-efficient cars and appliances, insulated and 

. caulked their homes, and adjusted thermostat:5. Businesses retrofitted their buildings with more 
efficient heating and cooling equipment and installed energy management and control systems. 
Factories adopted more efficient manufacturing processes and purchased more efficient motors for 
conveyors, pumps, fans, and compressors. These investments in more efficient technologies were 
facilitated by higher energy prices and by federal and state policies that were enacted and 
implemented to promote energy efficiency. About one-third of the freeze in energy use during this 
period was the result of structural changes such as declines in energy-intensive industry and 
increases in the service sector; two-thirds was ~ue to increases in energy efficiency (DOE, 1995). 

The gains in energy productivity achieved by the U.S. in the two decades following the 1973-74 
Arab oil embargo represent one of the great economic success stories of this century. The extent to 
which the U.S. economy improved its .energy productivity can be quantified by examining the 
~lationship between total energy consumption and gross domestic product (GOP), as depicted in 
Figure 2.1. In Figure 2.1, primary energy use is measured in quads and energy consumption per dollar 
of GDP is measured in thousands of Btus per 1992$. In 1970, 19.6 thousand Btu of energy were 
consumed for each dollar of GDP (1992$). By 1995, the energy intensity of tl'\e economy had dr<Jpped 
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to 13.4 thousand Btu of energy per dollar of GDP (1992$) (EIA, 19961, p. 17). DOE estimates that the 
country is saving $150 to $200 billion annually as a result of these improvements. 

Figure 2.1 Energy Consumption Per Dollu of Gross Domestic Product: 1973-1995 

100. 

= 90 :::, 

ei_ 
!~ ia 80 
'C 15. 
Q. 

cn 70 :; 

--- Primary Energy Use 
20 

--~----- Energy Consumption Per Oolla.r 
of GOP 

60......_...,_...__. ....... _.,__._..,__....,.__.__._...,_...__. ............. _._..._. ............. _._.._...._._, 10 

1970 1975 1980 1985 1990 1995 
Year 

I 

Starting in 1986, energy prices began their descent in real terms that has confutued to the present. As 
a result, energy demand grew from 74 quads in 1986 to 91 quads in 1995, and it continues to increase. • 
One of the major lessons of the penod since 1973 is that the economy will and can respond to energy 

• price changes. In addition t<? prices, other factors are also important and can slow the decline in 
conservation activity that otherwise would be expected with declining energy prices. Federal 
policies, as well as federal, state, and utility programs and consumer preferences for energy-efficient 
appliances, houses, and cars can increase the purchase and use of energy-efficient products. 
Technological developments can improve the energy efficiency, reduce the carbon emissions, and 
often improve the performance of the product. Demand for energy-efficient products and lo~-carbon 
energy technologies is also strengthened by factors such as environmental concerns. 

2.4.2 Sectoral Trends 

Each end-use sector functions differently in the U.S. energy marketplace. One of the reasons ·for 
these differences is the differing market structure for delivering new technologies and products in 
each s~or . . Residential and commercial building technology ls shaped by tho~ds of building 
contractors and architectural and engineering firms, whereas transportation technology ls in the 
hands of a few manufacturers. 

The principal causes of energy inefficiencies in manufacturing and transportation are not the same as 
the -causes of inefficiencies in homes and office buildings, although there are some similarities 
(Hirst and Brown, 1990). For example, in the manufacturing sector, energy-efficiency investments 
are hindered by a preference for investments that increase output compared with 'investments that 
reduce operat4'g costs. The cost and relative difficulty of obtaining reliable information often 
prevents energy-efficient features of buildings from being capitalized into real estate prices. This is 
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, . 
partly.due to the.lack of widely accepted building energy rating,systems. These same qtfom)ation , 
gaps do not characterize the transportation ·sector, which has a well understood labeling system for 

. vehicles, in the form of miles per gallon. Misplaced inc~tives inhibit energy-efficient ,investments 
in each of the sectors. Consumers often must use the energy technologies selected by others. ···-.1' ~-

Specialists write product specifications for military purcha5'~ that Un:ut access to alternatives, , >t;, 

Fleet managers select the vehicles to be used by others. And architects, engineers, and builders have , 
great control over ·the energy integrity of buildings, even though they do not pay the energy bills. 
The involvement of intermediaries in the purchase of. energy technologies limits the ultimate 
consumer's role in d~ion making and leads to an emphasis on first cost rathe~ than life<ycle cost 
(DOE, 1996b). 

The end-use sectors also differ in terms of their ability .to respond to changing energy prices. The 
tra~sportation ai:'d ,residential sectors can respond relatively rapidly to· price spikes, through 
reduced driving and by adjusting thermostat settings, respectively: •, 

. . 
The vast diffetences in the R&:D capability of the various sectors also influence their ability to 
respond quickly to changing energy prices and market signals. The private sector as a whole. spends 
more tl)an S100 billion per year on R&:D, dwarfing the government expf!nditure on all non-defense 
t~ology R&:D. Of this R&:D expenditure, the automobile manufacturers ~tand out - Ford alone 
spends more than S8 billion .per year on R&:D. Next comes the rest of the industrial sector. Here, 
manufacturers account for a majority of the R&:D expenditures. Finally, in the buildings sector, the 
construction industry has virtually no indigenous .R&:D. The Council on Competitiveness in 1992 
estimated that the construction industry spends less than 0.2% of its sales on R&:D, far less than 
other industries, which average 3.5%. 

Firially, eacl\ of the ~tors is d~tinct in terms of their dynamics and p~ary societal benefits. from 
improved energy efficiency. Improving the efficiency of transportation is needed to improve air 
quality and reduce dependence on imported oil. Improving.the efficiency of the industrial sector 

1. . • improves economic com}>':titiveness and is often effective in p~venting pollution: Opportuni~es for 
energy-efficiency improvements are most widespread in the 1:,uildings sector because of market 
barriers in the form of information that is diff~cult to obtain, energy consumers who do· n~t make 
purchase decisions on energy-using equipment, etc. Such differences make analysis by end-use sector 

.. 

essenti~ for understanc:fu:\g the U.S. energy, carbon, and iMovatior:i picture as a whole . 

·Table 2.2 prese.nts the primary energy consumed annually by the buildings, industry, il!'d 
transportation ~tors between 1973 and 1997. It shows significant sectoral differences in energy 

• consumption trends. For instance, during the 1973-86 period when the CO\Ultry's primary energy use 
was steady at 74 quads, e(lergy use in bi:tildings and transportation increased by 2.7 quads and 2.2 
quads respectively; industry experienced a compensating decline of 4.9 quads . 

"" 
"· Table 2.2 Primary Energy Use in Quads: 1973-1997 

1973 1986 1990 1997 

Buildings 
. ... 

24.1 26.9 29.4 32.1 33.7 . 
Industry 31.5 26.6 32.1· • 34.5 32.6 . 
Transportation 18.6 20.8 22.6 24.1 ·25.5 

Total 74.3 74.3 84.2 90.6 91.S 

Source: Energy use estimates for 1973-95 come from EIA (1996a, Table 1.1, p. 39). Energy use estimates for 1997 
come from ElA (1996c). . 
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Over the entire period from 1973 to 1997, energy use increased in buµdings from 24.1 to 33.7 quads · 
(40%); in industry; from 31.5 to 32.6 quads (3.5%); and in transportation, from 18.6 to 25.S quads 
(37%). As shown in Table 2.3, the growth in buildings and transportation has been relatively 
steady, at less than 1% per year ~om 1973 to 1986, and between t3 and 2.9% per year from 1986 to 
1997. Growth in energy demand in industry has.been much more volatile during the period, showing 
substantial declines during the ·period of rising prices (a negative 1.3o/o annual growth for the 13 . 
years of increasing energy prices), an increase of 2.1% per year from 1986 to 1995, and a 2.9% per ye~ 
decline from 1995 to 1997. • 

Table 2.3 Historical Energy Growth Rates: 1973-1997 

AAGR AAGR AAGR AAGR AAGR 
1973-97 1973-86 1986-90 1990-95 1995-1997 

Buildings 1.41% 0.85% 2.25% , 1.77% 2.46% 
industry ,0.14% -1.31% 4.81% 1.45% -2.87% 
Transportation 1.32% 0.86% 2.10% 1.29% 2.86% 

Total 0.89% 0.0% 3.18% 1.48% 0.66% 
AAGR = Av~rage Annual Grow~ Rate 

I 

The growth of.carbon emissions during the period roughly follows that of energy demand growth. 
Table 2.4 shows estimated carbon emissions from 1973 to 1997. Like energy, carbon emissions were 
flat between 1973 and 1986. The increase in the fraction of coal in the final mix from 17.5% in 1973 to 
23.2% in i986 was offset by the increasing fraction of primary energy from nuclear power, from 0.lo/o 
in 1973 to 6.0% in 1986. From 1986 to 1997, carbon emissions grew more slowly than energy 

. consumption. This was a result of an increase_ in the share of natural gas from 22.5% in 1987 to 25.4% 
in 1997 and in electricity from nuclear power from 4.5% to 7.2%, combined with a small decrease in , 
coal (23.3% to 22.5%) and a larger decrease in petroleum _(43.3% to 39.7%). 

Table 2.4 Carbon Emissions from Fossil Energy Consumption: 1973 to 1997 

1973 1986 1990 : 1995 1997 
Carbon emissions from 
energy in MtC 1260 1240 1344 1424 1480 

1973-97 1973-86 1986-90 1990-95 1995-97 
Average annual 
growth rates (AAGR) 0.67 --0.12% 2.03% 1.16% 1.95% . 
for carbon emissions 

Sources: Carbon emissions estimates for 1990 are from ~IA (1996b, Table 6, p. 16), and for 1995 are from EIA 
(1996b, Table A19, p. 120). Carbon emission estimates for 1973 and 1986 were derived using factors for carbon 
emi~sions from combustion of oil, natural gas, and coal for 1990. for 1997, they are from the end-use sector 
analyses described in Chapters 3 through S of this report. · 
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Although non-CO2 industrial emissions of greenhouse gases are small by weight, they have global • 
warming potentials (GWPs) that range from 21 for methane to 23,900 for sulfur hexafloride (SF,). 
Carbon dioxide has a GWP of one by definition. Figure 2.2 shows the relative contribution of these 
other gases in MtC equivalent. The· largest non-C~greenhouse gas contribution~ from m~thane 
(CH4), which is responsible for 177.S MtC equivalent and has a GwP of 21. Next is nitrous · o~de 
(N20), which is responsi~le· for 39.1 MtC equivalent and has a GWP of 310. Finally, in 1994, various . , 
-halocarbons and other engineered chemicals amounted to 29.S MtC equivalent. These engineered • • 
chemicals are a source of concern since their emissions are growing rapidly - and the United States 1:5 
the major source. SF, alone is increasing at a rate of 0.5 MtC equivalent per year (EIA 1996b). Note . 
also that many of these emissions are seen not only in energy-intensive industries but also in' ''high-
techH and service industries, as shown in Figure 2.2. • 

Figure 2.2 Non-COi Greenhouse Gas Emissions by End-Use Sector and lndusby 
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2.5 THE GOVERNMENT'S ~OLE IN ENERGY R&D 

2.5.1 Rationale for Government Support 

Most people agree that the federal government has a clear_ and important role in the funding 9f basic 
research, and that it should not fund research that the private sector would conduct on its own. 
Between these two extremes is a wide range of applied technology development and deployment 
activities where the rationale for federal sponsorship is often unclear. 

Economists have identified at least three situations in which the government's role in the R&:D • 
process is justified. First is the situation where the potential aggregate benefits of the research are 
large, but the uncertainties are simpJy too great for the private sector to shoulder the full research 
costs. Second is the case where R&:D activities will result in benefits that cannot be captured by 
private entities. Although benefits _ might accrue to society ~t large, no singl~ firm can realize 
enough economic gain to justify ·the research costs. ~ recent Council of Economic Adv~rs report 
(~EA, 1995) estimated that the private returns from R&D are 20 to 30%, while social returns 
(including energy and environmental benefits)· are 50% or higher. This economic barrier limits the 
extent to which the private sector can supplant a government role in maintaining nationally 
beneficial R&D. The third situation occurs when the public sector is the primary consumer of the 

August 1, 1997 2.13 



' .. ', 

·Chapter2 Introduction & Background.-

results of the R&D. ·This is characteristic, for instance, of much defense and aime prevention 
research. 

Based on · these three justifications, the rationale for go'vemment support of energy-efficiency and . 
low-carbon technology R&D is strong. ~uch of this research is both long-term and high-risk and 
therefore cannot be afforded by private companies despite the possibility of substantial gains in the 
long run. Examples include high temperature superconductivity, fuel cell vehicles, and building 
materials with switchable thermal and optical properties. Advances in energy research also offer 
substantial public benefits that cannot be fully captured by private entities. Specifically, energy­
efficiency and low-carbon resources improve energy security by reducing the nation's reliance on 
foreign sources of oil; they lead to reductions in waste· streams; and they reduce greenhouse gas 
emissions, which contribute to global warming. Finally, it is possible that govemp,.ents will in the 
future become the principal purchaser of greenhouse gas reductions as the result of future 
international agreements. In this case, the third rationale for federal sponsorship of energy R&D • 
will also apply. • 

Industry's _R&D priorities are shifting away from basic and applied research and toward near-term 
product development and process enhancements. Business spending on.applied research has dropped 
to 15% of overall company R&D spending, while basic research has dropped to just 2%. In addition, 
corporate inve~tments in energy R&D, in particular, are down significantly (DOE, 1996a, p. 2). 

Great potential exists for public:private R&D partnerships to produce scientific breakthroughs and 
incremental technology enhancements that will produce new af\d improved products for the 
marketplace. U.S. industry spends more than $100 billion per year on all types of R&D. The top 20 
R&D performing companies all have R&D budgets exceeding $1 billion per year. These 
expenditures dwarf the U.S. government's energy-related R&D appropriations. If climate 
mitigation policies reoriented even a tiny fraction of this private-sector expenditure and 
capability, it could have an enormous impact. One way to reorient private-sector R&D is through 
industry-government R&D partnerships that involve joint technology roadmapping, collaborative 
priorities for the development of advanced energy-efficient and low-carbon technologies, and cost­
shared R&D. 

2.5.2 Past R&D Successes 

Some indication of the cost-effectiveness of energy-efficiency R&D can be gleaned from the 
experiences to date of OOE's Office of Energy Efficiency and Renewable Energy. From fiscal year 
1978 through fiscal year 1994, DOE spent a total of about $8 billion on energy-efficiency R&D and 
related deployment programs. Estimates of the benefits of several dozen projects supported by this 
funding were published in DOE/SEAB (1995). In response to a detailed review of these estimates by 
the General Accounting Office in 1995/96, DOE has revised and updated the estimated benefits 
accruing from five technologies that were developed with DOE .support. Altogether, these five 
technologies alone have resulted in net benefits (i.e., the value. of energy saved minus annualized 
cost premiums for better equipment) of approximately S28 billion (1996S) and annual emissions 
reductions of 16 MtC equivalent (Table 2.5). . 

Thus, the value of the energy saved by these five technologies; alone, far exceeds t;he cost to the 
taxpayers of OOE's entire energy-efficiency R&D budget over the-past two decades. Additional 
case sh:'dies and benefits are documented in Geller and McGaraghan (1996) and OOE/SEAB (1~5). 
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•• • • Tabie . 2.5 Cumulative Net Savii_lgs and Carbon Reductions from Five Energy~Effident Technologies 
Developed with DOE Funding 

Net Present Value Annualized 
of Savings Thru Consumer Cost • AMual Carbon 

1996 Savings Reductions in 1996 
Eners:r:•Efficient Technolos:r: (billions of 1996$} ~illions of 1996$} (MtC e9uivalent} 

• Building Design Software 11.0 0.5 8 

• Refrigerator Compressor 6.0 0.7 3 

. • Electronic Ballast 3.7 1.4 1 

• Flame Retention Head Oil Burner 5.0 0.5 3 

• Low-E Windows 3.0 0.3 1 

Totals . 28 3.4 16 

Note: Savings for the refrigerator compressor and flame retention head oil burner are through 1996 only; the 
remainder are savings from products in place by the end of 1996 and include estimated energy savings frQm the 
product's ~ears in operation beyond 1~. . • 

' I 

In addition, results recently reported by Elliott et al. (1997) indicate that ~e total benefits -
including both energy and non:.energy savings - that accrue from so-called "energy-saving" projects 
are typically much greater than those from the energy savings alone. In fact, based on numerous case 
studies, the authors conclude that the average total benefits received from these "energy-saving" 
projects are dose to two to four times the value of the energy savings alone. They also noted that 
costs and benefits resulting from non-energy ramifications of energy-efficiency projects are often not 
included .in cost/benefit analysis of energy-efficiency projects. Similarly, Romm and Ervin (1996) 
describe ·public health benefits that have resulted from advances in energy-efficient and renewable 
energy technologies, and Romm (1994) describes productivity gains that have accompanied 
•inves~en~ in industrial efficiency improvements. 
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l In this report, carbon dioxide is·.:neasured in carbon units, defined as the weight of th~ ~arbon ::· ·:,: 
content of carbon dioxide. Carbon dioxide units at full molecular weight (typically, million tonnes 1,\,t•· ' . • • 
of carbon (MtC)) can be converted into carbon units by dividing by 44/12, or 3.67. This approach has· \: ,.:~; -~· 
been adopted for two ·reasons: (1) carbon dioxide is most commonly measq.red in carbon _units in the ;::,iif·/} . 
scientific community, in part because it is argued that not all carbon from combustion is, in fact, .,: :~'._\\,);\r,: 
emitted in. the form of carbon dioxide, and (2) carbon units are more convenient for comparisons with • • ·:- 1: -c-: • 
data on fuel consumption and carbon sequestration (EIA, 1996b). Note th~t, in th~ U.S., a "ton". ,., _: i • 1 \· •• ,; 

(sometimes referred to as a "short ton") equals 2000 pounds; a metric ton,- or "tonne/ equals 1000 
kilograms (approximately 2204 pounds). 

2 We evaluate cost-effectiveness from several viewpoints, with real discounts between 7% and 20%. 
E~en with the high discount rates, the efficiency case is cost-effective. , • • • 
3 Primary energy use is the chemical energy embodied in fossil fuels (coal, oil and natural gas) or 
biomass, the potential eriergy of a water reservoir, the electromagnetic energy of solar radiation, . 
and the energy released in nuclear reactors. For the most part, primary energy is transformed into 
electricity or fuels s~ch as gasoline, jet fuel, heating oil or charcoal - these, in tum, are r~ferred to as 
secondary energy. The end-use sectors of the energy system provide energy services such as cooking, 
illumination, comfortable indoor climate, refrigerated storage, transportation and consumer goods 
using both primary and secondary energy (NAS, 1992, p. 3) 
4 The net present value (NPV) of cost savings, cumulative through 1996 

1996 

L (E P) 0.07(1996 • t) ' 
NPV• t - t e , "' entry year 

where: Et is value in 1996$ of energy saved in year t 
Pt is annualized cost premium (1996$) of the better product 

0.97 is the 7% real interest rate recommended by the Office of Management and Budget. 
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