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EXECUTIVE OFFICE OF THE PRESIDENT
COUNCIL OF ECONOMIC ADVISERS 

WASHINGTON, DC. 20500

SENIOR ECONOMIST

MEMORANDUM

TO:

FROM:

DATE:

RE:

Joe Romm
Acting As^stant Secretary for Energy Efficiency and Renewable Energy

Randy and Joe 

September 4,1997

Comments on revised executive summary and chapter one of 
Scenarios ofU.S. Carbon Reductions

We appreciate the opportunity to review the August 29 draft of the executive summary and 
chapter one of Scenarios of U.S. Carbon Reductions. In this draft, we note that the authors 
addressed many of our comments made at the August 19 meeting. Since this is a Department of 
Energy labs report, and not an interagency or CEA report, we do not intend to hold up the report 
simply because the views presented do not conform in all respects to our own. However, two 
modifications to chapter one should be made prior to the release of the report.

• First, all references to the “cost-effectiveness” of technologies should be removed and the 
estimates of costs and benefits in table 1.5 should be deleted. As we noted in our August 
22 comments, the report does not appropriately account for all of the costs associated 
with technology adoption decisions. Without an assessment of the behavioral responses 
to policies aimed at stimulating technology adoption, the private cost of achieving these 
emission reductions is unknown. Further, the report insufficiently details the costs of 
government programs, and does not ascribe any costs to society of standards. Thus, 
claims of “cost-effectiveness” are premature at best.

The benefits resulting from energy cost savings do not reflect appropriate energy prices 
and should not be provided in this table. Since the analyses are not integrated, the energy 
prices do not reflect declines in demand, resulting decreases in prices, and the behavioral 
responses of consumers. However, qualitative statements could be included in the text, 
such as: “The adoption of energy efficient technologies would result in substantial energy 
cost savings to consumers.”



Second, chapter one should clarify the divergence between the report’s BAU case and the 
Annual Energy Outlook 1997 reference case. We understand that transportation 
emissions under the BAU reflect a modified assumption about fuel efficiency 
improvements in the AEO reference case. However, we do not understand the 
discrepancy in emissions for the buildings and industry sectors between the two reports 
(see comment 8 in August 22 memorandum). A discussion of the assumptions that 
resulted in this divergence, or a modification of the projected emissions would be 
appropriate.

We look forward to receiving your responses to our August 22 memorandum in the near future.



SCENARIOS OF U.S. CARBON REDUCTIONS

Potential Impacts of Energy-Efficient and Low-Carbon Technologies

by 2010 and Beyond

pl^

Prepared by the
Interlaboratory Working Group on 

Energy-Efficient and Low-Carbon Technologies

Oak Ridge National Laboratory* 

Lawrence Berkeley National Laboratory* 

Pacific Northwest National Laboratory 

National Renewable Energy Laboratory 

Argonne National Laboratory

Prepared for 
[fficiency and I 

Department of^Energy
Office of Energy Efficiency and Renewable Energy 

U.S.-

*Coordinating laboratories for this study.
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EXECUTIVE SUMMARY

This report presents the results of a study conducted 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 study documents in detail how four key sectors of the economy 
- buildings, transportation, industry, and electric utilities - could respond to directed programs and 
policies to expand adoption of energy-efficiency and low-carbon technologies, an increase in the relative 
price of carbon-based fuels by S25 or S50/tonne (e.g., as a result of a cap on domestic carbon emissions and a 
market for carbon "permits"), and an aggressive program of targeted research and development. Current~~7 2/4(7 
projections suggest that a carbon emissions reduction of 380 million metric tons per year (MtC/year) 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 525 and 
$50/tonne 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 alternative carbon scenarios. First, a vigorous 
national commitment to develop and deploy energy-efficient and low-carbon technologies has the 
potential to restrain the growth in U.S. energy consumption «md carbon emissions such that levels in 201^^ 
are close to those in 1997 (for energy) and 1990 (for carbon). We analyze a case in which energy efficiency 
can reduce carbon emis.sions by 120 MtC/year by 2010. We analyze a second case, with policies that 
promote adoption of energy-efficient and low carbon technologies and a $25/torme carbon permit price, 
with emission reductions of 230 MtC/year in 2010. Under a S50/torme carbon permit price and aggresive 
policies, 2010 emissions could be cut by about 380 MtC/year. The analysis also suggests that substantial 
additional savings are available if permit prices were to begin to rise above the S50/torme 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 producejenerev 
savings that are roughly equal to or exceed costs.^ The analysis includes only technologies estimated to be 
cost-effective under 2010 energy prices (with a $25/tonne and $50/tonne carbon permit price for the 
respective cases); it has not, however, analyzed specific policies to achieve the cases, identified the 
political feasibility of policies, or described a pathway to achieve the cases.

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 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 begirming now and extending beyond 2010.

' 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 Nonhwest National Laboratory (PNNL). LBNL and ORNL were the co-leaders of the effort.
- Here we count as benefits only the energy savings to the nation. We have not credited reduced CO2 emissions or 
other external benefits. Costs include the increased technology cost plus an approximate estimate of the costs of 
program and policy implementation.
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Analysis Results Chapter 1

Chapter 1
ANALYSIS results

This report presents the results of a study conducted 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 reductiorrs in carbon emissiorrs 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 
produce further carbon reductions over the next quarter century. As such, this report underscores the 
value of energy technology research, development, demor\stration, and diffusion as a public response 
to global climate^ change.

Three overarching conclusions emerge from our analysis of alternative carbon reduction scenarios. 
First, a vigorous national commitment to develop and deploy cost-effective energy-efficient and 
low-carbon technologies could reverse the trend toward increasing carbon emissions. Along with 
utility sector investments, such a commitment could halt the growth in U.S. energy consumption and 
carbon emissions so that levels in 2010 are close to those in 1997 (for energy) and in 1990 (for carbon). 
It must be noted that such a vigorous national commitment would have to go far beyond current 
efforts. Second, if feasible ways are found to implement the carbon reductions, the cases analyzed in 
the study are judged to yield direct benefits that are roughly equal to or greater than costs. Third, 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.

1.1 OBJECTIVES OF THE R^EPORT

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 emissions reductions are achieved;

3. To illustrate the potential for energy-efficiency and renewable energy R&D to produce further 
reductions in energy use 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 the El A 
"business-as-usual" (BAU) scenario as is for buildings and industry. We modified some of the

September 9, 1997



Chapter 1 Analysis Results

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 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 hilly developed than for buildings - is sufficient for our purposes. For industry, 
only partial formation 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 teclmological opporhmities. 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 key inputs. 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 the efficiency case is that it reduces, but does 
not eliminate, various market barriers and lags to the adoption of cost-effective energy efficiency 
technology.^

The other two cases, dubbed the $25 permit and the $50 permit "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. Both of these cases 
assume a major effort to reduce carbon emissions through federal policies and programs (including 
enviroiunental regulatory reform), strengthened state programs, and very active private sector 
involvement. Both also include a focused national R&D effort to develop and transform markets for 
low<arbon 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 the 
buildings and industry sectors, the carbon price signal, combined with policies promoting energy 
efficiency, is believed to trigger most of the additiorial carbon reductions. 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 carbpn-bcised 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 most of the analysis focuses on 2010, we also look 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 
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.
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1.3 BACKGROUND

The decade of gains in energy productivity achieved by the U.5. following the 1973-74 Arab oil 
embargo represents a period of economic growth that was decoupled from increases in energy 
consumption, resulting in substcintial economic benefits. Between 1973 and 1986, the nation s 
consvimption 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, 
ener^ 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 were 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 saving $150 to $200 billion annuaUy as a result of these improvements.

Nevertheless, many cost-effective energy-efficient technologies remain underutilized, as discussed 
in Chapter 2. A host of market barriers account for these lost opportunities. And declining energy 
R&D expenditures may cause promising technology options to be foregone.

The rationale 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 substantial public benefits (such as carbon reductions and improved national security 
through greater oil independence) that cannot be fully captured in 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, 
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. Many other R&D successes have produced technologies yielding substantial energy 
and cost savings in the market. The DOE RD&D portfoUo has also led to significant environmental, 
health, productivity, and economic competitiveness benefits.

1.4 RESULTS

1.4.1 Prospects for Improved Efficiencies by the Year 2010

Table 1.1 and Figure 1.1 compare the nation's primary energy use in quads for the years 1990 and 1997 
(projected) with the results of three scenarios for 2010. (We have included only the high- 
efficiency/low-carbon case at $50/tonne in the table and figure for simplicity.) The $50/tonne 
HE/LC case shown below does not reflect the energy impacts of the selected low<arbon technologies 
described later in this summary (e g., stationary fuel cells for buddings, advanced, turbine systems 
and biomass gasification in industry) or the supply-side options shown in Table 1.4.
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Table 1.1 Primary Energy Use in Quads: 1990-2010

2010

1990 1997
Business-as-

Usual
Case

Efficiency
Case

High-Efficiency/ 
Low-Carbon 

Case ($50/tonne C)

Buildings

Industry

Transportation

29.4

32.1

22.6

33.7

32.6

25.5

36.0

37.4

32.3

34.1 

35.4

29.2

32.0

33.6

27.8

Total 84.2 91.8 105.7 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.

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% increase in the 
BAU case. 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 is in buildings (0.4 quads), followed by industry (2.8 quads), and transportation (3.7 
quads).

• The high-efficiency/low-carbon scenario with a $50/tonne carbon charge further decreases the 
overall growth between 1990 and 2010, reducing it from 22 to 9 quads. This is an 11% increase 
over the level of energy consumption in 1990. Relative to the BAU case, the high- 
efficiency/low-carbon scenario for buildings, industry, and transportation delivers energy 
savings ranging from 3.8 to 4.5 quads for each sector. Compared with 1997 levels, the buildings 
sector is down about 2 quads and industry and transportation are up 1 and 2 quads, respectively.
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Figure 1.1 Primary Energy Use in Quads: 1990-2010
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Note: The high efficiency/low carbon scenario values represent the $50 per tonne carbon charge.

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<arbon technologies. * In these cases, a 
number of low-carbon 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-based power plants are repowered, nuclear plant lifetimes are extended, and key renewable 
energy technologies are deployed. In aU cases, these technologies and measures are estimated to be 
cost-effective with a differential carbon fee of $50/tonne.
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Table 1.2 Carbon Emissions (MtC): 1990-2010

Buildings
Industry
Transportation
Utilities^

1990 1997

2010
Business-as- 
Usual (BAU) 

Case
Efficiency Case

High-Efficiency/
Low-Carbona

460
452
432

511
482
486

571
534
616

546
512
543

$25/tonne
527
488
528 
-48

$50/tonne
509
452
513

-136
Total (rounded) 1340 1480 1720 1600 1490 1340
Change from 1990 140 380 260 150 0
Change from BAU - - - -120 -230 -380

“This scenario includes the carbon emission reductions resulting from a carbon permit price of $25 or $50/tonne: 
(1) dispatch of power plants in which natural gas is favored relative to coal, (2) repowering and partial 
repowering of co^l-based power plants to convert to natural gas, and (3) introduction of selected low-carbon 
technologies to replace conventional ones, primarily in the industrial and utility sectors.
*The entries in the last two columns are negative as they correspond to reductions in carbon emissions resulting 
from the increased use of natural §as and low-carbon technology for electricity generation as a result of the 
$50/tonne carbon permit price in this scenario.

Table 1.2 presents results for the business as usual and three efficiency and/or low carbon cases in 
2010 as point estimates, because they are meant to be scenarios. When we use these scenarios for 
cmalysis, in section 1.5, we describe sources of uncertainty and the effects of uncertainty on our 
rmderstanding of the implications of these cases. For now, we only describe the different cases.

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 
and 2010 by one-third (from 380 to 260 million tonnes). ITiis represents a carbon increase of 19% 
above 1990 emissions.

The HE/LC scenario with $25/torvne 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 tormes, and other low<arbon technology, particularly 
renewables and advanced turbine systems, produce approximately another 25 rriillion tormes.

The HE/LC scenario with $50/torme 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 nullion tonnes results from increases in the use of low-carbon fuels and 
technologies in the utility sector, and 50 million tormes results from the use of low-Ccu-bon 
technology in industry and transportation.
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Figure IJ. Reductions in Carbon Emissions from Each Scenario 
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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 fueU) and from repowering 
coal plants with natural gas. Bo A are cost-effective with a $50/tonne carbon charge. The 
remaining 40 million tonnes are from renewables (wind, co-firing coal-based power plants with 
biofuels, expansion of hydropower capacity), nuclear power plant life extensions, and power 

plant efficiency improvements.

The remaining 50 million tonnes of carbon reductions in industry and transportation are about 
equally divided among three sets of fuels/technologies; (1) advanced combusticm turbine 
cogenerators in industry, (2) biomass and black liquor gasification and low-carbon industrial 
processes, emd (3) cellulosic ethanol/gasolin^lends for automobUes.

• Approximately 140 MtC 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-tiie 13-year forecast starting with 1997.
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The carbon reductions incorporated in the efficiency case cut the overall growth in carbon 
enussions between 1997 and 2010 from 240 million tonnes' (as forecast in the BAU case) to 120. 
The HE/LC scenario with $50/toruie carbon charge reduces carbon emissions in 2010 by about 130 
million tormes (comp^ed with the 1997 level).

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 Iffi/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 $50/tonne incentive.

Table 1.3 Average Aimual Energy and Carbon Growth Rates, 1997 to 2010, for Four Cases

Business-As- 
Usual (BAU)

Efficiency
Case

High Efficiency/ 
Low Carbon Case 

(S25/tonne)

High Efficiency/
Low Carbon Case 

($50/tonne)

Gross Domestic Product 
(GDP)“ 1.887c 1.887o 1.887c 1.887c

Energy Demand 1.097o 0.567o 0.347c 0.137c

Carbon Emissions 1.167o 0.607c 0.057o -0.767c

Energy Consumption Per
GDP (E/GDP)

-0.11% -1.307c -1.517c -1.717c

Carbon Emissions Per GDP 
(C/GDP)*’

-0.10% -1.257c -1.797c -2.597c

“The Gross Domestic Product (GDP) in 1995 was $7251 billion in 1995 dollars. The 1.88% annual growth was 
as^med to apply to the entire period, 1995-2010 to derive the results above.

The carbon decrease per unit GDP CTOwth for 1990 to 2010 is 0.7%, 1.1%, 1.4% and 1.9% per year for the 
reference, efficiency, $25/tonne HE/LC, and $50/tonne HE/LC cases, respectively.

It is useful to compare the scencirios 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 carbon emissiorts 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 tormes 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 cn 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 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 itjs not limited to the 2010 time

September 9, 1997



Analysis Results Chapter 1

—

frame, but rather characterizes the full potential for caibon reductions. Thus, it did not take into 
account the replacement rates for equipment and processes, and other factors that prevent the 
instantaneous, full market penetration of cost-effective energy-efficient and loworbon 
technologies.

1.4.2 R&D’s Potential for Further Benefits by 2020

If carbon reductions in 2010 and beyond are to be sustained at reasonable cost, vigorous R&D efforts 
are needed to fill the pipeline of next-generation energy technologies. It is difficult to estimate the 
caibon savings that will accrue from these technologies; however, our effort to characterize their 
features suggests that 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 the year 2020 
focuses cn oppprtuiuties for improved energy-efficiency and renewable energy technologies. The 
potential long-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 caibon emissions over the 
long term. Low<arbon 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 
beginning of a long-term growth trajectory. With continuing technological development and cost 
reductions, renewables could become preferred energy resources 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 caibon emissions. For example, 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 of higher-efficiency biomass 
gasification systems would make, this technology competitive in a wider range of applications, 
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 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 increase the value of wind power to power systems
operators. -----

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
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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 energy and energy-efficiency technologies.

In the next quarter century, improved energy-efficiency technologies will result from a combination 
of incremental advances and ^damental 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 controls, often integrated into industrial processes, transportation systems, and 
buildings. Advanced manufacturing technologies, including rapid prototyping and ultraprecision 
fabrication, also offer broad opportunities for continuovis incremental improvements in energy 
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 opportvmities are described in this report, by sector.

Six R&D areas 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,

. migrated, advanced Ughang sys.ems, U

• Improved controls, communications and measurements, 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 DOE'S targeted industries of the future: pulp and paper, chemicals, petroleum refming, glass, 
aluminum, iron and steel, and metal casting.

Many of the advanced technologies that have the potential to significantly improve the energy 
efficiency of trax\sportation need considerable R&D investment before they can become commercially 
available in the yeeu 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, 

Utra-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 
inodes are also described in this report. —
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In all, the continued adoption of energy efficient and renewable energy technologies and a steady 
flow of technology improvements from collaborative R&D prpgrams with industry could make such 
environmentally friendly technology an attractive option for domestic and global 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, ENERGY SAVINGS, 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 emissiorrs by 120 MtC/year. Under a carbon cap 
and trading system, in which permits for carbon sell for either $25 or $50/tonne C, very substantial 
carbon reductions appear possible. DetaUed 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 $50/tonne HE/LC case, there is a potential to roughly return to 
1990 levels of carbon emissions in 2010. About two-thirds of the increase in carbon emissions is 
eliminated in the case with a $25/tonne carbon charge (Table 1.4).

The estimates in Table 1.4 include ranges for most of the electricity supply options and the other 
low-carbon 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/tonne 
case, numbers from the low end of the ranges were generally selected in order to be cautious. Because 
we did not conduct an integrating analysis in which supply options compete against erne another, we 
felt it important to minimize potential overlap by entering the supply options in conservative 
quantities. Also note that several renewable resources that could play a greater role by 2010 are 
omitted from Table 1.4; these resources include include photovoltaics, geothermal, solar thermal, 
and landfill gas. ~

One should not ascribe too much significance to specific entries in Table 1.4 There are many different 
technologies, both on the supply and demand side of the energy system, that will compete to 
achieve carbon reductions in an environment in which policies and economic signals favor such 
reductions. Thus, for example. Table 4.1 shows advanced turbine systems in industry cutting carbon 
emissions by 17 MtC/year in 2010, co-firing coal with biomass reducing emissions by the same 
amoimt, and other low-caibon supply technologies (wind, nuclear plant extensiorts, hydropower 
expansion, and power plant efficiency) contributing 24 MtC/year. The actual choice of technolo^ 
depends on how the economics of the different systems evolve over time, how the industry to supply 
technology develops, the nature and speed of deregulation within the utility industry, and numerous 
other factors that caimot be known today. As such, we do not intend the results in Ta^ble 1.4 to be 
taken as a prediction of one technology over another to achieve carbon reductions. In this instance, 
we have posited one of many possible nrbees of supply technologies. These same comments apply to 
the demand-side sectors and technologies.

We summarize below the expected technology costs in 2010, as well as the cost of implementing a 
carbon permit system. While these costs are necessarily imcertain, 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 the viability of specific policies or programs to achieve 
market acceptance. As described below, we do account for program and poUcy costs in an 

. approximate manner.
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Table 1.4 Potential Annual Reductions in Carbon Emissions in 2010, Compared to the Business-As-
Usual Forecast for 2010 (MfC)

High-Efficiency/Low-Carbon
Case

Efficiency
Case $25/tonne $50/tonne*

Buildings
Energy efficiency 25 42 59
Fuel cells 2 3

25 44 62

Industry
Energy efficiency 22 36 51
Advanced turbine systems 5 17 (15-26)
Biomass and black hquor gasification, 5 14 (13-16)

cement clinker replacement, and
aluminum technologies

22 46 82

Transportation
Energy efficiency 61 74 87
Ethanol 12 14 16

73 88 103

Utility Supply Options
Carbon-ordered dispatching 25 55
Converting coal-based power plants to 9 40 (25-66)

natural gas
Co-firing coal with biomass 5 17 (16-24)
Wind 2 7 (6-20)
Extending the life of existing nuclear 3 5 (4-7)

plants
Hydropower expansions 2 4 (3-5)
Power plant efficiency 2 8 (7-13)

48 136

Total (rounded) 120 226 383
‘Numbers in parenthesis are ranges, as documented in the text of the report. See Appendix A-1 for a description of 
tire derivation of the results in this table.

Appendix A-2 describes the full set of calculations used to derive the direct costs and benefits of the 
cases. The costs considered include the incremental technology investment by consumers and 
businesses, fuel price increases, and the estimated cost of federal, state, and local programs required 
to achieve the carbon emissions reductiorrs. These constitute the direct costs of the scenarios. The 
highest of these by far is the incremental investment costs. However, the generally higher first cost 
of these technologies is counterbalanced by substantially lower operating costs. The benefits 
considered are limited to the savings in operating (energy) costs from the technology investments.

We have presented the direct and most easily quantified of ti\e costs and benefits, but have not 
attempted a full benefit-cost calculation. We do not accoimt for indirect effects of policies (e.g., the 
reallocation of investment dollars to efficiency investments). We do not accoimt for the increased 
cost of some R&D programs that are needed to achieve the scenario results nor do we count the 
benefit of reduced carbon and other pollutant emissions. Also, we have not analyzec^any possible-

%
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redistribution of wealth that could arise from a carbon trading system or other policy to increase the 
price of carbon-based fuel.

Considering only these direct costs and energy-saving benefits of the scenarios, we have analyzed 
the economics of carbon emissions reductions from two different perspectives in order to establish a 
credible range of costs. In the first, which we label "optimistic," we evaluate all costs and benefits 
with a real discount rate that approximates the cost of capital for efficiency investments for the 
different end-use sectors: 7% for buildings, 10% for transportation, and 12.5% for industry.

The lowest discount rate, for buddings, is based on the fact that the money for residential buildings 
is derived from home mortgages or home improvement loans. The higher rate for industry reflects 
the fact that energy-efficiency investments have to compete with investments for other projects. 
These discoimt 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 measures. For the "optimistic" 
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 efficiency occurs as 
a result of federal policies (e.g., standards or carbon permit charges) which add very low direct 
program costs. Thus, the overall costs of implementation are taken to be about 7% in the "optimistic" 
case. 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.

These programs and policies are not specified in this study, but the broad nature of the actions could 
include technology R&D partnerships such as the current Partnership for a Next Generation of 
Vehicles and Industries of the Future; energy efficiency codes and standards; expanded partnerships, 
technical assistance, and information programs to accelerate the adoption of energy-efficient 
technologies; incentives through the tax system directed at investments in energy-efficient 
technology in industry; and a variety of non-federal programs to accelerate market diffusion of 
energy-efficient and low-carbon technologies.

The second perspective, which we label "pessimistic," 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<aibon 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 30% of the cost of efficiency measures, an estimate that is a high bound compared with 
federal, state, and utility experience. Overall implementation costs (programs and directed 
policies) are taken to be 15% of technology investments in this case. Other data and assumptions in 
this case are the same as for the "optimistic" case.

The results of the economic analysis are presented in Table 1.5. Estimated direct costs are $26-$49 
billion per year for the efficiency scenario and $51 to $88 bilUon per year for the high- 
efficiency/low-carbon scenario. Estimated savings per year in 2010 are $42 to $51 billion per year in 
the efficiency case and $70-$88 billion per year for the high-efficiency/low-carbon case. The costs, 
which are a small portion of annual gross private domestic investment of about $1.4 trillion in 2020, 
are likely to be more than balanced by savings in energy bills. Thus, net costs to the U.S. economy are 
estimated to be near or below zero in this time frame.
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Table 1.5 Estimated Costs anfl Energy SavinMjofthe Efficiency and High-Efficiency/Low-Carbon 
Scenarios: Optimistic j^JessimUtiCVieW Estimates'fbillions of 1995$, annualized)

Efficiency High-Efficiency/Low-Carbon 
Case»>

Costs'!
(billion
1995$)

/'Enefgy 
Savings'^'/ 

1 (billion/ 
M995^)

Carbon'^
Savings

MtC

Costs
(billion
1995$)

Energy
Savings
(billion
1995$)

Carbon
Savings

MtC

Energy Efficiency
Buildings 7-14 14-17 20-25 14-26 26-33 49-62
Industry 3-5 6-7 18-22 8-13 12-15 66-82
Transportation 16-30 22-27 58-73 23-43 32-40 82-103

Electricity Dispatch 0 0 0 2 0 44-55
Electricity Repowering 0 0 0 2 0 32-40
Other Low-Carbon Techologies 0 0 0 2 0 33-41
Total 26-49 42-51 96-120 51-88 70-88 306-383

^ Energy efficiency category includes ethanol in transportation.
^ Energy savings and carbon savings in the HE/LC case are relative to BAU case.
' In the "pessimistic" case, we have assumed that only 80% of the carbon savings are achieved, even though the 
technology and implementation costs are unchanged. The range on carbon savings represents this assumption.
^ Costs are calculated from differing viewpoints: the "optirrustic" case uses discount rates that vary between 7% 
and 12.5% for the different sectors, as described in the text. For the "pessimistic" case, the discount rates used to 
armualize costs vary between 15% and 20%. Also in this case, the cost of implemmtine programs (30%) and an 
overall package of programs and policies (15%) is taken to be twice that of the "optimistic case.

The range of estimates in Table 1.5 reflects our attempt to ’bound" optimistic and pessimistic 
assessments. There are clearly other ways in which these bounds could be described, just as there are 
many scenarios that could have been analyzed. However, we believe that the assumption that 80% 
of the Ccubon reductions are achieved at the costs identified, valuation of costs and benefits at 
discount rates noticeably higher than the likely cost of capital, and doubling the cost of programs 
and policies from typical experience today is a strong reflection of pessimism in costs for our cases. 11 
is worth noting that if the implementation costs were taken to be much higher than we believe to be 
reasonable - 50% of investments costs for programs and 25% overall - this would add about $10 
billion per year to the costs of the high-efficiency/low-carbon in the pessimistic case.

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 large quantities of coal. Higher natural gas demand 
would result in higher natural gas prices, which in turn would increase the cost of substituting 
natural gas for coal in power production, etc. As it turns out, our scenarios have somewhat reduced 
gas demand compaired 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/torme) 
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: increase in gas demand because of the large-scale 
substitution of natural gas for coal, 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 the large increase in 
cogeneration, which reduces demand for natural gas for heating applications.
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The sum of the second and third effects are somewhat greater than the first, and thus total natural 
gas demand associated with electricity generation declines. This will reduce the cost of natural gas, 
a benefit that we have not included in the analysis.

The $50/tonne 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 trairsfers, depends cn 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/tonne times 1.3 
billion tonnes per year equals $65 billion per year.

In short, while there will surely be winners and losers for these energy-efficiency and low-carbon 
scenarios, our analysis shows that their net economic costs - uivler a range of assumptions and 
alternative methods of cost analysis - are favorable.

The achievability of the cases depends on many factors. In all cases, carbon reductiorw require the 
nation to embark on an aggressive set of policies and programs. Such efforts could occur in response to 
an international agreement on climate change or to other events that result in a national 
determination to reduce the growth of carbon emissions. In the high-efficiency/low-carbon cases, we 
assume a vigorous national program of research, development, demonstration, and diffusion, and a 
trading regime for carbon with a domestic permit price of either $25/tonne or $50/tonne carbon. 
Without some scheme that provides strong incentives for switching from coal to natural gas, and for 
deploying other low-carbon tec^ologies, much of the potential for carbon reductions will not be 
realized.

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 
these technologies. Additional private and public investments are necessary, not only to accelerate 
the introduction of new technologies into the market before 2010 but also to ensvire the availability 
of technologies for the period after 2010. The trarrsportation and utility sectors are especially 
dependent on early technological 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 technology can be deployed to achieve major reductions in 
carbon emissions by 2010 at low or no net direct costs to the economy. Cost-effective energy efficiency 
alone can take the nation 30 to 50% of the way to 1990 levels. Two additional utility sector measures 
can reduce carbon emissions by another 30% at an estimated cost of $50/torme carbon: carbon-based 
dispatch and conversion of existing power plants from coal to natural gas.® Finally, we identify 
several additional technologies that can contribute 15) to 20% of the estimated carbon reductions, 
also for less than $50/torme. 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

* 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 

JPNNL). LBNL and ORNL were the co-leaders of the effort.
* The differences between the AE097 BAU case and ours for 2010 are (1) 1.2 quads higher use of oil in 
transportation (32.3 instead of 31.1 quads) because auto fuel economy does not increase and (2) lower 
use of oil for electricity generation (declines from 1.5% of generation to 0.1%) and slightly higher use 
of natural gas and coal. In all other regards, including price of all fuels and delivered energy, our

_reference case and the AEO BAU case are essentially identical.
^See Section 2.2.3 for a definition of cost-effective energy efficiency technology.

* $50 per tonne of carbon corresponds to 12.5 cents per gallon of gasoline or 0.5 cents per kilowatt-hour 
for electricity produced from natural gas at 53% efficiency (or 1.3 cents per kilowatt-hour for coal at 
34% efficiency). $25 per torme would cut these gasoline and electricity price increments in half.
’ The cost curve for repowering is relatively flat; as such, considerable additional reductions are 
possible at a cost not too different from $50/tonne. The results are highly 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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POTUS American University speech, 9/9/97 
Excerpt on climate change

Next, we must meet a very large envirorrmental challenge 
In the next three months. We will work toward a worldwide climate 
change treaty this December in Kyoto that protects the environment 
even as it promotes global growth by committing the nations that sign 
on to it to specific, clear guidelines in the reduction of greenhouse 
gas emissions into the atmosphere. We know - (applause.) You can 
clap for that - that's all right (Applause.)

Now, there are students here from all over the world, 
students from all over our country. Many of you have witnessed - 
and your families have witnessed - in your own homes, significant 
changes in climatic patterns in the last decade, and more extreme 
climatic develops. It is becoming a part of the common parlance of 
America, ail over the country, to talk about the 500-year flood we 
had along the Mississippi River. One member of Congress, who 
happened to be a member of the other party, said to me the other day 
- he said, "Mr. President, we've had three 100-year floods in the 
last five years in my home state." He said, "Does that mean I get to 
wait 500 years before we have another bad flood?"

Many of you who are studying this issue know that a 
panel of over 2,500 scientists has concluded that the climate of the 
Earth is significantly warming in ways that will have not entirely 
predictable, but almost certainly destructive consequences unless we 
do something about it.

This is something that will affect people of all 
Incomes, of all backgrounds, from all parts of our country, and, 
indeed, the whole world. We need the young people of America, 
particularly the untvei^ students who are in a pokion to study 
this issue, to make this a gripping national issue. And we also need 
people who have the confidence in our ability to break new 
technological and scientific barriers to stand up and say, you cannot 
make me believe that we cant reduce greenhouse gas 
emissions substantially and still grow the American 
economy. We could reduce them 20 percent tomorrow 
with technology that is already available at no cost if 
we just changed the way we do things, (emphasis added)

Now, this will be a very controversial debate. And 
there will be people who say. President Clinton has spent five years 
killing himself to revitalize the American economy and now he's going 
to take it down overnight be committing to reduce greenhouse gas 
emissions in /^erica. That is not true. But if you let the sea 
level rise and we flood the southern coast of Florida and we flood 
the southern coast of Louisiana, and we otherwise disrupt what life 
in the United States is like over the next 50 years, then your 
children will pay the price for our negler^ We can grow this 
economy and do r^ht by the environment. I think you believe thaL 
and I need you to help me convince the American people that it can be done.
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MEMORANDUM FORT. J. GLAUTHIER 

FROM:

SUBJECT:

Robert Gillingha: 
Jonathan Gruber

6-Labs Revision

We think this revision is a substantial improvement. Most of our comments are 
editorial (see attached draft). The major exceptions revolve, not surprizingly, 
around the treatment of “cost" estimates. We continue to feel that the analysis 
presents scenarios that could be achieved, rather than scenarios that should be 
achieved—regardless of climate benefits—on the basis of cost savings. To address 
this concern, we recommend (1) eliminating the modifier “cost-effective" when 
referring to technologies, (2) deleting Table 1.5 and substantially modifying or 
eliminating the discussion of costs on pp. 15 through 18, and (3) weakening the 
claim of rough cost/henefit parity in the second overarching conclusion in the 
executive summary (e.g., recognizing that energy savings are a substantial offset 
without arguing relative magnitude).

We continue to believe the scenarios are informative primarily in terms of what 
is technically feasible. We do not believe the paper demonstrates the validity of the 
criteria used for selecting “cost-effective" technologies. The reasons for this 
skepticism are outlined in our earlier comments - the underlying model of the costs 
of technology adoption is not economically rigorous, with limitations that include 
low discount rates, and in particular extremely low implementation costs.

We view these criteria as one way of selecting technologies that could be 
adopted; the paper then does a very good job of quantifying the impact of adopting 
these technologies on energy use and carbon emissions. A possible substitute for 
Table 1.5 might be a table of reductions in energy consumption valued at today’s (or 
2010’s) prices to quantify the energy-cost saving, with the appropriate caveat that it 
would take a full-blown general-equilibrium analysis (beyond the scope of the 
paper) to determine what prices would actually obtain. Going further than that, in 
our opinion, is too ambitious and—for the purposes of this paper—is not critical.
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comments in the near future.



09/04/07 THU 12:47 FAX 202 6222633 
08/29/97 FRI 13:53 FAX 510 480 5454 £ET IMVISION

executive summary

This reoort presents the results of a study conducted by five U.S. Department of Energy national 
iLborawries ^at quantifies the potential for energy-efficient and low-carbon technologies to reduce

carbon emissions in the United States.^ The study documents in detail how
- buildings, transportation, industry, and electric utilities could rccpono to^flirrri-f-ri prr>£rani3_anfr

_. _____ j _j__and loW-CaxbOA tCCT

market for carbon permits ). ancLan «[iiri8i[mrr proglint Qt rarmrrf'n ii iniui mm uum

The study <uivrldrfilw» been peer-reviewed by indusUr and academic experlg^uses a technology-by­
technology Wssment as weU as an englneering-econonuc modeling approach. It draws upon a wide 
variety of technology cost and performance information to assess potential Impacts. Analysw of the 
buildhies industry, and transportation sectors quantifies the impacts of end-use energy-effici^cy 
improvements on carbon emissions. The utiUty sector analysis estimates the impacts of those 
improvements on utUity carbon emissions, and quantifies additional emissions re^ctions^ough 
conversion of a number of coal power plants to natural gas, dispatching of the utility grid with S25 and 
$50/tonne carbon permit prices, the accelerated use of biomass colirlng and wind energy, and other low- 
carbon electricity supply options. FinaUy, a number of other promising low-carbon technologies are 
examined to determine their potential for reducing emissions in the end-use sectors, including advanced -
turbines In Industry, transportation biofuels, and fuel cells In buildings.
TTinte overarching conclusions emerge from the analysis of alternative carbon scenarios. First, *^vigefou8 
II nil mill rnmmltninm 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 axe dose to those in 1997 (for energy) and 1990 (for carbon). We analyze a case in which energy 
efficiency can reduce carbon emissions by 120 MtC/year by 2010. We analyze a second case, with polides 
that promote adoption of energy-efficient and low carbon technologies and a $25/tonne carbon permit 
price with emission reductions of 230 MtC/year in 2010. Under a 550/tonne carbon permit price and 
aggresive poUcies, 2010 emissions could be cut by about 380 MtC/year. The analysis also suggests that 
substantial additional savings are available if permit prices were to begin to rise above the $50/tonne

Jevel. CiiuJ-Tn^
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 direct 
benefits that are roughly equal to or exceed costs.^ The analysis includes only technologies estimated to be 
cost-effective under 2010 energy prices (with a $25/tonne and S50/tonne carbon permit price for the 
respective cases); it has not, however, analyzed specific policies to achieve the cases, identified the 

/___ political feasibility of policies, or described a pathway to achieve the cases.

The third conclusion is that a next generation of energy-effident 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 cosH:ompetitive by the year 
7fwn assuming a vigorous and sustained program of energy R&D beginning now and extending beyond 2010.

' The five national laboratories participating in the study were: Argonne National Laboratoiy (ANL). Lawrence Berkeley 
National Laborawry (LBNL). National Renewable Energy Laboratory (NREL). Oak Ridge National Laboratoiy (ORNL). 
and Pacific Northwest National Laboratory (PNNL). LBNL and ORNL were the co-lcadcts of the effort.
2 Here we count as benefits only the energy savings to the nation. We have not created reduced CO2 emissions or 
other exiomal beneflu. Costs include the increased technology cost plus an approximate estimate of the costs of 
program and policy implementation.
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Chapter 1
ANALYSIS RESULTS

This report presents the results of a study conducted by five U.5. Dep^tment of ^ergy national 
laboratories that quantifies the potential for energy-efficient and low-c^bon technotogies to reduce 
carbon emissions in the United States.^ The stimulus for this study derives from a

quitify the reducLns in carbon emissions that can be attained through the improvedjjerform^ce 
aiui increased penetration of efficient and low-carbon technologies by the year 2010. We also take a 
loneer-term perspective by characterizing the potential for future research and development to 
oroduce furthM cLbon reductions over the next quarter century. As such, ^ report und^ores the 
value of energy technology research, development, demonstration, and diffusion^
40 global climate change.

Three overarching conclusions emerge from our analysis of alternative carbon reduction scenarios. 
First a vigorous national commitment to develop and deploy ejsiwffoctive energy-efficient and 
low-carbon technologies could reverse the trend toward increasing carbon emissions. Along with 
utility sector investments, such a commitment could belt the growth in U.S. energy consumption and 
carbon emissions so that levels in 2010 are close to those in 1997 (for energy) and in 1990 (for carbon). 
It must be noted that such a vigorous national commitment would have to go far beyond current 
efforts Second, if feasible ways are found to implement the carbon reductions, the cases analyzed m 
the study are judged to yield direct benefits that aw roughly equal to os gsontna costs. Third, a 
next generation of energy-effident and low-car^ technologies promises to enable the continuation 
of an aggressive pace of carbon reductions over next quarter century.

1.1 OBJECTIVES OF THE REPORT

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 cosLJUl performance of the technologies that underpin a yKai 2010 scenario 
in which substantial energy savings and carbon emissions reductions are achieved;

3. To illustrate the potential for energy-efficiency and renewable energy R&D to produce further 
reductions in errergy use 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 EIA staff, we chose to accept 
the EIA "buslness-as-usual" (BAU) scenario as is for buddings and Industry. We modified some of

August 29, 1997 V2
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K

^umpttons d... » P>odu« . r.w BAU »» - greatly difteKAt feorn the EIA case - for 

the transportation and the electric utility sectors.

for industry rehes Z j opportunities. The industrial analysis also includes some
much less on i!fg^arbon technoloeies The analysis of low-carbon supply technologies in
examples of mdust^ low-carbon t^ Uterature including detaUed technology
dllrSteSadLs p'rrpar'ed by DOE in conjunction with its national laboratories and industry.

Next we created scenarios of increased energy efficiency and lower carbon amissions using the 
data (or in the industrial sector, historical relations) as key inputs. We chose to run 

three scenarios other than the BAU case. We have termed the first the "^Iciency" (EFF) cw. U 
BViop tiip United States increases its emphasis on energy efficiency through enhanced»d pn“o.g»«,i phS»s«phy oi ^ m 

but does not eliminate, various market barriers and lags to the adopbon of cost-effective energy
efficiency technology

The other two cases, dubbed the $25 permit and the $50 permit "high-efficiency/low-caibon" 
(HE/LC) cases describe a world in which, as a result of commitments made on a c^ete treaty or 
^i facto^^tke nation has embarked on a path to reduce carbon emissions. Both of t^e cases 
LsSne ?ma;or effort to reduce carbon emissions through federal poUoes and 
environmental regulatory reform), strengthened state programs, and very active private s«tor 
Involvement. Bothriso include a focused national R&D effort to develop and triform matets for 
fow-caibon energy options (e.g., fuel cells for mlcrorog^wation m ^l^ings and ^vmced^biM 
systems for combined heat and power in industry). The differeiwe between two TO/LC cases iS in
the assumption of a carbon permit price resulting from a domestic tradmg scheme for carbon 
emissions with a cap on U.S. emissions (or from equivalent poUcy me«uie3 that increa^
SJbon-based fuels relative to those with less carbon). We assume / domestic permit pne^of $25 

r/nd $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 vigor^ ffian in foe e^ien^ 
case In foe buildings and industry sectors, foe carbon price signal, combined with poliaes promoting . 
energy efficiency, is beUeved to trigger most of foe additional CMborwedufi^asa--^^ 
trans^iirtation sector, irtr^d^Hdriverr technology b^akthroughs tlw^J^i^Sifo^k of foe 
carbon reductions beyond foe efficiency case. For foe electricity sector, higher pn«s for carbon- 
based fuels cause lar^r shifts from coal to natural gas; for this sector, these saira higher relative 
prices combined with federal and private research, development, and demonstration can brmg 
advanced low-carbon technologies to market.

Although most of foe analysis focuses on 2010, we also look beyond fois date. Here we des^e new 
^olories, materiab, processes, manufacturing methods, and other R&D advance that pro^ 
to offer Sgnificant ener^ benefits by the year 2020; tor this time p«^d, we make no effort to 
forecast spSfic levels of market penetration, energy savings, or carbon red^tions. Tlius, instead of 
creating scenarios we describe the technological innovations that could enable foe contouation of an 
aggieSve pace of decarbonization well into the next quarter century. If appropriate investmente m
R&D were made.

August 29. 1997 V2
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1.3 BACKGROUND

S£3;^~"=5sr^x='.;5.“^:1986 eiwray pricw b^an a descent in real terms that has continued to the prewnt. As a result, 
grew from 74 quad- in 1986 to 91 quads in 1995, and carbon enussions have been

increasing at a similar pace. ^
Despite the growth in energy consumpdon since 1986, the U.S. economy today remaine-morrener^ ^
^ducUvir£m It "g" ^ 1970,19.6 thousand Btu of energy wore consumed for each (
(1992) dollar of GDP. By 1995, the energy intensity of the economy had ^
Btu of energy per (1992) dollar of GDP. The U.S. Department of Energy (DOE) estimates that the 
country is saving $150 to $200 billion annually as a result of these Improvements.

Nevertheless, many cost-effective energy-efficient technologies remam underutal^ed, as discussed 
in Chapter 2. [A h^mt >"ai-Vni- hirriara .a«!CBUul foi iliese loftt opportuniafe. Attd Ugdmmg onorgy
pA-n may cause promihlng teehnoLogy options to be foregone /

sector - despite the possibility of sizable gains in the long run. Furthermore, advances m energy 
efficiency offer substantial pubUc benefits (such as carbon reductions and improved natimal security 
through greater oU Independence) that cannot be fuUy captured in the pnvate marketplace.

The benefits of past public investments in energy-cffidency R&D have been wdl documented. 
Between 1978 and 1996, DOE spent approximately $8 billion on energy-efficiency research, 
development and demonstration (RD&D). Just five of the technologies that 
demonstrated with a fraction of this DOE support have resulted in net benefits of $28 blUlon 
through 1996 Many other R&D successes have produced technologies yielding substantial energy 
and cost savings in the market. The DOE RD&D portfolio has also led to significant environmental, 
health, productivity, and economic competitiveness benefits.

1.4 RESULTS

1.4.1 Prospect# tor improved Efficiencies by the Year 2010

Table 1,1 and Figure 1.1 compare the nation's primary energy use in quads for the years 1990 wd 1997 
(projected) with the results of three scenarios for 2010. (We have included only the high- 
efficiency/low-carbon case at $50/tonne in the table and figure for simplicity.) The $50/tonne 
HE/LC case shown below docs 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 
and biomass gasification in industry) or the supply-side options shown In Table 1,4.

August 29, 1997 V2
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Table 1.1 Primary Energy Use in Quads: 1990-2010

1990 1997
Businecs-as-

Usual
Case

Efficiency
Case

High-Efficiency/
Low-Carbon

Case (S50/tonne C)

Buildings 29.4 33.7 36.0 34.1 32.0

Indusuy 32.1 32.6 37.4 35.4 33.6

Tran e nnrta ti nn 22,6 25.5 32.3 29.2 27.8

Total 84.2 91.8 103.7 98.7 93,4

a^ergy use ^mates 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, eitergy use increases by 22 quads (26%) between 1990 and 2010; 8 
Quads of this increase have occurred during the first seven yean of this 20-year penod. The 
fastest growing sector during these initial seven years has been buildings (43 quads) foUowcd 
by transportation (2.9 quads) and industry (0.5 quads). In the BAU case, the fastwt ^wmg 
sitor du^g the remaining 13 years is transportation (6.8 quads). This is foUowed by industry 
(4.8 quads) and then buUdlngs (Z3 quads). The rapid projected growth In the energy consumed 
for transportation is driven by estimates of increased per capita travel and miidmal 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% increase in the 
BAU case. Relative to the BAU case, the efficiency scenario for transportation deUvers 
slijrhtly more energy savings (3.1 quads) than do the same scenarios for the industrial (2.0) or 
hidings (1.9) sectors. Compared with 1997 levels, the smaUest increase in energy growth for 
this case is in buildings (0.4 quads), foUowed by industry (2.8 quads), and transportation (3.7
quads).

• The high-efficiency/low-carbon scenario with S50/tonne carbon charge fur&er decreases the 
overall growth between 1990 and 2010, reducing it from 22 to 9 quads. This is an 11% increase 
over the level of energy consumption in 1990. Relative to the BAU case, the high- 
efflciency/low-carbon scenario for buildings, industry, and transportation delivers energy 

■ savings rmging from 3.8 to 4.5 quads for each sector. Compared with 1997 levels, the buildings 
sector is down about 2 quads and industry and transportation are up 1 and 2 quads, respectively.
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Figure 1.1 Prinuuy Energy U6» in Quads: 1990.2010
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Tatle 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 S25 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<arbon technologies. 3 In these cases, a 
number of low<arbon technologies have hi^ rates of adoption (e.g., advanced turbine systems and 
biomass gasification in industry), the utiUty grid is dispatched to reduce carbon emissions (by usmg 
many coal plants for intermediate power and by running more natural gas plants as base load), a set 
of coal-based power plants are repowared. 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 $50/tonne.
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Table 1.2 CAibon Emissions (MtO: 1990-2010

2010

Buildings
Industry
Transportation
UdUties’>
Total (rounded

1990

460
452
432

1997

Buainess-as-
Usual (BAU) Efficiency Case 

raci« __________ _

Migb-Efficicncy/
Low-Carbon"

S2S/tonne $5CI/tonne
511
482
486

571
534
616

546
512
543

527 
488
528 
-48

509
452
513

-136
1340 1480

140
1720
380

1600 1490 1340
260

-120
150

-230
0

-380Change from 1990
f*hpnee from BAU ~ ---------------

of coaUbLed Sntt to to natural eas, and (3) Introduction of selected low-carbon
teffiSL to replM® conv^entiona’l ones, prtmarlly in the Industrial and utility sectors.

$50/tonne carbon permit price in this scenario.

Table 1 2 presents results for the business as usual and three efficiency and/or low c^bon 
cSs in 20 W as poi^t estimates, because they are meant to be scenanos. When we use ftese 
t:enarios for an&ysis, in section 1.5, we describe sources of uncertainty and the cKecta of 
Sicertainty on oti understanding of the implications of these cases. For now, we only 

describe the different cases.

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 overaU growth between 19M 
and 2010 by one-third (from 380 to 260 tnmion tonnes). This represents a carbon mcrease of 19% 
above 1990 emissior».

- The HE/LC scenario with $25/tonne carbon charge has the potential to reduce carbon emissions 
by 230 miiUon tonnes from the BAU case in 2010. The largest part of these carbon reductions are 
from increased efficiency, but major changes in electricity supply (c«bon-b^d dispati^g 
and repowering) contribute nearly 35 miUion tonnes, and other low-carbon technolo^,

• particularly renewables and advanced turbine systems, produce approximately another 25
million tormes.

. The HE/LC scenario with $50/tonne carbon charge has the potential to reduce carbon
bv approximately 380 miUion tonnes, thereby achieving 1990 carbon emission levels m 2010. Of 

MO million tonne carbon reduction, about 190 miUion tonnes are from increased energy 
efflclencv 140 million tonnes results from increases In the use of low-carbon fuels 
technoloUs the utiUty sector, and 50 million tonnes results from the use of low^arbon 
technology in industry atwi transportation.

( : 0 a
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Figure 1.2 Reductions in Caibon EmiBsions from Each Scenario 
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Figure 1.3 Reductions in Caibon EmUaions from Each Type of Technology
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100 million of the 140 million tormes of carbon reductions in the utility sector comes from 
redispatching the utility system (favoring the use of low-carbon fuels) and from rcpowemg 
coal plants with natural gas. Both are cost-effective with a $50/torme carbon charge. The 
remaining 40 million tonnes are from renewables (wind, co-firing coal-based power plants with 
biofueU, expansion of hydropower capacity), nuclear power plant life extensions, and power 
plant efficiency improvements.
The remaining 50 million tonnes of carbon reductions in industry and transportation are ab^t 
eouaUv divided among three sets of fuels/technologies: (1) advanced combustion turbine 
^generators in industry, (2) biomass and black liquor gasification and low-carbon mdustilal 
processes, and (3) cellulosic ethanol/gasoline blends for automobiles.

. Approximately 140 MtC of the increase in carbon emissions between 1990 and 2010 will h^e 
occurred by the end of 1997; thus, it is useful to look at the 13-year forecast starting with 1997,
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$50/tonne carbon charge «d«c« carbon emissions in 2010 by about 130 
nuilion tonnes (compared with the 1997 level).

Table 1 3 provides a comparison of the growth rate in energy and in carbon emissions for the fo^ 
cases from 1990 to 2010- For the BAU and efficiency cases, the growth m carbon emissionB is slightly 

than the increase in energy demand. For the HE/LC cases, carbon emissions decbne 
whUe energy consumption rises. The carbon reduction reflects the Increased deploym^t of low- 
r«^on fuek and technffiogies as a consequence of the relative increase in price of carbon-based fuels

ptecipitoted by the $50/tonne incentive.

Table 1.3 Average Annual Energy and Carbon Growth Rales, 1997 to 2010, for Four Cases

Business-As- Efficiency
Case

High Efficiency/ 
Low Carbon Case 

($25/tcmne)

High Efficiency/
Low Carbon Case 

($50/tonnc)

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% 0.6096 0.05% -0.76%

Energy Consumption Per 
GDP(E/ODP)

4).77% ■1.30% • 1.51% -1.71%

Carbon Emissions Per GDP -0.70% -1.25% -1.79% -2J9%
fC/GDPl»
• The Gross Domestic Product (GDP) in 199S was S7251 billion in 1995 dollars. The 1.88% annual growth was
assumed to apply to the entire period, 1995-2010 to derive the results above.
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, $25/tonne HE/LC, and $50/tormo 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 carbon emissions by the year 2015, starting with the 
base year of 1987. Its "moderate" scenario resulto 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/yeai). 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 emisrions 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 NaHonal 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 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
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cK.x.c.=ri». ^
o' oo«r=««.W= low<.rton

technologies-
1.4.2 R&D’s Potential for Further Benefits by 2020 . u, b.
,,'c^ rc^^^on. ^ 2010 and » 
aie needed to fill the pipeline technolo^s- however, our effort to characterize their

r^To'ST^^r Hc“r .. v.s^.» >»p»v.diese supply options beyond 2010 Is beyond the scope of this report
o 1,1. tprhnoloorles will likely play a crucial role in limiting carbon emissions over the 

L^w-SrUi^gy supply option are needed to fuel domestic and international 
econonuc

without srtmiStinrf^" '^“^8- 'Tvfor onlv 7% of the nation's total energy consumption at present, many believe that they are at die 
for begtaru

only ng7/
 

 Of a ™        
.rowth traiectorv With enJw

continreso^
uing t̂echnsome

ologicaltime within
developmen!he next

t and several
costredu^ns^^ewablra^^ ofthis transition is seen iifthe continuing adoption of renewable poweristems,’ deluding especially wind farms and biomass ^torfked power generation costs and considerable uncertainty in today s electnc energy sector,

TlBctncitv in 2020 thereby substantially displacing carbon emisslorw. For example, the use of J^eSf 
continues to be an attractive power optio7where^e residues exist. The successful development of hlghei-effictency bio^ss systems would make this technology competitive in a wider range of applications, toSSte J Ler syaems using d,dlc.t»i feud stock supply syMsms. At the asms 0ms, bi^gual S?^?Su?sl rsssich ou biomsss produettou wlU Usd both to highsr biomass yUlds and bsttat Species for energy conversion purposes in the future.

A second area in which a vigorous and sustamed R&D effort c^ld spawn a range of key improvements is in wind power systems. Potential improvements include
. Advanced blade shapes that increase wind power capture whUe reducing stress loads

• Eliminatian of gearboxes through development of direct-drive generators
* Variable speed turbines, and
. Better resource prediction that will increase the value of wind power to power systemsoperators.

A third area of renewables development that is at the beginning of a long-tenn //* ‘* ^*use of renewables in buildings. Solar daylighting, passive solar d«i^,gMthermal heat pumps already are cost-competitive In many appheations, but are not yet widely
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used R&D advances could substantiaUy accelerate their m^ket peneteation. la addition. 
Sini Steinated photovoltaic products will benefit directly from advances m materials 
re"S'?3.5Late vSt buddings will become "net energy generators" through a

combination of renewable energy and energy-efficiency technologies.

In the next quarter century, improved energy-efficiency technologies will result from a combination 
of incrementel advances and fundamental breakthroughs. Incremental improvemmte m aU wtors 
can be achieved by the greater reliance on more precise and reUable sensors and controls or on lower- 
cSt ^rs and controls, often integrated into industrial processes, transportation s^tems, and 
buUdinES Advanced manufacturing technologies, including rapid prototypmg and ultraprecision 
SfricaSn. also offer broad opportunities for continuous incremental improvements In 
efficiency and renewable energy. Breakthrou^ in bioprocessing, separations, superconductivity, 
catalysts! and materials can have wide-ranging impacts on energy efficiency ^d carbim enuasiora 
by the year 2020. Examples of specific technology opportunities are described m this report, by

sector.

Five R&D areas offer great promise to reduce significantly the energy requirements of our nation s 
buildings in 2020:

• Advanced construction methods and materials

• Adaptive building envelopes

• Multl-functionai equipment

• Integrated, advanced lifting systems, controls and communications and

• Self-powered buildings.

In addition to the broad appheation of better process modeling, sensors, and controls in industry, 
many process/industry-specific opportunities for efficiency gains exist. These are described for Mch 
of DOE'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 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 pet 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

• Utra-low rolling resistance tires

• High-effidency 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 this report.
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In aU, the continued adoption of energy efficient and renewable energy tedtoologiM and a steady 
flow of technology improvements from collaborative R&D programs with indiatty could make such 
environmentaUy friendly technology an attractive option for domesHc and global econonues
in the future. With strong pubUc-private partnerships to support the necessary R&D and market 
transformation activities, ample cost^ffective energy products and practices wUl be available m
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 sail for either $25 or S50/tonne C. 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 $50/tonne HE/LC case, there is a potential to roughly return to 
1990 levels of carbon emissions in 2010. About two-thirds of the increase in carbon emissions Is 
eliminated in the case with a $25/tonne carbon charge (Table 1.4).

The estimates in Table 1.4 include ranges for most of the electricity supply options and the other 
low-carbon technologies. There are no ranges for the efficiency technologies because the models used 
to estimate their penetration axe nonstochastic. When selecting a single estimate for the $50/tonne 
case, numbers from the low end of the ranges were generally selected in order to be cautious. Because 
we did not conduct an integrating analysis in which supply options compete against one another, we 
felt It Important to minimize potential overlap by entering the supply options In conservative 
quantities. Also note that several renewable resources that could play a greater role by 2010 are 
omitted from Table 1.4; these resources include include photovoltaics, geothermal, solar thermal, 
and landfill gas.

One should not ascribe too much significance to specific entries in Table 1.4 Tbere are many different 
technologies, both on the supply and demand side of the energy system, that will compete to 
achieve carbon reductiorts in an environment in which policies and economic signals favor such 
reductions. Thus, for example, Table 4.1 shows advanced turbine systems in Industry cutting carbon 
emissions by 17 MtC/year in 2010, co-flrlng coal with biomass reducing emissions by the same 
amount, and other low-carbon supply technologies (wind, nuclear plant extensions, hydropower 
expansion, and power plant efficiency) contributing 24 MtC/year. The actual choice of technology 
depends on how the economics of the different systems evolve over time, how the industry to supply 
technology develops, the nature and speed of deregulation within the utility industry, and numerous 
other fartors that cannot be known today. As such, we do not intend the results in Table 1.4 to be 
taken as a prediction of one technology over another to achieve carbon reductions. In this Instance, 
we have posited one of many poasible mixes of supply technologies. These same comments apply to 
the demand-side sectors and technologies.

We summarize below the expected technology costs in 2010, as well as the cost of implementing a 
carbon permit system. While these costs are necessarily 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 the vlabiUty of specific poUdea or programs to achieve 
market acceptance. As described below, we do account for program and policy costs in an 
approximate manner.
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High*E£flciency/Low-Caibon
Case

Buildings 
Energy efficiency 
Fuel colls

Efficiency
Case $2S/tonnc

42
2

S5(Vtonne*

39
3

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

cement clinker replacement and 
aluminum technologies

36
S
5

51
17 (13-26) 
14 (13-16)

Traasportatlon
Energy efficiency 
Ethanol

61
12

74
14
S8

87
16

103

Utility Supply Options 
. Catbon-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

Total (rounded) 120

25
9

5
2
3

2
2

226

33
40 (25-66)

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

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

383
■'N^tnbL in parenthesis are ranges, as documented In the text of the report. See Appendix A-1 for a description of
the derivadon of the results In this table.

to achieve the carbon emissions reductions. These constitute tf\e direct costs of toe sc^lM. 
highest of these by far Is the incremental investment costa. However, the generaUy hig^r cost 
Xese technologies is counterbalanced by substantiaUy lower operating costs. The benefits 
considered are linSd to the savings in operating (energy) costs from the technology mvestments.

August 29, 1997



09y04/97 THU 12:57 FAX 202 6222633 
.08/29/97 FRI 14:00 FAX 510 486 5454 EET DIVISION

ChaptBf 1
Analysis Results

of costs In the first, which we label "optimistic," we evaluate all costs and benefits with a real 
discount rate that approximates the cost of capital/br efficiency inveetmenti for the different end-

use sectors:

• 7% for buildings

• 10% for transportation

• 12.5% for industry.

The lowest discount rate, for buildings, U based on the fact that the money for residential buildings 
is derived from home mortgages or home improvement loans. The higher rate 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 measures. For the "optimistic" 
case, we assume costs for efficiency measures brought about by utility, federal programs, and state 
programs (e.g., demand-side management programs by utiUties, federal market transformation 
programs) to be 15% of technology costs. We also assume that at least half of the efficiency occurs as 
a result of federal policies (e.g., standards or carbon permit charges) which add very low direct 
program costs. Thus, the overall costs of implementation are taken to be about 7% in the 
"optimistic" case. The electric supply-side technologies are assumed to add an incremental cost of 
$30/toime carbon in 2010, based on an average estimate of the incremental costs of the technologies 
from the appropriate sections of this report.

These programs and policies are not specified in this study, but the broad nature of the actions could 
include technology R&D partnerships such as the current Partnership for a Next Generation of 
Vehicles and Industries of the Future; energy efficiency codes and star\dards; expanded 
partnerships, technical assistance, and information programs to accelerate the adoption of energy- 
effident technologies; incentives through the tax system directed at investments in energy-efficient 
technology in industry; and a variety of non-federal programs to accelerate market diffusion of 
energy-efficient and low-carbon technologies.

The second perspective, which we label "pessimistic," 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 30% of the cost of efficiency measures, an estimate that Is a high bound compared with 
federal, state, and utility experience. Overall implementation costs (programs and directed 
policies) are taken to be 15% of technology investments in this case. Other data and assumptions in 
this case are the same as for the "opdinistic" case.

The results of the economic analysis are presented in Table 1.5. Estimated direct costs are S26-S49 
billion per year for the efficiency scenario and $51 to S88 billion per year for the high- 
efficiency/low-carbon scenario. EsHmated savings per year in 2010 are $42 to $S1 billion per year in 
the efficiency case and $70-$88 billion per year for the high-efficiency/low-carbon case. Hie costs, 
which axe a smedl portion of annual gross private domestic investment of about $1.4 trillion in 2020, 
are likely to be more than balanced by savings in energy bills. Thus, net costs to the U.S. economy 
are near or below zero in this time frame.
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________ —■ » ------- ..nEfficiency 
Case*

Hlgh-Efflclency/Low-Carbon
_________ Case^

«„efitsc------- Co«»3 CaitoEP Benefits Costs Carbon
(billion (billion Swings (WUio« (bmion Savings
iQQSSl 1995S) MtC 1995$) 199351 Mtu

Energy Efficiency 
Buildings 
Industry 
Transportation 

Electricity Dispatch 
Electricity Repowcring 
Other Lo'^'-Carbon Tcchologics 
Total

14-17
6-7

22-27
0
0
0

42-51

7-14 20-23 26-33
3-3 18-22 12-15

16-30 58-73 32-40
0 0 0
0 0 0
0 0 0

26-49 96-120 70-88

14-26
8-13

23-43
2
2
2

51-88

49-62
66-82
82-103
44-33
32- 40
33- 41

306-383

. Energy efficiency category includes ethanol in tiansportotlo^

"pessimistic'’ case, we have ®^roiTSn^^gs^r««nts ^ assumption.

noticeably higher than the likaly cost of capital, aitd doubling the cost of prograrM 
frr«n tvoicalexoerience today is a strong reflection of pessimism In costs for our cases. It

billion per year to the costs of the hlgh-efficlency/low-carbon in the pessunisbc case.

In addition to these costs, one needs to calculate the impact of the cases on natui^ gas 
It 14.h seas natural eas replaces very large quantities of coal. Higher natural gas demand 

all . . ® ,1 Jas prices^whiS hi turn would increase the cost of substituting
would result m higher nato^ g^ pnees,^ ^ u turns out, our scenarios have somewhat reduced 
natural gas for coal P . aE097 baseline for 2010, on which the price of

rff^di-rfines in 2010 bv 2 quads compared with the business-as-usual case. This is the tesidt of 
declines of 0.5 quads for bidldings, 1.0 quads for industry, and 0-5 quads for electriaty. The latter 

occurs because of the balance among three factors:

• Increase in gas demand because of the large-scale substitution of natural gas for coal

. Decrease of gas demand because of the use of many low-carbon technologes that do not i^e 
natural gas (wind, nuclear power plant extensions, power plant efficiency upgrade , 
hydropower eiqjansion, co-firing with biofuels), and
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. Th= lars. to =os».»h»., which r,d«« d«h.hd for naiutdl gas ter haatog
applications.

a benefit that we have not included m

billion tonnes per year equals $65 biUion per year, 

alternative methods of cost analysis - are favorable.

SteShorto reduce the growth of carbon emisalons- In the high-efflciency/low-carbon cases, we

SZg re^rfor c^bi“^tS'i®aTomcLtic

realized.
Government poUdes and programs that encourage and/or require the adoption of encrgy-efRden^ 
Sd l^carbon technoloje, will be needed, along with incentives for industry to mvest mote m 
these technologies. Additional private and pubUc investments are necessary, not only to accelOTte 
S^tSoSll^tiS of new technologies into the market before 2010 but also to 
of technologies for the period after 2010. The transportation and «dors arc especiaUy
dependent on early technological advances to achieve the scenario results in 2010.

There is no assurance that these and other driving forces will cause the scen^os we have described 
to take DlacB Our major conclusion is that cost-effective technology can be deployed to a^eve 
ShSfredSo.^ teT«bon «te,si»h. by 2010. Co.«««iv. »«gy .ffid«icy c» »to te. 
nation 30 to 50% of the way to 1990 levels. Two additional utility sector meuures can reduce carbon 
emissions by another 30% at an estimated cost of $50/tonne carbon: carbon-baaed d^patch and 
conversion of existing power plants from coal to natural gas.« Finally, we identify several 
additional tecLologies that can contribute up to 20% of the several carbon
than $50/tonne. Anext generation of advanced .nergy-efflci^ and «J«Yrtn mSl^tr^e 
promises to enable the continuation of an aggressive pace of energy and carbon reductions over the

next quarter century.

1.6 REFERENCES

Energy Information Administration (ElA). 1996. Annual Ener^ Ouilookl997: With Projections to 
2105, DOE/EIA'0383(97) (Washington, DC: U.S. Department of Energy), December.
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endnotes

^Thfi five national laboratories participating in the study were: Argonne National L^J°«tory 
f ANL^ Uwrence Berkeley National Laboratory (LBNL), National Renewable Energy Laboratory 

N-Snl I-.bor.t«y (ORNl), <md P»dflc Northwo.. N.bonJ L^borato^-

(PNNL). LBNL and ORNL were the co-leaders of the effort, 
i See Section 2-2-3 for a definition of cost-effective energy efficiency technology-

efft^ncy). $25 per tonne would cut these gasoline and electricity pnee increments in half.

4 The cost curve for repowering is relatively flat; as such, considerable additional reduction* are 
pSlible at a cost not too different from $50/tonne. The results are highly sensitive to the price 
differenttal between coal and natural gas; at a lower (higher) price differential, a higher (lower) 
permit price of carbon is needed.

c_o
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MEMORANDUM
August 29,1997

TO: TJ. Glauthier (OMB), Jeff Frankel (CEA), Robert Gillingham and Jon Gruber (Treasury),
Peter Orszag (NEC)

FROM: Mark D. Levine and Marilyn Brown
RE: Executive Suiunary and Chapter 1 of the Report "Scenarios of U.S. Carbon

Reductions"

CC: Joe Romm, Eric Petersen, Mark Mazur

We are faxing to you a modified version of the Executive Summaiy and Chapter 1
report In thif vcrSn, we have attempted to respond to the concerns expressed m the meeting on August
19 while still expressing the major findings of the report
We have received two sets of comments from you and expect to give you substantive responses to these 

comments in the near future.
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EXECUTIVE SUMMARY

This report presents the results of a study conducted by five U.S. Department of Enerp nation^ 
laboratories *at quantifies the potential for energy-efficient and low-carbon technologies to reduce
carbon emissions in the United States ^ The study documents in det^ how fom key sectors

projections suggest that a carbon emissions reduction df380ifullion metric tons per year (M^/yew) is 
required to stabilize U.S. emissions in2010 at 1990 levels/—-C ^
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 iidormation to assess potential impacts. Analys^ of the 
buildings industry, and transportation sectors quantifies the impacts of end-use energy-effici^cy 
improvements on carbon emissions. The utUity sector analysis estimates the impacts of those 
improvements on utility carbon emissions, and quantifies additional emissions reductions^ough 
conversion of a number of coal power plants to natural gas, dispatching of the utiHty gnd w’lth $25 and 
$50/tonne carbon permit prices, the accelerated use of biomass cofiring and wmd energy, and other low- 
carbon electricity supply options. FinaUy, 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, transportatio^iofu^^d fi^e^^m^ildir^.^^^^
Three overarching conckidm^merge fromS^analysis of alternative carbon scenarios. First, a vigorous 
national commitment^develop and deploy cost-effective energy-efficient and low-carbon tec^ologies 
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 m which er^gy 

, efficiency can reduce carbon emissions by 120 MtC/year by 2010. We analyze a second case, with policies 
that promote adoption of energy-efficient and low carbon technologies and a $25/tonne carbon permit 
pricef with emission reductions of 230 MtC/year in 2010. Under a $50/tonne carbon permit price smd 
aggresive policies, 2010 emissions could be cut by about 380 MtC/year. The analys^ also suggests that 
substantial additional savings are available if permit prices were to begin to rise above the $50/tonne
level. ___ _
The second conclusion is that, if feasible wa^sl^Tf^d to implemmt the carbon reductions as described 
above, all the cases (with reductions between 120 and 380 MtC/year by 2010) can produce direct
benefits that are rougWy^^quaHo^r^ce^ costs.^ The analysis includes only tedmologies estimated to be 
cost-effective und^OlO energy pr?ce^:^vith a $25/tonne and S50/tonne carbon permit pnee^for ^ 
respective cases); ithas not, howev^ analyzed specific policies to achieve the cases, identified the 
political feasibility of policies, or described a pathway to achieve the cases.
The third conclusion is that a next generation of energy-efficient and low-carbon technologies promis^to 
enable the continuation of an aggressive pace of carbon reductions over *e next quarter cen^ry. This 
report documents a wide array of advanced technology options that could be cost-competitive by ^
2020, assuming a vigorous and sustained program of energy R&D beginning now and extendmg beyond 2010.

' The five national laboratories participating in the study were: Argonne National Laboratoiy (ANL). Lawrence 
National Laboratory (LBNL). National Renewable Energy Laboratory (NREL). Oak Ridge Nauonal Laboratory (ORNL).
and Pacific Northwest National Laboratory (PNNL). LBNL and ORNL were the co-leaders of the effon.
2 Here we count as benefits only the energy savings to the nation. We have not credited reduced CO2 emissions or 
other external benefits. Costs include the incre^cd technology cost plus an approximate estimate of the cosu of 
program and policy implementation.

, August 29, 1997
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Chapter 1
ANALYSIS RESULTS

This report presents the results of a study conducted by five U.S. Dep^ent of l^ergy national 
laboratories that quantifies the potential for energy-efficient and low-c^bon lechnobgies to reduce 
carbon emissions in the United States.' The stimulus for this study derives from a growing

quantify the reductions in carbon emissions that can be attained througji the improved petform^ce 
2nd increased penetration of efficient and low-carbon technologies by the year 2010 We also take a 
loneer-term perspective by characterizing the potential for future research and development to 
produce further carbon reductions over the next quarter century. As such, this report un^scores the 
value of energy technology research, development, demonstration, and diffusion as a public response 

to global climate change. ^ ^ p, (, w

Three overarching conclusions emerge f^pl^^our analysis of alternative carbon reduction scenarios. 
First, a vigorous national commitment/to develop and deploy cost-effective ^rgy-efficient and 
low-carbon technologies could reverse the trend toward increasing carbon emissions. Along with 
utility sector investments, such a commitment could belt the growth in U.S. ener^ co^imption and 
carbon emissions so that levels in 2010 are close to those in 1997 (for energy) and in 1990 (for carbon).
It must be noted that such a vigorous national commitment would have to go far beyond current 
efforts. Second, if feasible ways are found to implement the carbon reductions, the cases analyzed in 
the study are judged to yield direct benefits that are roughly equal to or greater than costs. Thirtl a 
next generation of energy-efficient and low-carbon technologies promises to enable the continuahon 
of an aggressive pace of carbon reductions over the next quarter century.

1.1 OBJECTIVES OF THE REPORT

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 arwFperformance of the technologies that underpin a year 2010 scenario

in which substantial energy savings and carbon emissions reductions are achieved;

3. To illustrate the potential for energy-efficiency and renewable energy R&D to produce further
reductions in energy use 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 EIA st^f, we chose to accept 
the EIA "business-as-usual" (BAU) scenario as is for buddings and industry. We modified some of

August 29, 1997 V2
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the assumption aitd data to produce a new BAU case - not gieatly 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 
effiSS or, for seUcted end-uses, to switd. from one fuel to another (e.g ^om elec^^ to 

S3 gas fo3dential end-uses or from gasoline to biofuels for transportahon). *e buddmg 
sector lie technology performance and cost data base are extensive. For transportabon, the 
base - although less hdfy developed than for buUdings - is
only partial formation on technologies and costs is presently available. ^ a result, 
for industry relies primarily on historical relations between energy ^e and economic “hvityjmd 
much lesion expUcit technological opportunities. The indi^trial ar^ysis 
examples of induibial low-carbon technologies. The an^ysis of low-carbon
the electricity sector is based on a review of the Uterature mcludmg detailed fetology 
characterizations prepared by DOE in conjunction with its national laboratories and mdustry.

Next we created scenarios of increased energy efficiency and lower carbon emissions usi^ the 
technology data (or, in the industrial sector, historical relations) as key mputs. We chose to run 
three sc Jiarios other than the BAU case. We have termed the first the "efficiency (EFF) c^e. It 
assumes that the United States increases its emphasis on energy efficiency through ^h^ced 
pubUc- and private-sector efforts. The general philosophy of the efficiency case is Aat it reduces, 
hut does not eliminate, various market barriers and lags to the adoption of cost-effective energy
efficiency technology.^

The other two cases, dubbed the $25 permit and the $50 permit "high-efficiency/low-carbon" 
(HE/EC) cases, describe a world in which, as a result of commitments made on a <^ate treaty or 
other factors, the nation has embarked on a path to reduce carbon emissions. Both of t^se c^es 
assume a major effort to reduce carbon emissions through federal policies and programs (including 
environmental regulatory reform), streng^ened state programs, and very active private sector 
involvement. Both also include a focused national R&D effort to develop and transform markets for 

enerev ootions (e.g., fuel cells for microcogeneration in buUdings and advanced turbme
involvement. Both also include a focused national K&U eitort to aeveiop anu 
low-carbon energy options (e.g., fuel cells for microcogeneration in buUdinp and ^vw^d turbme 
systems for combined heat and power in industry). The difference between the two HE/LC cases iS m 
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 poUcy measures that rncreaM the P«ce of 
carbon-based fuels relative to those with less carbon). We assume a domestic permit price of $25 

____ ______ t__ Rnth nf these HE/LC cases include a program of

U

carbon-based fuels relative to those with less carbon), we assume a aomesne permn pnee ux 
and $50 per tonne of carbon for the two cases. Both of these HE/LC cases include a propam of 
research, development, demonstration and diffusion that is more vigorous than in the efficiency 
case. In the buildings and industry sectors, the carbon price signal, combmed with pohcies promoting

carbon reductions beyond the efficiency case. For the electricity sector, higher pn«s 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 brmg 
advanced low-carbon technologies to market.

Although most of the analysis focuses on 2010, we also look beyond this date. Here we desmbe new 
technologies, materials, processes, manufacturing methods, and other R&D advances that 
to offer S^ificant energy benefits by the year 2020; for this time period, we mate no effort m 
forecast specific levels of market penetration, energy savmgs, 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 apprepnate investments m
R&D were made. J-

Cr^ .
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1.3 BACKGROUND
The decade of gains in energy productivity achieved by the U.S. foUowing the 1973-74 Arab oil

ener^ 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 to it was 25 years ago. In 1970,19.6 thousand Btu of energy were consi^ed for each 
fl992I dollar of GDP. By 1995, the energy intensity of the economy had dropped to 13.4 thousand 
Btu of energy per (1992) doUar of GDP. The U.S. Department of Energy (DOE) estimates that the 
country is saving $150 to $200 billion annually as a result of these improvements.

Nevertheless, many cost-effective energy-efficient technologies remain underutil^ed,^ discussed 
in Chapter 2. A host of market barriers account for these lost opportunities. And decliiun^energy 
R&D expenditures may cause promising technobgy options to be foregon^ -p t> ^ V '

The rationale for government support of energy-efficiency R&D is strong. Much ^wgy^ienipr 
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 substantial public benefits (such as carbon reductions and improved national security 
through greater oil independence) that cannot be fully captured in 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, 
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 benefite of $28 biUion 
through 1996. Many other R&D successes have produced technologies yielding substantial energy 
and cost savings in the market. The DOE RD&D portfolio has also led to significant environmental, 
health, productivity, and economic competitiveness benefits.

1.4 RESULTS

1.4.1 Prospects for Improved Efficiencies by the Year 2010

Table 1.1 and Figure 1.1 compare the nation's primary energy use in quads for ^e years 1990^d 1997 
(projected) with the results of three scenarios for 2010. (We have mcluded only the high- 
Jficiency/low-carbon case at $50/tonne in the table and figure for simphaty.) The $50/tonne /
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 buddings, advanced turbine systems 
and biomass gasification in industry) or the supply-side options shown m Table 1.4.

1./ - oSt~^
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Table 1.1 Primary Energy Use in Quads: 1990-2010

1990 1997
Business-as-

Usual
Case

Efficiency
Case

High-Efficiency/
Low-Carbon

Case ($50/tonne C)

Buildings 29.4 33.7 36.0 34.1 32.0

Industry 32.1 32.6 37.4 35.4 33.6

22.6 25.5 32.3 29.2 27.8

Total_________ 84.2 91.8 105.7 98.7 93.4

Energy use estimates for 1997 come from forecasts conducted for EIA (1996b).
Nun^rs 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%) ^990 and 20m 8
quads of this increase have occurred during the first seven yearn of this 20-year period, -nie 
fastest growing sector during these initial seven years has been buUdmgs (4.3 quads) foUowed 
by transportation (2.9 quads) and industry (0.5 quads). In the BAU case the fastest
SMtor d^ing the remaining 13 years is transportation (6.8 quads). Th^ is followed by mdustry 
(4.8 quads) Sid then buildings (2.3 quads). The rapid projected growth m tl^ ei^rgy 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 /o mcrease in the 
BAU case. Relative to the BAU case, the efficiency scenario for tra^portotion dehvers 
slightly more energy savings (3.1 quads) than do the same scenarios for the mdustrial (2 0) or 
hidings (1.9) sectors. Compared with 1997 levels, the smallest increase m energy
this case is in buildings (0.4 quads), followed by industry (2.8 quads), and transportation (3.7

quads).
. The high-efficiency/low-carbon scenario with $50/tonne carbon charge furtiier d^reases the 

overall growth between 1990 and 2010, reducing it from 22 to 9 quads, "^is is an 11 
over the level of energy consvimption in 1990. Relative to the BAU case, the high- 
efficiency/low-carbon scenario for buildings, industry, and fraiwportation deliver mer^ 
savings ranging from 3.8 to 45 quads for each sector. Compared with 1997 levels, the biddings 
sector is down about 2 quads and industry and transportation are up 1 and 2 quads, respectively.

August 29. 1997 V2
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Figure 1.1 Primary Energy Use in Quads; 1990-2010
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Table 1.2 documents the impact of these projected ei\ergy 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 improvenaents and increased use of advanced low-carbon technologies. In these cases, a 
number of low-carbon 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 usmg 
many coal plants for intermediate power and by runxung more natural gas plants 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 aU cases, these technologies and measures are estimated to be 
cost-effective with a differential carbon fee of $50/tonne.
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Table 1.2 Caibon Emissions (MtO: 1990-2010

2010

1990 1997

Business-as-
Usual (BAU) Efficiency Case

High-Efficiency/
Low-Carbon®

$25/tonne$50/tonne

Buildings 
Industry 
Transportation 
Utilities*'____

460
452
432

511
482
486

571
534
616

546
512
543

527 
488
528 
-48

509
452
513

-136

Total (rounded) 1340 1480 1720 1600 1490
Change from 1990 
Change from BAU

140 380 260
-120

150
-230

0
-380

to replace conv^tioni ones, primarily m the mduslnal and utility sectors.

$S0/tonne carbon permit price in this scenario. X

Table 1.2 presents results for the business as usual and three efficiency/and/or low caAon 
cases in 2010 as point estimates, because they are meant to be scenanos. men we 
scenarios for analysis, in section 1.5, we describe sources of uncertainty and the effete of 
vmcertainty on our understanding of the implications of these cases. For now, we y 

desCTibe the different cases.

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 19^ 
and 2010 by one-third (from 380 to 260 million tonnes). This represents a carbon increase of 19 /o 

above 1990 errvissions.
• The HE/LC scenario with $25/tonne carbon charge has the potential to reduce carbon e^sions 

by 230 mUUon tonnes from the BAU case in 2010. The largest part of ^se carbon reducho^ we 
from increased efficiency, but major changes in electricity supply (carbon-b^ed dispat^mg 
and repowering) contribute nearly 35 million tonnes, and other low-carbon 
particularly renewables and advanced turbine systems, produce approximately another 25

million toimes.
. The HE/LC scenario with $50/tonne carbon charge has the potential to reduce carbon e^s^ions 

by approximately 380 million tonnes, thereby achieving 1990 carbon emission levels m 20m ^ 
this 380 million tonne carbon reduction, about 190 milUon tonnes are from increased ^er^ 
efficiency, 140 million tonnes results from increases m the use of low-carbon amd 
technolo^es in the utUity sector, and 50 million tonnes results from the use of low-carbon 

technology in industry and transportation.
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Figuie 12 Reductions in Carbon Emissions from Each Scenario
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Figure 1.3 Reductions in Carbon Emissions from Each Type of Technology
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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 tepowe:^g 
coal plants with natural gas. Both are cost-effective with a $50/torme carbon chwge. 
remaining 40 million tonnes are from rerrewables (wind, co-firing coal-based power plants with 
biofuels, expansion of hydropower capacity), nuclear power plant life extensions, and power 
plant efficiency improvements.
The remaining 50 mUlion tonnes of carbon reductions in industry and transportation are about 
equally divided among three sets of fuels/technologies: (1) advanced combustion turbme 
cogenerators in industry, (2) biomass and black Uquor gasification and low-carbon mdustnal 
processes, and (3) ceUulosic ethanol/gasoline blends for automobiles.

. Approximately 140 MtC 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 startmg with 1997.
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The carbon reductions incorporated in the efficiency case cut the over^ growth in carbon 
emissions between 1997 and 2010 from 240 million tonnes (as forecast m the BAU ^e) to 12a 
The HE/LC scenario with $50/tonne carbon charge reduces carbon emissions in 2010 by about 130 
million tonnes (compared with the 1997 level).

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 emissio^ 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 $50/tonne incentive.

Table 1.3 Average Aimual Energy and Carbon Growth Rates, 1997 to 2010, for Four Cases

Business-As- 
Usual (BAU)

Efficiency
Case

High Efficiency/ 
Low Carbon Case 

($25/tonne)

High Efficiency/ 
Low Carbon Case 

($50Aonne)

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
GDP (E/GDP)

-0.77% -1.30% -1.51% -1.71%

Carbon Emissions Per GDP -0.70% -1.25% -1.79% -2.59%
(C/GDP)^
a The Gross Domestic Product (GDP) in 1995 was $7251 billion in 1995 dollars. The 1.88% annual growth was 
assumed to apply to the entire period, 1995-2010 to derive the results above.
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, $25/tonne HE/LC and $50/tonnc 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 carbon 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, .
____ 1______ 1,. ocn innn M+r/woar n( rarhrm in 2015. Our efficieTTCv and HE/LC cases il ,Mtc/year). its "tougn scenario tesuns ui a .co /o lo .... /o ----------------------- ‘ -------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. .9 -'

Another benchmark is provided by the 1992 National Academy of Sciences (NAS) report on Policy 
ImpIicaHons of Greenhouse Warming (National Academy of Sciences, 1992). This study iden^ed a 
set of energy conservation technologies that had either a positive economic return or that had a cost 
of less than $2.50 per torme of carbon. Altogether, NAS concluded that these technologies offer the 
potential to reduce carbon emissions by 463 milUon 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
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frame but rather characterizes the fuU potential for carbon reductions. Thus, it did not into
account the replacement rates for equipment and proces^, and other factors that ®
instantaneous full market penetration of cost-effective energy-efficient and low-carbon

technologies.

1.4.2 R&D’s Potential for Further Benefits by 2020

If carbon reductions in 2010 and beyond are to be sustained at reasonable cost, porous R&D efforte 
are needed to fiU the pipeline of next-generation energy technologies. It js difficult to whmate the 
carbon savings that will accrue from these technologies; however, our effort to^racterue their 
feXes su^ests that an aggressive pace of carbon reductions over the next qua^r c^tury can be 
sustained, tith 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 technolo^es. Th 
potential long-term contributions of carbon sequestration, advanced co^ t^o^^s, «md nuclei 
power may also be significant. However, the treatment of vigorous R&D mitiatives to improve 
^se supply options beyond 2010 is beyond the scope of this report

Renewable energy technologies will likely play a cruci^ role in limiting 
r long term. Low-carbon energy supply options are needed to fuel domestic and mtcmational economic 

^ .^T^development without stimulating further global warming. Although r^ewable resomces accost 
for only 7% of the nation's total energy consumption at present, many beheve that they are at the 
beginning of a long-term growth trajectory. With continuing technological development md cos 

renew^les could become preferred energy resources some time witlm the next several 
mk decades. Early evidence of this transition is seen in the continuing adoption of renewable power

V systems, including especially wind farms and biomass power systems, even in the face of low gas- 
power generation costs and considerable uncertainty in today's electric energy sector.

1/ ' \\ With a vigorous and sustained program of research, development and deploymmt, biomass wind,
^ photovoltaics, geothermal, and solar thermal technologies could deliver significant qumtities of
^ electricity in 2020, thereby substantially displacing carbon emissions. For example, the use of

forestry md agricultural residues in biomass power systems continues to ^ an attractive power 
option where those residues exist. The successful development of higher-efficiency biomass 
gwification systems would make this technology competitive in a wider range of applications, 
kicluding for power systems using dedicated feed stock supply systems. At the same bme, 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 increase the value of wind power to power systems

operators.
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 heat^ and 
geothermal heat pumps already are cost-competitive in many applications, but are not yet widely
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used. R&D advances could substantially accelerate their market penetration. In addition, 
buildine-inteerated phptostpltaic products will benefit directly from advances m materials 
research® The^ultima^^dS^ that many buildings wiU become "net energy generators through a 

combination of renewafete"5nergy and erwrgy-efficiency technologies.

efficiency and renewable energy. Breakthroughs in bioprocessing, separabons, superconductivity, 
catalysts! and materials can have wide-ranging impacts on energy efficiency ^d carbon eims^ons 
by the year 2020. Examples of specific technology opportunities are descnbed m this report, by

sector.

Five R&D areas 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, confaols and communications and 

Self-powered buildings.

In addition to the broad application of better process modeling, sensors, and controls m mdustry, 
many process/industry-specific opportunities for efficiency gains exist. These are described for each 
of DOE'S targeted indusbies 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 ener^ 
efficiency of transportation need considerable R&D investment before they can become commero^y 
available in the year 2020. For example, to achieve fuel economies in the 60-80 mUes 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

• Utra-low rolling resistance tires

• High-efficiency accessories and

• Highly aerodynamic designs.

Opporhmities for R&D to lead to improvements in the energy efficiency of other trai\sportation 

modes cuce also described in this report.
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In all the continued adoption of energy efficient and renewable energy technologies and a steady 
technology improvements from collaborative R&D programs with indi^try could make suA 

^rironmSJ^yYriendly technology an attractive option for domestic and global en^^ econorrues 
in the future. With strong pubUc-private partnerships to support ^ necessary R&D ajjd mark^ 
transformation activities, ample cost-effective energy products and practices wUl be available m

2020.

1.5 ASSESSMENT OF COSTS AND SOURCES OF CARBON REDUCTIONS

The business-as-usual scenario projects an increase of 380Mt^r between 1990 and 2010. In «jur 
.f'UA arHvAlv mi^ucs Dolicles and prograxns to promore xnarKec

reductions, are contained in Table 1.4. (Summaries of these results were presented m Figi«es 1.2 and 
13) Results indicate that, for the $50/tonne HE/LC case, there is a potential to roughly return to
1990 levels of carbon emissions in 2010. About two-thirds of the increase in carbon emissions is
eliminated in the case with a $25/tonne carbon charge (Table 1.4).

« /J6^*57
co-Je

12/f o'

J^^'i^The estimates in Table 1.4 include ranges for most of the electricity supply options and *e other 
> ^ low-carbon technologies. There are no ranges for the efficiency technologies because the models used

we did not conduct an integrating analysis in which supply options compete against one another, we 
felt it important to minimize potential overlap by entering the supply options m c^ervative j 

. r-quantities. Also note that several renewable resources that could play a greater role by 2010 are ^
/ omitted from Table 1.4; these resources include include photovoltaics, geothermal, solar thermal,

Undfill gas.
One should not ascribe too much significanc^ specific entries in Table 1.4 There are 
technologies, both on the supply and d^and side of the energy system, tiiat wi 
achieve carbon reductions in an envj£§*V[nent in which policies and economic si^;

•/f'*
rentedmpet^o

achieve carbon reductions in an envjMhment m wnicn poucies ana economy:reductions. Thus, for example, Tabl^OTiows advanced turbine systems in industry cutting carbon-'^-j^^
emissions by 17 MtC/year in 2010>co^firing coal with biomass reducing emissions by the same 2T 
amount, and other low-carbon supply technologies (wind, nuclear plant extensions, hydropower 
expansion, and power plant efficiency) contributing 24 MtC/year. The actual choice of technolo^ 
depends on how the economics of the different systems evolve over time, how the mdustry to supply. 
terLology develops, the nature and speed of deregulation within the utiUty ind^try,^d n^ero^
other factors that cannot be known today. As such, we do not intend the results m Table 1.4 to be 
—_________ II .1— r ___ 1____1-’-___fres r-arKrtn In this instance.
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Table 1.4 Potential Annual Reductions in Carbon Emissions in 2010, Compared to the Business-As-
TJsual Forecast for 2010 (MtC)

High-E£ficiency/Low-Carbon
Case

Buildings 
Energy efficiency 
Fuel cells

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

cement clinker replacement, and 
aluminum technologies

Efficiency
Case S2S/tonne $50/tonne*

42
2

59
3

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

Transportation
Energy efficiency 
Ethanol

Utility 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

Total (rounded)

61 74 87
12 14 16
73 88 103

25 55

f\ 40 (25-66)

5 17 (16-24)
2 7 (6-20)
3 5 (4-7)

2 4 (3-5)
2/ 8 (7-13)

120

48

226 383
xocai irounoeqj ^ ' ' '•Numbers in parenthesis are ranges, as documented in the text of the report. See Appendix^for a descripbon of 
Ihe derivation of the results in this table.

busur^ses^^
uiS ^t'eost
rfflicse ttchnolodK is counterbalanced by substantially lower operalir^ costs. Tbe benefrts 
considered aie Urtjfted to the saviivgs in operating (energy) costs from the technology mvestments.
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Usiiyr these factors as the direct costs and benefits of the scenarios, we have analyzed the econonucs 
of carbon emissions reductions from two different perspectives in order to establish a credible range 
of costs. In the first, which we label ■'optimistic:: we evaluate all costs and benefite with a real 
discount rate that approximates the cost of capital/or efficiency investments for the different end-

7% for buildings 

10% for transportation 

12.5% for industry.

0^

The lowest discount rate, for buildings, is based on the fact that th^oney for residential buildmgs 
is derived from home mortgages or home improvement loans, 'p® higher rate for industry reflects 
the fact that energy-efficiency investments have to compete^ith mvestments for other projects. 
These discoimt rates are not those that describe current majjcet behavior, but rather are reflective of 
costs of capital if the market did invest in the energy-efficiency n^asures. For the "optii^tic" 

we assume costs for efficiency meastires brought about by utility, federal programs, and state 
pronams (e.g., demand-side management programs by utiUties, federal market transformation 
programs) to be 15% of technologj[j;DSt?..^4ift^o assume that at least half of the efficiency occurs as 
a result of federal policies (e.g.j(^dards ^ carbon permit charges) which add very low direct 
program costs. Thus, the overSl-^ests^implementation are taken to be about in the 
"optimistic" case. The electric supply-side t^ologies 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. \ ^

These programs and policies are not specified in this study, but the broad nature of the actions could 
include technology R&D partnerships such as the current Partnership for ahifixLC^eration of 
Vehicles and Industries of the Future; energy efficiency codes anc^tandardg;) expanded 
partnerships, technical assistance, and information programs to accelerate the adoption of energy- 
efficient technologies; incentives through the tax system directed at investments in ener^-effident 
technology in industry; and a variety of non-federal programs to accelerate market diffusion of 
energy-effident and low-carbon technologies.

The second perspective, which we label "pessimistic," 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 poliaes 
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 30% of the cost of effidency measures, an estimate that is a high bound compared with 
federal, state, and utility experiencoi—.Qverall implementation costs (programs and directed 
polides) are taken to be 15% of technology inVe^ents in this case. Other data and assumptions in
this case are the same as for the "optimistic" cas^>\^

The results of the economic analysis are presented in Table 1.5. Estimated direct costs are $26-$49 
baiion per year for the efficiency scenario and $51 to $88 billion per year for the high- 
efficiency/low-carbon scenario. Estimated savings per year in 2010 are $42 to $51 bUUon per year m 
the efficiency case and $70-$88 bUlion per year for the high-efficiency/low-carbon case. The costs, 
which are a small portion of annual gross private domestic investment of about $1.4 trillion in 2020, 
are likely to be more than balanced by savings in energy bills. Thus, net costs to the U.S. economy 
are near or below zero in this time frame.
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Table 15 Estimated Costs and Benefits of the Efficiency and High-Efficiency/Low-Carbon 
Scenarios: Optimistic and Pessimisfic View Estimates (billions of 1995$, annualized)

Efficiency
Case>

High-Efficiency/Low-Carbon 
Casel» ________

Benefits^
(billion
1995$)

Costs'*
(billion
1995$)

Carbon=
Savings

MtC

Benefits
(billion
1995$)

Costs
(billion
1995$)

Carbon
Savings

MtC

Energy Efficiency 
Buildings 
Industry 
Transportation 

Electricity Dispatch 
Electricity Repowering 
Other Low-Carbon Tcchologies 
Total

14-17
6-7

22-27
0
0
0

42-51

7-14
3-5

16-30
0
0
0

26-49

20-25 26-33 14-26
18-22 12-15 8-13
58-73 32-40 23-43

0 0 2
0 0 2
Q

96-120
0^7^ 5^^^

49-62
66-82
82-103
44-55
32- 40
33- 41 

306-383

• Increase in gas demand because of the large-scale substitution of natural gas for coal

• 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

a Energy efficiency category includes ethanol in transportation, 
b Benefits and carbon savings in the HE/LC case are relative to BAU case.
c Benefits are calculated as annual energy savings. The scenarios are meant to be point estu^t^ In ^

The range of estimates in Table 1.5 reflects our attempt to "bound" optimistic and pessimistic 
assessments. There are clearly other ways in which these bounds could be desenbed, just as *ere 
many scenarios that could have been analyzed. However, we beUeve that the assumption that 80 /o 
of the carbon reductions are achieved at the costs identified, valuation of costs and benefits at 
discount rates noticeably higher than the likely cost oLcapital, and doubling the cost of prograiM 
and policies from typical experience today is a strong reflection of pessimism in costs for om cases. It 
is worth noting that if the implementation costs were taken to be much higher than we believe to be 
reasonable - 50% of investments costs for programs and 25% overall - this would add about $10 
billion per year to the costs of the high-efficiency/low-carbon in the pessimistic case.

In addition to these costs, one needs to calculate the impact of the cases on natural gas dem^d. In 
all of these cases, natural gas replaces very large quantities of coal. Higher natural gas dem^d 
would result in higher natural gas prices, which in turn would increase the cost of subsri^bng. 
natural gas for coal in power production, etc. As it turns out, our scenarios have somewhat reduced 
gas demand compared with Ihe BAU case (or with AE097 baseline for 2010, on whicj price o 
natural gas in our work is based). Specifically, demand for natural gas m the HE/LC ($50/to^e) 
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 electnaty. The latter 
occurs because of the balance among three factors:
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• The large increase in cogeneration, which reduces demand for natural gas for heating

applications.

a benefit that we have not included in p

The $50/tonne carbon charge, while not constituting a direct cost, does represent a potenHally hrge 
transfer payment. The magnitude of the transfer payment, as well as the losers ^d wm^s from 
the transfers, depends on the nature of poUcy and its unpleinentation as a cap trade system or 
some alternative. The amount of money that could be m play os very large; $50/tonne times 1.3 
billion tonnes per year equals $65 billion per year.

In short, while there will surely be winners and losers for these energy-efficiency and low-carbon 
scenarios, our analysis shows that their net economic costs - under a range of assumptions and 
alternative methods of cost analysis - are favorable.

The achievability of the cases depends on many factors. In all cases, carbon reductior^ require tl^ 
nation to embark on an aggressive set of policies and programs. Such efforts could oc^ m ^
an international agreement on climate change or to other events that result in a national 
determination to reduce the growth of carbon emissions. In the high-efficiency/low-cwbon cases, we 
assume a vigorous national program of research, development, demonstration, ai^diffusion, and a 
trading regime for carbon with a domestic permit price of either $25/tonne or $50/t^e carbon. 
Without some scheme that provides strong incentives for switching from coal to natural gas, and for 
deploying other low-carbon technologies, much of the potential for carbon reducuons wiU not be

realized.

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 mdustry to mvest more m 
these technologies. Additional private and public investments are necessary, not only to accelerate 
the introduction of new technologies into the market before 2010 but also to ens^e the availabUi y 
of technologies for the period after 2010. The transportation and utihty sectors are especially 
dependent on early technological advances to achieve the scenario results m 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 cost-effective technology c^ be deployed ^^e^e 
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. Two additional utility sector measures can reduce cwbon 
emissions by another 30% at an estimated cost of $50/tonne carbon: carbon-based dispatch and 
conversion of existing power plants from coal to natural gas ^
additional technologies that can contribute up to 20% of the several carbon mductions, also for less 
than $50/tonne. A next generation of advanced energy-effiaency and renewable energy tec^o ogi 
promises to enable the continuation of an aggressive pace of energy and carbon reductions over the

next quarter century.
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ENDNOTES

^The five national laboratories participating in the study were: Argorme National Laboratory 
(ANL), Lawrence Berkeley National Laboratory (LBNL), Natioiul Renewable Ei^rgy Laboratory 
(NREL), Oak Ridge National Laboratory (ORNL), and Pacific Northwest National Laboratory 
(PNNL). LBNL and ORNL were the co-leaders of the effort.
2 See Section 2.2.3 for a definition of cost-effective energy efficiency technology.
i $50 per tonne of carbon corresponds to 125 cents per gallon of gasoline or 0.5 cents per kilowatt-hov 
for electricity produced from natural gas at 53% efficiency (or 1.3 cents per kilowatt-hour for coal at 
34% efficiency). $25 per tonne would cut these gasoline and electricity price increments in half. ^

4 The cost curve for repowering is relatively flat; as such, considerable additional reductions are 
possible at a cost not too different from $50/tonne. The results are highly s^sitive to the price 
differential between coal and luttural gas; at a lower (higher) price differential, a higher (lower) 
permit price of carbon is needed.
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TO:
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SUBJECT:

DATE:

MEMORANDUM

Joe Romm, Acting Assistant Secretary
Office of Energy Efficiency and Renewable Energy
U.S. Department of Energy

Skip Laitner, EPA/OAP 
Julie Gorte, EPA/OPPE 
Jim Turnure, EPA/OPPE

OFFICE OF 
AIR AND Radiation

David Doniger, EPA/0.

Comments on the National Lab Study 

August 28,1997

This memo outlines a number of EPA suggestions to provide a stronger economic context for the 
findings contained in the National Lab Study, Scenarios of U.S. Carbon Reductions: Potential 
Impacts of Energy-Efficient and Low-Carbon Technologies by 2010 and Beyond. As it stands, 
the combined efforts of DOE and its National Laboratories deserve consideration at the highest 
levels. In the interest of improving the final work product, however, our comments for 
improvements follow.

(1) What the Report Provides: The report provides an excellent reference for policy makers to 
help them understand the role of technology in reducing overall carbon emissions within the 
United States. In particular, the scenarios of potential carbon reductions offer a useful 
benchmark to gauge the impact of different investment decisions on overall carbon emissions. 
The technology costs, energy bill savings, and emission reductions identified for each of the 
scenarios aiul end-use sectors fall within the range of documented estimates with which we are 
familiar.

(2) What the Report Doesn’t Provide: Although the report provides a reasonable analysis of 
the direct costs and benefits of the scenarios, it does not provide any estimate of the indirect or 
secondary costs and benefits. This point needs to be made early in the presentation. For 
example, the report does not include specific estimates of the R&D costs needed to stimulate the 
development of new technology. Neither does it provide estimates of the program costs which 
may be needed to accelerate the diffusion of both existing and new technology that can help 
reduce carbon emissions. At the same time, however, the report does not provide estimates of 
the benefits from reduced emissions of criteria air pollutants or larger productivity gains made
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possible by energy-efficient and low-carbon technologies. Again, it would be helpful to state
clearly and early what economic costs and benefits are included and which ones are not included.

(3) Magnitude of Investment: We believe it is worth noting that in the period 1998 through
2010, the AE097 forecast indicates the United States will generate a total investment of $17.2
trillion (in 1992 dollars). If the Lab Study numbers are right, the roughly $400 billion
investment is less than 3 percent of the total investment otherwise anticipated by AE097. In
other words, Ave are talking about diverting only 2 to3 percent of the typical investment pattern
away from less-efficient and more carbon-intensive technologies into a more productive mix of
technologies.

(4) The Economic Costs: A separate analysis based upon the results of the Lab Study suggests
that stabilizing to 1990 emission levels by 2010 would require a cumulative investment of $400
billion in the period 1998 through 2010 (based upon 1995 dollars). It further suggests that
energy bill savings will be on the order of $700 billion over that same period of time (also in
1995 dollars). The analysis further suggests that the economic costs (i.e., non-investment
expenditures such as R&D and program costs) are on the order of 7 percent of the technology
investment. This implies, by definition, that the economic costs are about 4 percent of the
cumulative energy bill savings. This number appears to be a reasonable estimate drawn from the
literature. However, it would be useful to provide a range of dollar estimates rather than a mere
percentage of the technology investment costs. Our own estimate suggests that this would be on
the Order of $20-25 billion. We e-mailed to you previously the outline of a suggested
methodology that documents how we derived this estimate.

(5) An Integrated Analysis: The individual scenarios are essentially a series of bottom-up
analyses with little or no economic feedbacks that reflect either price or income effects. This is
hardly a fetal flaw since these second order impacts will not likely affect the overall result of the
Lab Study. Still, it would be helpful to understand the influence of such effects on the study
results. For that reason, we suggest that DOE continue the work that EPA began with LBL last
fell, using the NEMS model to evaluate the impact of the Lab Study scenarios. As the early
information from the Lab study became available, we asked LBL to integrate it into the NEMS
framework. The preliminary results are encotiraging. That work should be immediately
completed since it will help tell a more complete story. (Note: EPA has completed a similar
macroeconomic analysis using Argonne’s AMIGA model which, unlike NEMS, is a CGE model.
The results there, are encouraging as well.)

Cc; Eric Petersen, DOE/EE
Mark Levine, LBL
Marilyn Brown, ORNL
T.J. Glauthier, 0MB
Jeffrey Frankel, CEA
Jonathan Gruber, Treasury
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Record Type: Record

To:

cc:

Joseph e. aldy

Subject: Inter-lab report and AE097 energy/gdp ratios w/constant MPG

Dear Joseph Aldi of the Council of Economic Advisers:

I have included my two rounds of comments on the inter-lab report.
Also, listed below is the information you requested on the calculation 
for the energy increase in fuel consumption in the transportation sector 
by holding new vehicle fuel economy constant from 1995 on (620 tril BTU 
difference in 2010). Accompanying the results are also calculations for 
the energy/gdp ratio for the transportation sector for 1995 and 2010 for 
both the reference case and the constant MPG case, as well as the growth 
rates associated with both cases.

1995 Ref. Case 
2010

Trans. Energy 24.36Quads 31.4 Q 

GDPIbil $87) 5677 9200

Energy/GDP 4.29E-3 3.41 E-3

Energy/GDP 
Annual Growth -1.5%/yr.

Constant MPG 
2010

32.03 Q 

9200 

3.48E-3

-1.39%/yr.
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Five National Labs Assess Potential of Energy Technologies to
Reduce Carbon Emissions
- LABS: Lawrence Berkeley, Oak Ridge, Argonne, Renewable Energy, Pacific Northwest

- Externally Peer Reviewed: U.Tenn, Monsanto, EPRI, GRI, Harvard, NAS,
Stanford (Huntington), UNC (Link), and UCSB (DeCanio)

Assumes
- Expanded Technology Strategy (R&D and Diffusion)
- Carbon Dioxide has a price and is traded
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Technology Cost to Incremental Carbon Reduction
Generate Cost Potential
*cents/kWh $/ton Carbon (MMT)

Utilities
- Carbon Dispatch
- Gas Repowering
- Biomass co-firing
- Wind
- Other

• Buildings
- Fuel Cell

» Transportation
- Non-corn Ethano

Total (rounded)
* Average costs as of 2005

2.5-3.2
2.7 - 3.2
2.5 - 3.5

Industry
- Advanced Turbine 2.5 - 3.5
- Industry Specific

5.0 - 6.0

$30
$30
$38
$42
$25

$40
$40

$30
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iif........m

mIIPS*...............
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...... ....
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(24-83+)
(16-24+)

(6-20+)
(7-12)

(15-26)
(13-16)

180 (160-250)
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lechnology Carbon Reduction Potential 

(MMT)

• Utilities
- Generation Efficiency

• Industry
- R&D and Diffusion

• Buildings
- Standards and Diffusion

• Transportation
- Passenger Cars
- Light Trucks
- Heavy Trucks
- Aircraft

Total (rounded) 200

(7-13)
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Appendix A-2

APPENDIX A-2

KEY OPPORTUNITIES FOR CARBON SAVINGS FROM END-USE
EFFICIENCY IMPROVEMENTS

Each of the three end-use efficiency chapters (Chapters 3-5) assessed the magnitude of carbon savings 
that could be achieved by the year 2010 from spe^c submarkets, energy end-uses, and technologies. 
These key opportuiuties are summarized in the following table. The table includes those submarkets 
and end-uses that were estimated to offer the potential for at least 2 MtC of savings by the year 2020. 
Tables A-2.2 to A-2.4 list some of the key technologies.

Table A-2.1. Key Opportunities for Carbon Savings From End-Use Efficiency Improvements

Submarkets and Technologies 
with >2 MtC Estimated Reductions 
in 2010:

Carbon Reductions 
Estimated by High 

Efficiency/Low Carbon 
Case (in MtC)

Building

Miscellaneous electric roses: residential 15.9
Miscellaneous electric uses: commercial 8.5
Commercial lighting 6.6
Commercial electric space conditioning 5.4
Residential lighting 4.4
Commercial gas space conditioning 3.3
Residential electric space conditioning 3.1
Electric water heating 2.9
Gas water heating 2.7
Refrigerators/ freezers 2.3

Industry

Heavy manufacturing industries: 16.1
Petroleum 4.3
Bulk chemicals 4.1
Pulp and paper 2.6
Iron and steel 2.6

Light manufacturing 24.0
Non-manufacturing 10.8

Transportation

Light-duty vehicles 73.3
Freight trucks 14.1
Air transport , 13.9
Freight r^' 2.5

A-2.1



Appendix A-2

Table A-2^ Illustrative Energy-Efficiency Buildings Technologies

Residential Building End-Uses

• Miscellaneoxis electricity (efficient motors, variable speed drives)
• Lighting (halogen IR lamps, compact fluorescent lamps, motion sensors)
• Electric water heating (standby loss reduction, horizontal axis clothes washer, heat

pump water heater - post 2000)
• Electric cooling (more /improved insulation, spectrally-selective glazings, variable

speed compressors, white roofs, reduced infiltration)
• Electric space heating (more/improved insulation, reduced infiltration, low-E argon

glazings, superwindows, improved compressors)
• Electric dothes dryers (heat pump dothes dryers at very low penetration)
• Refrigeration (improved insulation, improved compressors)
• Gas water heating (standby loss reduction, horizontal axis dothes washer)
• Gas space heating (more/improved insulation, reduced mfiltration, low-E argon

glazings, superwindows, condensing furnaces)
• Electric cooking (improved insulation)
• Freezers (more/improved insvilation, improved compressors)
• Oil space heating (low-E argon glazings, superwindows, improved insulation,

reduced infiltration, condensing furnaces)

Commerdal Building End-Uses

• Miscellaneous electridty (variable speed drives, effident motors, smart redesign)
• Lighting (electronic ballasts, motion sensors, halogen IR lamps, compact fluorescent

lamps)
• Electric cooling (system controls, variable speed compressors, switching systems,

white roofs)
• Geis space heating (condensing furnaces, fuel cells, system controls)
• Ventilation (variable speed drives, system controls)
• Refrigeration (improved insulation, better compressors)
• Miscellaneous gas (smart redesign, eliminate pilot lights)
• Electric space heating (switch to heat pump, system controls)
• Gas water heating (standby loss reduction, improved burners, flow
• controls)
• Electric water heating (standby loss reduction, flow controls)
• Oil space heating (conder\sing furnaces, system controls)

A-2.2
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Table A-2.3. Illustrative High-Efficiehcy/Low-Carbon Industrial Technologies

Motors
• Proper load matching
• Variable speed drives

Pulp/Paper
• Impulse drying• Multiport cylinder drying
• On-machine sensors

Chemicals
• Pinch analytic techniques• Advanced distillation control 

techniques
Petroleum Refining
• Utility system improvements• Process/equipment modifications

Glass
• Oxy-fuel process• Advanced burner technology• Glass batch/cuUet preheater technology

Aluminum• New alumintom production cell• Materials recycling• Improve furnace efficiency• Titanium diboride cathodes

Iron/Steel
• Direct smelting/direct 

reduction
• Scrap preheating. • Hot cormection
• Process controls

Metal Casting
• Computer-aided casting design• Optimized coreless induction melting

Cement
• Cement clinker replacement

A-2.3
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Table A-2.4. Key Transportation Technologies Based on the High-EfficiencyZLow-Carbon Scenario

Light-Duty Vehicles
• Direct-injection stratified charge (DISC) gasoline engine
• Turbocharged direct-injection clean diesel engine (TT)I diesel)
• Hybrid vehicles (gasoline ^d diesel)
• Gasoline fiiel cell vehicle
• Materials substitution, advanced drag reduction, engine friction and pumping loss

reductions, and transmission improvements
• Cellulosic ethanol as a blending component with gasoline

Truck Freight
• LE-55 diesel engine
• Turbocompound diesel engine
• Improved tires
• Advanced drag reduction
• Electronic controls

RaU
• Flywheels
• Alternative fuels
• Fuel cells
• Operational efficiency improvements

Air
• Ultra-high bypass turbofans
• Material improvements
• Aerodynamic drag reduction
• Propfans
• Lciminar flow control

A-2.4
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EXECUTIVE SUMMARY

This report preseiits the results of-a study conducted by five U.S. Department of Ener^-national 
laboratories that quantifies the potential for energy-iefficient and low-carbon technologies to reduce 
carbon emissioiu in the United States.' The stuiy documents in drtarl how four key sectors of the economy :
- buildings, transportation, iridustry, and electric utilities - could respond to directed piolides to,je>cp^d' ; •
adoption of eriergy-effidency and low<arbon technologies, an increase in tire relative price of carbon- 
based fuek by $25 or $50/torme (e.g., as a result of a <»p on domestic carbon emissions and a market'for
carbon "permits"), and an aggressive program of research, development, and deployment of clean 
tedmologie& Current projections sugg^t that a carbon emkslbtrs Ruction of 380 million metric tons (MtQ; 
is required to stabilize U5.601155^03^2010 at 1990 levels. ^

' The study,'which has been peer-;reviewed by industry and acaderhic experts; uses a tec^plo^^y- 
tedmology assessment as well as an enginieenngTecononuc modeling approadu If draws upon a yade|\^^>^:.'^ 
variety of technology cost and performance information to assess potential impacts. Arialysis of fte^ 
buildings, industry, and transportation s«Hors quahtifii^ thie imparts of enditiae . ehergy-effid«i#^^v^ 
imprqvemdrts : dn carbon The litility sertbf : analysis estimates
improvemehts dii -utility carbon ^missions, «md quaiitifiesaad^tiohal emissions ‘T^Uc^fis^stii^gih^^ 
conyefsicm 6f a hunhW of <x>al jpo^ nahiral gi^i^atdting of tiie utiU^;^d^th]^^^v^|:r^

' $50/tonnecarbcm permitprices; tiie'aa»lerated use of biomass a>firing ^d wihd ehei^/^<l ;pfhcf iQ^
caiton electridty supply options. Finally, a number of bthar p^inising low<aibon te<hnolp^!esV|a^^^ .
examihedto determine their^potentialior reducing emissipnis intiie end-use sertors, ihdtid^ advimO^
tuAiives in,ir\diisti3^ traiispdrtation biofuieb, and fuel tdk intuildihgs. ■ ^ / V

Three overanhing Oondusioru emerge from the arvdysis of dternatiye carbon sceiiaribs. ; RrSt, a. Vigorptisr^^v 
national commitment to develop and deploy cPst-effertiVe eriergyTeffident and lowrcaibon tedmolpi^^.|?^;;j 
has the potential to restrain the growth in U5.' ener^ consumption and duboh emissions such that levi^*"‘A 
ill 2010 aredose to those jn 1997. (for energy) andl990 (for carbon). We analyze a case inivhich:energy^;.^ y

• efficiency alone can reduce cartjbn einissions by IM agg^i(^^ksui^&.!^|^j^
motivated in part; by> $25/tonhe carbon pei^t piia, a<oip*inatipn of energy-ef^^t a^ l9?'‘^^^<jl‘f^^

substantial Additional Savings are avafiable if permit pri^^ere-fo be^ to rise diove tfie'^^ton^^.^

■ ^ ■■ The second condusion is that, if fe^ible ways are found to::unplement the carbon r^uctions as desCT^d^^^j^^ 
above, all ti\e cases (withreductions varjdngbetwedi nOandStoMtC/yearby M10)cahprodu<xil^ffiihS^^A^^j^^^; 

' : that exceed costs, couhting ^ beiiefits ordy the eriergy savingS tb Ae'nation. We estimate net b^efits.qf.^ |^>|y v i^^
. ■ . t6$38bimbnperyearin2010.;Suchnetberiefife^rK)tgeiver^bbsewedtomacroeconomiC:mOdels.requ^g|
' , ; struct^l di^ge in .the^economy tO; accommodate redu<^OM in parbon epiissions; rresttit fron^i^^^^p

applicatioh of cOst-sayihg ener^ technologies at the se^i^I^teyAb^^

The third condusion is that-next geheratibn of energy-efifid^t arid Ibw-carbon tedmblbgies prpmi^L

M
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Chapter 1 Analysis Results - ^ v: ■

tiie EIA "business-a^usuaJ" (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 differeiit from die EIA case- for v -. 
the traiuportation and the electric utility sectors.

We ^en assembled existing iiri^ormation on the. performance and costs of tedmologies to increa%;>; ' ; '
ener^ efficiency or, for selected end-u^, to switch from one fuel to another (eg., from electricity, to 
natural ga$ for residential endAises or froQl gasoline to biofuels for transpoitetibn). For the buiidiii^;^ : 
sector, the technology performance and <»st data base axe exterrsive. For tra^portatioii, the ,date ^

- although.less fully developed titan for buildings- is sufficient for our purpose. For indUs^|i:^’; .
only partial information on technologies and costs is presently available. As ai result, the arudysis'* ^^ ^
for industry relies primarily on historical relations between energy use and economic activity and.! ; • 
much less oii explidt technological opportunities. The industrial analysis also includes ispii\ei;*^y^.i 

. examples Of industrial low-ciubon technologies.. The analysis of low-caibon supply tedmologiCs p>^l., ' v.. 
the electricity' sector is -bued on a review of the literature includiiig ^detailed tedinolog^^- - : 
xharacterizations preparetd by DOE in conjunction withits rxational laboratories and industty;' ;-';''V;f^<i'^ - ,

Next.we created scenarios of increased energy effideruy and lower carbon emissioiu rising the?’-'!,^ 
technology date (or, in the industrial sector, historical rebtions) as a key ■input .; We chose to xui^^ ""
three scenarios other ttum die BAU case: : We have termed the the *effidenCy* (EFIO 
assumes that the United States increases its emphasis on energy effidehfy thlough eiihanced^.V/ , f : 
public- and piivate-sedor efforts. >The generd philo^phy of die effidenc^ case is, that it reduces;;®U';§ ; r, 
butdo^ not ^Jimhu^, yaiious: market b^ lags (o the adppti9n;i>f:Cbst;dfd:tiye^rgy;^i^^; V 
efficient,teclm<&pgy■ ■.....

The other two cases,:dubb^ the>?lugh-effidency/low<arbon" (HE/LC) cdies, dttcrate a world^^^^^:r; 5' i 
which, as a result^of commitments: made on a dimate treaty or other.fact6r?,:^*e natidrfiha^^|^fe^^i : : ■<' 

. embarked on a path to reduce Carbon eniissions. These two cases assume a major effort to 
carbon emissions 'through federal pplid*^ and programs (induding envirorimentd . re^atoryi^^K‘.tf:i; ;ff 
rdqrm), strength(m^ state prograiris, and .yery active private sectpr inyolyement Tjiey ihdude\i^ ^
focus^ national R&D ^ort to develop and transform markei^ for low-wbpn ei>ergy option 

. fiiel c^ for microcogeneration in buildings arid advaiKcd turbine systei^ for bbnbined :
powerJn iridiistry). ; The (different betw^.^ two HE/^ cases is m die : ■
pe^t price residting -from a domestic trading ^eme Tor carbon errussioris. yrith a, cap > v:
emissions (or from equiyaldit policy measi^;that.inare;4«. ti^e pri?® of f^Pn-^ased fuels.tdatiy^^^li^i'^fe^
to thc»e with less carbon). We assuirie a dorriestic permit price of $25 and $50 pta toririe of carbori fbr?ii^sM^;5fi A > ;

............................. .................................................................................. ..................................

; :HE;aG'<^: ^Iri th^ir^rtadc^sector; if-y the

Same:higher reiatiye'piic^'dombiried'^^ f^erail arid'jm^ feseiwd^7develppt^^^

*

Although ( the .'work; foct^ on 2010,, we also look beyond this date. Here - we .describe
.-7

. forecast specific levels' df ticket pertetotion, energy sadngs. Or carbon reductibris; Thus, irisfead|^^ 
..- - :. ; . creating scenarios w^^ the technolbgical irmovations that coiild enable the continuatrbri bf^

ttft
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Chapten Analysis Results ,

, carbon reduction incorporated in the efficiency case cut the overall growth in carbon emissiohs ' 
between 1997 and 2010 from 240 million tormes (as forecast in the BAU case) to 120. The HE/LC 
sceiuirio with.$50/tonne carbon charge reduces caAon emissions in 2010 by about 130 million tormes 
(cdmpared with the 1997 level):

1.4 RESULTS

1.4.1 Prospects for Improved Efficiencies by the Year 2010
Table 1.1 and Figure 1.1 compare the rration'spriihaiy energy use in quads for the years 1^ and 1997 
(projected) with the results of the three somarios for 2010. (We have included only the high- 
effidmcy/low-carbon case at ^/tdrme injthe table and figure for simplicity.) In addition, fhe ' 
HE/LC case shown bdow does not refle^Aeenergy impacts of the selected Ipw-cjiibon technolo^es i 
described bter in this surxunaty <e.g.> stefiomuy. fuel Cells for building, advanced turbine syste^; • 
and bioma^ gsuification iniridusby)dr’fhesupply4ideoptions^own ihTable.1.4. v

•i; -• ■;

Tat>lel.l!‘f'drnaiyEnei^-Usem'(^ads;'l99<^^ -/y

• ! ■■ ■ 2010

: 1990
• iBusiness-as^ 

1997 --Usual
..Case ■

• Efficiency 
■ ■ Case. •;

. High-Efficiency/ ;. ' . •
" ■ .;■ ; Low.Carbon '-^y- ''
^ Case (SSOi/ionne C)

Buildings

Industry. : ;'vv32.6:::^r£;:B.V37.4 ■
. ■■

Transportation ■ B B 22.6 25:5 . • 32.3 ■ . ■ 29.2 r *.

Total 91.8' , 105.7 . 98.7 '
Source: Energy use estinuttefor 1990 corrie from HA (1996a. Table 3LT, p. 39). 

• Energy use estimate for 1997 conve fiont forkaSts conducted for.EIA (1996b).. 
Niimbere may not add todve totals dueto rouivling.

effidency ^gaihs; ■ §M

mmB8iM



Chapter 1 Analysis Results

Table Carbon Emissions (MtO: 1990-2010

OX)

Buildings
Industry

, Transportation 
Utilities*’

1990 1997

- Business-as-
Usual(BAU)

Case

Efficientw^d^ Hi^Effidenrw/ 
Lpw<ajjotp^---—

——■ i (Tuir^y^
—_ ( crvsV4^

460
452
432

511
482
486

571
.534
616

/
546
512
543

S25Aonne
•527
488
528
-48

$50/tbnrie 
509! - 

V 452 .
•• 513

-136 .
Total (rounded) 1340:: 1480 1720 . 1600 1490 13^ V
Change from 1990 140 380. 260 150
Change from BAU -120 -230 -380 • .
•This scenario include ttw carboh errOssibn reductions resultiiig from a CarW permit price of $25 or SSO/tonne;
(1) dispatch of power plants in which natural gas is favored relative lo coal,. (2) rcjrowermg and partal

‘’Theeiitriesin the last two columns kre native as they Correspond'tor^uotions in ca^n emissions resiiltmg 
horn ttie increased use of rwtural gas in power plants as a result of^e $^/tonne carbon pcrrmt price m tiris,. - > ■
sceruino.

. . ‘1 ■

Figures E2 and 1.3 complemerit the above table by illustrating the carbon emissions reductior^ from 
each.sceriario. The niajorobsefvatioris are:' , '

1

■ Vr.

• In the BAU case, carbon emissions are forecast to inqrease by approximately 380 million tonnes. ' ;
. ■

.• The energy-efficiency gains incorporated iri the offidOTgr case, cut overall growth, between l^ ;rj
and 2010 by one-third (froin 3M to 260 million tonnes). This represents a carbon increase of 19% ‘ ^ 
above 1990 emissions. -

i-- V

: .
> The HE/LG scenario with $25/tonne carbon charge has tfw potential to reduce carbon
• % 23P;mimon tcwes^feraf^fep^ ca^toi201Q./The^l^^

frOfii jhcreased efficiency; but iiii^br chkhges in eledridty sii]^ly (caAon-based dispetcWngfc^^ •'
■ ■iihd repowering) corUribute -neariy 35; millron .toimes, arid other low^Mboh te(^cdd^^, |y v^& V '

•S: - ' particularly renewabks and^^dvanced, turbine sj^t^, produce app^bxiriiately amotheir^^^v;?
ti , - ■■ 1. ... . ... .. .. ....■rhillioh tonn^..

: this 380vmiiUoh;.totihe.carbon.reductiori/ j^^
K ■ ;-^effiaehCT; T40 ;feilUonitormes're^ts: :from':increase^ 'the: use: of:..lb.w-carboh ' r' '

MUlts froth the use of loW:^aiihbh%?f-p^vM-^^ ^:V? > 'techholopbs iriithe^^ tohh^ results froth the------------- --- - - ,, ..

■^SSiiMSsrM



Chapter 1 Analysis ResUtts;?-^

Table 1.3 provides a comparison of the.growth rate in energy and in carbon emissibns for the four' 
cases, from 1990 to 2010. For the BAU and efBdency cases, the growd\ in carbon emissions is sli^tly 
more rapid thaii the increase in energy demand. For the HE/LC rases, carbon ernissionsldecline 
while energy corisumption rises. The carbon reduction reflects tiie inaeased deployment of low- 
carbon fuels and technologies as a consequence of the relative increase, in price of carbon^ased fuels 
precipitated by the SSO/toruie incentive.

TaMe 13 Average Armual Energy arid Carbon Growth l^tes, 1997 to 2010, for Four Cases . c .4: ' ■ i'V

Business-As-
UsualfBAU)

Gross Domestic 
(GDP)* 1.88%

1.09%

.1.16%:

-0.77%

Efficiency
Case

High Efficiency/ 
Low Carbon Case 

f$2S/tonne)

High Efficiency/
Low Carbon Case '■ ‘ '. 

($S0/tonne) . :

.EneigyDemand , , ’

Carbon Emissions" - "V '

Energy Cohsumpdoii Per 
GDP (E/GDP) - • V

■0.70%

1.88%

'(^6%

0.60%

-1.30%

>-135%

1.88%

0.34%

i.88^;'V4

0-13^'

- V- :.‘The Gross Doinestic Product in 1995 was $6,739 billion chained 1992 doUars.i:: 
4 The carbori de^J«;per\mU^DP i

0.05% • ■-0.76% ''-:-^:-!^^^>^^-:

-I3i% ">4: .

. •'.'•'I ".J-. *•

It is useful to compare'the sceiuirios in ^ study to those of offid studies. The 1991 rep6rtby^ ti^^£^4'' ^ : :
' ; Office of Tedmplogy Assessment (OTA) titled Changing by De^ees (UA Congress, 1991) analyzi^"%"4" >^^^^^^

the poterttial fijf energy efficiency to reduce <^oh eriussioriS by the year 2015, startirrg widi^ffie^^^ ; . 
*mo<iei:ate'' eceriario re^ts ih'e lS'ji ri^ iri'caLflrpri^eihissio^^^

. ; Kltq/year^i>f tirj^iril987 to l5()0|yIlC/yeer of carboh’in 2015

4 rw^g fi:oml3.to,l.'6 biBion tortnes of dt^ri emissibiis m 2010 aire rbrn^airabie to OTA'S >'mb<J^^
case and ^ow^cpnsiderably higha eihi^ons than OTA's ."tough" xaie.

; Another b^4]^k is provided byth? 1992 National Xckddny of Sddtces;(N/^) repdrt^or^|‘
: 44 : vfmpitdfww qflGrccn/^ Wanrirr^’jTjation^^Ac^^

4 :set ofdief^ih^^
/ ' 4:fe;f.;pf/lessjffiart’$^|^brir^^

i Vpotehfiaii to^r^fid’catdwrt'emidibh^^ hy:4^ rruifion tohhes, w ffiim'l^/of these riedu^
. ,r4 ; :4 arising frotiv cbst>effi^ve: investrnehte in ;bLdl^g erier^ effidenry.'Our ;4fl5denc^

‘ suggest ffiefibtetitial for redudrrgcarbbn'eriussionsby^ ahd, 3M million!tonnes’b^
20l0.^4O^|r4is6h^that4ttie NAS^thnate4b'highd^becaui*it>is'tiot-li^ted 

i;;4fnune;>biiPtatKefi!dtiractetud :the^i>otei^

August 1; 41997



Chapter 1
■■ ;

Analvfsis Results

efficiency and renewable energy. Breakthroughs in. bioprocessing, separations, superconductivity, 
catalysts, and materials can have wide-ran^g impacts on energy efficiency ahd carbon emissions 
by the year 2020. Examples of specific technology oppoihinities are described in this report, by 
sector.

Six R&D areas are.forecast to ofier great promise to reduce sigiUficantly the energy requirements of 
our nation's buildings in 2020: advanced construction methods and materials; adaptive buildmg ^ 
envelopes; multi-functional equipment; integrated, advanced lighting systems, controls aikl' 
communications; and ^-^wered buildings^

In addition to the broad application of . better process modeling, serwors, and controls in mdustry, 
many process/industry-specific opportunities for effidency gains exist Ifiese are d^ribed for eadi - 
of DOE'S targeted industries of the future: pulp and'paper, chemiads, petroleum refining Cglsiss; 
aluminum, iron and steel, and metal casting. _

Many of the ady^ced tei^qlogies that have the potential to significantly improve the energy 
effidmcy of tra^poriatiori after 2010 need considerable R&D investment before they can become 
commerda^y available jn *e 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 
breakthrpu^ in inanufacturing processes for composite, materials; large reduction in fuel cell costs :: 
and/or dost ri^iidtidnis and performance.gedns in batteries;'ultda-low;rdllirig resistance tifes;iluj^;ji^ V^ 
effidency kccessones; and higMy aerodynanuc designs, (importunities for R&D. to ; leadv;itd 
improvmente iri tiW raergy efficieitcy of other transportation modes are also described. > feSv ?

" ' . ■■ .. ■ ^ • - . . . • ■ , ■

In aU, the continued adoption of enerj^ effident and renewable energy technologies and a steady.'’:;; >■; 
flow of tecimology. improvements from collaborative R&D prograrns with industry could make such 
environmen^ly fri^dly technology ah attractive option for domestic and ^Idbsd energy-ecdnoinies^i;." - 
m the futiim-^/public-private partnerships to support the hecess^ R&D and maike^^ 
traiisfdnnation activities, ample cost-effective energy products and practices-will be available ih V’

1.5 assessment QF COSTS AKP SOURCES OF CARBON REPUCtlONS^^S:t^>i® . ■
TheJjU^ess^ittusdsceri^qprpj^ artmcrease of^MtC/yeauUtW 

'< ^ ;€ffidehcy.scenaH6Aid.Wldchithenaifidn actively piJxsuespoUdes and-programs tpprdrnote'imirke.tr^'^-'^:^^^^^^^^^^^^

rV jeffideih te<^lq^:i^uce this grtyHii in cai^ Mfc/j^ei:#faer ^
;; ; ^ tod tradihg^ S^^ ^permits for carbon sell-W ahd i$50/tdnne ^for^tiie ■ twq:da^^ • v

' - appear Possible. petdled, :iesvdts for ihe^^dise«^:^^
; xshOwihg^^^uhi^qf^m^dubdn redudi6ns,>ue contidned ihTtole L4:?(Surhmto^ .

OOtenHar/trr^!mi’i<TViltrJf»tiiiiTn fn'-lddn lotrolc nf rarVinn'.'inmieeinne - x;’..4; ;: V'i'ipditotiaUtdlifdu^hiyiretum to ;19^ levels of caiBoh^wriissidns^^i^^

• '■ V *.v'
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f f r?;-
Analysis Resultg|i^V,#>

Wie have analyzed the ecopood^'ol^abdn^nissions reductions from two different perspectives. Iri ip - " ^ ' 
the first, which we laWT^Ijest estimate,*^ evaluate all.costs and benefits with a real discount .: 
rate that approximate^^ cost for efficienqf inxfestments for fire' different endTrise iy •
sectors: 7% for building^U% form^portatiorv and 125% for industry. Tfre loW^t cost, for < 
buildings, is based on the fact that the money for residential buildings is derived frOm home ; 
mortgages or home improyeihait lows. The hi^er cost for industry reflects the fact that .enttgy^ ;v ■ y 
effidwcy im^tments have to con^^^vith investments for other projects. These discount rates atpsiP : ^y ' 
rvot those that describe current market behavior, but;rather are reflective of coste of capit^ U :
market did ir\vest in the ehergy-effidency rrvs^sures.- One could argue that a lower discount ^
should be used for the T^t estimate" case - namely, a social discount rate whichmigjht be betvyom^j^Mv/’ : v 
3 and 7% real - but we have made, a more conservative assumption on discount ratesl: For the 
etimate" case. We assume costs for effi^ency ineasures brou^t about by u6lity, fedwal prpgti^i^pf^^^f : . 
and state progranis (e.g,, demand-side management, programs by utilities, fedetjd: in^ketaaii^^-jiifev ^ 
transformation prograrns) to. be. 15%- of .lechnol<^ mfr thiU “*•'

; ^fidertcv occurs as a i^n^t nf M<»ral poliripj; fa.g.. standards or carbon pe'rmit-chargesl'Which 
ye^ry little direct program costs.^^^v ^ technologies are assumed 'tpJedd®

~mcr«^4AUl COSI uf $iU/ lOiuiecarboh in 2010, ba^ bri aii average'estimate oftheirvdAwtalcoste- 
, the tedmblogies from the appropriate sections of tius ^port ' ; ■ ; . : " mx

The second perspective, wWch wefldb^alteriuitive adevoSyassumM tiiat:^^

and programs to jpromote?ilow-carton future. Jnttus.perspective, we eyajuateccKts and‘beai^fei 
. real discount rate Of 15% for buildinfpt and 20% for trwspOrtation wd mdusfry. Prograrh costs-^^ 
^iri^ased to 15% of;the,cbst Of effic^g^jtaea^^ arid assurripnons in^tiiis;0^|iir^

' sarne:as;fbrthe rbestestimate^ca^f '&t:fe:*:^ -

- j"

•V-
The results of tirereconpirucranalysis'arepresehtpi'in Table 15. ' We' stiovy results for twpy6f..6'ifr
scenarios (effkaenOy case arwi HE/tE%^$k)/t6hne carboti) and for both ti\e-^t;|€stimifega^

VwV.' ^ •Appendix A-2.
■■ ■. . The jhest estimate" for the effidenty scenario shows annual net ben^te of $26 billiphm 20ipT$2 

^ ;p .bimbri incite and552 bimprr in;:ben^)yThto:v^ue^^
/T : ^^ftr >nAro^:<^ffiHAnrv *ahnMai :^grWfsavings

j two DUUonm.cosis aria *p/^puuprim:penerii5;,;.:rr.^

/ yy; V ^TheTaJteimitiveivieWt shpwsjrimijiia^
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Chapter 1 Analysis

Figiire 1-4 Cost of Carbon Savings in 2010, lUgh Efficiency/Low Carbon Case (Best Estimate) '
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Chapter 1 ,.,v ,,;v,vf.V .'< :■Analysis Results w:

^ $50 per tonne of qubon corresponds to 12^ cents per g^dlon of gasoline or 05 c^ts per Idlowatt^iour,. 
for electricity produced froixi natural gas at 53% effidei\cy^or 15 cqits;^ridlowatt-hour fpr oial at 
34% efficiency). $25 per tonne would cut these gasoline and electridtj^ price incremerits m half.
’ The cost curve for repowering is relatively flat; as such, corisiderable additional reductioi\s ^e.
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Chapter 2 Introduction & Background,

The report focuses on energy-efficiency «u\d renewable energy R&D. The coverage of additional 
selected low-carbon end-use emd electricity supply options was based in large measure on their 
perceived potential to contribute significantly to stabilizing carbon emissions by 2010 at their 1990 
level, whidt is one pp^ible national target imder discussion: . -

2.2 METHODOLOGY 

2.2.1 Overview V..

To aichieye these objectives, we started with the Annual Energy Outlook 1997 (AE097).ie£eiOTce^^:. V 
case forecasts .for tt\e year 2010 (Energy hifprmatioxi Admiitistration, 1996). After thorou^y>i 
reviewing these forecuts^on a sector-by-sector>asis^ an^ working with EIA staff, we chose to a:ccept ' 
the EIA '^usiness-a^usual" (BAlI) scerxario as is for buildings and industry rmd to iripdifyMme bf ;i;;' ; ^
the assumptions and data and produce a neWvBAU.case^ not greatly different from the EIA Case- for.;'
the traivsportatibn and the electric utility sectors. ‘

We then assembled existing infonhatibh qh the performance and costs of technologies to irforea4e||i:: - ^ 
energy effid^cy or; for selected end-^uses, to sVdtdi from one fuel to another (e.g., firpm electricity^lb’i&ii M 
ruitural gas for residential <mdru^6r frdm.gasolme't9 bfofiiels for trairspdrtatioii). For Wbtiil^^ :
sector, the tedmology performance and-cost data base are extensive. For traiispbftatioh; the data 
base - although less foUy developed-than for bujlcUngs - is sufficient for our purposes., For indushy; ; r . v ^

' only partial information pn technol<^es.and;cpsfo is pres^tiy available.. As a reside the artalysiisi iV^ i^^ 
for mdustry rehes primarily onhistoncal reUitfoiwbetviieto use and ecoiwniic aCti^^ehd^;?^>^^y; V 

^ much less on, expUdt techriolb^c4;o))portumties.;;;The mdust^ analysis also iridudes so^ 
examples of industiial fow-dirbon technologies. The analysis of low-carbbn supply tedmoibgieS^jnf^^-^^ 
the electricity sector is based on a review of the literature including detailed technOloi^:^ ^ 
characterizations prepared by DOE in cor^unction with its national laboratories and indus^.; , ^ ^

Next we: created i^enarios of dndieased^eri^-effidency^; lower<arbon emissions rKm^the;^^'' :: :' ^ :
: technology data (or, in the industriai sddoiV ltistdricd relations) as a key input V\fo chO^ifo ^
three scenarios other than the" BAU case.' ^VVe'have termed the first the "effidency* 
assumes tha^ the United States increases its ernphasis on energy effidency *^ough:enhim<;ach^S^^i;!^A^^^ 
public- and privatfrp^or efforts. The genend ptulosophy pf the effidehcy case is that ;ft‘‘reduc:e^|^ ~ ^ 
but does not eliminate, various market barriers.and lags tp the adoption of cost-effective energVr;$ii?ftfit'^:^^ ^

The other two cases,'dubb^ the dEfidency/loW carbon" (HE/LG) ca^, d^oibe a^vforid v ^
which, as a result fof cbihmitmente;'made^^ treaty dr other-factoi:^^e^i\kti(b^ii{|^#j>^^^

.cuiu.,^^iu5i^^ia:^uiviuvmig «aivuuiuiiciiuu reguiaTOry,'-<reiorm;/^i!t?*,:tVv4>"ii’>,'.stren^ened State pfograms^and ve^ active private sector involvement They mdude i''fo<^^i^||^^S's^t^^^^^

: industry). The difference between tiie^.^t^^ in the assumption of a carbon perriufpd<f^;^^^ \^^^!^
, resulting from a'domestic trading sdieme forCaibon diussions with a cap on U5! emissidnsi[or frbm!pify=^^;s&' ';f ■

' ■«quivalentpoU<^;.inea^,^|Ki^foe,price%^on^

2.2



Chapter 2 Introduction & ■

The scenarips for .each sector also use the AE097 ^ergy price forecasts.' World oil pric^'. sue^ ■ 
assumed to rise from $17 per barrel in 1995 to $2tt4 per barrel (in 1995$) in 2010. In AE097, natural i 
gas prices in the industrial, electricity, and transportation sectors increase throughout the forecast. 
period; natuiral gas prices for the .residential,vand commercial sectors decrease significantly.vV 
Between 1^5. and 2010, the average, price of electricity is projected to decline by 0.6% a yeru: asa ' 
result of comf^tition among electricity supplier Electricity prices are forecast to decrease the mdst * 
for industrial customers arid the least for r^idwtial customers :

Such macroeconpmic and fuel price assumptions strongly influence the rate of .|>^etfation of energy-'^- ' ■ 
efficient technologies in eadi sector. Further details regarding these assumptions can be found iii". ' 
EiA (1996c).

Frozen Efficiency Baseline. This case,:which is analyzed orUy for tfie buildings sector, assimies:diatr.i;:; ^ 
ervergysrohsurning equipment and systeim eidstii^ in the year 1997 h^airi at the same ieffideri!o|^lj r^^;:- >^^^ 
pntil they are retired.-This equipment and th^ systems retire ovm the 1997r2010 period afV ratelC : ^ V' ^ 
based on standard cqiupment lifetimes. Tt a^umes drat idl new equipment employed after 1997^4^'V'^ v^^ 
ienwiris at me effiderrcy of rievT devices m me year 1997. The frozen e^derKy baseline pTOvidesdi:fe^ ; ^>^^^^^

. up^r bound tojil^y^imergy deinaiul Omdwthe>ec»noiiric.assuinpti^ appUcd^ t^
'. 'b^ause it ignor^r^jFo.irqm’,leading to highprdffidency of .-new equipxn(mtmmebiisine^as-i^ual%!^^|^?^^

-case. It alM indies any retrofits that might tai«.pla« ifvmere were.«oriomic-reasdhs .for«aflj^'^a^:^l^i*^
.............................................■■ ■■ ' ' ' " '■ retirement of equipment

; .V;. ' ' v'^ ‘■'■t '-

oil enrbafgo of l9i^74,"the'etierj^'^ffiQeri<y)bf^mmy household,rfi^pdrtatidrt and indijSt^i%^^^
.■>^ ted)Mlpgies^ch%^ V:. V •

■ - 1 -^ - 4'v ■.' ^
, Btisii^s^as-Usqal^Case. .The buainess-jas^usualifBAG) case^repre^ts the best^estimate of futqfeP0|f^^^s^ 
.energy use giverr emferrt trervds;in sdvke idfeinar\d>vstoch;tunibyeiv^and riatural prb^e«;

4c: V‘ . efficiency of new e^pment. K
contiiiueat more brless cujient ieyels,.\wth6uf a sigrufiamtmfluxdfhew  :fundihg;>Itcaphiieisa^^

; ;v. 'Changes in effiderrdes; Of new eqmpment^vcyme arudysiSiperkdi^^Tt al^ allows for sprne
•retirement of eqmpment where cost savings, froin;riew energy;reffiddit.prdducts are high relafive^''^’^

. : durdiaii add iditaiidHon dnvd -dd ddid

H> ^li^ pricesM^ce our:B^^^b^^
^4'';;^;yel^esii\2Q10.unchmg^^from:;1^7.p|rform^e:';:'^.i^^ .

m
l44'-

mmsssa

82f4i
‘■’’mm

^*1
August i;d99■■

I



1

Chapter 2 Introduction i Background .

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

• Increased federal effort to accelerate R&D and diffusion of low-carbon technologies;.
• • . • ' . ■ ’ •• • • ■ \ ' 'r *

• ’nxedevelopnierrt and introduction by other «>untries of advanced low-carbon'technplogies; arid.

. • The diange in consumer preferences and behavior that wotdd result:£rpm a|i intematiohd 
treaty and tiatibhal cbrnmitment to stabilize greerihouse gases, much like changes in consumer 
behavior in the aftermath of the oil embargo of 1973-74. . ■ . ' . '

In surhinary, this scen^o for 2010 desoibes a combirvation of better te^bl6gy,>'readiier  ̂markets,. .
and a price of caibch ^t results in a sigruficantl;^ increased v\dlIingne$s tb irianufacture,^urd\{iM,' ; ^^:^^ e
andu^loW*carbontechholo^es; ^ ^ •'

2.2.4 Methodolpgicai Differences Across Sectors • ^ v

The operational definitions used to model these scenarios foriOie indiyiduii end-use .si^bty reded 
the al^vei conceptual definitions, but are nevertheless distiiid (Table 2:1). These didei^db axe > ' ■
partly to t% iife(^g apprCaches used for each sedor. . Thw alsdiefl^ toe abtobrs^tsa^fw^^: ^^^ 
couldi'dnve'*, sighidcaht increases m erier^ effidmity fo.eadia^o?.>;,^r ^

breakthtoughi^. v mdustnal analysis, on the -^er^hju\d> • adueyes i rty :lugh-^fhdehty/lowr>i;;^;*^^ ■ V;
carbon sceriaiiohy doublihg rriaik:etperie|ratiori^es*bidaKmnmgttiatenei:gy^^
are treated-asstrate^c investihents vddv cbrriKporTdihgty lawerhiirdle^rat^^ V:

The buildings Sector employs a' 7% red discormt mte to yalbe'the sti^arii.of b^edts acdufo

the bxisihe^asnisual case. ^.The*HE/lJG:case dbu^ ^ peheteido

y fadbr^^fGRR of 45%; raftier;,tliait^^33yo(iwhich

^..;-^m^^^.back^.nbiiipre;.thad,appr9ximately^V^|^|^^i|y^^-'^^

. operation; evertltoough the tocpeded;hfetiine;pra»yehidemay^r!didr;lbripr^^
. penbd is . meant s to reflect vthe - realities;■ bf purdv^’fid^y

,, .MSissaam
2;6
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Chapter 2 Introduction & Backgroundiw:^* -

2;2.5 Whit the Study Does Not Do
^ V

This report does not describe the policies that might be implemented to achieve higher ■ : : 
penetrations of energy-efficient and low-carbon technologies. (Reviews of a wide range of ppssil?^;fi«'' 
policy options can be found in several recent publications, mcluding OTA (1991J, NAS (1992)/ai\d,i!^j 
DOE (1996b)). Rather/ this report highlights the potential performrmce and impacts “.bf;!!% 
technological developments and transformed ixuu'kets. The existence ofxost-effective teclmol^es^V '̂ 
is a prerequisite for public policies to work. Without the^t^chnolp^^, poUdes^to r^ucp grej^q^^^;:^ ; 

. gas emissions will be Very costly. Indeed, tl^ walysis suggest that cirboru stabilizatidn e^
produce net benefits if ttie nation iiivests significantly in cost-effective energy-effidency and ipwrl
carbon technologies.

TTuis, we believe it is critical to imdeistand the availability of technolr^^; ffidr p^ondiiantt 
their cwts for as iiUuiyieridruses:qf energy as-po^ Armed with ffiis knowte^i^^^

......... . ....................... .. ................ ^poiides becpmes;mUchTriOre rneamngfuL -Wittxout it, such disnrssiph'U^^^^^ : ;
dedsipns. Thus, We Choose to focus tiiiS repPrt bn the inpre riarrpw tPpiqof:tedm^lp^M in tfie;^^ ;• ,
that doing a credible job iti this area will ultimately furffier ffie policyWlialogi^ij/'^ ^ vvi ;

A s^ond reaspn forfociBing on tedmologies Uoiirbelid thahtheW>le'ijfKf®^:^e^'Vffidd\t^^^^^ir.‘f^^^'^ .: 
Tow-carbon feclmdlo^^ iiLS^airWijuWto>«ieal ydtiWdirruite Changef;and^^^ v
h» beenlriadequat^aefpgni^/iif offective^W^ tedmolP^v^^^ide^^ 
of redudng^rwnhPusejgM (dnissiPris (anddffier;i^viiWinientaliirhija%df;energy)W^

As in the AeP97;reference case;.each of the sceharios is completdi qt ffie;rwtiPrid levet^Thiis^P^^ili^iri^v^ 
regional y^aitiprt^in^pppukt^ and ecpfiomic activity! are hptxojwide^d^j^r:^/^^^ 
differenc^^ ip ^.f^l ;price;fweather> or air quaJityi arid envirpnrii(OTUdicqnditi(m^thahrni;^t^C^t^^^^ ^ 
regional ru^; market^ for particular technplop^. As <a res;iUt,.Pur analys<^;fe^/und6ubifedi;y^^^fe

2.3 pVEBVlEW;Of^5 REPORT ; :/> ............. .mm
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Chapter 2 Introduction & Background

to 13.4 thousand Btu of energy per dollar of GDP (1992$) (EIA, 19%a, p. 17). DOE estimates that the 
country is saving $1^ to $200 billion aimually as a result of these improvements.

Figure 2.1 Energy Consumption Per Dollai of Gross Domestic Product 1973-1995 
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a result, ener^ demwd grew £rom 74quads in 1986 to 91 quads‘;ih 1995; and it continues to increa^^«: ?- y ‘ 
One of the rriajoe of the period since 1973 is that ti^e.^onomy will ar\d can respond tb'eher^^t 'V:
price xhang^/ In'addition to pric^, othef fectors aie also Importaht .smd can slow, d?cii0e||h)

/.V

ecKiservatibn ^ctmitjr tl^t otfierwise woiild beyexpeded;^fh^dedining^^ergyAprices;^edet?  ̂ ? v /::?v
polidbs, as; well as facial, state, and utility programs and cotisvimer preferences for energynefficiait -

^■can:;incre^^^eipuich^.^i:^:pf.^^
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. , ?yfo^-diffiefoM^ is'ihd differing inarket structure delivbriii^ ribw tedmologies

iyjeadi ^^dn v jfosidei^ aind cominercid buildin;g technology Is shaped by thousands of buildih^p;^^y^^

y^The ^nndpy^au^ of endgy mefficierudes in manvdacturwg ami tr^^
: ^ y,;the CauM^ in homes and office' buildings> althou^;ihere a« ibme similarid^er

V>ytI(I^-ahd5|rown;?l?9p),.jforexample/in the inanufacturin^ s^n;^ei^^
' formvKb^te thatin^ase;putput;compared,vdfo;inyest^

J&foduceypperatmg;^^^^^^ cost andyirelative'difficultyfof obtaining reliable mformatibrirfe
5 preVOTts energyrefficieht features of buildings from being caj>italized into real estate prices/‘ThiS‘S^:^^^;i??^W^f?
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Chapter 2 Introduction & Background v!.-

Over the entire period from 1973 to 1997, energy use increased in building from 24.1 to 35.7 quads 
(40%); in industry; from 315 to 32.6 quads (35%); and in traruportetion, from 1816 to 255 quads 
(37%). As shown in Table 2.3, the growth in buildings and transportation has been relatively • 
steady, at less than 1% per year fepin 1973 to 1986, *md between 1.'3 and 2.9% per year from 1986 to ^ 
1997. Growth in energy demand in iivlustry has hed much more volatile during the period/ showing ■ 
substantial declines during the ^riqd of rising prices (a negative 15^# aimual growth for the'llS ' 
years of increasing energy prices), an increase of 2.7% per year froni 1986 to 1995, and a 2.9% pw 
decline from 1995 to 1997. i • ^ '

Table 25 Histoncal Energy Growth Rates: 1973;-1997
■■■ ?:

AAGR
1973-97

AAGR
197^

AAGR
1986-90

AAGR
1990-95

■ AAGR 
199M997^:'fcv:

Buildings 
Industry •. 
Transportation

1.41% : > ->Q55%
,0,14% . -1.31%

; .1.32%'., , 0.86%

2.25%-. 1.77% 2.il6%5s...
4.81% :;.5iii.45%^n .
2.10% 1.29% •• •2.86To'^.|«.-:V;‘... ■ i-:; ■

Total 0.89% :
AAGR = Average Aruhiial Growth Rate •

- 0.0% ^ 3.18% 1.48% . ; 0.66%?^^v:

The growth of.carbon Biiussions,:durihg foe periodirpughly foUows foat Of eriergy^'demand'
table Z4 shows ^timat^ carbon emissions ^m' 195^ to 1997.. Like ei\ergy> cartrorvemksfons Wi^ > . ^
flat betwi^ 1975 and 198<5. Jive indease in foe firactiort pf coal in the.fo^ irtix frdih 175%fo 1^73fo - v •
23.2% in i986 was offset by foe,increasing fraction of primj^ energy from nudear power, from;p,l%^-ii .. ; . 4
in 1973 to 6.0% :in 1986. FrOm '1956' to 1997, carbon emissions grew more slowly-than'^eif]^?^; . " v
consumption. This wasarKtdt of art increase in foe share of natural gas from 225% ml987^fo:25^%:;i0^^
in 1997 and in ielectridty fooin huclear power^from 45% tp 7.2%, cothbined With a small ,d^w;in^^i/
coal (23.3% to 225%) and a huger decrease in;petrpleum ^43.3% to 39.7%y-;;V}J;«:, ; y Wr^;:t '^/

, .Table^ii Carbon Emissipns frpin Fossil EneigyConsupm^iofoid^

Carbon errussibrisffbm
e5^^:wr;.,i28o:®::;«y.;:;;v

Average annual' i j ' '
groWfo rates (AAGR)

■for carbon emissions

■ ' ■ ■ ■ ■

1973-97 1973-86

.. ; • •

analyse described iri Chapters 3 through 5 or this report
■■ '■ 'r J. ■

i»

,'J^ -r. •y;y 2.12 ■ ■'V - y August



Chapter 2 Introduction & Background

“ characteristic, for instance, of much defense and crime prevention.

r^wces improve energy security by reducing the neon's reliahaVn • 
forei^ sdurc^ of oil, ^ey lead to reductions in waste streams; and they reduce greenhouse eas '"^'
emissions, wluch contribute to global Warming. FinaUy, it is possible thatVverimi^ts vdU taS^ V^^

become the pnncipal purchaser of greenhouse ^as reductions as the result of -
third rationale for federal sponsorship of eii^

' " priorities are shifting aWSy froi^b^ic and appli^^ toWanl -
' Bi^inessspendingon.appUedresearchhaSdijipiiedfeS^^^^^^

*°^^"?''««^^“^Pf^I^Dspending,whilebasicr^ahdihasdroppedtojust2%: IriS
, ‘"'^^tments m energy J^P, in parfcjilar, are down significantiy (IX)E, 1996a, p:.2)i ?:^ >r%:;y/r

■ ’ ■ for j^ubliciprivateRiD pirtn^pf4b produce sdentific breaktiirb^igi^®®
- ,m««,^tal;^ology ^ancements;^ati:V^ improved>prbdtib6^tliif ^' '

• ^tp^.^lfS..mdustryspendsiivoret^$100:bimbri,^yeat
; : R&a-perfopung comparues: all have R^D budgets^^exi^dirig Sl hUUon ^

*he. U.S.^goyerrimerit^s7energy-related>I^D;appr6priatioriS:>^Ifiiu[^t^-^K^v^'

, ■ .-enormous impact. One way to reorient priyate-s^tor Rib is^4hiou&J^^^^^^R&D partnerehips that involve joint te<*hology roadmapping, cbilifebraa^'^^^^^ 
shMS^ib^^ advanced energy-effident and low-carbon technblbgi^ an^'tost^^V-

. 2.5.2 Past R&D Successes ■. . -V v: ' ■■' ;■ ; ’ ■;>;•■

. : V Some^ indication of ti^ost-effectiveness of ener^4ffideriCy R&D can be gleaned frb&^tlxe^fe 
' ■ ' of Energy Effidency and Renewable Energyf From-fiscal year^^^ ■

■'A .-*c^ technoloeies that were dpv«>lftrMiH wifkTinr, -a_l .i-’i-it'i-'*^hAA. ,o, I^c n« ana updated the estimated^benefitsAs ;> '
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