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EXECUTIVE OFFICE OF THE PRESIDENT
COUNCIL OF ECONOMIC ADVISERS
WASHINGTON, D.C. 20500

SENIOR ECONOMIST

MEMORANDUM

TO: Joe Romm
Acting ?stant Secretary for Energy Efficiency and Renewable Energy

té and Joe Aldy//y'

FROM: Randy
DATE: September 4, 1997
RE: Comments on revised executive summary and chapter one of

Scenarios of U.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 j/ &/
by 2010 and Beyond
Prepared by the

Interléboratory 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
Office of Energy Efficiency and Renewable Energy : .
U.S. Department of Energy. '

.Coord"mating laboratories for this study ‘! (/O)ﬂfd
. |
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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 $25 or $50/tonne (e.g., as a result of a cap on domestic carbon emissions and a

projections suggest that a carbon emissions reduction of 380 million metric tons per year (MtC/year) is

market for carbon "permits”), and an aggressive program of targeted research and development. Current | 3 4 U

required to stabilize U.S. emissions in 2010 at 1990 levels.

The study, which has been peer-reviewed by industry and academic experts, uses a technology-by-
technology assessment as well as an engineering-economic modeling approach. It draws upon a wide
variety of technology cost and performance information to assess potential impacts. Analysis of the
buildings, industry, and transportation sectors quantifies the impacts of end-use energy-efficiency
improvements on carbon emissions. The utility sector analysis estimates the.impacts of those

improvements on utility carbon emissions, and quantifies additional emissions reductions through

conversion of a number of coal power plants to natural gas, dispatching of the utility grid with $25 and
$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 and carbon emissions such that levels in 2019/

are close 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 policies 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 $50/tonne 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 $50/tonne level.

The second conclusion is that, if feasible ways are found to implement the carbon reductions as described

above, all the cases (with reductions varying between 120 and 380 MtC/year by 2010) can produce_energy -

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 beginning 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 Northwest National Laboratory (PNNL). LBNL and ORNL were the co-leaders of the effort.

2 Here we count as benefits only the energy savings to the nation. We have not credited reduced CO3 emissions or

other external benefits. Costs include the increased technology cost plus an approximate estimate of the costs of
program and policy implementation. :

Iy
.-

September 15, 1997
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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 reductions in carbon emissions that can be attained through the improved performance
and increased penetration of efficient and low-carbon technologies by the year 2010. We also take a
longer-term perspective by characterizing the potential for future research and development to
produce further carbon reductions over the next quarter century. As such, this report underscores the
value of energy technology research, development, demonstration, 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 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 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.

12 METHODOLOGY

To achieve these objectivés, we stérted with”the Aﬁnual Energy Outlook 1997 (AEO9'7)-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
“business-as-usual” (BAU) scenario as is for buildings and industry. We modified some of the -

s
-

September 9, 1997 ' 1



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 fully developed than for buildings - is sufficient for our purposes. For industry,
only partial information on technologies and costs is presently available. As a result, the analysis
for industry relies primarily an historical relations between energy use and economic activity and
much less on explicit technological opportunities. The industrial analysis also includes some
~ examples of industrial low-carbon technologies. The analysis of low-carbon supply technologies in
the electricity sector is based on'a review of the literature including detailed 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 ehmmate, 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
environmental 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-carbon energy options (e.g., fuel cells for microcogeneration in buildings and advanced turbine
systems for combined heat and power in industry). The difference between the two HE/LC cases is in
the assumption of a carbon permit price resulting from a domestic trading scheme for carbon emissions
with a cap on U.S. emissions (or from equivalent policy measures that increase the price of carbon-
based fuels relative to those with less carbon). We assume a domestic permit price of $25 and $50
per tonne of carbon for the two cases. Both of these HE/LC cases include a program of research,
development, demonstration and diffusion that is more vigorous than in the efficiency case. In the
buildings and industry sectors, the carbon price signal, combined with policies promoting energy
efficiency, is believed to trigger most of the additional 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 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 bnng 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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Analysis Results - - ' Chapter 1

1.3 BACKGROUND

The decade of gains in energy productivity achieved by the 'US. following the 1973-74 Arab oil
embargo represents a period of economic growth that was decoupled from increases in energy
consumption, resulting in substantial economic benefits. Between 1973 and 1986, the nation’s
consumption of primary energy froze at about 74 quads - while the GNP grew by 35%. Starting in
1986, energy prices began a descent in real terms that has continued to the present. As a result,
energy demand grew from 74 quads in 1986 to 91 quads in 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 annually 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 billien
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 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-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.

September 9, 1997 : 3



Chapter 1 . ' Analysis Resuits

Table 1.1 Primary Energy Use in Quads: 1990-2010

2010
Business-as- ' High-Efficiency/
1990 1997 Usual - Efficiency Low-Carbon
- Case Case Case ($50/to_nne C)
Buildings 29.4 33.7 36.0 34.1 . 320
Industry 32.1 32.6 374 354 33.6
Transportation 22.6 25.5 __323 29.2 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:

e 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. '

e 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). :

e 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.

4 _ ' September 9, 1997



Analysis Results Chapter 1

' ‘ Figure 1.1 Primary Energy Use in Quads: 1990-2010
120 ’
100
80
Buildings
Energy
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Indust
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Business g
as Efficiency/
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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 an carbon emissions in that
same year. It also presents the results of the HE/LC scenarios with both $25 and $50 per tonne
carbon charges. These scenarios show significant carbon reductions from the combination of greater
efficiency improvements and increased use of advanced low-carbon technologies. * 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 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 Carbon Emissions (MtC): 1990-2010 ‘
2010
Business-as- : High-Efficiency/
_ Usual (BAU) Efficiency Case Low-Carbona
1990 1997 Case '

$25/tonne $50/tonne
Buildings 460 511 571 546 . 527 509
Industry 452 482 534 512 488 452
Transportation 432 486 616 543 ' 528 513
Utilities® - - - - -48 - =136
Total (rounded) 1340 1480 1720 1600 1490 1340
Change from 1990 140 380 260 150 0
Change from BAU — - - . -120 -230 -380

aThis 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 coal-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.

bThe entries in the last two columns are negative as they correspond to reductions in carbon emissions resulting
from the increased use of natural gas 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
analysis, in section 1.5, we describe sources of uncertainty and the effects of uncertainty on our
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:

e 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). This represents a carbon increase of 19%
- above 1990 emissions.

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

¢ The HE/LC scenario with $50/tonne carbon charge has the potential to reduce carbon emissions
by approximately 380 million tonnes, thereby achieving 1990 carbon emission levels in 2010. Of
this 380 million tonne carbon reduction, about 190 million tonnes are from increased energy
efficiency, 140 million tonnes results from increases in the use of low-carbon fuels and
technologies in the utility sector, and 50 million tonnes results from the use of low-carbon
technology in industry and transportation. '
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Figure 1.2 Reductions in Carbon Emissions from Each Scenario

Other Low-Carbon Technologies
] Electricty Supply Technologies
| 3 Energy-Eficient Technologies

_2%

P

IR

8
3
3
i
g
L2
&
§ 20 .
S
:
8
§

Efficiency  HEALCCase HEACCase -
Case . @$25tonneC @$50onne C

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 repowering
coal plants with natural gas. Both 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 combustion turbine -
cogenerators in industry, (2) biomass and black liquor gasification and low-carbon industrial
processes, and (3) cellulosic 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 starting with 1997.
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The carbon reductions incorporated in the efficiency case cut the overall growth in carbon
emissions between 1997 and 2010 from 240 million tonnes (as forecast in the BAU case) to 120.
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 emissions is slightly

more rapid than the increase in energy demand. For the HE/LC cases, carbon emissions decline
while energy consumption rises. The carbon reduction reflects the increased deployment of low-
carbon fuels and technologies as a consequence of the relative increase in price of carbon-based fuels
prec1p1tated by the $50/tonne incentive.

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

High Efficiency/ High Efficiency/

Business-As- Efficiency Low Carbon Case - Low Carbon Case

- . Usual (BAU) Case ($25/tonne) ($50/tonne)
Gross Domestic Product -
(GDP)? . 1.88% 1.88% - 1.88% 1.88%
Energy Demand 1.09% 0.56% 0.34% : 0.13%
Carbon Emissions 1.16% 0.60% 0.05% -0.76%
Energy Consumption Per -0.77% -1.30% -1.51% -1.71% ‘
GDP (E/GDP) ' .
Carbon Emissions Per GDP -0.70% -1.25% -1.79% -2.59%
(C/GDP)P

aThe 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 er 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/ C, and $50/tonne HE/LC cases, respectlvely

- Itis'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 (US. Congress, 1991) analyzed
" the potential for energy efficiency to reduce carbon emissions by the year 2015, starting with the . -..0 °
base year of 1987. Its “moderate” scenario.results in a 15% rise in carbon emissions, from 1300
MtC/year of carbon in 1987 to 1500 MtC/year of carbon in 2015 (compared to a BAU forecast of 1900
MtC/year). Its “tough” scenario results in a 20% to 35% emissions reduction relative to 1987 levels,
or emissions levels of 850 to 1000 MtC/year of carbon in 2015. Our efficiency and HE/LC cases ranging
from 1.3 to 1.6 billion tonnes of carbon emissions in 2010 are comparable to OTA’s “moderate” case and

', N

show considerably higher emissions than OTA’s “tough” case.

Another benchmark is provided by the 1992 National Academy of Sciences (NAS) report an 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 torme 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 lumted to the 2010 time
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frame, but rather characterizes the full potential for carbon 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 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, vigorous R&D efforts
are needed to fill the pipeline of next-generation energy technologies. It is difficult to estimate the
carbon 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 on opportunities for improved energy-efficiency and renewable energy technologies. The
potential long-term contributions of carbon sequestration, advanced coal technologies, and nuclear
power may also be significant. However, the treatment of vigorous R&D initiatives to improve
these supply options beyond 2010 is beyond the scope of this report.

Renewable energy technologies will likely play a crucial role in limiting carbon emissions over the
long term. Low-carbon energy supply options are needed to fuel domestic and international economic
development without stimulating further global warming. Although renewable resources account for
only 7% of the nation’s total energy consumption at present, many believe that they are at the
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 carbon 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: :

e Advanced blade shapes that increase wind power capture while reducing stress loads,
"o Elimination of gearboxes through development of direct-drive generators,
e Variable speed turbines, and

e Better resource prediction that will increase the value of wind power to power systems
operators. e o

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 fundamental breakthroughs. Incremental improvements in all sectors
can be achieved by the greater reliance on more precise and reliable sensors and controls or on lower-
cost sensors and controls, often integrated into industrial processes, transportation systems, and
buildings. Advanced manufacturing technologies, including rapid prototyping and ultraprecision
fabrication, also offer broad opportunities for continuous incremental improvements in energy
efficiency and renewable energy. Breakthroughs in bioprocessing, separations, superconductivity,
catalysts, and materials can have wide-ranging impacts on energy efficiency and carbon emissions by
the year 2020. Examples of specific technology opportunities are described 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 bﬁilding envelopes,

Multi-functional equipment,

Integrated, advanced lighting systems, . - . o
¢ Improved controls, communications and measurements, and

¢ Self-powered buildings.
In addition to the broad applicatidn 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 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 per gallon
(MPG) range and remain affordable and safe, light-duty vehicles will need:

¢ Breakthroughs in manufacfuﬁhg processes for composite materials,
e Large reduction in fuel cell costs and/or cost reductions and performance géins in batteries,
¢ Utra-low rolling resistance tires,
« High-efficiency accessories, and : I .
¢ Highly aerodynamic designs. | |
QOpportunities for R&D to lead to.__ilnprovements in the energy efficiency of other transportation =~
modes 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 programs 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 emissions 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. 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 retumn 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 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 There are many different
technologies, both an 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
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 factors 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 possible 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 viability of specific policies 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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Table 1.4 Potential Annual Reductions in Carbon Emissions in 2010, Compared to the Business-As-
Usual Forecast for 2010 (M¢C)

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 liquor 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 @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
the 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 cansumers and
businesses, fuel price increases, and the estimated cost of federal, state, and local programs required
to achieve the carbon emissions reductions. 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 the costs and benefits, but have not
attempted a full benefit-cost calculation. We do not account for indirect effects of policies (e.g., the
reallocation of investment dollars to efficiency investments). We do not account 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 analyzed any possible-
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redistribution of wealth that could arise from a carbon tradihg system or other policy to increase the
price of carbon-based fuel. .o

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 buildings, 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 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 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-carbon future. In this perspective, we evaluate costs and benefitsat 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 billion 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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fthe Efficiency and High-Efficiency/Low-Carbon

Table 1.5 Estimated Costs and Energy Savir;gs
istic View Estimates (billions of 1995$, annualized)

Scenarios : Optimistic and Pessi

Efficiincy High-Efficiency/Low-Carbon .
Case? ™ Case?
"Energy - Energy
Costsd Savings¢' / Carbon® Costs Savings  Carbon
(billion (billio ~ Savings (billion (billion.  Savings
1995%) ) MtC 1995%) 1995%) 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

-

a Energy efficiency category includes ethanol in transportation.
b 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.

d Costs are calculated from differing viewpoints: the "optimistic” 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
annualize costs vary between 15% and 20%. Also in this case, the cost of implementing 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 carbon 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. 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 an 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 tum would increase the cost of substituting

- natural gas for coal in power production, etc. As it tums out, our scenarios have somewhat reduced
gas demand compared with the BAU case (or with AEO97 baseline for 2010, an which the price of
natural gas in our work is based). Specifically, demand for natural gas in the HE/LC ($50/tonne)
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 transfers, depends on the nature of policy and its implementation as a cap and trade system or
some alternative. The amount of money that could be in play is very large: $50/tonne times 1.3
billion tonnes per year equals $65 billion per year.

In short, while there will sﬁrely 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 an many factors. In all cases, carbon reductions 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 V1gorous 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 technologies, much of the potential for carbon reductions will not be
realized. '

Govermnment 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 ensure the availability
of technologies for the period after 2010. The transportation 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/tonne carbon: carbon-based
dispatch and conversion of existing power plants from coal to natural gas.* Finally, we identify
several additional technologies that can contribute up to 20% of the estimated carbon reductions,
also for less than $50/tonne. 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
__(PNNL). LBNL and ORNL were the co-leaders of the effort.

2 The differences between the AEO97 BAU case and ours for 2010 are (1) 1.2 quads higher use of oil in

Py") 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
-eference case and the AEO BAU case are essentially identical.

| . 3See Section 2.2.3 for a definition of cost-effective energy efficiency technology.

4 $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 tonne 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 environmental 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
ontoitto 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, all 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 | 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 university students who are in a position 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 can't 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 America. Thatis not true. Butif 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 neglect. We can grow this
economy and do right by the environment. | think you believe that,
and | need you to help me convince the American people that it can be done.
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DEPARTMENT OF THE TREASURY
WASHINGTON, D.C. 20220

September 4, 1997

MEMORANDUM FORT. J. GLAUTHIER

FROM: Robert Gillinghan%
Jonathan Gruber9
SUBJECT: 5-Labs Revision

We think this revision is a substantial improvement. Most of our comments are
editorial (see attached draft). The major exceplions 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/benefit 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 docs 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.

dic 2
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MEMORANDUM
August 29, 1997

TO: T.J. Glauthier (OMB), Jeff Frankel (CEA), Robert Gillingham and jon Gruber (Treasury),
Peter Orszag (NEC)

FROM: Mark D. Levine and Marilyn Brown

RE: Executive Summary 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 Summary and Chapter 1 of the referenced
report. In this version, we have atternpted to respond to the concerns expressed in the meeting on August
19 while stll expressing the major findings of the rcport

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 Energy national
laboratories that quantifies the potential for energy-efticient and low-carbon technologies to reduce

carbon emissions in the United States.1 The study documents in detail how four key sectors of the economy e
- bulldings, transportation, industry, and electric utilities - could respond—te—diresiad _progeap nd

expand adoption of energy-efficiency and low-carbon technologies, @an increase in the relative
price of carbon-based fuels by $25 or $50/tonne (€.g.,as a result of a cap on domestic carbon emissions and a
market for carbon "permits"). and -'--_';‘;“"‘1rn'—i;‘_:_,;_: -0 aLgeted TS areR-aR R VEIORTRY ast. Current
projections suggest that a carbon emissions reduction of 380 million metric tons per year (MtC/year) is F
required to stabilize U. emissions in 2010__a_t_i?__9_9_1;yqls. we Lave, e = WTm

The study,ﬁi'_ ich has been peer-reviewed by industry and academic experts,juses a technology-by- )
technology assessment as well as an engineering-economic modeling approach. It draws upon a wide
variety of technology cost and performance information to assess potential Impacts. Analysis of the
buildings, industry, and transportation sectors quantifies the impacts of end-use energy-efficiency
improvements on carbon emissions. The utility sector analysis estimates the impacts of those
improvements on utility carbon emissions, and quantifies additional emissions reductions through
conversion of a number of coal power plants to natural gas, dispatching of the utility grid with $25 and
$50/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. £ pand )

Three overarching conclusions emerge from the analysis of alternative carbon scenarios. First, a-vigerous _,:f_.,.ﬂ,
natiormal-cemmitmesat to develop and deploy cost-effective energy-efficient and low-carbon technologies e 4
has the potential to restrain the growth in U.S. energy consumption and carbon emissions such that levels

in 2010 are close to thase 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 policies

that promote adoption of energy-efficient and low carbon technologies and a $25/tonne carbon permit

price, with emdssion reductians of 230 MtC/year in 2010. Under a $50/tonne 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 $50/tonne

level. cabrm—

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.2 The analysis includes only technologies estimated to be
VM 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 beginning now and extending beyond 2010.

| The five narional laboratorics participating in the study were: Argonne National Laboratory (ANL), Lawrence Berkeley
National Laboratory (LBNL), National Renewable Energy Laboratory (NREL), Oak Ridge National Laboratory (ORNL).
and Pacific Northwest National Laboratory (PNNL). LBNL and ORNL were the co-lcaders of the effor.

2 Here we count as benefits only the energy savings to the nation. We have not credited reduced CO7 emissions or
other external benefits. Costs include the increascd technology cost plus an approximate estimnate of the costs of
program and policy implementation.

August 28, 1997
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Chapter 1 Analysis Results

Chapter 1
ANALYSIS RESULTS

This report presents the results of a study conducted by five U.5. 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 considex
ways of increasing the productivity of energy use. To add greater definition to this view, we
quantify the reductions in carbon emissions that can be attained through the improved performance
and increased penetration of efficient and low-carbon technologies by the year 2010. We also take a
longer-term perspective by characterizing the potential for future research and development to
produce further carbon reductions over the next quarter century. As such, this report underscores the

value of energy technology research, development, demonstration, and diffusion
1o global climate change. Wl

Three overarching conclusions emerge from our analysis of alternative carbon reduction scenarios.
First, a vigorous national comunitment to develop and deploy ecswsffective energy-efficient and
low-carbon technologies could reverse the trend toward increasing carbon emissions. Along with
utility sector investments, such a commitment could helt 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 ra-roughlyequal-to-omgreatasdiven costs. Third, 2
next generation of energy-efficient and low-carbgn technologies promises to enable the continuation
of an aggressive pace of carbon reductions over tife next quarter century.
skt tialley ot

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 fo accelerate

the development and deployment of cost-effective energy-efficient and low-carbon
technologies;

2. To document the cestssmmd 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 Outlogk 1997 (AEQ97) reference
case forecasts for the year 2010 (Energy Information Administration, 1996). After thoroughly
reviewing these forecasts on a sector-by-sgector basis, and working with EIA staff, we chose to accept
the EIA “business-as-usual” (BAU) scenario as is for buildings and industry. We medified some of

) August 29, 1997 V2
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the assumptions and data to produce a new BAU case - not greatly different from the EIA case - for
the transportation and the electric utility sectors.

We then assembled existing information on the 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
sactor, the technology performance and cost data base are extensive, For transportation, the data
base = although less fully developed than for buildings ~ is sufficient for our purposes. For industry,
only partial information on technologies and costs is presently available. Asa result, the analysis
for industry relies primarily on historical relations between energy use and economic activity and
much less on explicit technological opportunities. The industrial analysis also includes some
examples of industrial low-carbon technologies. The analysis of low-carbon supply technologies in
the electricity sector is based on a review of the literature including detailed 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 “afficiency” (EFF) case. It
assumes that the United States increases lts emphasis on energy efficiency through enhanced
public- and private-sactor efforts. The general philosophy of the efficiency case is that it raduces,
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, deseribe 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
environmental 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
Jow-carbon energy options (e.g., fuel cells for microcogeneration in bufldings and advanced turbine
systems for combined heat and power in industry). The difference between the two HE/LC cases isin
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 pric¥ 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

B8

case. In the buildings and industry sactors, the carbon price signal, combined with policies promoting G ulﬂk

energy efficiency, is believed to trigger most of the additlonal carbon redugti

transportation sector, #-i5 tHg-RD=driven technology breakthroughs thet generate the bulk of the
carbon reductions beyond the efficiency case. For the electricity sector, higher prices for carbon-
based fuels cause larger shifts from coal to natural gas; for this sector, these same higher relative
prices combined with federal and private research, development, and demonstration can bring
advanced low-carbon technologies to market.

Although 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 ime 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
RéD were made.
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13 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 substantial economic benefits. Between 1973 and 1986, the nation’s
consumption of primary energy froze at about 74 quads - while the GNP grew by 35%. Starting in
1986, energy prices began a descent in real terms that has continued to the present. As a result,
energy demand grew from 74 quads in 1986 to 91 quads in 1995, and carbon emissions have been

increasing at a similar pace. J/
fd«} M ‘b Y‘r“dﬂ"(” o
Despite the growth in energy consumption since 1986, the U.S, economy today-remains-moreereTEy %ﬁ &.M"’]—
productive-tharT it wag 25-years-ags. 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 annually as a result of these improvements.

&y

Nevertheless, many cost-effective
in Chapter 2. [A hes arkat b

energy-efficient technologies remain underutilized, as discussed

» SHSOOFRINIUES. Al JecHhas

The rationale for government support of energy-eificiency 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 — daspite 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-efficlency 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 peortfolio has also led to significant environmental,
health, productivity, and economic competitiveness benefits.

1.4 RESULTS

1.41 Prospects for improved Efficiencles 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-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.

8 ' August 29, 1987 V2
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Table 1.1 Primary Energy Use in Quads: 1990-2010

2010
Business-as- High-Efficiency/
1990 1997 Usual Efficiency Low-Carbon
Case Case Case ($50/tonne C)
Buildings 29.4 337 36.0 341 320
Industcy 321 32,6 374 354 33.6
TransEonation 22.6 25.5 323 29.2 278
Total 84.2 91.8 103.7 98.7 934

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 ELA (19965)-
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
sactor during the remaining 13 years is transportation (6.8 quads). This is fallowed 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. :

e 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 smailest 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 $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 conswmption 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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Table 1.2 documents the impact of these projected energy savings in 2010 on carbon emissions in that
same year. 1t also presents the results of the HE/LC scenarios with both §25 and $50 per tonne
carbon charges. These scenarlos show significant carbon reductions from the combination of greater
efficiency improvements and increased use of advanced low-carbon tachnologies.3 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 all cases, these technologies and measures are estimated to be

cost-effective with a differentlal carbon fee of $50/tonne.
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Table 1.2 Carbon Emissions (MC): 1990-2010

2010 _
Business-as- High-Efficiency/
Usual (BAU)  Efficiency Casc Low-Carbon?
1950 1997 Case
$258/tonne $50/tonne
Buildings 460 511 ST 546 527 509
Industry 452 482 534 512 488 452
Transportation 432 486 616 543 528 513
Utilities® - - - = -48 -136
Total (rounded) 1340 1480 1720 1600 - 1490 1340
Change from 1990 140 380 260 150 0
Change from BAU - - - -120. -230 -380

aThis 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 coal-based power plants to convert to natural pas, and (3) introduction of selected low-carbon
technologies to replace conventional ones, primarily in the indusirial and utility sectors.

bThe entrles in the last two columns are n ative as they correerond to reductions in carbon emissions resulting
from the increased use of natural gas and low-carbon technology for electricity generation as a result of the
$50/torme 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 analysis, in section 1.5, we describe sources of uncertainty and the effects of
uncertainty on our 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 overall growth between 1990
and 2010 by one-third (from 380 to 260 million tonnes). This represents a carbon increase of 19%
above 1990 emissions.

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

" particularly renewables and advanced turbine systems, produce approximately another 25
million tonnes. '

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

August 29, 1997 V2 9
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Figure 1.2 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 repowering

coal plants with natural gas. Both 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 combustion turbine
cogenerators in industry, (2) biomass and black liquor gasificatlon and low-carbon industrial
processes, and (3) cellulosic 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 starting with 1997.

10
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The carben reductions incorporated in the efficiency case cut the overall growth in carbon
emissions between 1997 and 2010 from 240 million tonnes (as forecast in the BAU case) to 120.
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 efficlency cases, the growth in carbon emissions is slightly
more rapid then 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 Annual Energy and Carbon Growth Rates, 1997 to 2010, for Four Cases

High Efficiency/ High Efficiency/
Business-As- Efficiency Low Carbon Case Low Carbon Case

Usual (BAD) Case ($25/tonne) (350/tonne)
Gross Domestic Product
(GDP)? 1.88% 1.88% 1.88% 1.88%
Energy Demand 1.09% 0.56% 0.34% 0.13%
Carbon Emissions 1.16% 0.60% 0.05% -0.76%
Energy Consumption Per 0.77% -1.30% -1.51% -1.71%
GDP (E/GDP)
Carbon Emissions Per GDP 0.70% -1.25% -1.79% -2.59%
(C/GDP)®

» The Gross Domestic Product (GDP) in 1995 was 57251 billion fn 1995 dollars. The 1.88% annual growth way
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 i3 0.7%, 1.1%, 1.4% and 1.9% per year for the
reference, efficiancy, $25/tonne HE/LC, and $50/tonne 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 emisslons by the year 2015, starting with the
base year of 1987. lts “moderate” scenario results in a 15% rise in carbon emissions, from 1300
MtC/year of carbon in 1987 to 1500 MtC/year of carbon in 2015 (compared to a BAU forecast of 1900
MtC/year). Its “tough” scenario results in a 20% to 35% emissions reduction relative to 1987 levels,
or emissions levels of 850 to 1000 MtC/year of carbon in 2015. Our efficiency and HE/LC cases
ranging from 1.3 to 1.6 billion tonnes of carbon emissions in 2010 are comparable to OTA’s “moderate”
case and show considerably higher emissions than OTA’s “tough” case.

Another benchmark is provided by the 1992 National Academy of Sclences (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 bacause it is not limited to the 2010 time
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frame, but rather characterizes the full potential for carbon 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 low-carbon
technologles.

14.2 R&D’s Potentlal 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
carbon 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 on opportunities for improved energy-efficiency and renewable energy technologies. The
potential long-term contributions of carbon sequestration, advanced coal technologies, and nuclear
power may also be significant. However, the treatment of vigorous R&D initiatives to improve
these supply options beyond 2010 is beyond the scope of this report.

Renewable energy technologies will likely play a crucial role in limiting carbon emissions over the
long term. Low-carbon energy supply options are needed to fuel domestic and international economic
development without stimulating further global warming. Although renewable resources account
for only 7% of the nation’s total energy consumption at present, many believe that they are at the
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 blomass power systems, even in the face of low gas-
fired power generation costs and considerable uncertainty in today’s electric energy sector.

With a vigorous and sustained program of research, development and deployment, biomass, wind,
photovoltaics, geothermal, and solar thermal technologies could deliver significant quantities of
electricity in 2020, thereby substantially displacing carbon emissions. For example, 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 fundamental breakthroughs. Incremental improvements in all sectors
can be achieved by the greater reliance on more precise and reliable sensors and controls or on lower-
cost sensors and controls, often integrated into industrial processes, transportation systems, and
buildings. Advanced manufacturing technologies, including rapid prototyping and ultraprecision
fabrication, also offer broad opportunities for continuous incremental improvements in energy
efficiency and rencwable energy. Breakthroughs in bioprocessing, separations, superconductivity,
catalysts, and materials can have wide-ranging impacts on energy efficlency and carbon emissions
by the year 2020. Examples of specific technology opportunities are described in 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

Mult-functional equipment

Integrated, advanced lighting systems, controls and communications and

Self-powered buildings.
In addition to the broad application of better process modeling, sensors, and controls in industry,
many process/industry-specific opportunities for efficlency gains exist. These are described for each

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 commaercially
available in the year 2020. For example, to achieve fuel economies in the 60-80 miles per gallon
(MPG) range and remain affordable and safe, light-duty vehicles will need

« Breakthroughs in manufacturing processes for composite materials

. | Large reduction In fuel cell costs and/or cost reductions and performance gains in batteries
¢ Utra-low rolling resistance tires

» High-efficiency accessories and

» Highly aercdynamic 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 all, the continued adoption of energy efficient and renewable energy technologies and a steady
flow of technology improvements from collaborative Ré&D programs with industry could make such
environmentally friendly technology an atiractive 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.

15 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 comumitments to research and development, energy-
efficient technologies reduce this growth in carbon emissions by 120 MtC/year. Under a carbon cap
and trading system, in which permits for carbon sell for either 325 or $50/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 retum 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 $30/tonne
case, numnbers 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 eould play a greater role by 2010 are
omitted from Table 1.4; these resources include include photavoltaics, 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
amount, and other low-carbon supply technologies (wind, nuclear plant extenslons, 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
teclmolo‘gy develops, the nature and speed of deregulation within the utility industry, and numerous
other factors 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 possible 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, hawever, 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 policy costs in an
approximate manner.
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Table1.4 Potential Annual Reductions in Carbon Emissions in 2010, Compared to the Business-As-
Usual Forecast for 2010 (MtC) '

High-Efficiency/Low-Carbon
Case
Efficlency
Case $25/tonne $30/onne*
Bufldings :
. Enezgy efficiency 25 42 59
Fuel cells 2 3
25 44 62
Industry
Energy cfficiency 22 36 51
Advanced turbine systems 5 17 (15-26)
Biomass and black liquor gasification, 5 14 (13-16)
cemant clinker replacement. and
aluminum technologies
22 46 82
Traasportation
Energy efficiency 61 14 87
Ethanol 12 14 16
73 88 103
Utility Supply Options
, Carbon-ordered disparching 25 55
Converting coal-based power plants to 9 40 (25-66)
natura) gas
Co-firing coal with biomass 5 17 (16-24)
Wind 2 7 (6-20)
Extending the life of existing nuclear 3 5 (47
plants
Hydropower expansions 2 4 (3-5)
Power plant efficiency 2 g8 (7-13)
48 136
Total (rounded) 120 226 383

*Numbers in parenthesis are , as documented in the text of the report. See Appendix A-1 for a description of
the 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 reductions. These constitute the direct costs of the scenarlos. 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.

August 29, 1997 V2 15

gbc 8



09-/04/97 THU 12:57 FAX 202 6222633

08/29/97 FRI 14:00 FAX 510 486 5454 EET DIVISION

Chapter 1 Analvsis Results

Using these factors as the direct costs and benefits of the scenarios, we have analyzed the economics
of carbon emissions reductions from two different perspactives in order to establish a credible range
of costs. In the flrst, which we label "optimistic," we evaluate all costs and beneflts with a real
discount rate that approximates the cost of capital for efficiency investments for the different end-
use gectors:

* 7% for buildings
e 10% for transportation
¢ 12.5% for industry.

The lowest discount rate, for buildings, 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 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 utllity, 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 varicty 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
inereased to 30% of the cost of efficiency measures, an estimate that is a high bound compared with
federal, state, and utility experience. Overall implemaentation costs (programs and directed
policles) 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 economi¢ analysis are presented in Table 1.5. Estimated direct costs are 526-349
billion 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 542 to 351 billion per year in
the efficlency case and $70-588 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 $1.4 trillion in 2020,
are likely to be more than balanced by savings in energy bills. Thus, net costs to the U.S5. economy
are near or below zero in this time frame.
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Table 1.5 Estimated Costs and Benefits of the Efficiency and Hig,h-EfﬁciencylLuw-Cubon
Scenarios : Optimistic and Pessimistic View Estimates (billlons of 1995$, annualized)

Efficiency High-Efficiency/Low-Carbon
___Caser Cageb
Benefits® Costsd Carbon® Benefits Costs Carbon
(billion (billion Savings (villion (billion Savings

19958) 19958) MiC 1995$) 1995%) MIC

Energy Efficiency .-

Bulldings 14-17 7-14 20-23 26-33 14-26 49-62
Industry 6-7 3-5 18-22 12-15 8-13 66-82
Transportation 22-27 16-30 58-73 3240 2343 82-103

Electricity Dispatch 0 0 0 0 2 44-55

Electricity Repowering 0 0 ] 0 2 3240

Other Low-Carbon Techologies 0 0 0 0 2 3341

Total 42-51 26-49 96-120 70-88 51.88 306-383

a Energy efficioncy category includes ethanol in trarsportation.
b Benefits and carbon savings in the HE/LC case are relative to BAU case.

¢ Benefits are calculated as annual energy savings. The scenarios are meant to be point estimates. In the
"pessimistic” case, we have assumed that only 80% of the carbon savings are achieved, even though the techniology
and implementalion costs are unchanged. The range on casbon savings represents this assumpton.

d Costs are calculated from differing viewpoints: the "optimistic” 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
annualize costs vary between 15% and 20%. Also in this case, the cost of implementing programs (30%) and an
overall package of programs and policies (15%) 15 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 B0%
of the carbon reductions are achigved at the costs identified, valuation of costs and benefits at
dlscount rates noticeably higher than the likely cost of capital, and doubling the cost of programs
and policles from typical experience today is a strong reflection of pessimism in costs for our 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
villion 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 tum would increase the cost of substituting
natural gas for coal in power production, ete. As it furms out, our scenarios have somewhat reduced
gas demand compared with the BAU case (or with AEO97 baseline for 2010, an which the price of
natural gas in our work is based). Specifically, demand for natural gas in the HE/LC ($50/tonne)
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
oceurs because of the balance among three factors:

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

e 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
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«+ The large increase in cogeneration, which reduces demand for natural gas for heating
applications.

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 $50/tonne carbon charge, while not canstituting a direct cost, does represent a potentially large
transfer payment. The magnitude of the transfer payment, as well as the losers and winners from
the transfers, depends on the nature of policy and its implementation as a cap and trade system or
some alternative. The amount of money that could be in play is very large: $50/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 eosts — 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 reductions require the

nation to embark on an aggressive set of policies and programs. Such efforts could occur jn 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 law-carbon technologies, 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 ordy to accelerate
the introduction of new technologies into the market before 2010 but also to ensure the availability
of technologies for the period after 2010. The transportation 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 cost-effective technology can be deployed to achieve
major reductions in carbon emissions by 2010. Cost-effective energy efficiency alone can take the
nation 30 to 50% of the way to 1990 levels. Two additional utility sector measures can reduce carbon
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.! Finally, we identify several
additional technologies that can contribute up to 20% of the several carbon reductions, also for less
than $50/tonne. 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

1The five national laboratories participating in the study were: Argonne National Laboratory
(ANL), Lawrence Berkelay Nahonal Laboratory (LBNL), National Renewable Energy Laboratory
(NREL), Oak Ridge National Laboratory (ORNL), and Pacific Northwest National Laboratory
(PNNL). LENL and ORNL were the co-leaders of the effort.

2See Section 2.2.3 for a definition of cost-effective energy efficiency technology.

3 $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 tonne would cut these gasoline and electricity price increments in half.

1 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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MEMORANDUM
August 29,1997

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

FROM: MarkD. Levineand Marilyn Brown

RE: Executive Summary and Chapter 1 of the Report “Scenarios of U.5. Carbon
Reductions”
CC: Joe Romm, Eric Petersen, Mark Mazur

We are faxing to you a modified version of the Executive Summary and Chapter 1 of the referenced
report. In this version, we have attempted to respond to the concerns expressed in the meeting on August
19 while stil] 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 Energy national
Jaboratories that quantifies the potential for energy-efficient and low-carbon technologies to reduce

carbon emissions in the United States.1 The study documents in detail how four key sectors of the economy
- buildings, transportation, industry, and electric utilities — could respond to directed programs and
policies to expand adoption of energy-efficiency and low-carbon technologies, an increase in the relative
price of carbon-based fuels by $25 or $50/tonne (e.g., as a result of a cap on domestic carbon emissions and a

market for carbon "permits"), and an aggressive program o'argeted research and development. Current

_ projections suggest that a carbon emissions reduction ¢ million metric tons per year (MtC/year) is

required to stabilize U.S. emissions in 2010 at 1990 levels: pot begad ~— Al shds BAV

The study, which has been peer-reviewed by industry and academic experts, uses a technology-by-
technology assessment as well as an engineering-economic modeling approach. It draws upon a wide
variety of technology cost and performance information to assess potential impacts. Analysis of the
buildings, industry, and transportation sectors quantifies the impacts of end-use energy-efficiency
improvements on carbon emissions. The utility sector analysis estimates the impacts of those
improvements on utility carbon emissions, and quantifies additional emissions reductions through
conversion of a number of coal power plants to natural gas, dispatching of the utility grid with $25 and
$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, transportatio_r;&oﬁzds, and fuel cells in buildings.
4
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Three overarching con/‘c}ust@merge from the analysis of alternative carbon scenarios. First, a vigorous
national commitmentfo develop and deploy cost-effective energy-efficient and low-carbon technologies
has the potential to restrain the growth in U.S. energy consumption and carbon emissions such that levels
in 2010 are close to those in 1997 (for energy) and 1990 (for carbon). We analyze a case in which energy

W 3 efficiency can reduce carbon emissions by 120 MtC/year by 2010. We analyze a second case, with policies

j’%

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 $50/tonne 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 $50/tonne

level. it
The second conclusion is that, if feasible 3 are found to implement the carbon reductions as described
above, all the cases (with reductions vafying between 120 and 380 MtC/year by 2010) can produce direct

eed costs.2 The analysis includes only technologies estimated to be
cost-effective undér 2010 energy prices fwith a $25/tonne and $50/tornne 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 beginning now and extending beyond 2010.

| The five national laboratorics participating in the study were: Argonne National Laboratory (ANL), Lawrence Berkeley

National Laboratory (LBNL), National Renewablc Energy Laboratory (NREL), Oak Ridge National Laboratory (ORNL),

and Pacific Northwest National Laboratory (PNNL). LBNL and ORNL were the co-leaders of the effort.

2 Here we count as benefits only the energy savings (o the nation. We have not credited reduced CO7 emissions or
other external benefits. Costs include the increascd technology cost plus an approximate estimate of the costs of
program and policy implementation. & plavn /ZD oot cosTy
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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 reductions in carbon emissions that can be attained through the improved performance
and increased penetration of efficient and low-carbon technologies by the year 2010. We also take a
longer-term perspective by characterizing the potential for future research and development to
produce further carbon reductions over the next quarter century. As such, this report underscores the
value of energy technology research, development, demonstration, and diffusion as a public response
to global climate change. +pel: s e ,5,..«-;

Ao g

Three overarching conclusions emerge lydr 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 comumitment could helt 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 rioted that such a vigorous national commitment would have to go far beyond current
. efforts. Secand, 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 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; P >
ogi /w,u-,d ,,Aw—ﬁ

2. To document the costs am? 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
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 “business-as-usual” (BAU) scenario as is for buildings and industry. ‘We modified some of

' To achieve these objectives, we started with the Annual Energy Outlook 1997 (AEO97) reference
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the assumptions and data to produce a new BAU case - not greatly different from the EIA case - for
the transportation and the electric utility sectors.

We then assembled existing information on the performance and costs of technologies to increase
energy efficiency or, for selected end-uses, to switch from one fuel to another (e.g., from electricity to
natural gas for residential end-uses or from gasoline to biofuels for transportation). For the buildings
sector, the technology performance and cost data base are extensive. For transportation, the data
base - although less fully developed than for buildings ~ is sufficient for our purposes. For industry,
only partial information on technologies and costs is presently available. Asa result, the analysis

for industry relies primarily on historical relations between energy use and economic activity and -

much less on explicit technological opportunities. The industrial analysis also includes some
examples of industrial low-carbon technologies. The analysis of low-carbon supply technologies in
the electricity sector is based on a review of the literature including detailed 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
environmental 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-carbon energy options (e.g., fuel cells for microcogeneration in buildings and advanced turbine
systems for combined heat and power in industry). The difference between the two HE/LC cases is in
the assumption of a carbon permit price resulting from a domestic trading scheme for carbon
emissions with a cap on U.S. emissions (or from equivalent policy measures that increase the price of
carbon-based fuels relative to those with less carbon). We assume a domestic permit price of $25
and $50 per tonne of carbon for the two cases. Both of these HE/LC cases include a program of
research, development, demonstration and diffusion that is more vigorous than in the efficiency
case. In the buildings and industry sectors, the carbon price signal, combined with policies promoting
energy efficiency, is believed to trigger most of the additional 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 carbon-
based fuels cause larger shifts from coal to natural gas; for this sector, these same higher relative
prices combined with federal and private research, development, and demonstration can bring
advanced low-carbon technologies to market.

Although 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 appropsiate investments in

R&D were made. -
Sv H‘L V‘;(—
[ oVl
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1.3 BACKGROUND

The decade of gains in energy productivity achieved by the U.S. following the 1973-74 Arab oil
embargo represents a period of economic growth that was decoupled from increases in energy
consumption, resulting in substantial economic benefits. Between 1973 and 1986, the nation’s
consumption of primary energy froze at about 74 quads - while the GNP grew by 35%. Starting in
1986, energy prices began a descent in real terms that has continued to the present. As a result,
energy demand grew from 74 quads in 1986 to 91 quads in 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 annually 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. 4 wadl 7
Y Vol 3 )

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 portfolio has also led to significant environmental,
health, productivity, and economic competitiveness benefits.

1.4 RESULTS

1.4.1 Prospects for Improved Efficiencles 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-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.

shal) b CosBle
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Table 1.1 Primary Energy Use in Quads: 1990-2010

2010
Business-as- High-Efficiency/
1990 1997 Usual Efficiency Low-Carbon
' Case Case Case ($50/tonne C)
Buildings 204 33.7 36.0 34.1 320
Industry 32.1 32.6 374 354 336
Transportation 22.6 25.5 32.3 29.2 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).

Enetgy 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:

e In the business-as-usual case, energy use increases by 22 quads (26%) between 1990 and 2010; §
~ 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.

e 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). :

e The high-efficiency/low-carbon scenario with $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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Table 1.2 documents the impact of these projected energy savings in 2010 on carbon emissions in that
same year. It also presents the results of the HE/LC scenarios with both $25 and $50 per tonne
carbon charges. These scenarios show significant carbon reductions from the combination of greater
efficiency improvements and increased use of advanced low-carbon technologies.3 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 all cases, these technologies and measures are estimated to be
cost-effective with a differential carbon fee of $50/tonne.

8 August 29, 1997 V2
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Table 1.2 Carbon Emissions (MtC): 1990-2010

2010
Business-as- High-Efticiency/
Usual (BAU)  Efficiency Case Low-Carbon®
1990 1997 Case

$25/tonne $50/tonne
Buildings 460 511 N 546 527 509
Industry 452 482 534 S12 488 452
Transportation 432 486 616 543 528 513
Utilities® - - - - 48 -136
Total (rounded) 1340 1480 1720 1600 - 1490 1340
Change from 1990 140 380 260 150 .0
Change from BAU - - — -120 -230 ’ -380

aThis 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 coal-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.

bThe entries in the last two columns are nzgative as they correspond to reductions in carbon emissions resulting
from the increased use of natural gas and low-carbon technology for electricity generation as a result of the

$50/ tonne carbon permit price in this scenario. whe dot o W
S eta D
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 analysis, in section 1.5, we describe sources of uncertainty and the effects of
uncertainty on our 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:

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

o 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). This represents a carbon increase of 19%
above 1990 emissions.

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

e The HE/LC scenario with $50/tonne carbon charge has the potential to reduce carbon emissions
by approximately 380 million tornes, thereby achieving 1990 carbon emission levels in 2010. Of
this 380 million tonne carbon reduction, about 190 million tonnes are from increased energy

efficiency, 140 million tonnes results from increases in the use of low-carbon fuels and
technologies in the utility sector, and 50 million tonnes results from the use of low-carbon
technology in industry and transportation. '
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Figure 1.2 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 repowering
coal plants with natural gas. Both 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 combustion turbine
cogenerators in industry, (2) biomass and black liquor gasification and low-carbon industrial
processes, and (3) cellulosic 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 starting with 1997.

10
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The carban reductions incorporated in the efficiency case cut the overall growth in carbon
emissions between 1997 and 2010 from 240 million tonnes (as forecast in the BAU case) to 120.
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 emissions is slightly
more rapid than the increase in energy demand. For the HE/LC cases, carbon emissions decline
while energy consumption rises. The carbon reduction reflects the increased deployment of low-
carbon fuels and technologies as a consequence of the relative increase in price of carbon-based fuels
precipitated by the $50/torne incentive.

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

High Efficiency/ High Efficiency/
Business-As- Efficiency Low Carbon Case Low Carbon Case

Usual (BAU) Case ($25/tonne) {$50/tonne)

Gross Domestic Product

(GDP) 1.88% 1.88% ' 1.88% 1.88%

Energy Demand 1.09% 0.56% 0.34% 0.13%

Carbon Emissions 1.16% 0.60% 0.05% -0.76%
. Energy Consumption Per -0.77% -1.30% -1.51% -1.71%

GDP (E/GDP) .

Carbon Emissions Per GDP -0.70% -1.25% -1.79% -2.59%

(C/GDP)b

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/tonne 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 0f 1900 ~ &0
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 \l/
ranging from 1.3 to 1.6 billion tornes of carbon emissions in 2010 are comparable to OTA’s “moderate”
case and show considerably higher emissions than OTA’s “tough” case. 0 110 ,.d'
Cease (AEDT)

Another benchmark is provided by the 1992 National Academy of Sciences (NAS) report on Policy VAJO '&?(;
Implications of Greenhouse Warming (National Academy of Sciences, 1992). This study identified a yam
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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frame, but rather characterizes the full potential for carbon 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 low-carbon
technologies.

142 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
carbon 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 on opportunities for improved energy-efficiency and renewable energy technologies. The
potential long-term contributions of carbon sequestration, advanced coal technologies, and nuclear
power may also be significant. However, the treatment of vigorous R&D initiatives to improve
these supply options beyond 2010 is beyond the scope of this report.

Renewable energy technologies will likely play a crucial role in limiting carbon emissions over the
long term. Low-carbon energy supply options are needed to fuel domestic and international economic

éc""development without stimulating further global warming. Although renewable resources account

/_J)’/ ’(\J'lf |+

~ :},\

L

g

b; WJ-(((,» decades. Early evidence of this transition is seen in the continuing adoption of renewable power
v

//
‘)
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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

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

With a vigorous and sustained program of research, development and deployment, biomass, wind,
photovoltaics, geothermal, and solar thermal technologies could deliver significant quantities of
electricity in 2020, thereby substantially displacing carbon emissions. For example, 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

o 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

s 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 photexgltaic products will benefit directly from advances in materials
research. The ultima that many buildings will become “net energy generators” through a
combination of renewableefiergy and energy-efficiency technologies. :

In the next quarter century, improved energy-efficiency technologies will result from a combination Ase 5,\\/{-

of incremental advances and fundamental breakthroughs. Incremental improvements in all sectors pe~td~ o
can be achieved by the greater reliance on more precise and reliable sensors and controls or on lower- rele »

cost sensors and controls, often integrated into industrial processes, transportation systems, and e
buildings. Advanced manufacturing technologies, including rapid prototyping and ultraprecision Lewa L
fabrication, also offer broad opportunities for continuous incremental improvements in energy *‘:J-S—u
efficiency and renewable energy. Breakthroughs in bioprocessing, separations, superconductivity, Mt
catalysts, and materials can have wide-ranging impacts on energy efficiency and carbon emissions

by the year 2020. Examples of specific technology opportunities are described in-this report, by

sector.

Five R&D areas offer great promise to reduce significantly the energy requirements of our nation’s

.buildings in 2020:

o Advanced construction methods and materials

Adaptive building envelopes P4 e o Frake S of TAQ

Multi-functional equipment

Integrated, advanced lighting systems, controls and communications and

Self-powered buildings.

In addition to the broad application of better process modeling, sensors, and controls in industry,

many process/industry-specific opportunities for efficiency gains exist. These are described for each ¢4, .4 _4(\%
of DOE’s targeted industries of the future: pulp and paper, chemicals, petroleum refining, glass, {y .o«
aluminum, iron and steel, and metal casting. : F;

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 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
modes 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 programs 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.

15 ASSESSMENT OF COSTS AND SOURCES OF CARBON REDUCTIONS .
' (“_‘(" r AE0T

The business-as-usual scenario projects an increase of 380 MtC/year between 1990 and 2010. In our h:,., C;j'é

efficiency scenario, in which the nation actively pursues policies and programs to promote market BAo

acceptance of energy efficiency while expanding commitments to research and development, energy-

efficient technologies reduce this growth in carbon emissions by 120 MtC/year. Under a carbon cap

and trading system, in which permits for carbon sell for either $25 or $50/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. (Sumunaries of these results were presented in Figurxes 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).

,\v"""\im)'rhe estimates in Table 1.4 include ranges for most of the electricity supply options and the other
LM ow-carbon technologies. There are no ranges for the efficiency technologies because the models used .
7 to estimate their penetration are nonstochastic. When selecting a single estimate for the $50/tonne ch .
case, numbers from the low end of the ranges were generally selected in order to be cautious. Because e
we did not conduct an integrating analysis in which supply options compete against one another, we i ~
felt it important to minimize potential overlap by entering the supply options in conservative ‘v‘*{j""‘t
o quantities. Also note that several renewable resources that could play a greater role by 2010 are _;'C?_’ 0
don" omitted from Table 1.4; these resources include include photovoltaics, geothermal, solar thermal, 3
M and landfill gas. ;

[
ea ; «
) ] < .9 )-" - W_‘“PJ‘V« Rh.j(h i(«a
One should not ascribe too much significancefo specific entries in Table 1.4 There are many different L1vhe of

technologies, both on the supply and dgfmand side of the energy system, that wi e Jo 7o botong

achieve carbon reductions in an envirgdment in which policies and economic signals™fs

reductions. Thus, for example, Tabl¢ ows advanced turbine systems in industry cutting carbon b= OF cac
emissions by 17 MtC/year in 2010, co-firing coal with biomass reducing emissions by the same g
amount, and other low-carbon supply technologies (wind, nuclear plant extensions, hydropower lkJ .t
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 factors 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 possible mixes of supply technologies. These same comments apply to

the demand-side sectors and technologies. w («..77

We summarize below the expected technology costs in 2010, as well as the cost of i

carbon permit system. While these costs ar ecessarily uncertain, they are our/best estimates and,

: in our view, as likely to be high as to be low. We note, however, that we have lysis

. on technology costs, and have not assessed the viability of specific policies or progr to achieve
market acceptance. As described below, we do account for program and poli€y costs in an

approximate manner.

c\a‘ﬂv\«aq&.
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Analysis Resulls Chapter 1

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

High-Efficiency/Low-Carbon
Case
Efficiency
Case $25/tonne $50/tonne*
Bulldings
Energy efficiency 25 42 59
Fuel cells 2 3
25 - M 62
Industry i’:}jd,» .
Energy cfficiency 22 - wgw s1
Advanced turbine systems S 7 17 (15-26)
Biomass and black liquor gasification, 5 k 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 S 47
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
the 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
sis-considerdd include e inéremental techriology: investment by cohsumers and

cases. [The Cos

businesseskfuel price increasesand the estimated cost of federal, state, and local programs;required?
fo.achieve the Sions rediictions; These constitute the direct costs of -the scenarios.’; The

highest of these by far is the incremental invéstment costs. However, the generally higher first'cost
of these technologies is counterbalanced by substantially lower operating costs. The benefits
imdted to the savings in operating (energy) costs from the technology investments.

‘ dees :J('() Text Ases h.bjl—/‘—Q&J as Seckn —
Se ctovr cka{»‘e/:)‘ Cale bbtns Aot /-e/-é(,u/t' Pﬂfuf

o s R S
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Chapter 1 Analysis Results

. Using these factors as the direct costs and 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:

M(?M*—’\,_’_‘

« 7% for buildings

» 10% for transportation
s 12.5% for industry.

The Jowest discount rate, for buildings, is based on the fact that
is derived from home mortgages or home improvement loans. The higher rate for industry reflects
the fact that energy-efficiency investments have to compete ith investments for other projects.
These discount rates are not those that describe current €t 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 costaW\e also assume that at least half of the efficiency occurs as
a result of federal policies (e.g- carbon permit charges) which add very low direct
program costs. Thus, the overat-ees implementation are taken to be about 7% in the
"optimistic" case. The electric supply-side teX ologies are assumed to add an incremental cost of
$30,/tonne carbon in 2010, based on an averagd estimate of the incremental costs of the technologies

‘ from the appropriate sections of this report. \, o ~d Aoy FC sHls)
: L e

the/Mmoney for residential buildings

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 an 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. U 4 b
/ H_.Li"é, T pess-ketbr

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 ata
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 experienc erall implementation costs (programs and directed
policies) are taken to be 15% of technology invegtments in this case. Other data and assumptions in
this case are the same as for the “optimistic” case: :

~ .Luq',‘_,_',_ -F(.A_Q O)c,'aj/rub\.tﬂ—

The results of the economic analysis are presented in Table 1.5. Estimated direct costs are $26-349
billion 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 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 near or below zero in this time frame. '

T
e
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Analysis Results _ Chapter 1

Table 1.5 Estimated Costs and Benefits of the Efficiency and High-Efficiency/Low-Carbon
_ Scenarios : Optimistic and Pessimistic View Estimates (billions of 1995%, annualized)

Efficlency High-Efficiency/Low-Carbon
Casea Cageb
Benefits¢ Costsd Carbonc Benefits Costs Carbon
(billion (billion Savings (billion (billion Savings

1995% 19953 MiC 1995§ 19953%) MiC
Energy Efficiency .

" Buildings 1417 7-14 20-25 26-33 14-26 49-62
Industry 6-7 3-5 18-22 12-15 8-13 66-82
Transportation 2227 16-30 58-73 32-40 23-43 82-103

Electricity Dispatch 0 0 0 0 2 44-55
Electricity Repowering ' 0 0 32-40

Other Low-Carbon Techologies 0 0 33-41

0 0 2
0 ( 0 2 -
Total 42-51  26-49  96-120  70{38) sg-sm 306-383

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

¢ Benefits are calculated as annual energy savings. The scenarios are meant to be point estimates. In the
"pessimistic” case, we have assumed that only 80% of the carbon savings are achieved, even though the technology

impleuwnwion costs are unchanged. The range on carbon savings represents this assumption.
(/
.. d

bsts are calculated from differing viewpoints: the "optimistic” case uses discount rates that vary between 7%

12 5% for the different sectors, as described in the text. For the "pessimistic” case, the discount rates used to

annualize costs vary between 15% and 20%. Also in this case, the cost of implementing 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 carban 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. 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 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 tum 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 compared with the BAU case (or with AEO97 baseline for 2010, en which the price of
natural gas in our work is based). Specifically, demand for natural gas in the HE/LC (350/tonne)
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

e 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

August 29, 1997 V2 _ 17
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Chapter 1 ' Analysis Results

« The large increase in cogeneration, which reduces demand for natural gas for heating
applications.

The sum of the second and third effects are somewhat greater than the first, and thus total natural
gas demand associated with electricity neration declines. This will reduce the cost of natural gas,
a benefit that we have not included in

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 transfers, depends on the nature of policy and its implementation as a cap and trade system or
some alternative. The amount of money that could be in play is very large: $50/tonne times 1.3
billion tonnes per year equals 365 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 reductions 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 technologies, 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 ensure the availability
of technologies for the period after 2010. The transportation 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 cost-effective technology can be deployed to achieve

major reductions in carbon emissions by 2010. Cost-effective energy efficiency alone can take the
nation 30 to 50% of the way to 1990 levels. Two additional utility sector measures can reduce carbon

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.* Finally, we identify several
additional technologies that can contribute up to 20% of the several carbon reductions, also for less
than $50/tonne. 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. :

1.6 REFERENCES

Energy Information Administration (EIA). 1996. Annual Energy Outlook 1997: With Projections to
2105, DOE/EIA-0383(97) (Washington, DC: U.S. Department of Energy), December.
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National Academy of Sciences (NAS). 1992. Policy Implications of Greenhouse Warming:
Mitigation, Adaptation, and the Science Base (Washington, DC: National Academy Press).

"Office of Technology Assessment (OTA). 1991. Changing by Degrees: Steps to Reduce Greenhouse

Gases, OTA-0-482 (Washington, DC: U.S. Government Printing Office) February.

ENDNOTES

1 The five national laboratories participating in the study were: Argonne National Laboratory
(ANL), Lawrence Berkeley National Laboratory (LBNL), National Renewable Energy Laboratory
(NREL), Oak Ridge National Laboratory (ORNL), and Pacific Northwest National Laboratory
(PNNL). LBNL and ORNL were the co-leaders of the effort.

2Gee Section 2.2.3 for a definition of cost-effective energy efficiency technology.

3 §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 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 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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MEMORANDUM OFFICE OF
AIR AND RADIATION
TO: Joe Romm, Acting Assistant Secretary
Office of Energy Efficiency and Renewable Energy
U.S. Department of Energy

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

THROUGH: David Doniger, EPA/O
SUBJECT: Comments on the National Lab Study

DATE: August 28, 1997 .

This memo outlines 2 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 and 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 AEO97 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 AEO97. In
other words, we 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 fatal 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
fall, 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 encouraging. That work should be immediately
completed since it will help tell 2 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, OMB
Jeffrey Frankel, CEA

. Jonathan Gruber, Treasury
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Date: August 26, 1997 Total Pages: 2

To: See Distribution Fax No.: See Distribution
Location:

From: Mark Levine & Marilyn Brown Phone: (510) 486-5238

Location: LBNL

Subject: Memorandum

Distribution:
T.J. Glauthier (OMB) (202) 395-4639
. ~ Jeff Frankel (CEA) (202) 395-6947
Jon Gruber (Treasury) (202) 622-2633
Robert Gillingham (Treasury) (202) 622-2633
Peter Orszag (NEC) (202) 456-2223
Eric Petersen (DOE) (202) 586-2176
Marilyn Brown (ORNL) (423) 576-7572
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MEMORANDUM

To: T.J. Glauthier (OMB), Jeff Frankel (CEA). Jon Gruber and Robert Gillingham
(Treasury), and Peter Orszag (NEC)

From: Mark D. Levine (LBNL) and Marilyn Brown (ORNL)

Date: August 26, 1997

Subject: Response tothe Economic Review of the Draft Report "Scenarlos of U.S.
Carbon Reductions, 2010"

The purpose of this memo is to note the ways In which we Intend to respond to the review that
was conducted in the multiagency meeting (EPA, CEA, Commerce, DOE, NEC, OMB, OSTP,
Treasury) on August 19. _

First, we noted the concern that the report, as written, could be picked up and misunderstood or
misrepresented by the press. In particular, as Jeff Frankel articulated, there might be a sense
that the carbon reduction scenarios could be achieved easily. and that it would only be
necessary to check some box for policles to go into place to bring it about.

We also noted two related concerns: first, that the results were presented as scenarios with
point estimates rather than ranges. Second, we note the belief that was stated that the
economic analysis was incomplete, and that the study may have not included costs associated
with achieving the carbon reductions.

We agree with the first concern. We do not believe that the results we obtained mean that
achieving 1990 carbon emission levels in 2010 is either easy to do or even reasonably
achieveable in the policy environment in which we now find ourselves. We do belleve that, if
policies were put in place and effectively implemented, the net cost of the scenario could be low
or even negative. But that depends (among other things) on the ability to reach concensus in
Congress and the White House on a number of matters.

Regarding the presentation of point estimates of both carbon reductions and costs: we agree
that these point estimates can easily lead the reader to assume the these results are known
much better than they are. It is a feature of scenario analysis that one often "pretends"
certainty for a given scenario, in order to illustrate simply the consequences of a set of
assumptions. One then deals with the uncertainty through (1) sensitivity analyses to the
scenarios or (2) offering different scenarios. However, we are sensitive to the concem that
leaving the results as they are will increase the likelihood of misinterpretation by the press
and others.

Finally. regarding the comments on the economics: in our view, we have done a great deal of
work on the microeconomic costs of bringing energy efficiency and low carbon technologies
into the market. We will respond more fully on this when we respond to the memo from Robert
Gillingham and Jonathan Gruber to T.J. Glauthier of August 21 entitled "Comments on the 5-
labs Study.” Nonetheless, we do agree that there is more uncertaintly in the economic analysis
than the reader might believe reading the report, and we will strive to make that clear in the
next version.

In conclusion, we intend to respond to the comments in the meeting by modifying the executive
summary and chapter 1. Analysis Results, by either eliminating point estimates or presenting
sensitivity . analyses and in other ways (more and better caveats) to try to avoid
misunderstandings of our results. We will also respond to the written comments separately,
thus permitting a more in-depth exploration of the other issues that were raised about th
study. -
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David.Chien @ eia.doe.gov
08/25/97 02:07:00 PM

Record Type: Record

To: joseph e. aldy
cc:
Subject: Inter-lab report and AEO97 energy/gdp ratios w/constant MPG

Dear Joseph Aldi of the Council of Economic Advisers:

| 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 Constant MPG
2010 2010
Trans. Energy 24.36Quads 31.4Q 32.03 Q
GDP(bil $87) 5677 9200 9200
Energy/GDP 4.29E-3 3.41E-3 3.48E-3
Energy/GDP
Annual Growth -1.5%/yr. -1.39%/yr.

Inter-lab Report comments
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+ Five National Labs Assess Potential of Energy Technologres 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 (Huntrngton) UN C (Llnk) and UCSB (DeCamo)

e Assumes

— Expanded Technology Strategy (R&D and lefusron)
— Carbon Dioxide has a prlce and is traded
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« Utlities

— Carbon Dispatch

— Gas Repowering

— Biomass co-firing
— Wind

— Other

Industry
— Advanced Turbine
— Industry Specific

e Buildings
— Fuel Cell

« Transportation
— Non-corn Ethanol

Total (rounded) .

*Average costs as of 2005

*cents/kWh

2.5-3.2
2.7-3.2

2.5-35

5.0-6.0

$30
$30
$38
$42
$25

$40
$4Q

$30

(24-83+)

(16-24+)
(6-20+)
(7-12)

(15-26)
(13-16)

180 (160-250)
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APPENDIX A-2

KEY OPPORTUNITIES FOR CARBON SAVINGS FROM END-USE

EFFICIENCY IMPROVEMENTS

Each of the three end-use éfﬁciency chapters (Chapters 3-5) assessed the magnitude of carbon savings

- that could be achieved by the year 2010 from specific submarkets, energy end-uses, and technologies.

These key opportunities 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

Carbon Reductions

Submarkets.and Technologies o . Estimated by High
‘with >2 MtC Estimated Reductions ' ‘Efficiency/Low Carbon
in 2010: ' _ Case (in MtC)
Buildings
Miscellaneous electric uses: residential : 15.9
Miscellaneous electric uses: commercial _ 8.5
Commerdial lighting 6.6
Commerdial electric space conditioning . 5.4
Residential lighting : 4.4
Commerdal gas space conditioning ' 3.3
Residential electric space conditioning _ 3.1
Electric water heating o 2.9
Gas water heating o 2.7
Refrigerators/freezers 2.3
Industry
Heavy manufacturing industries: S 16.1
Petroleum - - 4.3
Bulk chemicals 4.1
. Pulp and paper | 2.6
Iron and steel S 2.6
Light manufacturing ' 24.0
Non-manufacturing ' 10.8
. Transportation
Light-duty vehicles 73.3
Freight trucks : . 14.1
Air transport | : S 13.9
Freightrail® 2.5

A-2.1
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Table A-2.2. Illustrative Energy-Efficiency Buildings Technologies

Residential Building End-Uses

Miscellaneous 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 clothes dryers (heat pump clothes dryers at very low penetration)
Refrigeration (improved insulation, improved compressors) o

Gas water heating (standby loss reduction, horizontal axis clothes washer)

Gas space heating (more/improved insulation, reduced infiltration, low-E argon
glazings, superwindows, condensing furnaces)

Electric cooking (improved insulation)

Freezers (more/improved insulation, improved compressors)

Oil space heating (low-E argon glazings, superwindows, improved insulation,
reduced infiltration, condensing furnaces) '

Commercial Building End-Uses

Miscellaneous electricity (variable speed drives, efficient 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) _ :

Gas 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 (condensing furnaces, system controls)

A-2.2
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Table A-2.3. Illustrative High-EfﬁciehcyIL-ow-Carbon Industrial féchnologies

Fuel Switching
* Advanced turbine systems for industrial cogeneration applications _
* Integrated gasification combined cycle technologies for the forest products industry

Motors
¢ Proper load matching
e 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
e Oxy-fuel process

* Advanced burner technology
* Glass batch/cullet preheater technology

Aluminum .

* New aluminum production cell
* Materials recycling

* Improve furnace efficiency

Titanium diboride cathodes

"~ Iron/Steel ,
* Direct smelting/direct reduction
* Scrap preheating
-»  Hot connection

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-Efficiency/Low-Carbon Scenario

Light-Duty Vehicles

e Direct-injection stratified charge (DISC) gasohne engine
Turbocharged direct-injection clean diesel engine (TDI diesel)
Hybrid vehicles (gasoline and diesel)

Gasoline fuel cell vehicle

Materials substitution, advanced drag reduchon engine friction and pumplng loss
reductions, and transmission improvements

e Cellulosic ethanol as a blending component with gasolme

© Rail

Truck Freight

e LE-55 diesel engine .

¢ ' Turbocompound diesel engine
e Improved tires

e Advanced drag reduction

e Electronic controls

e Flywheels

e Alternative fuels

¢ Fuel cells

®

Operational efficiency improvements

Ultra-high bypass turbofans
Material improvements
Aerodynamic drag reduction
Propfans

Laminar flow control

...._..g.

A-2.4
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" The study, which has’ been peer-revrewed by mdustry and acadexmc experts, uses : a technology-by_
-technology assessment as well as an engineering-economic modehng approach. If draws- upon a wide

o -'efficrency alone can reduce carbon ‘emissions by 120 _MtC _by‘%2010 Unider more aggressi

-

s requu-ed to stabxhze U.S enussrons xr\\2010 at 1990 levels.

Ny $50/ tonne carbon permit prices;:the’ accelerated use ‘of biomass’ coﬁnng and wind energy;an

" -examined to determine their,potential for reducing emissioris in the end-use sectors, mclud.mg advanced gas

e Three overarchmg A:onclusxons emerge from the analysxs of altemahve carbon scenarios.. First a; vrgorous

" national commitment to develop and deploy cost-effectlve energy-efﬁcrent and low-carbon technologi

o _has the potential to restrain‘the growth in U.S. energy ‘consumption and -€arbon emissions ‘such that levels
© | in.2010 are close to those jn. 1997, (for: energy) and, 1990 (for:carbon). -We analyze a case, mwhrch energ'y

A

“carbon “permits”), and-an aggressive program of research, development, and deployment of clean

: -mprovements 'on: carbon” emissions. - -The aitility- sector"analysrs estimates the* unpact's
."unprovements 0 :

- The second conclusron is that 'rf feasrble .ways are, found-to xmplement _the carbon reductmns as describe
- above, all the cases (thh reductxons varymg between 120 and 380 MtC/ year by 2010) can produce beneﬁ"

. _'- to $38 brlhon per year in 2010 Such net beneﬁts not generally observed in macroecononuc,models requmng’

- century Thrs Teport- documents a wide arrayic

The thrrd conclusnon rs that ,a next generahon of energy-efﬁcrent and low-carbon technologxes pro

: p
; Nauonal Laboratory (LBNL). Natlohal Renewibl Encrgy' :
_'_.-'and Pacific Northwest Nauonal Laboratory (PNNL)EI

EXECUTIVE SUMMARY

This ‘report presents the results of a study conducted by five US Department of Energy natronal
laboratories- that quantifies the potentlal for energy-efficrent and low-carbon technologiesto -reduce
carbon emissions in the United States.! The study documents in detail how four key sectors of the economy o
- buildings, tfansportation, industry, and electric utilities.— could respond to directed pohcres to expand S
adoption of energy-efficiency and low-carbon technologies, an increase in the relative price of carbon- . .
based fuels by $25 or $50/tonne (e. g.asa result of a cap on domestic carbon emissions-and a market for

technologles. Current pro;echons suggest that a carbon emisions reductxon of 380 rmlhon metnc tons (MtC)

I

variety ‘of technology cost and performance information to: assess. potential impacts. - Analysis of the
burldmgs, industry," and: transportation sectors’ quantrﬁes the impacts- of end-use’ energy-efﬂcxt;ncy
f* those
_ ’thr@ gh
ith 525 ‘ne

=ut1hty carbon érnissions, and quantrfies additional emxssxonsf'-reductr
conversion of a number of coal power-plants to natural’ gas, dis atching of the utili ;

carbon electricity supply options. Finally, a number- of other promising low-carbon: tectmologr

turbmes in mdustry, transportahon bxofuels and fuel celIs mbtuldmgs

>

inatiori of energy-efficxent and Jow-
__enussrons by a total of 230 -"_Under 50/tonne carbbn
yout, SSb \ tC. ;I'he analysxs,

by
1

in carbon exmssxons result fro

bon reductions: over-‘th
'ﬁed{nm volggy optxons that_ ould:
PIOg &D:

‘of; _cost—eff
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Chapter1 = - S L - - Analysis Results

the EIA “busmess-as-usual" (BAU) scenario as is for buildings and industry and to modify some of. . .
the assumptions and data to produce a new BAU case - - not greatly different from the EIA case for” Y
the transportatxon and the electric utxhty sectors. : .

v

We then assembled exxstxng mformahon on the. performance and costs of technologlw to mcrease
. energy efficiency or, for selected end-uses, to switch from one fuel to another (e.g., from electnaty to
natural gas for residential-end-uses or from gasoline to biofuels for transportation). For the buildin,
sector, the technolégy performance and cost data base are extensive. For transportatron, the data:
base - although less fully developed than for buildings - is sufficient for our purposes For industry,’
only ‘partial information on technologies and costs is presently available. As‘a result, the analysis
for industry relies primarily on historical relations between energy use and economic activity and
much: less on .explicit- technologlcal ‘opportunities. The industrial analysis also :inclides:spme:
.-examples of industrial low-carbon. technologles. The analysis of low-carbon supply technologies
the electricity sector is-based -on: a review -of the literature - including detailed technologyf

Next we created scenarios of increased energy efﬁaency and lower carbon emxssxons usmg the
technology data-(or; in the industrial sector, historical: relations) as akey: ihput:: We chose to- run.
three scenarios other than ‘the: BAU case.: “We have. termed the first the "efﬁcxency" (EFF)-case.: Itf' :
assumes. that the United States increases its’ einiphasis. on energy: efﬁcxen;y through ‘enhanged:
.. public- and private-sector e efforts ~The general philosophy of the efficiency case is. that it reduces;
.but does-not eliminate, various. market bamers and lags fo the adopuqn of _cost-effectrve__energy"' 3

'I‘he other two cases, dubbed- the,:’hxgh-efﬁaency/ low-carbon (HF.;’LC) cases, descnbe a world'in '1_ :
L whxch as a result of comnutments made on a chmate treaty - or other factors, ~the nahonﬂtaf’l

power in. mdustry) The dxfference between the two HE/ LC cases is. m the assumphbn of e car
perrmt price resultmg ‘from a. d’omeshc tradmg scheme- for carbon emissioris, with a_cap.on:U
‘emissions (or from equxva,lent policy measures; that increase the | price of carbon-based fuels. '
to those thh less carbon).” We assume a domhestic permit price c ‘'of $25 and $50 per tonne of carbort for;‘,,
twe " _Both- of these HE/ LG .cases: mclude a: program of research, develop “ _

~?¢,3‘.‘39“3 ENsIe

0ris 5o

ff p rgy;henefits by the jyear: 2020 fOi'e_ :
S specxfic levels, 0 market penetrahon, energy savmgs, or carbon reduchons 'I'hus,
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, carbon reducuons mcorporated in the efficiency case cut the overall growth in carbon emissions * -
between 1997 and 2010 from 240 million tonnes (as forecast in the BAU case) to 120. The HE/LC .
“scenario. with.§50/tonne carbon charge reduces carbon emissions in 2010 by about 130 mxlhon tonnes
(cdmpared thh the 1997 level) R :

’

1 4 nesuurs

1.4.1 Prospects for Improved Emclencles by the Year 2010 - o o

' Table 1.1and Figure. 1 1 compare the nation’ 3 pnmary energy use in quads for the years 1990 and 1997 IR
(projected) with' the results of the three scenarios. for 2010. ' (We have included :only. the high- -~
‘efficiency/low-carbon case at $50/tonne’in;the table and figure for sxmphaty) In addition, the

. HE/LC case shown below does not reflechtheenergy impacts of the selected low-carbon technologiés
~described later in this’ summary {e.g+ stationary fuel cells for buxldmgs, advariced turbme systems
and bmmaSs gasxﬁcatxon in industry) or (h ‘su pply-51de opuons shown in Table 1 R

'rable u anary ergy"_UsemQuads. 1990-2010_ .

‘Buildings:. -

. '.Transpohatidn

- ;' "'.Total : 2 - : .
Source: Energy use estxmates for 1990 oome from ElA(l996a, Table 2.1 p 39) L

. Energy use 5t1mates for 1997 corhe from’ forecasts conducted for EIA (1996b)
Numbers may not add 10 the l:otals dueho roundmg
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Table 12 Carbon Emissions (MtC): 19902010 Soraos S

: . Busmess-as— E ' i ci Y teedt Ko

. cL Usual (BAU) Efﬁcnc : 4 L6 w

1990 1997 - -Case o ‘ e _J-— b
SR o ’_"; $25ftonne - SSOltonne B
Buildings 460 511 . STC . es46 . ST 509 —— tower
Industry . - 42 482 s ‘. s120 7 488 - ";-._452_.-"=~— (A
. Transportation - 432 . ..486.° 616 . .- 543 - . 528 CTS13 — Seline
Utiliies® -~ B . R | L on ksw
Total(rounded)  1340. . 1480 . .-~ 1720 . 1600 ~ - 1490 - " 1340 = .. °
Changefrom 1990~~~ . 140 380 7260 . S0 Qe
ChangefromBAU R 1200 -23_0 Sa380 _

: ‘Thts sqenano mdudes the carbon emisswn ‘reductions multmg fmm a Carbon pertm pnce of 525 or. SSO/ tonie:
(1) dispatch of power plants in. which natural gas. is favored- relatwe to coal, (2) repowering and -partial . -

a technologxes to.replace convenhona ones' ynmanly in th’e md

. from'the increased use of . natural gasin power plants as.a result of. the SSO/ tonne carbon penmt pnce in t!us
- scenario.’ ,

. Fxgurs 12 and 13 complement the above table by rl.lustratmg the carbon ermssxons reductxons from:-_i'--'
. each scenano The major observauons are Co : oo S S

o -._'above 19%0 emissions.

ky The HE/ LC scenano thh $25/ tonne carbon charge has the potentxal to reduce carbon emissio

repowering of coal-based power plants:to convert to natural i::lmd (?ghttx;'troductxon of selected low-carbon e
and utility sectors. . - =

®The. entnes in the last two columns im negatxve as they corrspond to reductionsin carbon emissions resultmg 2 .;___

K
) N

K {n the BAU case, carbon exmssxons are forecast to xncrease by approxunately 380 rmlhon tonnes :

N

) ’l'he energy-efﬁc:ency gains mcorporated in the efﬁqency ‘case cut overall gr0wth between 1990';,‘,'- s
y ".and 2010 by one-third (from 380'to 260 nulhon tonnes) Th:s represents a carbon mcrease of 19%

by_ 23_0jm11hon tonnes from 'jhe }BAU case m201Q The largest part of these: carbon reduttrons_‘
from increased efﬁcxency, but ma)or changes in electricity supply: (carbon-based :dispatchin
_repowenng) contnbute nearly 35+ million' tonnes,and - other low-carbon: technology
' é _c_lvanced;~turbme systems, produce approxnnately another
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Table 1.3 prov:des a comparison of the growth rate in enérgy and in carbon emissions for the four\

cases, from 1990 to 2010. For the BAU and efficiency cases, the growth in carbon emissions is slightly. - - -
‘more rapid than the increase in energy demand. For the HE/LC ‘cases, carbon emissions.decline- " ¢ *
while energy corisumption rises. The carbon reduction teflects the increased deployment of low= "~ - - ¢

~ carbon fuels and technologies as a consequence of the relahve increase in pnce of carbon-based fuels_' RS

' preclpntated by the 350/ tonrie incentive.

o

ke

- Table13. Average Annual Energy and Carbon Gmwth Rates, 1997 to 2010 “for Four Casa

sev

T High Efficiency/ . High Efﬁcncncy/
" Business-As- Efficiency -~ Low CarbonCase ©  Low Carbon Casé -

plled X
e b Usual BAU) ~ Case (SZSltonne) —_($50honne) '. <

GDP* L N 188%  188% .- 188%

E““?Y“""“d 9% T osem 034

L16% Coem TS 005w

Encrgy Consumpuon Per -130% -l.Si%
GDP(FJGDP) B A

RETI

linusslonsl’cr GDP g _.Q,‘.]o% " . -_-.1 _25% -
(CIGDP) e N o

-"_ me'-éai'bon d . umt GDl;Emwth for 1990 to 2010 1s 0 7%, 11%; 1. 4%"and 1 9% per year for:th
reference, _efﬁaency ﬁzge:onne HE/ and 550/ tonne HE/ LC cases, respechvely ;

Ofﬁce of. Technology Assessment (OTA) titled Changmg by Degrees (us: Congress, 1991);_
the potentxal for- energy efﬁcxency to reduce carbon enussxons by the year 2015 startmg
87 'I .




.. -flow of technology improvements from_collaborative R&D programs with industry could’ rnake such
- envrronmentally friendly technology an attractive option for-domestic.and global energy:economies

: Chaptert ' RN T 3 - Analysis Résuus;i;a :

" efficiency and renewable energy. Breakthroughs in, bioprocessing, separations, superconduchvxty,
catalysts, and materials can have wide-ranging impacts on energy efficiency and carbon emissions .

by the year 2020. Examples of specnﬁc technology opportumues are descnbed in thrs report by
sector. _ _ )

Six R&D areas are forecast to offer great pronuse to reduce sxgruﬁcantly the energy requrrements of
our nation’s buildings in 2020: advanced construction miethods and materials; adaptive bmld.rng

' envelopes;: multi-functional equipment; mtegrated advanced hghtmg systems, controls and
commumcahons, and self-powered bmldmgs

_ In addrtion to the broad applrcatxon of better process modehng, sensors, and controls in mdustry,
. many process/ industry-specific opporturiities for efficiency gains exist. These are described for each:
- of DOQE’s targeted industries of -the future: - pulp and paper, chermcals petroleum reﬁmng, glass, -
' -'alurmnum, iron and steel, and metalcastmg :

Many of the advanced technologxes that have the. potentxal to sxgmﬁcantly unprove the energy

. efficiency of transportation after 2010 need considerable R&D investment before they can become

- commercially available in the year 2020. For example, to achieve fuel economies in the 60-80 miles -
per gallon (MPG) range .and: rernam affordable and safe, light-duty vehicles will 'need -

 breakthroughs in manufacturing processes for composrte materials; large reduction in fuel cell costs. ;

.. and/or.cost reductrons and performance.gains in batteri "',"i,'dtra-low rollinig resistance- hres,.hrgh

- effrcrency accessories; -and. highly -aerodynamic designs. . :Opportunities’ for R&D.: to: lead

S unprovernents in e energy efﬁcxency of other transportahon modes are also descnbed R

In all, the contmued adoptron of energy efﬁclent and renewable energy technologres and a steady

in-the- future:’ With'strorig public-private partnerships to support the riecessary’ R&D ‘and- market ¥
o transformatxon actxvrtxes, ample cost-effectrve energy products and practrces wxll be avarlab
2020 ' : S e

s ;A.ésfésis'siv?&ri!'di-'.-..--CO'STS:-'AND SOURCES OF CARBON REDUCTIONS:

n. eductrons appear Possrble.'. :
th arbon reduchons, are contarned ln Table 14.
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emissions reductlons from two different perspectives.:In

: We evaluate-all costs and benefits with-a real ‘discoun
rate that approxxmate' _ apital for efficiency investments for. the different end-use
sectors: 7% for buildings, 10% Tor" transportahom and 12.5% for industry. The lowest cost, -fo

- buildings, is based-on the fact that-the money for.residential buildings is derived from home-

- mortgages or home: m\provement loans. -The higher cost for industry reflects the fact that. energy:
efficiency investments have to oompetetwuh investments for other projects. These discount rates are ¢

riot those that describe current market. behavxor, but. tather are reflective of cosls of capital if. thex i

. market did invest in the energy-efﬁcxency meqsures.” One tould argue’ that & lower discount’ tate‘". o
- should be used for the “best estimate” case - nainely, a sociat discount rate which. might be between : ',
3:and 7% real - but we have made,a more conservative assumption on discount rates. For _the )
 estimate” case, we assume costs for efficiency. measures brought about by 1 ufility, fedéral programs 5
. ‘and ‘state programs (e. g., demand-side management rograms by utxhtxes, :federal:: 'ar oty
: transformahon programs) to be 15% of technology costs. - We’ S ;
g et ' - -dardsorcarbon

“ :The second perspecthe, whxch ~all
.__fassocxated w:th ach:evmg wxdspread¢ arket - ‘of the efficiency anid loweca
. ,of—a oarbonz_d\argé and the tmplem itation maj olicies i
' , we evaluate costs ‘and: beneﬁts Ty

-"'altematwe vxew-« ~perspect1ve§- 50 w '._have gtouped the results intd )ust for
B ;energy technologl For more detaxl bothion the results and methodology, ithe reader-is
Appendxx A-2 - ' :

ﬁts__fot the efﬁcxency scenan.' Oi
e_HE/_LC ($50/tonne_carbon)- cenario

“n"%"nl TIAR
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‘ * Figure 1.4 Cost of Carbon Savings in 2010, High Ef_ﬁcienc_ylpow. Carbon Case (Best Esﬁnjate'_) i

400 . ) : . ’ . N N . ‘.. ‘.‘. L
Start Year: 1997 Forecast Year: 2010. . ' AT
.| Baseline Carbon Emissions fot year : 2010 =1720 Mt Clyear = zero savings polnt.
300 2010 Carbon permit price = ssonon carbon (1995%) -
Program costs = 7% for demand sectors and 1% for eleadchy supply slde options
Real Discount RateS‘ 7% for build‘ ngs 12.5% for Industty and 10% for transpon.

2004 T

-

dar,. .

. 1480 MiClyear, -
1997.emissions .. &

Costof Conserved Carbion (1995§tonne carbon)

4 Heémc*Rewwcmg/dmer o




for electnaty produced from’ natural gas ‘at-53% efﬁcnency gor 13 cen&'per kﬂowatt-hour for coal at" A L
. 34% efficxency) $25 per tonne would cut-these gasoline and. electricity pnce mcmmenls in half L ’

3 ' The cost curve for repowenng ns relauvely flat; as such consxderable addmonal reductxons hre'
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The report focuses on energy-efﬁc1ency and renewable energy R&D. The coverage of additional . = -
selected low-carbon end-use and electricity supply options was based in large measure on. their. -

perceived potential to contribute significantly to stabilizing carbon emissions by 2010 at theu- 1990
level, which is one possxble national target under dlscussxon.

2.2 METHODOLOGY o '_" - T

2. 2 1 Overvlew

To aclueve these ob)ectxves, we started wrth the Amxual Energy Outlook 1997 (AEO97) reference
*case forecasts for the year 2010 (Energy Informahon Admiriistration, 1996). - After. thoroughly
. réviewing these forecasts.on a sector-by-sector basis, and working with EIA staff, we chose to ) accept
-the EIA “business-as-usual” (BAU) scenario as is for bmldmgs and industry and to modify some ‘6f
the assumphons and data and produce a new;BAU case - -not greatly different from the EIA case - for
_'the transportatxon and the elednc uhhty sectors. | S

. .. We then assembled exxstmg mformahon on- the performance and costs of technologxes to mcre
.- energy efficiency or, for selected end-uses, to switch from one fuel to ancther (e.g., from’ electn ity

. - natural gas for residential end-uses.or from. gasoline'to biofuels for transportation).-For the buildirigs

" sector, the technology performance and-cost data base are extensive. For-transportation; the data
-, base= although less fully developed than for: bmldmgs is sufficient for our purposes.  For mdustry,
' ' only partial information on technologxes and costs is presently available. . As a result; the analysis
for industry | relies- pmnanly on-historical relations between energy use-and economic-activity’and
.~ . ;much:less on explicit technological opportunities. . The industrial analysis also-includes someg
. . i examples of industrial low-carbon’ technologxes The analysxs of low-carbon supply:technologi

- the electricity sector is based on, a review of the literature including detailed technology
charactenzatxons prepared by DOE in conjunctxon w1th its. nahonal laboratones and; mdustry

o scen "crency and lower-carbon enusslons usmg the
o ;technology data (or, m the mdustnal sector, hxstoncal relatzons) as a key' mput. We chose to rin

: | .assumies that the Umted States mcreases xts emphasxs on energy efficiency through enhan
-+; . public- and. -private-sector efforts The general phxlosophy of the efﬁaency case is that it reduces
S ._but does not ehnuna_te,

. _whxch ‘as a result

. _f,:._'-,embarked on.a:path; '”They ‘assume & ma]or effort to redu_ ‘carbori
o emlssxons through ifederalapohcxes and programs (mcludmg envuonmental regulato’ n)

ns,-.
' . ' bme systems for combined heat angd\pow
g mdustry) ‘The dxfference between the, two HE/ LGicases is in the’ assumphon ofa carbon pernutp :
. - resulting from a domestxc tradmg scheme for. carbon einissions with a cap on U.S! enussnons (or fro
 equivalent policy. m : ‘ '

:e:iergy,efﬁcxency, is beheved to. tng er|
ri th 4HE/LC cases. In the transportat:_,'o'
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The scenarios for each sector also use’ the AEO97 energy price forecasts.’ World oil pncos ‘are
assumed to rise from $17 per barrel in 1995 to $204 per barrel (in 1995$) in 2010. In AEO97, natural.
gas.prices in the industrial, electricity, and transportation sectors increase throughout the forecast . e
period; natural gas. prices for the .residential and commercial sectors decrease sxgmﬁcantly W R
Between 1995.and 2010, the average. price of electricity is prqected to decline by 0.6% a year as a - '
result of competition among electricity suppliers.. Electricity pnces are forecast to decrease the most ._=
for mdustnal customers and the least for. resxdenhal customers. - R e

Such macroeconpxmc and fuel pnce assumphons strongiy mﬂuence the Tate of penetratron of energy'
-efficient technologles in‘each sector. Further demls regardmg these assumptrons can’ be found An
EIA (1996c) : _

energy-consummg eqmpmer\t and systems exxstmg in the year. 1997 rémain at the: same ‘eff,
yntil they are retired. . This-equipment and these: systems retire over the 1997:2010 period :
. ‘based on standard equipment lifetimes. It assumes that all new equipment:employed after:1997
remams at ‘the efﬁcxency of new. devxces in the: year 1997. 'I‘he frozen: efﬁcrency basel,me provrdesan

. ~case. It also rgnores any retroﬁts that rmght take place 1f- there were ~econonuc reasons fo
retxrementof equxpmenb o )
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K 'I'he actual increases over time in the permit price of carbon (which we model as averagmg
either $25 or SSO per tonne for much of this period);

. Increased federal effort to accelerate R&D and dxffusron of low-carbon technologms, ]

v . R

. 'lhe development and mtroductxon by other count:nes of advanced low-carbontechnologws, and

"o The change in consumer preferencos and behavror that would result from an mtematxonal
treaty and national commitment to stabilize greerihouse gases, much like changes in: consumer. :
: -behavxor in-the aftermath of the oil embargo of 1973-74.

' -ln sumtnary thxs scenano for 2010 describes a combmatron of better technology, __readle"- markets o
- and a price of carbon that results in a sxgmﬁcantly mcreased mllmgness to smanufacture purch’ase
: _'.and use’ low-carbon technologxes. G

2.2.4 Methodologlcal Differences Across Sectors

__'_The sectors also dxffer in. the wz\y that hfe-cycle costs. and_bene{its are'ca.lculated to:de
~cost-effect1v ness: t'echnologres in theu- effxc:ency ‘scenarios
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(..25 Wh’attheStudyDoesNotDo IR R S

‘This report does not describe -the pohcxes that might bé xmplemented to achxeve lugher SRR

penetrations of energy-efﬂaent and low-carbon technologies. (Reviews-of a wide range of possnble .

. policy options can be found in several recent publications, including OTA (1991), NAS (1992),; and 45

. DOE (1996b)). Rather; this- report -highlights the poténtial performance-‘and- -impacts:

- technologxcal developments and transformed markets. The existence of cost-effective technolpgxes\

“isa prereqmsxte for public policies to work. -Without the technologls, policies to. reduoe greenh %

.gas emissions’ will be very costly. . Indeed, this analysxs suggests: that tarbon_stabilization s
produce net benefits if the nation. mvats slgmﬁcantly in cost-effechve energy-efﬁcxency and Jow P
carbontechnologles.‘ S . C S S

performanoe;iﬁnﬂ

¥ gf; ‘l‘

i i‘lecxsxons Thus, we choose to focus this reportonthe ‘more narroy lop:
, that domg a credible job in tlus area wﬂl ultunately further the pohcyrdmlogu J

opixlahon and econouuc actxv:tyiare not-.cons de;gd 10
_weather, or air! quahty and environmental conditions
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' © to 134 thousand Btu of energy per dollar of GDP (19923) (EIA, 199%6a, p. 17). 'DOE estrmates that the '
country is saving $150 to $200 brlhon annually as a result of these unprovements oo

Figure2.1 Energy Consumption Per Dollar of Gr_oss Domest_ic Product: -1973-195_5' S Y : o

100 ' PdmaryEnergyUse s ’ 2'0

G S EnergyConsumpﬁonPerDollar R
oSN eeoe L ®

-5
~7
,l

“inQuads) -

"'. - .

“Us. Pimery EnergyUse.

: J8jloqQ 40

44 ‘| '|"| :|-"-| a4 14

1970 1975 " 1980

Start;ng' n 1986, energy pnces began theu' descent in real terms thathas contmued to the present.-' 2
a result, energy demand- grew frorn 74 quads in 1986 to 91. quads in 1995 and it contrnues toi mcre L

d_iuse_ of: energy-efﬁc_xent -pr -
: ___,': reduce the ,earbon’ ' _'.rmssx_ ns,: a_nc_l ;

. these dxfferences is. thekdxffenng market’ structure ‘for dehvenng fiéw technologles and: products.-m G

ector: . Residential and commercial. burldmg technology s shaped by thousands of buiilding B
contractors and" arclutectural and engmeenng ﬁm\s whereas transportahon technology is'in -th.
handsof a few. manufacturers. ; : L z

The p ncipal’causes of‘energy mefﬁqencxes in’ manufactunn an_d transpormuonare not the' sy
| urefﬁaencxes in homes and ofﬁce buﬂdmgs,--_although there ‘are some’ suru_l' 'txe_swkﬂﬂ
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- (40%); in industry, from 31.5 to 32.6 quads (3.5%); and in transportation, from 18.6 to 25.5 quads - -

Buildings . - '1'415/.'“' 085% '-'..‘.--225% Cu 7% 2
Industry ., " (4% oG C131% . 48% o nl145% ¢ 0 -2.87
‘Transportation ..~ - 132%.;.._..-,..-5- © . 086%. - . 210%- .1'29%:-.':'---.:
| _Total osm i i oo% ¢ 318% 148%“.":":-.‘

'The growth of carbon emxssxons dunng the penod«roughly follows that of energy demand' gro
* Table 2.4 shows estimated carbon.emissions from 1973 to 1997.. Like, energy, carbon emissions were

. flat between 1973 and 1986.. J'he increase in the fraction. of coal'in the final mix from’ 17.S%m : 73 :
. 23.2% in 1986 was offset by the i Aincreasing fraction of | primary energy from nuclear: power, fromiz
- in 1973 t0-6.0% ‘in 1986 From"1986" to 1997, carbon emissions grew'more ‘slowly” than 'energy

. consumption. This was-a result of an increase in the share of natural gas from 22.5%in’ 1987: t0254%

. in'1997 and in electricity | from nuclear ‘power from 4.5% to 7.2%, combined thh a small d :
"~ "coal (23 3% to 22.5%) and a larger decrease in petroleum (43 3% to 39 7%) o

" growth rates (AAGR) -
*for carbon emissions

.+ Souces: Carbon ,émxssnons eshmates for 1990 are from: EIA (1996b Table,

< (1996, Table’A19, p.:120). Carbon’ enussnon ‘estimates:for'1973 and

v . vemissions from"combustion‘of ‘oil, natural
analyses descnbed

- _Introduction & 'B-"acjg'rom'\d-;;_: -

Over the entire penod from 1973 to 1997 energy use mcreased in buﬂdmgs from 24.1 to 337 quads ho

(37%). As shown in Table 2.3, the growth-in buildings and transportation has been relatively -

- steady, at less than 1% per year from 1973 to 1986, and between 1.3 and 2.9% per year from 1986 to: - -

1997. Growth in energy demand in’ industry has been thuch more volatile dunng the period, showmg~'-. -
substantial declines during the ‘penod of rising prices (a negative 1.3% annual growth for the’13 =

- years of increasing energy pnces), an mcrgase of 27% per year from 1986 to 1995 and a 2.9% per year o

decline from 199501997, "

. ._Ta‘b.le-"zls_}{lis_t'or'i_'cal Energy Growth Rates: 1973-1997 R

. -~ .AAGR AAGR ‘AAGR’ . TAAGR " GI
S L 197397 1973-86 198690 11990-95 - " 1995-1997

RSP

: 1986-90
Average annual _

-012% _2.03°/ '

as, arid coal’ for 1990 % Forl

in .Gha ttus report

pters 3 th:ough 5
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. . res_uﬁs. of the R&D. This is characteristic, for ihstance,.- of much defense and crime pr__evéntion-._.:;-» .
research. ' : , R : _ ST

Based on'these three justifications, the rationale for government support of energy-efficiency and -
~ low-carbon technology R&D is strong. -Much of this research is both long-term ‘and high:risk and -~ ..
therefore cannot be afforded by private companies despite the possibility of substantial gains in the . -
long run. Examples include high- temperature superconductivity, fuel cell vehicles, and building
materials with switchable thermal and optical properties: Advances in energy Tesearch also offer
substantial public benefits that cannot be fully captured by private entities. Specifically, energy-
- efficiency and. low-carbon resources improve energy security by reducing the nation’s reliance ‘on
- foreign sources. 6f oil; they lead to reductions in waste'streams; and' they reduce greenhouse'gas.
. emissions, which contribute to global warming. Finally, it is. possible that governments williin th
- future become the principal purchaser of- greenhouse gas reductions .as the result of fiiture
* infernational agreements. ‘In this case, the third rationale for federal sponsorship of energy R&D.

- . will alSp_gpply.

" Industy’s RAD priorites are shifting away fro basic and appled research snd towasd eadr
1. product development and process enhaiicements. Bysiness spending on applied research has dispped
%0 10 15% of overall comparly R&D spending, while basic research has dropped to just 2%: In additio
... " corporate investments in energy R&D, in particular, are down significantly (DOE, 19964, p.:2). %%

Ty e

Greatpot tial exxstsforPubhc-pnvateR&D partnerslu ips+ produce scxenhﬁcbreakthro i
', incremental :technology enliancements’ thatswill “produce hew iand improved:prodGiissfa

 parketplace. US. industry spends more than $100 billon per year on all types of R&D. /TR ¥ap20 2"

o+ R&D.performing companies. all have R&D budgets’éxcecding ST billion pe '

' " expenditures :dwarf- the U.S; .governimerit’s* enérgy-related: R&D:appropriatios <
" mitigati

ation po'l'iéigs"riz_orieht"ed-"évgh- - ‘tiny  fraction “of this  private-sector _éxjikndxmfé an

" capabxhty, ‘ould have an enormous impact. Orie way: to teorient private-sector R&D: ls’"through

.-~ industry-government R&D partnerships: that involve joint technology roadmappirig; collaborativ
: . - priorities for the development of advanced energy-efficient and: low-carbon technologies, and’cost-*i
- shared R&D; ~ © - S L S e

252 PastR&DSuccesses SRR

. Some- indication of the  cost-effectivehess of -energy-efficiericy' R&D"can be ‘gleaned froi 45
__experiences to date of DOE's Office of Energy Efficiency and Renewable Energy.. From fiscal ye

1978 thirouigh-fiscal year 1994, DOE spenit a total of about $8 _binij_'q_n_-__'pi;,gqe;gy-efficiéngy};_}fz&p“_ :

“related deployment programs. Estimates of the beniafits of several dozen projects supported.
funding were'published in DOE/SEAB (1995). In responsé to a detailéd review of these estimates b
the/General, Accounting Office in' 1995/96, DOE has revised arid updated the estimated  benefif
. .accruing from- five. téchnologies -that wg_r_e'_};‘devglé_)pe'd'_Wi_th'-’_DQE;'suppoyt:_ ‘Altogether, 1

[ technoldgies alone have esulted.in net benafits (i.c., the value: of energy savéd minusannualiz

cost premiums for better equipment) "c'i("'_.'a'Pp'rOXi'r_tfa_i'télyzfs_ZB‘_-:Bil}ibf_i (1996$) and annual ‘emissionis
37f9d9§ﬁ¢?\s"of;.16'MtC'equivalenf (Table 25)."° /i e el e T
 Thos, the value'of the energy saved by fhese five technologies; alone, far exceeds the cost.to th
taxpayiers of DOE's entire-energy-efficiency R&D budge over the past tro decades AdHig
case studies and benefits are documented in Geller and McGaraghan (1996) and DOE/SEAB (1995),

T AUQUSLT TR97 er,
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