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DOE Labs Study: Potential Reductions in Carbon Emissions in 2010

We estimated the emissions reductions under the high efficiencyAow carbon with $50/ton permit 
scenario. The data are insufficient to calculate the emissions reductions for the $25/ton permit 
scenario, and in the efficiency scenario all reductions result from non-price policy influences.'

Buildings:

The study states that the penetration rate of cost-effective technologies under the high efficiency 
case is 65%; 60% results from imspecified programs and 5% from the permit price. We 
estimated the emissions reductions for each technology by multiplying the emissions reduction 
by 0.923 (60/65) to calculate the reductions from non-price policy responses. The remaining 
reductions were appropriated to the price response.

Note; Because of rounding in the numbers presented in appendix C-2, the technology reductions 
for commercial and residential buildings do not sum to the totals for this sector.

87% of the emissions reductions occur through non-price policy induced technology adoption.

Utilities:

All reductions occur because of the permit price.

Transportation:

Without documentation, it is impossible to discern the effects of specific technologies on the 
transportation sector. The report merely provides details on how these technology improvements 
can result in a percentage increase in fuel efficiency. In computing cost-effectiveness, the study 
assumed constant fuel prices at $1.20/gallon (p. 5.45). Since there is no assumed increase in fuel 
prices, we assume that all carbon reductions in this sector should be appropriated to the non-price 
policy response category.

Industry:

The analysis for this sector is not very revealing; the documentation from their model runs would 
be quite helpful. However, we can break it down by industry in several cases. The report does 
provide a set of examples of energy efficiency technologies, but does not indicate the extent of 
their adoption in this analysis.

62% of carbon emissions occur as a result of non-price policy influences on behavior.

’ While we assume that the efficiency scenario causes technology adoption through non- 
price policy response, the report does occasionally state that fuel taxes could be one policy option 
in this scenario (e.g., p. 5.3).
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Review of DOE Labs Study

Unspecified Policies:
• No Program Descriptions: The authors do not estimate the costs or even describe the 

programs necessary to stimulate the adoption of the new energy-efficient technology they 
find could reduce emissions of approximately 200 million metric tons of carbon 
equivalent (MMTCE) by 2010. Tliese reductions correspond to about 'A of the reductions 
needed to attain 1990 levels by 2010. In the absence of cost estimates this information is 
of little use in the evaluation of alternative policy options.

• Costs of Programs: Given reasonable assumptions, government programs mav cost many 
tens^fbiUions,o£jdolla*s per year above the costs of existing programs to reduce 200+ 
million tons of carbon. The marginal cost of emissionsjeductions, jprlnding tho mcf of

5. As a result these
programs may be less OTSt-effective than a cap-and-trade emissions control program.

• Luck: The transportation sector requires “luck” in terms of technological iimovation to 
achieve the projected emissions reductions. Without a permit price, this luck appears 
likely only through stringent standards, such as increasing CAFE.

Overestimates Reductions/Underestimates Costs:
Behavioral Changes Ignored: The analysis appears to ignore the behavioral changes that 
offset the energy efficiencies promised by the new technologies. For example, more 
efficient windows lead to houses withmore glass, and more efficient cars lead to more 
vehicle milesJiaveled—ihus these innovations offer real value to consumers, but smaller 
energy savings than engineers forecast.

Cost Effectiveness Calculated Using Average, Not Marginal Prices: Many of the 
innovations in electrical use appear to be assumed to be cost effective based on an 
assumption of average, not marginal electricity prices. The marginal prices may be half 
as much as the average prices, i- . ' sns ’

\

Price Declines Resulting from Reductions in Energy Demand Are Not Taken into 
Account: The study assumes a 12% decrease in energy use, but does not account for this 
effect on price v^jien~calculating cpsTefleciiyeness^tor energv~efficienrt^hnnlogies.

I Study Double Counts Emissions Reductions Occurring Under Business-As-Usual: The 
labs study double counts 22.MMTCE in reductions in the efficiency case that will occur 

' under the business-a$-usual case.

, Interactions Ignored, Double Counting ‘Likely " in Utilities Sector Analysis: The double 
counting of dispatching and retooling coal plants to natural gas results in about 9 
MMTCE of owrestimatedledvS^ffli^

Industry Sector Analysis Ignores the Costs of A ccelerating Retirement.

TOTAL P.002
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Double Counting:
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Using Average Costs Over-Estimates Energy Savings
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Policies

How can we get there without a roadmap? 

What will it cost us?

Focused on only 1 goal: 1990 in 2010
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DOE Labs Study

Double Counting

Reductions in BAU Double Counted 10 ^ o/'

Reductions in Utilities Sector Double Counted ^ f »/el u/tV oe 11

Cost Effectiveness Flaws

Ignores Implementation Costs

Ignores Behavioral Changes

Ignores Capital Retirement Acceleration

Ignores Falling Energy Prices

Using Average Costs Over Estimates Energy Savings

Policies

How can we get there without a roadmap?

What will it cost us?

Focused on only 1 goal: 1990 in 2010
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lysis Results Chapter 1

Table 1.5 Estimated Costs and Benefits of the Efficiency and High-EfficiencyA.ow-Carbon 
Scenarios: Optimistie and Pessimistic View Estimates (billions of 1995$, annualized)

Efficiency
Case«

High-Efficiency/Low-Carbon 
___ Casei>

Energy Efficiency 
Buildings 
Industry
Transportation 

Electricity Dispatch 
Electricity Repowering 
Other Low-C:arbon Tcchologics 
Total

Benefits^ Costs<> Carbon= Benefits Costs Carbon
(billion (billion Savings (billion (billion Savings
1995$) 1995$) MtC 1995$) 1995$) MtC

14-17 7-14 20-25 26-33 14-26 49-62
6-7 3-5 18-22 12-15 8-13 66-82

22-27 16-30 58-73 32-40 23-43 82-103
0 0 0 0 2 44-55
0 0 0 0 2 32-40
0

42-51
0

26-49
P

96-120 7^ 33-41
306-383

* Energy efficiency category includes edumol in transportation, 
b Ber«fits and carbon savings in the HE/LC case are relative to BAU case.
c Benefits arc calculated as annual energy savings. The scenarios are meant to be point estiiMtes. In the 
"pessimistic" case, we have assumed that only 80% of the carbon savings are achieved, even though the technology 
ar\d 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 rat« used to 
annualize costs vary between 15% and 20%. Also in this case, the cost of implementmg programs (30%) and an
overall package of programs and poUcies (15%) is taken to be twice that of the optimistic case.

@017

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 on natural gas demand. In 
all of these cases, natural gas replaces very large quantities of coal Higher natural gas demjmd 
would result in higher natural gas prices, which in turn would increase the cost of substituting, 
natural gas for coal in power production, etc. As it turns out, our scenarios have somewhat reduced 
gas demand compared with the BAU case (or with AE097 baseline for 2010, on which the price of 
natural gas in our work is based). Specifically, demand for natural gas in the HE/LC ($50/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

August 29. 1997 V2



Joseph E. Aldy
09/04/97 09:26:24 PM

Record Type: Record

To:

cc:

Jeffrey A. Frankel/CEA/EOP

Subject: Read before you talk to Mark Mazur: DOE 5 labs study 

Jeff,

I thought about the 5 labs study during my jog, and I have changed my mind. I really don't think 
we should have them include energy savings in the report (the renaming of benefits I mentioned in 
my earlier email). I think their numbers are absolute trash, and we should make that very clear. I 
don't think we want to be fighting these numbers once they get out. Mark may ask you why we 
have such serious problems with their estimates -- although we highlight many failings in our 
August 22 memo. Here are some key points:

Benefits/Energy Savings

-> The energy savings calculations do not incorporate behavioral responses that would lead to an 
increase in energy use. If air conditioners use less energy per output, people run them more often.
If cars are more fuel efficient, people will drive more.

--> The energy savings calculations do not incorporate the price decline associated with reduced 
demand for energy. Energy consumption in the high efficiency case declines 12% relative to BAD 
-- while Mark claimed to me that this is "Just a second order effect", I think 12% appears 
substantial.

--> The energy savings calculations for buildings use average cost, not marginal cost, of electricity, 
and therefore overestimate energy savings.

--> The economics literature has found that actual energy savings do not compare to engineers' 
dreams of energy savings because real people live in real houses and work in real firms, not in ideal 
model houses and ideal model firms (Metcalf and Hassett 6/97 NBER paper).

Costs

--> The government cost estimates are "made up" according to Mark. Our estimate indicates that 
the cost to government could be tens of billions of dollars per year. Further, they do not assess the 
costs of standards (e.g., CAFE, national building codes, appliance standards) which account for half 
of all emission reductions.

--> The industry sector analysis ignores the costs of accelerating capital retirement.

--> Without any empirical or theoretical justification, the transportation sector analysis assumes 
that a whole set of technologies will come into play and will achieve 100% penetration in 20 years 
at NO NET COST. This is the "luck" that is required by the analysis.



Joseph E. Aldy
09/05/97 03:17:12 PM

Record Type: Record

To:

cc:

Jeffrey A. Frankel/CEA/EOP

Subjecjt: Gruber and 5 labs 

Jeff,

I just spoke with Jon aboulthe 5 labs study. He agrees that we should stand by our guns on this 
one. He asked me to call flark Mazur and tell him that the bottom lihe is that we (CEA and 
Treasury) will not sign off on the report so long as that chart and references to the costs stay in. I 
just left a message for Mark with his secretary. Jon said he would also call TJ and relay this to 
him. What happens if we don't sign off and they release the report as is?

Joe
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DEPARTMENT OF THE TREASURY 
WASHINGTON, D.C. 20220

September 4, 1997

MEMORANDUM FOR T. J. GLAUTHIER

FROM:

SUBJECT:

Robert Gillingha: 
Jonathan Gruber

6-Labs Revision

We think this revision is a substantial improvement. Most of our comments are 
editorial (see attached draft). The major exceptions revolve, not surpriTingly, 
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 
refemng 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 does a very good job of quantifying the impact of adopting 
these technologies on energy use and carbon emissions. A possible substitute for 
Table 1.5 might be a table pf 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.



Joseph E. Aldy
09/29/97 04:53:56 PM

Record Type: Record

To: Jeffrey A. Frankel/CEA/EOP

cc:
Subject: for your 5pm: technology and 5 labs 

Jeff,

3 numbers to think about for your meeting:

1) 5 Labs predicts economic costs from private investment of $26-$49 billion/year for the efficiency 
case (the basis of today's technology discussion). This gets you "120 MMTCE (or 155 in today’s 
discussion). This cost number is in addition to government costs (estimated today at $500 
million/year).

2) A back of the envelope estimate of how much it costs per ton to generate 120 MMTCE of carbon 
savings at a price tag of $50 billion would be more than $400/ton. (Simply dividing $50 b/120 
MMTCE.)

3) To gain a sense of context about what $50 billion/year in private investment means, consider 
that net income to corporations in 1993 was about $500 billion.



Joseph E. Aldy
09/04/97 06:56:18 PM

Record Type: Record

To:

cc:

Jeffrey A. Frankel/CEA/EOP

Subject: conversation with Mark Mazur 
Jeff, ^

I just got off the phone with Mark. He called regarding our comments on the 5 labs study we faxed 
over today. The good news: our second point on the baseline will be addressed. The bad news: 
they want to keep their benefits and costs numbers in there. Regarding benefits, they would be 
willing to change the term to energy savings, but they don't want to change the costs. He 
suggested that they could include a statement that this is not a full social benefit-cost analysis. ,1 
expressed concern that the numbers in the charts, even with caveats in the text, could be misused.
I told him I would talk to you about this. I stated that I could live with changing benefits to 
energy-savings, but I had serious reservations about keeping costs in there. Regarding our concern 
about cost-effectiveness, Mark said that they would go through and remove some, and be more 
careful about their use of the term, but that they would likely keep the term in there in some cases.

Mark also asked me what we are doing on T&T, following up from the meeting this afternoon. I 
said that we were thinking about the issue. He said that Gardiner is concerned about us using "his 
researchers" - bascially, Battelle. Mark asked if we had asked Battelle to do runs for us, and I said 
we had asked for a couple. Mark then asked me if we were using any DOE staff, and I told him 
that we asked Phil Tseng to do 3-4 runs for us a couple of weeks ago. He then asked me if were 
using any other EPA folks (G-cubed or DRI), and I told him that we had talked to some EPA folks 
3-4 weeks ago for some of the outputs from lAT runs, but we had not asked them to do any model 
runs for us. I hope I didn't say too much - Mark said that while I wasn't a fountain of knowledge, I 
was less evasive than you.

Mark will call you in the morning to discuss both the 5 labs study and the T&T issue. Have fun.



MEMORANDUM

TO: Jay Shogren

FROM; Joe Aldy and Quindi Franco

DATE: August 11, 1997

RE: Review of DOE Labs Study, June 10 Draft

We provide an assessment of U.S. Carbon Reductions by 2010 and Beyond: The Potential 
Impact of Energy-Efficient and Low-Carbon Technologies (DOE Labs Study, June 10 draft).
The report identifies carbon reductions and their associated costs in the buildings, industry, 
transportation, and electric power sectors under two hypothetical climate policy scenarios. The 
study finds that, with unspecified “very aggressive policies” and a $50/ton permit price, carbon 
emissions can be stabilized at 1990 levels by 2010. In reviewing the report, we believe it is 
beneficial to highlight several limitations of the study. First, the authors do not provide 
descriptions of the government programs necessary to stimulate the necessary technology 
adoption to reduce emissions of 180 million metric tons of carbon equivalent (MMTCE). Based 
on the actual history of CCAP, we estimate the costs of government programs to achieve these 
reductions could total $45 billion (1995$), depending on the form of the marginal cost curve.
We annuitized this figure and found that government programs could cost $JjLhilliQn annually 
into perpetuity. These are costs in addition to existing program costs to improve energy 
efficiency technology development and adoption. Second, the analyses across sectors are not 
integrated. Therefore, the penetration rate of energy efficient technologies may be overestimated 
because the separate sectoral analyses do not account for declines in fuel prices. Third, the 
industry sector analysis ignores the costs of accelerating capital retirement, resulting in either an 
overestimate of reductions or an underestimate of costs. Fourth, the transportation sector 
requires “luck” in terms of technological innovation to achieve the projected emissions 
reductions. Fifth, the utilities sector analysis resulted in double counting of emissions reductions. 
These examples of the qualifications can provide additional insight into the projections of 
emissions reductions and costs. Upon receiving the final version of the report and 
documentation of the analyses, we will update this review.

Overview of Report

The Labs Study estimated the carbon emissions reduction opportunities available through 
technology development and adoption and fuel switching. The Study employs the Energy 
Information Administration’s 1997 baseline (AE097) for the buildings and industry sectors. For ^ 
the transportation sector, the authors changed the AE097 assumption of increasing fuel 
efficiency in automobiles to constant fuel efficiency. For the utility sector, the baseline was 
modified to reflect a fully competitive bulk-power market in the year 2010. Discharge,



shutdown, repowering, and new construction decisions were optimized to select the amount of 
capacity that minimized the cost of the power-supply system plus the cost of unserved energy. 
Compared to AE097, the final baseline has slightly lower energy prices, larger electricity sales, 
and a greater share of gas generation. The study provides emissions reductions from this baseline 
for two scenarios: 1) “efficiency” and 2)“high efficiency/low carbon”, over the period 1998- 
2010. The study describes neither the policies necessary to achieve emissions reductions nor the 
costs of federal programs for these scenarios, only their outcomes: increased adoption rates and 
better technologies.

Efficiency Scenario

This case assumes that all technologies adopted are at zero or negative net cost to the user given 
more aggressive federal policies to stimulate development and diffusion of energy efficient 
technologies. The Study estimates that 120 MMTCE will be reduced at negative net cost in this 
scenario. None of these reductions occur in the utility sector as a function of fuel switching or 
technology adoption to increase combustion efficiency.

High Efficiency/Low Carbon Scenario

This case assumes a “greater commitment” to reduce emissions through federal policies, in 
concert with state and private activities and a $50/ton permit price that stimulates low carbon 
technologies (read: primarily fuel switching). The policy is announced in 2000 and the policy’s 
restrictions are phased-in through 2010. There is an assumed announcement effect (although an 
AEEI is not specified), increased domestic and international R&D in low-carbon technologies, 
and a “change in psychology”. The Study estimates reductions of 180 MMTCE from the 
baseline through energy efficient technology adoption at negative net cost (see high efficiency 
without low carbon technology in chart below). The carbon permits will yield an additional 150- 
200 MMTCE of reductions through low-carbon technology adoption. Given that these occur at a 
permit price of $50/ton, the Study estimates the upper limits of these costs to be $10 billion per 
year in 2010.

Carbon Emissions (MMTCE): 1990 - 2010

1990 2010
Baseline

2010
Efficiency

2010 High Efficiency 
(w/o Low Carbon Tech)

2010 High
Efficiency/Low Carbon

1340 1720 1600 1540 1340- 1390

Review

The Lab Study employs several important assumptions in the analyses. Learning about these 
qualifications can enhance one’s understanding of the estimates regarding cost-effectiveness and



emissions reductions in this study. We present several of the most significant assumptions and 
discussions of their impact below.

The Study Does Not Specify Policies to Achieve Carbon Reductions

“Cost effectiveness is improved because R&D, in combination with increased 
deployment efforts, result in declining capital costs. We do not specify the 
policies, economic conditions, or exogenous events that could precipitate such 
changes” (p. 1.4).

The entire study is premised on two sets of undefined policies: an “aggressive” or “invigorated” 
public sector effort to stimulate energy efficient technology adoption (efficiency case) and a 
“very aggressive” public sector effort to stimulate technology development and adoption (high 
efficiency/low carbon case). The only specific policy instrument mentioned in the report is a 
$50/ton tradeable permit. The study makes vague references to policies and only provides details 
on what these unidentified policies would result in: 1) “better technology” (p. 1.5); 2) “higher 
penetration rates” (p. 1.6); 3) “changing the capital recovery factor [in industry sector] from 33% 
to 15%” (p. 4.8); and 4) “technological breakthroughs” (p. 5.3). These policy effects would 
result in reductions of 180 MMTCE for “free”: firms and individuals receive energy cost-savings 
in excess of technology adoption and implementation costs.

The report specifically states that the efficiency case reduces, but does not eliminate, market 
barriers (p. x) and that implementation costs are ignored (p. xvi). First, we will discuss the 
implications of reducing market barriers, and then we will address the cost issue. Market barriers 
occur in well-functioning, but occasionally complex, private markets. Information is fully 
transmitted among all those in the market, although some information may seem incomplete to 
non-participants (read: policy or market analysts). A person addresses all real costs, but these 
costs can go undetected by analysts, hence the term “hidden costs”. For market barriers, private 
costs match social costs, and resource allocation is efficient. Policy intervention to eliminate a 
market barrier cannot make society better off and usually makes society worse off, regardless of 
the implementation mechanism.'

The economics literature has identified several barriers that explain the slow rate of technology 
adoption: 1) qualitative attributes differ across technologies; 2) private attributes of information; 
3) private discount rate diverges from social rate; and 4) heterogeneous usage levels.

Qualitative attributes of technologies can affect adoption. Consumers of technology prefer 
technologies because of a set of characteristics, not just energy efficiency. For example, some 
technology consumers may purchase a product with a lower efficiency than another product 
because the former is more reliable than the efficiency-superior product.

' In contrast, policy intervention to eliminate a market failure (such as carbon emissions) 
may make society better off, depending on the costs of the intervention.



Private attributes of information include the tasks of learning how a new technology works with 
one’s existing suite of technologies and identifying technology suppliers. Transaction costs exist 
with these tasks. If opportunities for economic gains in supplying this information exist, one 
would expect arbitrage to occur where middlemen consultants would assess the needs of 
potential adopters and match them with the appropriate suppliers.

The social discount rates to evaluate new technologies may not fully capture the uncertainty and 
risks faced by individuals and firms. These private actors may use a much higher discount rate 
reflecting the uncertainty of future energy prices, the reliability of the technology, the 
irreversibility of a technology investment, and the constraints on their ability to borrow capital.

Heterogeneous use of energy-intensive technology can affect who benefits from efficiency 
investments and who does not. If a technology is cost-effective on average, it may not be cost- 
effective for individuals who do not use much energy.

These four types of market barriers illustrate the economic behavior that explains the apparent 
under adoption of energy efficiency technology (the “efficiency gap”). These barriers clearly 
demonstrate the difference between the technological maximum adoption (which only assumes 
technology costs) and the economic maximum adoption (which assumes total costs). A set of 
climate change policies to stimulate technology adoption could increase efficiency, but only 
because they also decrease the effect of a rnarket failure (carbon emissions). Social welfare is 
improved because the net benefits of indirectly fixing the market failure exceed the costs of 
removing the barriers. If carbon emissions are appropriately priced (assuming in this case that 
$50/ton is the correct carbon price), a policy to remove a barrier (e.g., lower the capital recovery 
factor from 33% to 15%), will generate negative net benefits. High adoption rates will be 
realized once prices rise enough for some technologies to clear the barriers.

From the literature on market barriers, we know that the costs of reducing barriers are greater 
than their benefits. In this case, the authors of the Labs Study do not provide an estimate of the 
costs to government to lower market barriers to achieve these substantial reductions (and they 
only provide benefits in terms of projected emissions reductions). We calculated estimates of the 
costs of emissions reductions programs based on the government’s experience with the Climate 
Change Action Plan (CCAP). CCAP promotes carbon reductions through a broad array of 
voluntary programs that stimulate “cost-effective” technology adoption by private firms. 
Participation by a firm in a CCAP program implies that carbon is reduced and the firm gains 
financially.^ CCAP received appropriations totaling $494 million (1995$) during the FY95 - 
FY97 period. During this period, the Department of Energy and the Environmental Protection 
Agency can account for reductions of 14 MMTCE (see attached table). Each ton of carbon 
reduced in CCAP cost the federal government, on average, $35.29 (1995$) over this three year 
period. Assuming a flat marginal cost curve (MC = AC of CCAP) to reduce 180 MMTCE 
beyond the baseline, the government costs of the unidentified policies in the Labs Study would

^ Note that CCAP efforts are incorporated in the AE097 baseline.
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exceed $6.3 billion. To account for the opportunity cost of capital through time, we annuitized 
this value and found that government costs would run about $150 million annually into 
perpetuity.^ However, the marginal costs of technology adoption in the efficiency and high 
efficiency/low carbon scenarios are definitely higher than the average cost of 14 million metric 
tons reduced in the baseline scenario, especially as more and more efforts to reduce emissions are 
undertaken. Assuming that costs increase 10% for every 10 million metric tons of carbon 
reduced, then the government cost would total $16.1 billion (annuity of $375 million). This is a 
slowly increasing marginal cost curve given baseline assumptions of gains in energy efficiency. 
Assuming that costs increase 20% for every 10 million metric tons of carbon reduced, then the 
cost to government would exceed $45.2 billion (annuity of $1.1 billion) (see attached chart).

The Sectoral Analyses Are Not Integrated

“The model runs for each of the three end-use sectors were not integrated and 
therefore may overstate the effects of technology penetration. In an integrated 
modeling effort, fuel prices might fall as consumption declines, resulting in less 
penetration of energy-conserving technologies” (p. 1.1).

The analyses of the various sectors assume that the reduction of 180 MMTCE occurs through 
energy efficient technology adoption without any price effect. This implies that, with 
government programs, private agents will adopt technologies because the benefits (energy cost- 
savings) exceed the costs of adoption. The authors claim that these reductions occur at zero or 
negative net costs. By failing to account for the effect of decreased energy demand due to energy 
efficiency technology adoption, some of those adoption decisions that occur on the margin would 
no longer generate positive net benefits for private consumers. The Labs Study indicates that 
energy consumption will decline from the baseline by 11.6% under the high efficiency/low 
carbon case (p. xi). This decrease in demand should result in a decrease in the price of energy, 
and cause some energy efficient technologies to become unattractive to private agents.

In addition, the absence of an integrated analysis precludes an assessment of the economy-wide 
effects of a tradeable permit system. As previous studies have indicated, the nature of the permit 
allocation (e.g., grandfathering, auction, or a hybrid) and the characteristics of the revenue 
recycling (e.g., Vcuious adjustments to existing taxes) can affect economy-wide investment. 
Understanding the effects on investment is instrumental in assessing the likelihood of success of 
these scenarios, given that they rely on substantial R&D and technology adoption.

The Industry Sector Analysis Ignores the Costs of Accelerated Retirement

“When the economic losses of accelerated retirement are accounted for this means 
that, at the margin, all investments are not likely to be cost effective at our 
assumed 15% CRF [capital recovery factor]. Since we do not have a model to

^ We employed a 7% discount rate to calculate the annuities in this paper.
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account for this potential early retirement and the economic losses, we must 
caveat our estimates of investment and net costs. ...the investment cost may be 
understated by the amount of loss due to any early retirement that may occur” (p.
4.15).

This assumption implies that one of three results should be accounted for in the analysis. First, 
the projected emissions reduction should be revised downward, because the assessment of the 
industry sector overestimates technology adoption by ignoring these costs. Second, the cost of 
reducing emissions, if the reduced carbon from this sector remains constant, should increase, 
with some technology adoption decisions occurring at positive net costs. Third, if the authors 
maintain the same costs and emissions estimates, then the costs of government programs to 
somehow force down the CRF from 33% to 15% would increase.

The Transportation Sector Requires “Luck” to Achieve Carbon Reductions

“[Bjecause the [transportation sector] outcomes postulated in the high 
efficiency/low carbon scenario require technological breakthroughs, they require a 
certain degree of luck to be achieved by 2010. There are no credible methods to 
accurately gauge the probability of such breakthroughs - we believe they stand a 
decent chance of occurring with an intensification of research efforts, but we stop 
short of claiming they are a likely outcome of such an intensification” (p. 5.3).

Note that this statement includes two qualifications: luck on top of intensified research efforts. 
To achieve just the efficiency level of emissions reductions for this sector (73 MMTCE), these 
intensified research efforts may require two to ten times existing funding on transportation (p. 
5.3). To gain a sense of the magnitude of what such an increase in funding might be, consider 
that the Partnership for a New Generation of Vehicles (PNGV) alone is funded at the federal 
level at $263 million. Private sector costs of participating in the PNGV are in addition to this 
large sum. Further, the estimates of costless (on net) carbon reductions relies on a series of 
tenuous assumptions: commercial development of the fuel cell for passenger cars, commercial 
availability of cellulosic ethanol (and the elimination of the ethanol excise tax exemption), and 
an apparently arbitrary 30% reduction in costs for “certain key technologies” (p. 5.24). These 
technologies are not identified, and the report does not provide documentation for the NEMS 
model runs conducted for the transportation sector.

Interactions Ignored, Double Counting “Likely” in Utilities Sector Analysis

“Chapter 7 considers other electricity supply technology options, including: 
converting coal-based power plants to natural gas; cofiring coal with biomass; 
efficiency improvements in generation and transmission and distribution systems; 
extending the life of existing nuclear plants; increasing generation and capacity of 
existing hydropower plants; and constructing new powerplants using advanced 
coal technologies. Each of these options is assessed independently. Thus,



interactions between the options are not taken into account, and the possibility of 
double counting is therefore likely” (p. 7.1).

The emissions reductions in the electricity sector come from two sources. First, utilities 
undertake fuel switching at the $50/ton permit price through carbon-ordered dispatching.
Second, utilities modify their capital stock through several technology options such as those 
listed in the above quotation. As electricity production moves away from coal in the first 
analysis, fewer and fewer plants (and therefore potential emissions reductions) will be available 
for conversion to natural gas or cofiring with biomass. The second set of analyses were “static” 
and did not optimize unit/plant production cost, dispatch, or system load. Conversations with 
one of the co-authors (Stanley Hadley of Oak Ridge National Laboratory) indicate that 10 GW of 
coal-to-gas conversions (approximately 9 million tons of carbon reductions) were double- 
counted.'*

Furthermore, the analysis of specific options did not examine the effect of increasing fuel prices 
(from gas demand due to coal-to-gas repowering). Given the range of assumptions considered in 
the study, the authors actually estimated that repowering coal plants for natural gas could result 
in carbon reductions between 5 million and 269 million tons (p. 7.2), depending on the gas/coal 
price differential, the cost of carbon, and the costs of sulfur dioxide and nitrous oxide emissions. 
This is quite a substantial range. The Labs Study estimates that natural gas consumption will 
increase 14% to 191% above 2010 baseline consumption. However, the DRI 1.25 run in the lAT 
report indicates a 16% decline in natural gas consumption, while the SGM run resulted in only a 
negligible decline and Markal-Macro generated a 6% increase in natural gas consumption. These 
three models indicate that a non-integrated analysis that does not account for the price change in 
natural gas may overestimate natural gas substitution for coal and emissions reductions from fuel 
switching.

* Hadley noted that a subsequent draft of the report should address at least some of the 
double counting, but he did not provide details.



Summary of Greenhouse Gas Emissions-Reduction Actions 
Million Metric Tons of Carbon Equivalent

Action
Number

Action Title 1993 Action 
Plan Estimate 

for 2000

1997 U.S. CAR 
Revised Estimate 

for 2000

Actual 
Reductions 

to Date
Residential & Commercial Sector Actions 26.9 10.3

New Rebuild America 2.0 1.6
1 and 2 Expanded Green Lights and Energy 3.6 3.3 „

Star Buildings
3 State Revolving Fund for Public 1.1 Terminated

Buildings
4 Cost-Shared Demonstrations of

Emerging Technologies
5 Operation and Maintenance Training 3.8 0.0

for Commercial Building Facility
Managers and Operators

6 Energy Star Products 5.0 4.3
7 Residential Appliance Standards 6.8 0.2 __8 and 11 Energy Partnerships for Affordable

Housing
9 Cool Communities 4.4 0.4
10 Update State Building Codes

New Construction of Energy-Efficient 0.1 „

Commercial and Industrial Buildings
New Superwindow Collaborative 0.0 _New Expand Markets for Next-Generation 0.2

Lighting Products
New Fuel Cells Initiative 0.0 __Industrial Sector Actions 19.0 4.8 _12 Motor Challenge 8.8 1.8

13 Industrial Golden Carrot Programs 2.9 Merged into A■ction 12
14 Accelerate the Adoption of Energy- Terminated

Efficient Process Technologies
15 Industrial Assessment Centers 0.5 CCAP Component Terminated
16 Waste Minimization 4.2 2.1 __17 Improve Efficiency of Fertilizer 2.7 0.8

Nitrogen Use
18 Reduce the Use of Pesticides Terminated

Transportation Sector Actions 8.1 5.3 __19 Cash Value of Parking
20 Innovative Transportation Strategies 6.6 4.6
21 Telecommuting Program
22 Fuel Economy Labels for Tires 1.5 0.7 ..Energy Supply Actions 10.8 1.3
23 Increase Natural Gas Share of Energy

Use Though Federal Regulatory 2.2 Terminated
Reform



Action Action Title 1993 Action 1997 U.S. CAR Actual
Number Plan Estimate Revised Estimate Reductions

for 2000 for 2000 to Date
24 Promote Seasonal Gas Use for Control 

of Nitrogen Oxides
2.8 0.5 -

25 High-Efficiency Gas Technologies 0.6 Terminated
26 Renewable-Energy Commercialization 0.8 0.3 —27 Expand Utility Integrated Resource 

Planning
1.4 Terminated

28 Profitable Hydroelectric Efficiency 
Upgrades

2.0 0.0 -

29 Energy-Efficient Distribution 
Transformer Standards 0.8 0.5

30 Energy Star Distribution Transformers »
31 Transmission Pricing Reform 0.8 Terminated

New Green Power Network Not included 0.0 —Land-Use Change & Forestry Actions 10.0 2.4 —43 Private Depletion of Nonindustrial 
Private Forests

4.0 Terminated

44 Accelerate Tree Planting in 
Nonindustrial Private Forests

0.5 0.4 ”

16 Waste Minimization 4.2 2.0 —9 Expand Cool Communities 0.5 To be determined
Methane Actions 16.3 15.5 —

32 Expand Natural Gas STAR 3.0 3.4 —
33 Increase Stringency of Landfill Rule 4.2 6.3 —34 Landfill Methane Outreach Program 1.1 1.9 —
35 Coalbed Methane Outreach Program 2.2 2.6 —
36 RD&D for Coal Mine Methane 1.5 Terminated
37 RD&D for Landfill Methane 1.0 Terminated
38 AgSTAR Program 1.5 0.3 —39 Ruminant Livestock Efficiency

Program
1.8 1.0 ”

Actions to Address Other Greenhouse Gases 16.3 25.4 —
17 Improved Fertilizer Management 4.5 5.3 —
40 Significant New Alternatives Program 5.0 6.4 —
41 HFC-23 Partnerships 5.0 5.0 —
42 Voluntary Aluminum Parmership 1.8 2.2 —

New Environmental Stewardship Initiative Not included 6.5 —
Foundation Actions 11.3 —

Climate Wise Not estimated 1.8 —
Climate Challenge Not estimated 7.6 -
State and Local Outreach Programs Not estimated 1.9 —

Total GHG Emission Reductions From CCAP 108.6 76.0 14.0

Data is not readily available for cumulative emissions reductions for many CCAP programs. Emissions 
reductions of about 5 MMTCE can be attributed to DOE’s CCAP programs. EPA’s Office of Air and 
Radiation is responsible for emissions reductions of about 9 MMTCE through their CCAP programs.



Costs of Reductions ($/ton)
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Oean Technology Can Achieve 
Significant Greenhouse Gas Reductions

Peer-Reviewed Energy Study: What's Good for Environment is Good for Economy

National investment in energy-efSciency and clean energy technologies can reduce U.S. 
emissions of global wanning gases and.produce energy savings that roughly equal or exceed the 
costs to implement them. Energy Department experts predict. A study conducted by five 
Department of Energy laboratories and peer-reviewed by industry and academic experts 
demonstrates that the United States could hold down the costs of meeting climate change goal^ 
through technological solutions such as advanced natural gas turbines, biomass and biofuels, and 
energy-saving appliances. Many consumers and businesses could actually save money through 
reduced energy use and lower overall energy bills.

"This analysis provides strong evidence that progress on climate change can be achieved 
without increasing the nation's energy bill. What's good for the environment also can be good for 
the economy," said Energy Secretary Federico Pena. "President Clinton's plan to make 
technology a cornerstone for reducing greenhouse gas emissions can achieve these results. From 
the Partnership for a New Generation of Vehicles that's creatihgihe super-efficient car of the 
future to expanded use of renewable energy sources, die technology solution is already creatini: 
environmental benefits and savings in energy costs."

Current projections suggest that a carbon emissions reduction of 390 million metric ton:s
(MMT) would be required to reduce U.S. emissions in 2010 to 1990 levels. The study models a 
scenario ±at combines a vigorous national technology program with a domestic system of carbon 
trading to achieve the reduction. The study concludes that such an approach could reduce 
emissions by up to 390 MMT. A new generation of technologies and international carbon 
•emission trading could result in further reductions over the next quarter century.

This study estimated the potential costs of the reductions at $50 to $90 billion per yem 
Costs in the study include incremental investments to deploy clean energy or energy efficient 
technologies by consumers and industry as well as .those associated .with hypothetical increases ui 
energy prices.' In addition, Energy Department experts reviewed energy cost savings resulting 
from the use of these technologics; thcse estimated savings through 2010 total $70 to $90 billion 
per year. This indicates that the clean energy investments could produce energy cost savings 
roughly equal to or greater than the costs of implementation, on a life^cle basis.
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The "bottoms-up" approach in the study examines 200 specific technologies in four major 
sectors of the economy - buildings, industry, transportation and electric utilities - and analyze? 
the possible advances in each sector. For the buildings, industry and transportation sectors, the 
smdy analyzes the impacts of end-use energy-efficiency improvcrncnls and low-carbon 
technologies on carbon emissions. The utility sector analysis estimates the impacts of clean 
energy activities, such as increased use of natural gas and renewable energy. While no one 
measure can address the entire problem, technologies already in development could contribute 
substantially to the reductions. For example;

• Transportation: The Partnership for a New Generation of Vehicles is developing 
advanced automobiles that will be three times more fuel-efficient than today's vehicles but 
still safe and affordable. In the biofuels area, cellulosic ethanol, a promising biofuel made 
firom agricultural and forestry wastes, produces no net carbon emissions; the Energy 
Department projects cutting the cost Of ethanol to under 70 cents/gaUon by 2010.

• Buildings: The study projects promising carbon reductions fi»m energy-efficient 
appliances supported by the Energy Department, including a 1 Idlowatt-houi/day 
re&igerator and advanced lighting. Advanced fuel cells powered by namral gas will 
produce electricity and provide heating at 80-peicent efficiency, while lowering the 
current cost of power.

• Utilities: Wind turbines are expected to produce power at less than 3 cents/kilowatt-hi >i ir 
by 2010. Biomass co-firing with coal at some plants could produce significant emission? 
reductions.

• Industry: Advanced turbines are expected to achieve 80 percent system efficiency, 
producing electricity and steam in industrial plants at less than today's costs. Advanced 
motor systems and clean industrial technologies can cot emissions and costs while 
increasing productivity.

The Department of Energy's Oak Ridge and Lawrence Berkeley National Laboratories led 
the comprehensive one-year analysis, with contributions by the Nation^ Renewable Energy 
Laboratory and Pacific Northwest and Argonne National Laboratories. The findings, which were 
reviewed extensively by representatives from industry and academia< arc consistent with those of 
two previous studies. Those studies, released by the National Academy of Sciences and Office of 
Technology Assessment in 1991, also concluded that technology could play a prominent role in 
reducing U-S- greenhouse gas emissions.

To request a summary or full copy of the study, titled Scenarios of U.S. Carbon 
Reductions: PoterOial Impacts of Energy-Efficiency and Low-Carbon Technologies by 2010 
ond Beyond, media can call the Department of Energy Press Office at 202/586-5806; others cau 
call Public Inquiries at 202/586-5575.

-DOE-
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EXECUTIVE OFFICE OF THE PRESIDENT 
COUNCIL OF ECONOMIC ADVISERS 

WASHINGTON, D C. 20500

SENIOR ECONOMIST

MEMORANDUM

TO: Joe Romm
Acting Asastant Secretary for Energy Efficiency and Renewable Energy 

FROM: Randy and Joe Ald^x^*^

DATE: September 4, 1997

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

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

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

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



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

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

August 29,1997

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

FROM: Mark D. Levine and Marilyn Brown
RE; Execulive Summary and Chaplar 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 C>«P>ej ' ^
In^ verSn, we have attempt^ to respond to the concerns expressed rn the meetmg on August

19 while still expressing the major findings of the report
We have received two sets of comments from you and expect to give you substantive responses to these 

comments in the near future.
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EXECUTIVE SUMMARY

This report presents the results of a study conducted by five U S. Department of Energy national 
Sboratories 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 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 mcrease m the relative 
price of carbon-based fuels by $25 or $50/tonne (e.g., as a result of a cap on do^tic carbon emiswons and a 
Lrket for carbon "permits"), and an aggressive program of targeted research and development Curr^t 
projections suggest that a carbon emissions reduction of 380 million metric tons per year (MtC/year) is 
required to stabilize U.S. emissions in 2010 at 1990 levels.
The study, which has been peer-reviewed by industry and academic experts, uses a technology-by- 
technolo^ assessment as weU as an engineering-economic modeling approach. It ^aws upon a wide 
variety of technology cost and performance information to assess potential unpacts. Analyse 
build^gs, industry, and transportation sectors quantifies the impacts of end-use energy-effici^^ 
improvLents on carbon emissions. The utility sector analysis estimates the of ^°se
improvements on utility carbon emissions, and quantifies additi^al
conversion of a number of coal power plants to natural gas, dispatchmg of the utility gnd with $25^d 
$50/tonne carbon permit prices, the accelerated use of biomass cofiring and wmd energy, and other low- 
carbon electricity supply options. FinaUy, a number of other promising low-carbon techiiologies are 
examined to determine their potential for reducing emissions in the end-use sectors, includmg 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 comment to develop and deploy cost-effective energy-efficient and low-carbon 
has the potential to restrain the growth in U.S. energy consumption and carbon emissions such that levels 
in 2010 L close to those in 1997 (for energy) and 1990 (for carbon). We analyze a case m which er^rgy 
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 S25/tonne carbon permit 
price with emission reductions of 230 MtC/year in 2010. Under a S50/tonne c^bon permit price ^d 
Lgresive policies, 2010 emissions could be cut by about 380 MtC/year. The analys^ also suggests that 
substantial additional savings are available if permit prices were to begin to rise above the S50/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 direct 
benefits that are roughly equal to or exceed costs.2 The analysis includes only technologies estimated to be 
cost-effective unde72010 energy prices (with a $25/tonne and $50/ton^ carbon permit price for ^ 
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 promis^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 ^ y^r 
2020, assuming a vigorous and sustained program of energy R&D beginning now and extendmg beyond 2010.

' The five national laboratories participating in the study were; Argonne National Laboratory (/^),JLawrcnce B«keley 
National Laboratory (LBNL). National Renewable Energy Laboratory (NREL). Oak Ridge National La^raiory (ORNL).
and Pacific Northwest National Laboratory (PNNL). LBNL and ORNL were the co-leaders of thc^ort.
2 Here we count as benefits only the energy savings to the nation. We have not credited reduced CO2 emissions or 
other external benefits. Costs include the increased technology cost plus an approximate esumate of the costs of 
program and policy implementation.

August 29, 1997
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Chapter 1
Analysis Results

Chapter 1
ANALYSIS RESULTS

quantify the reductions in carbon emissions that can be attained through the improved perform^ce 
^d 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 
VToduce further carbon reductions over the next quarter century. As such, this report un^rscores 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 helt the growth in U.S. ener^ co^imptioii and 
carbon emissions so that levels in 2010 are close to those in 1997 (for energy) and m 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 contmuation 
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 ^ar 2010 scenario 

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

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

1.2 METHODOLOGY

To achieve these objectives, we started with the Annual Energy Outlook 1997 (AE097) reference 
case forecasts for the year 2010 (Energy Information Administration, 1996). After thoroughly 
reviewing these forecasts on a sector-by-sector basis, and working with EIA staff, we chose to accept 
the EIA "business-as-usual" (BAU) scenario as is for buildings and industry. We modified some of

August 29. 1997 V2
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Analysis Results
Chapter 1

the assumptions and data to produce a new BAU case - not greatly different from the EIA case - for 
the transportation and the electric utiUty sectors.

bSe -'although less hrlly developed than for buddings - is
only partial formation on technologies and costs is presently available. As a result, the ai^^ysis 
for industry relics primarily on historical relations between energy ^e and economic 
much less on expheit technological opportunities. Tlie industrial analysis also includes some 
examples of industrial low-carbon technologies. The analysis of low-carbon
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 mdustry.

Next we created scenarios of increased energy efficiency and lower carbon emissions usi^ the 
technoloRV data (or, in the industrial sector, historical relations) as key inputs. We chose to run 
three sc Jiarios other than the BAU case. We have termed the first the "efficiency (EFF) c^e. It 
assumes that the United States increases its emphasis on energy efficiency through ^hanced 
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 dimate treaty or 
other factors, the nation has embarked on a path to reduce carbon emissions. Both of t^se 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 tra^form mairkets for 
low-carbon energy options (e.g., fuel cells for microcogeneration in buildinp and adv^^d turbme 
systems for combined heat and power in industry). The difference between the two HE/LC cases ^ m 
the assumption of a carbon permit price resulting from a domestic trading scheme for carbon 
emissions with a cap on U.S. emissions (or from equivalent policy measures that mcrea^ 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 indude a program of 
research, development, demonstration and diffusion that is more vigoroi^ than in the efficiency 
case In the buildings and industry sectors, the carbon price signal, combmed with policies promoting 
energy efficiency, is believed to trigger most of the additional carbon 
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 
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 redi^tions. Thus, instead of 
creating scenarios we describe the technological innovations that could enable the contmuation of an 
aggressive pace of decarbonization well into the next quarter century, if appropriate mvestments m
R&D were made.

August 29, 1997 V2



08/29/97 FRI 13:45 FAI 510 486 5454 EET DIVISION @006

Chapter 1
Analysis Results

1.3 BACKGROUND

The decade of gains in energy productivity achieved by the U.S. following the 1973-74 Arab oil 
rLres^^ a period of economic growth that was decoupled from increases m energy 

consuS)tion resulting^in substantial economic benefits. Between 1973 and 1986 the nations 
coSrS orpSmary energy froze at about 74 quads - while the GNP ^ew by 35%. Starting m 
1986 en«ey prices began a descent in real terms that has continued to the present. As a result, 
ener^ deSlnJd pw from 74 quads in 1986 to 91 quads in 1995, and carbon emissions have been

increasing at a similar pace.

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 declmmg 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 ^wgy-efficiency 
research is both iMig-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 m ener^ 
efficiency offer substantial public benefits (such as carbon reductions and unproved national security 
through greater oil independence) that cannot be fully captured in the private marketplace.

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

1.4 RESULTS

1.4.1 Prospects for Improved Efficiencies by the Year 2010

Table 1.1 and Figure 1.1 compare the nation's primary energy use in quads for *e years 1990^d 1997 
(projected) with the results of three scenarios for 2010. (We have mduded 
Sficiency/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.
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Table 1.1 Primary Energy Use in Quads: 1990-2010

1990 1997
Business-as-

Usual
Case

^VIV

Efficiency
Case

High-Efficiency/
Low-Carbon

Case ($50/tonne C)

Buildings 29.4 33.7 36.0 34.1 32.0

Industry 32.1 32.6 37.4 35.4 33.6

22.6 25.5 32.3 29.2 27.8

Total_________ 84.2 91.8 105.7 98.7 93.4

Energy use estimates for 1997 come from forecasts conducted for EIA (1996b).
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%) ^^een 1990 and 201^ 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 buUdings (4.3 quads) followed 
by transportation (2.9 quads) and industry (0.5 quads). In the BAU case, the fastest
sector during the remaining 13 years is transportation (6.8 quads). This is followed by mdustry 
(4 8 quads) and then buildings (2.3 quads). The rapid projected growth in tl^ energy consumed 
for transportation is driven by estimates of increased per capita travel and mmimai fuel

efficiency gains.
• The efficiency scenario cuts the overall growth between 1990 and 2010 from 22 to 15 quads. This 

is a 17% increase over the level of energy consumption in 1990, down horn a 26 /o mcrease 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 mdustrial (2 0) or 
budldings (1.9) sectors. Compared with 1997 levels, the smallest increase m 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 decre^es the 
overall growth between 1990 and 2010, reducing it from 22 to 9 quads. IJiis is an 11 ^crease 
over the level of energy consumption in 1990. Relative to the BAU case, the high-

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 torme 
carbon charges. These scenarios show significant carbon reductions from the combination of greater 
efficiency improvements and increased use of advaiKed 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 utiUty grid is dispatched to reduce carbon emissions (by using 
many coal plants for intermediate power and by running more natural gas plants as base load), a set 
of coal-based power plants are repowered, nuclear plant lifetimes are extended, and key renewable 
energy technologies are deployed. In aU cases, these technologies and measures are estimated to be 
cost-effective with a differential carbon fee of $50/tonne.
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Table 1.2 Carbon Emissions (MtC): 1990-2010

2010

1990 1997

Busincss-as-
Usual (BAU) Efficiency Case 

Case ______________ _

High-Efficiency/
Low-Carbon®

S25/tonne $5Q/tonne

Buildings 
Industry 
Transportation 
Utilities^____

460
452
432

511
482
486

571
534
616

546
512
543

527 
488
528 
-48

509
452
513

-136
Total (rounded) 
Change from 1990 
Chanp:e from BAU
alhis scenario iru:l

13^ 1480 1720 1600 1490
140 380 260

-120
150

-230

1340
0

-380

teSmologifs to replace conventional ones, pnmanly m the mdustnal and utUity sectors.

$50/tonne carbon permit price in this scenario.

Table 1 2 presents results for the business as usual and three efficiency low carbon
in 2oio « because they are meant to be scenarios. Wh^ we u* fte«

scenarios for analysis, in section 1.5, we describe sources of uncertainty and the effects of 
uncertainty on om understanding of the implications of these cases. For now, we only

desCTibe the different cases.

Figures 1.2 and 1.3 complement the above table by illustrating the carbon emissions reductions from 

each scenario. The major observations are:

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

. The energy-efficiency gains incorporated in the efficiency case cut overall growth between 19W 
and 2010 by one-third (from 380 to 260 million tonnes). This represents a carbon increase of 19 /o

above 1990 emissions.

• The HE/LC scenario with $25/tonne carbon charge has the potential to reduce carbon e^«oi« 
by 230 million tonnes from the BAU case in 2010. The largest part of ^se carbon reductions we 
from increased efficiency, but major changes in electnaty supply (carbon-b^ed 
and repowering) contribute nearly 35 million tonnes, and other low-carbon 
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 emissior^ 

by approximately 380 million tonnes, thereby achieving 1990 carbon emission levels m 20m ^ 
tLSo million tonne carbon reduction, about 190 milUon tonnes are from mcreased ^er^ 
efficiency 140 miUion tonnes results from increases m the use of low-carbon fuels amd 
te^ologies in the utility sector, and 50 million tonnes results from the use of low-carbon

technology in industry and transportation.
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Figuie 12 Reductions in Carbon Emissions from Each Scenario 
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100 million of the 140 million tonnes of carboir reductions in the utility sector comes from 
redispatching the utility system (favoring the use of low-carbon fuels) and from repowermg 
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 turbme 
cogenerators in industry, (2) biomass and black liquor gasification and low-carbon mdustnal 
processes, and (3) cellulosic ethanol/gasolirw blends for automobiles.

- Approximately 140 MtC of the increase in carbon emissions between 1990 and 2010 will have 
occurred by t4 end of 1997; thus, it is useful to look at the 13-year forecast startmg with 1997.
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The carbon reductions incorporated in the efficiency case cut the overall growth in carbon 
emissioits between 1997 aiui 2010 from 240 million tonnes (as forecast in the BAU case) to 12(1 
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 deploym^t 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

Business-As- 
Usual (BAU)

Efficiency
Case

High Efficiency/
Low Carbon Case 

($25/ionne)

High Efficiency/
Low Carbon Case 

($50/tonnc)

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

Energy Demand 1.09% 0.56% 0,34% 0.13%

Carbon Emissions 1.16% 0.60% 0.05% -0.76%

Energy Consumption Per
GDP (E/GDP)

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

Carbon Emissions Per GDP 
(C/GDP)b

-0.70% -1.25% -1.79% -2.59%

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, efficierw:y, $25/tonne HE/LCTand $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" scertario 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 sre comparable to OTA's "moderate" 
racp and show considerably higher emissions than OTA's "tough" case.

Another benchmark is provided by the 1992 National Academy of Sciences (NAS) report on Policy 
Implications of Greenhouse Warming (NaHonal 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 toimes, with more than half of these reductior^ 
arising from cost-effective investments in building energy efficiency. Our efficiency and HE/LC 
racpg suggest the potential for reducing carbon emissions by between 120 and 380 million tonnes by the 
year 2010. One reason that the NAS estimate is higher is because it is not limited to the 2010 time
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frame but rather characterizes the fuU potential for carbon reductions. Thus, it 
account the replacement rates for equipment and processes, and other kctors that 
instantaneous,^ full market penetration of cost-effective energy-efficient and low-carbo

technologies.

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

H caibon reductions in 2010 and beyond are to be sustained at reasonable cost vigorous RtD eHoiB

CeJ may alsX sVificant. However, th^ treatment of vigorous R&D initiatives to improve 

Siese supply options beyond 2010 is beyond the scope of this report.

Renewable energy technologies will likely play a crucial role in limiting carbon emissiot^ over *e 
long term. Low-Srbon energy supply options are needed to fuel domestic and international economic
development without stimulating further global warming. Although ^
for only 7% of the nation's total energy consumption at present, many beheve that are at *e
beeinnLg of a long-term growth trajectory. With continuing technological development and cost
reduction! reneJSles could become preferred energy resources some time withm the next several
decades. Early evidence of this transition is seen in the continuing adoption
systems including especially wind farms and biomass power systems, even m the face of low gas-
fied power generation costs and considerable uncertainty in today's electric energy sector.

With a vigorous and sustained program of research, development
photovoltaics, geothermal, and solar thermal technologies could deliver significant qu^ti^s of 
Lctricity in 2020, thereby substantially displacing carbon emissions. For example, the use of 
forestryknd agricultural residues in biomass power systems contmues to be an attractive power 
option^where those residues exist. The successful development of higher-efficiency biomass 
gLification systems would make this technology competitive in a wider range of apphcahws, 
Lluding for power systems using dedicated feed stock supply systems^ At die 
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

• Viuriable 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
use of renewables in buddings. Solar daylighting, passive solar desig^, 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 substantiaUy accelerate their market penetration. In addition, 

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 m aU 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 
buddings. Advanced manufacturing technologies, including rapid prototyping and ultraprecision 
fabrication, also offer broad opportunities for continuous incremental improvements m energy 
efficiency and renewable energy. Breakthroughs in bioprocessing, separations, superconductivity, 
catalysts, and materials can have wide-ranging impacts on energy efficiency and carbon emisaom 
by the year 2020. Examples of specific technology opportunities are described m this report, by

sector.

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

buildings in 2020:

• Advanced construction methods and materials

• Adaptive building envelopes

• Multi-functional equipment

• Integrated, advanced lighting systems, controls and communications and

• Self-powered buildings.

In addition to the broad application of better process modeling, sensors, and controls in industry, 
many process/industry-specific opportunities for efficiency gains exist. These are described for each 
of 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 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 aU, the continued adoption of energy efficient and renewable ener^ 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 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 wUl be available m

2020.

1.5 ASSESSMENT OF COSTS AND SOURCES OF CARBON REDUCTIONS
The business-as-usual scenario projects an increase of 380 MtC/year between 1990 and 2010. In our 
efficiency scenario, in which the nation actively pursues policies and programs to promote market 
acceptance of energy efficiency while expanding commitments to research and development, energy- 
efficient technologies reduce this growth in carbon emissions by 120 MtC/year. Under a carbon cap 
and trading system, in which permits for carbon 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 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/toime 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 m order to be cautious. Because 
we did not conduct an integrating analysis in which supply options compete against one airother, 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 iiKlude photovoltaics, geothermal, solar thermal, 
and landfill gas.

One should not ascribe too much significance to specific entries in Table 1.4 There are many different 
technologies, both on the supply and demand side of the energy system, that will compete to 
achieve carbon reductions in an environment in which policies and economic signals favor such 
reductions Thus, for example. Table 4.1 shows advanced turbine systems in industry cutting carbon 
emissions by 17 MtC/year in 2010, co-firing coal with biomass reducing emissions by the same 
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 utiUty 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 viabiUty 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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T.bl. 14 P.te»tUl Reductt.™ in O»bo. Hntoi™ in 2010. Con.p«.d to th. Buoino»-As-
Table 1.4 roien Forecast for 2010 (MtC)

High-Efficiency/Low-Carbon
Case

Efficiency
Case $25/tonne $50/tonne*

Buildings
Energy efficiency 25 42

2
59

3
Fuel cells 25 44 62

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

cement clinker replacement, and

22 36
5
5

51
17 (15-26)
14 (13-16)

AlUTninum lecnnoiogicd

Transportation
Energy efficiency

22

61
12

46

74
14

82

87
16

Ethanol 73 88 103

Utility Supply Options
Carbon-ordered dispatching
Converting coal-based power plants to 

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

plants
Hydropower expansions
Power plant efficiency

25
9

5
2
3

2
2

55
40 (25-66)

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

4 (3-5)
8 f7-13)

48 136

120 226 383
-Numbers in parenthesis are ranges, as documented in the text of the report. See Appendix A-1 for a descnphon of 
the derivation of the results in tms table.

Appendix A-2 describes the full set of calculations used to derive the direct costs and benefits of the 
c^es costs considered include the incremental technology investment by consumers and
businesses, fuel price increases, and the estimated cost of federal, state, and local programs ^equ^d 
;^,^eve the cfrbon emissions reductions. Ihese constitute die direct costs of s<^arios^ 
highest of these by far is the incremental investment costs. However, the generally hi^r ^«t cos 
of^these technologies is counterbaUnced by substantially lower operati^ costs. The benefits 
cindered are limS^d to the savings in operating (energy) costs from the technology mvestments.
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Usiiyr these factors as the direct costs and benefits of the scenarios, we have analyzed the economics 
of cwbon 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/or ^iency investments for the different end-

use sectors:

• 7% for buildings

• 10% for transportation

• 12.5% for industry.

The lowest discount rate, for buildings, is based on the fact that the money for residential buil^gs 
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 "optii^tic" 
case, we assume costs for efficiency measures brought about by utility, federal programs, and state 
programs (e.g., demand-side management programs by utUities, federal market transformation 
programs) to be 15% of technology costs. We also assume that at least half of the efficiency occms 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/torme 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 benefits at a 
real discount rate of 15% for buildings and 20% for transportation and industry. Program costs are 
increased to 30% of the cost of efficiency measures, an estimate that is a high bound compared with 
federal, state, and utility experience. Overall implementation costs (programs and directed 
policies) are taken to be 15% of technology investments in this case. Other data and assumptions m 
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 bUlion per year m 
the efficiency case and $70-$88 billion per year for the high-efficiency/low-carbon case. The costs, 
which axe a small portion of annual gross private domestic investment of about $1.4 trillion in 2020, 
are likely to be more than balanced by savings in energy bills. Thus, net costs to the U.S. economy 
are near or below zero in this time frame.
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T»We 15 Bslim.ted costs s»d Boneflis of th. Efficiency and Hieh-Effici»cyaow<atbon 
ScoMriOT; optimistic and Peoounistic View Estimates Mlions of 1W6I, annuatsed)

Efficleocy
Case®

Encr^ Efficiency 
Buildings 
IndusUy 
Transportation 

Electricity Dispatch 
Electricity Repowering 
Other Low-Carbon Tcchologies 
Total

Benefits^
(billion
1995$)

14-17
6-7

22-27
0
0
0

42-51

Costsd
(billion
1995$)

Carbon^
Savings

MtC

High-Efficiency/Low-Carbon
Casci»___________

CarbonBenefits
(billion
1995$)

Costs
(billion
1995$)

7-14
3-5

16-30
0
0
0

26-49

20-25
18-22
58-73

0
0
0

96-120

26-33
12-15
32-40

0
0
0

70-88

14-26
8-13

23-43
2
2
2

51-88

Savings
MtC

■i

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

306-383

a Energy efficiency category includes ethanol in transportation.

The ranee of estimates in Table 1.5 reflects our attempt to "bound" optimistic and pessimistic 
assessmSits. There are clearly other ways in which these bounds could be described, just as “c 
many scenarios that could have been analyzed. However, we believe that the assumphon 8°/o 
of the carbon reductions are achieved at the costs identified, valuation of costs and benefits at 
discount rates noticeably higher than the Ukely cost of capital, and doubling ^
and policies from typical experience today is a strong reflection of pessim^ m costs for our cases. I 
is worth noting th^if the implementation costs were taken to be much hi^er thari we believe to be 
ma^rnable ^0% 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 m the pessimistic case.

In addition to these costs, one needs to calculate the impact of the cases on natural gas demand. In 
ill of these cases, natural gas replaces very large quantities of coal. Higher natoal gas dem^d 
would result in higher natural gas prices, which in turn would increase *e cost of substitufa^ 
natural gi for coal in power production, etc. As it turns out, our scenarios have somewhat reduced 

comp.red"wi* L BAU case (or w«h AE097 ^
Ltural gas in our work is based). Specifically, demand for natural gas m the HE/LC ($50/t^e) 
case declines in 2010 by 2 quads compared with the busmess-as-usual case. This is 
declines of 0.5 quads for buildings, 1.0 quads for industry, and 0.5 quads for electricity. The
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
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. The large increase in cogeneration, which reduces demand for natural gas for heating 

applications.

a benefit that we have not included in

The £50/tonne carbon charge, while not constituting a direct cost, does represent a potenHally large 
^nsfer payment. The magnitude of the transfer payment, as well as the losers ^d wm^m from 
the transfer^depends on the nature of policy and its implementation as a cap trade °
so^^erStive^ The amount of money that could be in play is very large: S50/tonne tunes 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 l°^-®«bon 
^ena^los oT analysis shows Lt 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 aU cases, carbon reductions «^ire ti^

deptoTto^>h“ lowcarboS tachnolosiea, much of the potential for carbon reductions wJl not be 

realized.

?ep:n^e^l°oTear\%^^^^^^

There is no assurance that these and other driving forces will cause the scen^ios we have descried 
to take place Our major conclusion is that cost-effective technology can be deployed 
niajor reductions in cJbon emissions by 2010. Cost-effective energy effiaency alone can take^ 
nation 30 to 50% of the way to 1990 levels. Two additional utility sector me^ures can reduce c^bon

promises to enable the continuation of an aggressive pace of energy and carbon reductions over 

next quarter century.
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ENDNOTES

1 The five national laboratories participating in the study were: Argonne Natiorwl 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 See Section 2.2.3 for a definition of cost-effective energy efficiency technology.
2 $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; 2is such, considerable additional reductions are 
possible at a cost not too different from $50/tonne. The results are highly sensitive to the price 
^ferential between coal and natural gas; at a lower (higher) price differential, a higher (lower) 
permit price of carbon is needed.
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WASHINGTON, D C. 20500

SENIOR ECONOMIST

MEMORANDUM

TO: Joe Romm
Acting Assistant Secretary for Energy Efficiency and Renewable Energy 
U.S. Department of the Energy

FROM: Jason Shogfe^^d Joe Aldy/^^

DATE: August 22, 1997

RE: Review of 5-Labs Report: Scenarios of U.S. Carbon Reductions

Enclosed you will find our comments on the report Scenarios of U.S. Carbon Reductions. We 
appreciate the opportunity to review the report and we trust you will incorporate our comments.



Comments on “Scenarios of U.S. Carbon Reductions” (5 Labs Study)

General comment

The report, Scenarios of U.S. Carbon Reductions, presents a useful cataloging of the 
technological options that could play a key role in reducing greenhouse gas emissions. The 
report does not present the specific policies or the behavioral responses that will trigger the 
adoption or diffusion of these technologies. As such, the report cannot serve as the basis of 
decision-making by top policy-makers (as opposed to background detail that others may find 
useful). The report as written, however, leaves the impression that these technologies are policy, 
which they are not. The U.S. government does not have directly under its control the decisions 
of private firms and consumers whether to adopt these technologies. The report must be either 
redone to reflect how likely these technologies will be used given the behavioral responses to 
likely policies, or reffamed to reflect what it is-a catalog of technologies that might be used to 
address global climate change. The latter path is more straightforward and could readily be 
accomplished. Among other changes, it is essential that DOE remove references to "net 
savings ’’from the report because this does not reflect the actual costs of implementing these 
policies.

Our specific comments follow.

Executive Summary

1) paragraph 3: The point regarding the opportunity to reduce emissions through “a vigorous 
national commitment” should be explicit that this commitment is implemented through federal 
policies. To state that 120 MMTCE can be reduced by “energy efficiency alone” seems to imply 
that these reductions are free. These reductions through energy efficiency are induced by 
aggressive policies, and the statement should reflect that. The subsequent discussion of 
reductions with carbon permits should also reflect that the level of reductions can occur only 
through a carbon pricing policy in addition to any non-price policies (e.g., standards).

2) Paragraph 4: Estimates of energy cost savings should not be provided unless and until an 
adequate estimation approach is used to calculate cost savings.

3) Paragraph 5: This paragraph should really concentrate on the point that this study identifies a 
vast array of technologies that may reduce carbon emissions through climate policy. This is the 
true strength of the study, and it should be emphasized more.



Chapter 1

4) The entire study is premised on two sets of undefined policies: an “aggressive” or 
“invigorated” public sector effort to stimulate energy efficient technology adoption (efficiency 
case) and a “very aggressive” public sector effort to stimulate technology development and 
adoption (high efficiency/low carbon case). The only specific policy instrument mentioned in 
the report is a tradeable permit at prices of $25/ton and $50/ton. The study merely asserts that 
these unidentified policies would result in: 1) “better technology” (p. 2.5); 2) “higher penetration 
rates” (p. 2.5); 3) “changing the capital recovery factor [in industry sector] from 33% to 15%” (p. 
4.6); and 4) “technological breakthroughs” (p. 5.3). These policy effects would result in 
reductions of about 200 MMTCE for “free”: firms and individuals receive energy cost-savings 
greater than or equal to technology adoption costs.

The report specifically states that the efficiency case reduces, but does not eliminate, market 
barriers and that implementation costs are ignored. Policy intervention to eliminate a market 
barrier cannot make society better off and generally makes society worse off to the extent that it 
imposes costs. In particular, a set of climate change policies to stimulate technology adoption 
could increase efficiency, but only because they also decrease the effect of a market failure 
(carbon emissions). Social welfare is improved because the net benefits of indirectly fixing the 
market failure exceed the costs of removing the barriers. If carbon emissions are appropriately 
priced (assuming in this case that $50/ton is the correct carbon price), a policy to remove a 
barrier will generate negative net benefits. High adoption rates will be realized once prices rise 
enough for some technologies to clear the barriers.'

The economics literature has identified several barriers that help explain the slow rate of 
technology adoption.^

• Qualitative attributes of technologies can affect adoption. Consumers of technology 
prefer technologies because of a set of characteristics, not just energy efficiency. For 
example, some consumers may purchase a product with a lower efficiency because the 
former is more reliable than the efficiency-superior product.

’ In contrast, policy intervention to address a market failure (such as unpriced carbon emissions) may well 
make society better off, depending on the stringency of the intervention.

^ For a review of these issues, see Gilbert Metcalf and Kevin Hassett, “Measuring the Energy Savings 
from Home Improvement Investments: Evidence from Monthly Billing Data,” National Bureau of Economic 
Research Working Paper 6074, June 1997; Jeffrey A. Dubin and Daniel L. McFadden, “An Econometric Analysis 
of Residential Electric Appliance Holdings and Consumption,” Econometrica, vol. 52, no. 2, 1984; Adam B. Jaffe 
and Robert N. Stavins, “Energy-Efficiency Investments and Public Policy”, Energy Journal, vol. 15, no. 2, 1994; 
Albert L. Nichols, “Demand-Side Management: Overcoming Market Barriers or Obscuring Real Costs?” Energy 
Policy, vol. 22, no. 10, 1994; Jerry Hausman, “Individual Discount Rates and the Purchase and Utilization of 
Energy-Using Durables,” 5e//Jo«rna/o/£co«o/w/c5, vol. 10, 1979.



• New technologies may be costly to integrate with existing ones. Until all components of 
a complex system are fully depreciated it may make sense to replace energy inefficient 
components with another like-wise inefficient component.

• Uncertainty of future energy prices, or constraints on the ability to borrow capital may 
make households act as if they have implausibly high implicit discount rates.

• Just because a technology is cost-effective on average does not mean that it is cost- 
effective for all individuals. Those who may use the device less intensively may find it 
optimal to purchase a less efficient model.

These barriers clearly demonstrate that investments to minimize energy costs are different from 
investments to minimize the total costs of production.

The study provides a crude estimate of the costs to government of lowering market barriers to 
achieve the estimated emissions reductions. A sense of the likely costs can be derived by 
evaluating the experience of the Climate Change Action Plan (CCAP). CCAP promotes carbon 
reductions through a broad array of voluntary programs that stimulate “cost-effective” 
technology adoption by private firms. Participation by a firm in a CCAP program is supposed to 
reduce carbon emissions and to offer financial returns.^ We do not address an important 
threshold question of why cost-minimizing firms would ever need any need help from 
government programs to take actions that would lower their costs.

CCAP received appropriations totaling $494 million (1995$) during the FY95 - FY97 period.
We assume that these costs are distributed uniformly over the three years. During this period, the 
Department of Energy and the Environmental Protection Agency can account for reductions of 
14 MMTCE (see attached table). Evaluating the cost effectiveness of these programs requires an 
assumption about emissions reductions in the outyears. Since the programs are persuading firms 
to adopt innovations that offer financial returns, we believe that the firms would soon have 
adopted them in the absence of the programs. Thus the emissions reductions might last for 
several years. To develop illustrative cost estimates we assume between 2 and 7 years of 
emissions reductions. We describe our estimates given the assumption of 2 years; the method for 
the assumption of 7 years is identical.'' Assuming constant effectiveness of program 
expenditures, the emissions reductions attributable to past expenditures would grow from 2.8 
million tons in the first year to 5.6 million in the second year and third years, and then decline to 
2.8 million tons in the 4th year, before falling to 0 in the 5th and subsequent years. The ratio of

^ Note that CCAP efforts are incorporated in the AE097 baseline.

This analysis was conducted based on the June 10 draft that stated 180 MMTCE of reductions associated 
with government programs could be expected under a “very aggressive” set of policies. Since the August 1 draft 
notes that more non-price policy induced reductions would be expected, the cost estimates provided in this 
discussion underestimate the program costs associated with this greater number of reductions.



the present value of these costs and of these tons is $33/ton using a 7 percent discount rate. Thus 
taking into account the lag between program expenditures and emissions reductions, the average 
cost effectiveness is $33/ton (with a 7 year assumption the cost effectiveness is $ 13/ton). 
Assuming constant program effectiveness would imply Federal costs of $5.9 billion per year 
(with the 7 year assumption the total cost estimate would be half as much.)

We believe that there are several good reasons to think that the cost of reducing emissions will 
rise, however, as these or similar programs are expanded. For example, if the potential adopters 
differed in terms of their cost savings (or willingness to adopt iimovations) then the government 
program would encounter diminishing returns as it tried to reach the less receptive users of 
technology. Suppose that the (marginal) program cost effectiveness deteriorated by 10 percent 
every time the annual reductions in emissions grew by as much as the annual reductions implied 
by the current program. In this instance the marginal cost of achieving 180 million tons of 
emissions reductions would be about 21 times greater than the marginal cost of the existing 
program, and far in excess of reasonable values for a ton of carbon emissions averted. In this 
case the total cost of the program would be $45 billion per year. Similar assumptions for the 7 
year case would lead to total costs of nearly $7 billion per year, and marginal costs of $80/ton. 
Thus we believe that the cost of a government program to ensure energy reductions of 180 
million metric tons of carbon could easily run into many tens of billions of dollars per year. In 
addition, the marginal cost-effectiveness of these programs could substantially exceed reasonable 
estimates of the value of carbon emissions reductions.

Of course the government might choose to achieve these reductions using command and control 
type regulations, such as national building codes, or increasingly stringent CAFE standards. 
These would substitute private sector costs for government administrative costs.

5) 1.1, paragraph 1: Sentence 3 should note that “the improved performance and increased 
penetration of efficient and low-carbon technologies” are program- and price-induced.

6) 1.1, section 1.1, purpose 1: The statement about a “vigorous national commitment” should be 
explicit that this means a commitment through government programs.

7) 1.4, Table 1.1; The study notes that it employs ElA’s Annual Energy Outlook 1997 
projections for the business-as-usual case in 2010 with a modification to the transportation 
sector. However, the numbers in this chart do not match up with the numbers in the AE097 
reference case. In fact, they are much closer to the AE097 low economic growth case (for 
industry and buildings). We assume that the labs study is using the reference case from AE097 
since it uses the reference case carbon emissions for 2010. If this is the case, then the following 
should be the sectoral breakdown of energy consumption (AE097, pp. 97-99, and pp. 125-127):



Buildings: 36.81 quads
Residential: 20.83 quads
Commercial: 15.98 quads

Industrial: 39.69 quads
T ransportation: 31.39+ quads^
Total: 107.89+quads

If the labs study employs the low economic growth case, then it should state so explicitly in the 
report and explain why this case, as opposed to the reference or other cases, was selected. 
Otherwise, the AE097 numbers should be used.

8) 1.6, Table 1.2: The 2010 BAU carbon emissions for buildings and industry seem not to match 
the AE097 reference case emissions for these sectors. AE097 projects carbon emissions to be 
576.1 MMTCE for buildings (residential: 321.4; commercial: 254.7) and industry to be 548.5 
MMTCE in 2010. This implies that, with the adjusted transportation emissions, BAU should 
total 1740 MMTCE, not 1720.

9) 1.8, Table 1.3: The study states that it employs the Annual Energy Outlook business-as-usual 
(BAU) forecast for the buildings and industry sectors, with modifications that are “not greatly 
different from the El A case” (p. 1.2) for the transportation sector.* The one modification stated 
in the study affects the fuel efficiency of the light duty vehicle fleet. While AE097 assumes that 
fuel efficiency will increase in the future, the labs study assumes that fuel efficiency will remain 
constant. This change should result in a slower rate of energy efficiency improvement in the 
economy under business as usual conditions.

The AE097 BAU forecast assumes an improvement of energy efficiency of 0.9% per year 
through 2015 (annual E/GDP = -0.9%) (AE097, p. 4). The study assumes energy efficiency 
improvement under BAU occurs at a rate of 0.77%. This difference appears to be somewhat 
significant. Inferring from the transportation chapter (table 5.1), this report states that energy use 
would increase 0.9 quads over the AE097 reference case. CEA contacted Art Andersen at the 
Energy Information Administration to determine how much of an effect holding fuel efficiency 
constant would have on the E/GDP ratio.^ According to Andersen, constant fuel efficiency 
would “disappear in the rounding” in the E/GDP ratio. He stated that this assumption would

* The 1997 AEO projects transportation energy consumption to be 31.39 quads in 2010. With the labs 
study assumption regarding constant fuel efficiency, the projected energy consumed in this sector should increase. 
Although the text never explicitly states the extent of this increase, we inferred that it is 0.9 quads. However, since 
Andersen informed us that the increase would be 0.6 quads, we assessed both in a subsequent comment.

* The labs study also modified the electricity sector forecast, but that modification is not relevant to our 
discussion of the energy efficiency of the economy.

^ Art Andersen is the Director of the Energy Demand and Integration Division, El A.
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result in energy use increasing by 0.6 quads in 2010 over the reference case. CEA recalculated 
the E/GDP ratio used in the AE097 BAU to account for this extra energy use (assuming GDP 
remains the same across these cases), and found that annual E/GDP would decrease 0.86% under 
the constant fuel efficiency assumption (0.6 quads case). With the inference from the 
transportation chapter, the annual E/GDP rate would be -0.85% (0.9 quads case). The labs study 
BAU assumes fewer energy efficiency improvements than should be expected under these 
adjusted BAU scenarios.

Two related implications arise from this. First, since the study employs a modified version of the 
AE097 energy use forecast, it should modify the AE097 carbon emissions forecast. With a 
slower improvement in energy efficiency under the lab study assumptions, the 2010 BAU carbon 
emissions should be greater than the 1722.4 MMTCE in AE097 (AE097, p. 120). As we note in 
the previous comment, by incorporating the AE097 reference case carbon emissions for 
buildings and industry, the BAU should be about 1740 MMTCE. This obviously implies that 
more reductions will be necessary to stabilize emissions at the 1990 level in 2010.

Second, the carbon reductions calculated for the various scenarios in this study are based on this 
-0.77% E/GDP BAU. This implies that some of the carbon reductions claimed under the 
efficiency and high efficiency cases actually occur in the -0.86% BAU. This double-counting 
could be significant. The CEA-generated BAU (0.6 quads case) accounts for 17% of the E/GDP 
gains assumed in the efficiency case (see attached chart).* The alternative CEA-generated BAU 
(0.9 quads case) accounts for 15% of the E/GDP gains assumed in the efficiency case. Assuming 
that E/GDP and carbon reductions are perfectly correlated (given that the efficiency case 
involves no fuel switching, this is reasonable), then the efficiency case overestimates emissions 
reductions by 18 to 20 MMTCE.

The text should explain why the lab study E/GDP ratio differs from the AE097 ratio since it 
does not seem to result exclusively from keeping fuel efficiency constant. Further, the 2010 
BAU emissions reductions should reflect the E/GDP ratio (whether it is -0.77%, -0.85%, -0.86%, 
or some other rate) used in the study.

10) 1.11, Table 1.4: It would be valuable to understand the effect of non-price policies and 
permit prices on the carbon reductions. Could you break down the high efficiency cases into two 
categories: non-price policy induced and permit induced technology adoption?

11) 1.12, paragraph 1: The discussion on government programs costing 15% of investment costs 
should include references to the literature that have estimated this percentage. Does the literature 
describe the marginal costs for government programs, or does it just provide this average cost 
value? Consistent with the literature on technology adoption, the marginal costs should not be

The AE097 BAU would capture 25% of the efficiency gains in the efficiency scenario.
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assumed to be the same for all units of adoption. In fact, it is likely that the marginal costs 
increase for higher rates of adoption.

12) 1.12, paragraph 1; The text in this paragraph notes that government costs in the best estimate 
case are 15% of total investment costs, while figure A-1.1 on p. A-1.2 indicates that the costs are 
7% of investment costs for the end-use sectors and 1% for the electricity sector. Which costs are 
correct?

13) 1.12, paragraph 1: The text notes that “one could argue that... a social discount rate” of 3% or 
7% should be used. Alternatively, one could argue that since these analyses assess private 
decisions on technology adoption, that private marginal rates of time preference should be used 
that reflect “current market behavior”. This analysis is not attempting to conduct a social 
benefit-cost analysis. Rather, it is attempting to model the private individual or firm’s benefits 
and costs associated with a technology adoption decision. Since this report projects technology 
adoption assuming a set of aggressive policies, the rates of time preference actually used by 
individuals and firms should be used in assessing the extent of adoption.

Further, the report should not rely on government fiat to lower discount rates. It is very difficult 
to lower people’s time preferences through policy. Government programs do not increase 
adoption rates by lowering time preferences, but by lowering the costs of adoption or increasing 
the benefits of adoption. For example, government programs cost-share the adoption of 
environmentally-benign agricultural production techniques through the Environmental Quality 
Incentives Program. Farmers still employ the same discount rate, but their stream of costs are 
lower because of the government subsidy, and so adoption increases. The report should not 
assume that government policies can lower private time preference rates, but rather that 
government policies can affect the stream of costs and benefits of an adoption decision.

14) 1.12, paragraph 5: Again, until the complete costs of investment and accurate cost-savings 
can be estimated, the text on net benefits should be deleted.

15) 1.13, Table 1.5: The estimates of carbon reductions under the alternative view do not appear 
to match with the carbon reductions in table A-1.2 on p. A-1.5. It seems implausible that 
discount rates could double and have no effects on any technology adoption decision in this 
report. Are the numbers in the appendix the right set? Is it true that every single energy efficient 
technology adoption decision is cost-effective under the “best estimate” discount rate and the 
“alternative view” discount rate? If these technologies are such big winners, then why aren’t 
people and firms already adopting them?

«16) 1.14: Unless and until the costs and cost-savings issues are adequately addressed, estimates 
of net savings should be omitted.

17) 1.15, paragraph 3: As stated in the executive summary comments, the text should not state 
“energy efficiency alone can take the nation 30 to 50% of the way to 1990 levels.” If energy



efficiency could achieve these reductions “alone”, there would be no need for an invigorated 
federal policy effort. It should be explicitly stated that policy instruments to achieve this goal are 
omitted from the analysis.

Chapter 2

18) 2.6, transportation sector bullet: The text states that the transportation sector analysis uses a 5 
year time horizon. However, the description of the best estimate and alternative view cost 
effectiveness calculations on p. A-1.10 indicate that a time horizon of 14 years was used.
Further, the transportation chapter indicates that the cost effectiveness analyses were conducted 
using a 6% discount rate in combination with a decline in usage and depreciation to calculate fuel 
savings (p. 5.45). The footnote to table 5.9 implies that the analyses used a 14 year time horizon 
as well. The report should clarify these inconsistencies.

Chapters 3-7

19) There does not appear to be any discussion of the $25/ton permit scenario in these chapters. 
Further, the appendices do not explicitly detail this case. The results from this scenario need to 
be documented in the text and in the appendices. For example, it is impossible to identify the 
penetration rate for this scenario in the buildings chapter (see p. 3.3). The industry chapter 
discusses three scenarios: BAU, efficiency, and high efficiency (p. 4.2). The descriptions of the 
high efficiency case in transportation on p. 5.3 and p. 5.31 do not even mention a permit price. 
The electricity sector appears to only consider a $50/ton permit (p. 6.9).

20) The results from the alternative view cost analysis should be incorporated in these chapters.

Chapter 3

21) 3.3: In the context of fully incorporating the effects of climate policy on energy prices, the 
analyses on buildings technologies should be modified. Under the efficiency case, energy 
consumption declines. This scenario should be changed to reflect the downward effect on prices 
resulting from this decreased energy consumption. The result would be to reduce the net 
improvement in energy use resulting from technological advances. The high efficiency scenario 
should reflect two counteracting effects on prices: the decline in energy consumption and the 
$50/ton permit fee. The study ignores the former effect and insufficiently incorporates the latter 
effect. For example, in the buildings chapter, the penetration rate is assumed to be 65% instead 
of 60% of the maximum cost-effective technical potential in this scenario because of the $50/ton 
permit price. However, the energy-cost savings calculations for buildings technologies assume 
the same energy price as in the business as usual scenario. Since the study assumes that 
exogenous, undefined policy influences drive the penetration rates, the penetration rate should be 
set at 60% and the energy cost-savings should be recalculated with the appropriate energy price. 
In addition, the assumed energy use for these technologies should be based on consumers’ 
responses to the lower operating costs. For example, if running an air conditioner becomes less
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expensive with a new energy efficient technology, people will run the air conditioner more. This 
latter effect decreases the carbon reductions associated with each adoption decision.

22) 3.9 and Appendix C-1: The study uses the average cost of electricity to calculate the energy 
cost savings of these technologies. Many of the electricity-dependent technologies are only cost 
effective based on the assumption of average, not marginal electricity prices. Since marginal 
prices may be much lower than average prices, especially in cases where households use less 
electrieity, this may overestimate the extent of cost effective technologies. The analysis should 
be modified using marginal electricity prices.

23) 3.23, box: The text in the box is not clear on the inclusion of fuel cell technology in the high 
efficiency scenarios. The first paragraph states that fuel cells were not included in the main 
building sector scenarios. However, emissions reductions of 3 MMTCE from fuel cells are listed 
under buildings in Table 1.4 on p. 1.11. Further, the discussion on fuel cells in the text outside of 
this box implies that fuel cell teehnology will not be available until 2020 (since it falls in the 
section “Potential for Advaneed Technologies in 2020"). If the study relies on ADL’s analysis of 
fuel cell adoption, then the assumptions of ADL’s assessment should be provided in an appendix. 
Two issues should be addressed here. First, if fuel cells are projected to be adopted under the 
high effieiency seenarios, then this discussion should be placed in the appropriate section of this 
chapter (not the 2020 section), and the inconsisteneies in the text should be remedied. Second, if 
fuel cells are adopted, then a diseussion of the carbon emissions accounting should be provided 
to ensure that the study does not double count emissions reductions from energy efficient 
technology adoption and from switching energy sources to fuel cells.

24) 3.29, summary bullet two: This states that the high efficiency scenario yields 91 MMTCE of 
carbon reductions from the BAU emissions level. However, Table 1.4 indicates that only 44 
MMTCE of reductions occur under the $25/ton permit price and only 62 MMTCE of reductions 
occur under the $50/ton permit priee. Which carbon reduction estimate is correct?

Chapter 4

25) 4.6, paragraph 4: The analysis assumes that the capital recovery factor falls by more than 
half This appears to be an arbitrary reduction. Did industry behave as if it operated under a 
lower CRF during the 1970s oil shocks? There is no discussion of the economic behavior 
necessary to result in this outcome.

26) 4.6, paragraph 4: The high efficiency penetration rate is assumed to be double the rate used in 
the efficiency scenario, which is the undefined “normal” rate. It is impossible to determine how 
much of this doubling of penetration results from undefined, aggressive policy efforts and how 
much results from the permit price. It would be valuable to understand the relative impacts of 
both.



27) 4.13, paragraph 4: The text states that the high efficiency case causes an acceleration of 
capital retirement, but does not estimate these costs. Could you estimate the costs of early 
retirement? If not, can you provide some information on the extent of early retirement (e.g., 
percentage of capital retired early under this scenario)?

Chapter 5

28) Does this sectoral analysis consider the impact of a permit price? Neither the $25/ton permit 
nor the $50/ton permit are mentioned in the entire chapter. Do all improvements in fuel 
efficiency and cellulosic ethanol result from non-price policy responses? As the report states, a 
degree of “luck” is required to achieve the necessary technological breakthroughs to result in the 
projected carbon reductions. However, without a price incentive, the probability of the nation 
becoming “lucky” appears more unlikely. If this analysis does not incorporate the permit prices, 
then this should be made explicit in the discussion of the high efficiency case.

29) The methodology for this sector is insufficiently transparent to grasp easily the impact of 
technology development and adoption on carbon reductions. Further, the appendices for 
transportation do not provide the details to remedy the shortcomings in the chapter. It is difficult 
to compute carbon reductions from increases in fuel efficiency. The text should take the reader 
through the process of piecing together all of these energy efficient technologies, illustrating the 
final effect on fiiel economy, and then translating this into carbon reductions.

30) 5.4, Table 5.1; Why do the energy consumption numbers for this sector in 1997 vary across 
scenarios? We understand that the start year for the scenario analyses is 1998 (e.g., refer to Table 
4.8 on p. 4.12 that implies 1998 as the start year for assessing cumulative incremental 
investment).

31) 5.21, paragraph 2: Does the assumption about reducing technology costs reflect any 
empirical analysis on transportation technologies? For example, the 1970s oil shocks and fuel 
efficient imports spurred domestic fuel efficiency R&D. Does this analysis incorporate 
information about accelerating technology development and lowering technology costs that may 
be available from this earlier period?

32) 5.23, paragraph 3: As we have noted before, it is difficult to modify consumers’ preferences. 
Assuming that the demand for horsepower will decrease because consumers will become “more 
green” over the next decade appears tenuous. This statement is repeated on p. 5.32. Is there any 
evidence that concern about global warming has affected consumers’ purchase decisions to date?

33) 5.25, paragraph 1: If the turbocompound diesel engine and the advanced LE-55 heat engine 
are not available in the reference case (which implies that the earliest these are available is 2016), 
then how are they made available by 2003? Is there any precedent for accelerating transportation 
technology from a time horizon of at least 18 years to a horizon of only 5 years? How do these



engines conform to present emissions standards for particulates and NO^ and how will future 
standards under the new ozone and particulate matter rules affect them?

34) 5.25, paragraph 1: The efficiency case assumes that advanced drag reduction in heavy trucks 
has become available this year, but this is excluded from the reference case. First, has this 
actually occurred? Second, if it has already occurred, then why is it excluded from BAU?

35) 5.25, paragraph 4: Again, the assumption of reducing a technology price appears arbitrary. 
What is the basis for assuming that the trigger price for heavy truck technologies will fall?

36) 5.25, paragraph 5: The efficiency analysis assumes penetration rates of 100% for several of 
the heavy truck technologies over a 20 year period. This seems incongruous with the 
assumptions in the other sector analyses that imply much lower penetration rates. 100% 
penetration of a technology within 20 years, that is not expected to be available 18 years from 
now in the BAU, appears to be an extreme and unsubstantiated assumption.

37) 5.32, paragraph 1: The analysis assumes that fuel cells, because their costs are unknown, will 
be cost effective. This is an entirely arbitrary assumption, especially for a technology that is not 
even projected to become available in the BAU scenario. There is absolutely no economic basis 
for this assumption. This assumption is all the more extraordinary given that this analysis does 
not (apparently) incorporate the impacts of a carbon permit on fuel prices.

38) 5.36, Table 5.7: If the scenarios overestimate fuel economy, as stated in the footnote, then the 
numbers should be revised to remedy this error.

39) 5.38, paragraph 2: The modification of assumed improvement of fuel efficiency by 
multiplying the expected improvement by 0.7 to reflect offsetting performance effects, appears 
arbitrary. Why wouldn’t the fraction be much smaller? The introduction to this chapter indicates 
that almost all improvements in fuel efficiency are offset by performance effects. Why would 
only 30% of fuel efficiency improvements in the future be offset?

40) 5.45: The chapter is not explicit about its accounting of fuel efficiency improvements in light 
duty vehicles and the change in the fuel mix reflecting an increase in cellulosic ethanol and the 
use of fuel cell technology. We cannot determine if carbon reductions are double counted. The 
study does not discuss how cellulosic ethanol and fuel cells are accounted for in the energy cost 
savings description on pp. 5.43-5.45. If the reductions from fuel efficiency and the reductions 
from cellulosic ethanol and fiiel cells do not overlap, then this should be stated explicitly. Again, 
a more transparent presentation of the methodology would address the readers’ uncertainty about 
this issue.

41) 5.45, Table 5.9: The cost effectiveness estimates assume a constant price of $1.20 per gallon 
through the life of the vehicles. The gasoline price should be adjusted down to reflect the impact 
of decreased gasoline consumption due to fuel efficiency. Further, vehicle miles traveled should

11



increase through time as cars become more fuel efficient, consistent with the trend to date, 
instead of held constant.

Chapter 7

42) 7.1, paragraph 2: If the report has eliminated the double counting in this sector evident in the 
June 10 draft, then the sentence that states that double counting is “a likely possibility” should be 
deleted. A reference to appendix G-2 should be inserted.

43) 7.2, paragraph 3: Again, if the double coimting has been remedied by integrating the 
dispatching and repowering analyses, then the following sentence should be modified: “The 
analytical approach was static in that the cost of repowering was computed for each candidate 
power plant but the analysis did not optimize unit/plant production cost, dispatch, or system 
load.”

44) 7.6, paragraph 5: The reference to appendix G-2 appears to be wrong. This reference implies 
that appendix G-2 provides a methodology for SO2 and NOx benefits. Nothing in the text of 
chapter 7 reads as if the double counting issue from the June 10 draft has been resolved.

Appendices

45) A-1.9: The alternative view cost-effective estimates for buildings assumes an 18 year time 
horizon. However, the methodology discussion on p. 2.5 states that a “technology is defined as 
‘cost-effective’ if it delivers a good or service at equal or lower life-cycle costs relative to the 
current practice”. If cost-effectiveness is measured in terms of a technology’s life cycle, then 
shouldn’t the time horizon for calculating the stream of benefits be constrained by the life of the 
product? It is not possible for a technology to generate cost savings beyond its lifetime. In the 
buildings case, the end uses with the largest potential carbon reductions in the high efficiency 
case are other uses (10 MMTCE commercial, 6 MMTCE residential) and lighting (7 MMTCE 
commercial, 6 MMTCE residential). These account for 29 of the 62 MMTCE of reductions for 
this sector. However, the lifetimes for these end uses are much shorter than 18 years. For other 
uses, the lifetime ranges from 7 (commercial) to 10 years (residential). For lighting, the lifetime 
ranges from 1 (residential) to 12 years (commercial). The cost effectiveness estimates should be 
recalculated using specific end use lifetimes.

12



Summary of Greenhouse Gas Emissions-Reduction Actions 
Million Metric Tons of Carbon Equivalent

Action
Number

Action Title 1993 Action 
Plan Estimate 

for 2000

1997 U.S. CAR 
Revised Estimate 

for 2000

Actual 
Reductions 

to DateResidentia & Commercial Sector Actions 26.9 10.3New Rebuild America 2.0 1.61 and 2 Expanded Green Lights and Energy
Star Buildings

3.6 3.3 -
3 State Revolving Fund for Public 

Buildings
1.1 Tenninated

4

5

Cost-Shared Demonstrations of 
Emerging Technologies
Operation and Maintenance Training 
for Commercial Building Facility 
Managers and Operators

3.8 0.0 "

0

7
Energy Star Products 5.0 4.3
Kesiaential Appliance Standards 6.8 0.28 and 11

9
10

Energy Partnerships for Affordable 
Housing
Cool Communities
Update State Building Codes

4.4 0.4 ..
New Construction of Energy-Efficient 

Commercial and Industrial Buildings 0.1 -
New Superwindow Collaborative 0.0New Expand Markets for Next-Generation 

Lighting Products 0.2 ...
New Fuel Cells Initiative 0.0Industrial Sector Actions 19.0 4.812 Motor Challenge 8.8 1.813

14
Industrial Golden Carrot Programs 
Accelerate the Adoption of Energy- 
Efficient Process Technologies

2.9 Merged into A 
Terminal

ction 12 
ed

15 Industrial Assessment Centers 0.5 CCAP Component Terminated
16 Waste Minimization 4.2 2.117

18

Improve Efficiency of Fertilizer 
Nitrogen Use
Reduce the Use of Pesticides

2.7 0.8

TerminatedTransportsitlon Sector Actions 8.1 5.319
20
21

Cash Value of Parking
Innovative Transportation Strategies 
Telecommuting Program

6.6 4.6 -
22 Fuel Economy Labels for Tires 1.5 0.7Energy Su|pply Actions 10.8 1.3 —23 Increase Natural Gas Share of Energy 

Use Though Federal Regulatory
Reform

2.2 Terminaled



Action
Number

Action Title 1993 Action 
Plan Estimate 

for 2000

1997 U.S. CAR 
Revised Estimate 

for 2000

Actual 
Reductions 

to Date
24 Promote Seasonal Gas Use for Control 

of Nitrogen Oxides
2.8 0.5 -

25 High-Efficiency Gas Technologies 0.6 Terminated
26 Renewable-Energy Commercialization 0.8 0.3 r27 Expand Utility Integrated Resource 

Planning
1.4 Terminated

28 Profitable Hydroelectric Efficiency 
Upgrades

2.0 0.0 ~
29

30

Energy-Efficient Distribution 
Transformer Standards
Energy Star Distribution Transformers

0.8 " 0.5

»

“

31 Transmission Pricing Reform 0.8 Terminated
New Green Power Netwoilc Not included 0.0

Land-Use Change & Forestry Actions 10.0 2.4
43 Private Depletion of Nonindustrial 

Private Forests
4.0 Terminated

44 Accelerate Tree Planting in 
Nonindustrial Private Forests

0.5 0.4 -
16 Waste Minimization 4.2 2.0
9 Expand Cool Communities 0.5 To be determined

Methane Actions 16.3 15.5
32 Expand Natural Gas STAR 3.0 3.4 __33 Increase Stringency of Landfill Rule 4.2 6.3
34 Landfill Methane Outreach Program 1.1 1.9 __35 Coalbed Methane Outreach Program 2.2 2.6
36 RD&D for Coal Mine Methane 1.5 Terminated
37 . RD&D for Landfill Methane 1.0 Terminated
38 AgSTAR Program 1.5 0.3 ••39 Ruminant Livestock Efficiency

Program
1.8 1.0 -

Actions to Address Other Greenhouse Gases 16.3 25.4
17 Improved Fertilizer Management 4.5 5.3
40 Significant New Alternatives Program 5.0 6.4
41 HFC-23 Partnerships 5.0 5.0 __42 Voluntary Aluminum Partnership 1.8 2.2

New Environmental Stewardship Initiative Not included 6.5 __Foundation Actions 11.3 _Climate Wise Not estimated 1.8 __Climate Challenge Not estimated 7.6
State and Local Outreach Programs Not estimated 1.9 —Total GHG Emission Reductions From CCAP 108.6 76.0 14.0

Data is not readily available for cumulative emissions reductions for many CCAP programs. Emissions 
reductions of about 5 MMTCE can be attributed to DOE’s CCAP programs. EPA’s Office of Air and 
Radiation is responsible for emissions reductions of about 9 MMTCE through their CCAP programs.



Improvements in Efficiency, 1997-2010 Under Alternative 

Annual E/GDP Rates
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department of the treasury
WASHINGTON, D.C. 20220

August 21, 199 /

■■

memorandum for t. j. glauthier
JOE ROMM

FROM; 

SUBJECT;

Robert Gillingham'
Jonathan Gruber
Comment,on the ■5-bbB-St„dy

The 5.1ah, study d»s a ve^V -e^>>^“tt%rhX:rrl" 

path of technological role technology will play in mitigating
what government can or should '1° “ ^ contribution of the report is to document
the growth of carbon emissions. Ip ■_ accrue if U.S. consumers and
energy sav.ngs and cases, reasonably andcipated,
businesses move closer to the current a , “cost-effective,” the report
technology frontier. Despite Its efforts ] ^ actuaUy get consumers and
does not address the policies nor does it pres
businesses to adopt the techno ogies believe that the results of
assessment the societal costs that would ac ue ^ ^ but not as
the report should be presented as an accountmg^ofjha^^
a description of what shoul e . ■ ^ j-^e energy and emissions that would be
refrigerators is best ^ energy-efficient models, rather than a policy

=ut.Kr;r;ri=« i.«..... —°'Te“appr«!ltld .he opportun.ty to road and common, on .ho report. We have attached 

■e deladod comments that we hope you find useful.
more
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COMMENTS ON SCENARIOS OF U.S. CARBON REDUCTIONS 

Scenarios of U.S. Carbon technologies to reduce
examines the “potenU^ for energy  ̂ of

trim'sri: x:.7 i>“-r "js™.—
r.sir,technologies that currently , ^ ^ n ^ makes somewhat arbitrary
determines whether they are Although the analysis
assumptions about the rate at w technologies, cost-effectiveness
is couched m terms of the adoptao on whether decision-makers are
is not rigorously defined; no evidence p ^ ^ recognize that the paper
or are not acting m to invest in energy efficiency. The
does rwt demonstrate an irratuW codes is necessary to ensure
paper suggests that t^ie ad^ ^ demonstration is made. In other
appropriate consumer ^ n’resent evidence on the costs to either society

The study reaches three overarching coadusions:

^ effit"bw“carbr“glLh^^^^

=“=rr.r.3:.“:==r3“.
emissions. ,> Carbon emiasiona can be reduced in »aya that reduce energy costs orore than 

they increase other societal costs.
0 we guestion t^ "Sn"

1"“ ^ved'iH’^gy ^ciency. It dso aubstantiaUy understaws the 

costa of government poUciea to promote technology.
> The next generation of energy-effident and low-carbon technologies promises to
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enable the continuation of an aggressive pace of cost-effective carbon reductions

over the next quarter century. , ct nvprlv
♦ Again, absent a careful ^sportatiorsector, the

“ttrt:
they wiU pass ngorous cost-benefit tests, espeaauy
price signals. . ,

Tbemethodo^u^dinfte^^«tom^JJ*e^^y^

end-users of „alvze the electric utility sector. For each
rj“d?tvS;"e scen^os-busme^-asw, efficiency, and high-
effide’ncy/low cibon. They are conceptually defined as foUows.

X, • ,nl mAlJ) Best estimate of future energy use given current
" dL J; stocb t_ »d — ^esa ffi the efficrency

of new equipment. Assumes no change in federal pohcies.
V. n^rWFF) Likely market penetration of “co3t-efeective.”energy-effiaent

given “an invigorated effort to promote energy effiaency through 
^^Ld pubtic and private-sector R&D and market transformation activities.

“d™e the creation of a market value for carhon of $25 and $50 per tonne.

With the exception of the -ge d embon e™ W

below.

Buildings i

M® 'S-

past and m lha BAU scttnario, would be very useful.

— 2 -
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that en^eenn. estimates af ^ “S w^e

With certainty and ind^endent of ^ g estimates is likely to
technology is embodied. There is evi perfectly installed; consumers
overestimate savings (c.g., attic ms a aoohances or consumers may add
may increase usage rates for energy-efficient
more windows when their ^ the future prices of both capital
the trends and uncertamty -X^^^^Vr^ev'rsffiiht^ of Lvestment decisions 

goods and energy as well as th p toward explaining high measured
Uper treatment of these jasueasoea^lon^^tow^d^e^P^ ^ ^ ^

effectiveness” ofinvestments in energy effiaency.

j2'r.=;:r.-s”^s=£=~sS
effective under a different enough, but the failure to explam
W pricrwol Change the dedaion-maiing calculus in the HE/Ul case is

even worse. ,

S.-S: srj?=.s s.rriSr. *.^ rth“l9Sl®1o7J^:d^rr«lle the ^e of sa^g
^mefta to EFF cL should be incorporated in to BAU case? Or m to BAU

vumecesszirily pessimistic?

torr°"is^alth.m™a.^b™^^
energy m used in the n^ce understanding of these

rs. «r. s .ts:.»
6074, June 1997.

r S,„ a„o.rt p^odyek. -'--itaar. 'Crr. oi
Sr.: An Anp,ie.U.n .« C„nn UpKU nnd ^
p7i^ Analysis and Mana^emerU. Vol 14, No. 4, 1995, for an a,phcat.on.

— 3 —
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category-
accounts for most of the presumed savings?

Modeling System (NEMS). whiA tusiness-as-usual scenario is the
that investment on ener^ us . ef&ciency scenario assumes that the
Energy Outlook (^O) f energy-effident investment in the LIEF is

=5 X.
to those in the analysis of the ,,,Umnly

The study models investment uiuestment is reduced by more
assuming that the rfam^^emn approach, nor are any policies
than 50 percent. No raUonale P Rather it is simply a device to mcrease
posited that would lead to ®“*'a„;Vabom hLdle rates beg critical
investment. As noted above, ar * changing relative prices and irreversibility

" - - -».»-«— 

behavior,itimpUcitly assumes t^tbeWor.

The HE/LC scenario d^e^ „odel “provides a mechai^m for
rates and ignores price effects Ihe technology as a function of energy
evaluating general investment -J^^r pnces"^ evaluating the HE/LC 

prices, capital recovery rates, and carbon prices that are part of
scenario, the study i^ores P^o^w penetration rates for new technology
this scenario. Instead it ossu g makes no attempt to demonstrate

potentially costly re^^ or ta^ credits, regulation and
S p" and “Other e^nomic incentive

programs.'’

ergy (ifTiciency, as does the drpp m llie Cfl-F.
4 A 550 carbon foe would cerUmly increase however. Ageip. uncertainly

— 4 —
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Out.00. (AEO, « case adi^^d .
in light-duty vehicle fuel economy. certain key technologies

provides no reason why this n^ht include any economic

- “^ p.^es »»

”T'"lna™ ia e.en ^oXus,

breakthroughs. pnmanlymfuel-ceU^^ o^-^^^^^ ^ TOtcome. ... In
HE«.C scenanos 'differ from hi h-effidencyflow-carbon scenario
contrast, because the outcomes pos^ated in th^g^
require technological breakthroug s y harder to achieve the
achieved by 2010.” In other words, we do not neeO to try any
HE/LC scenario; we just have to be lucky.

n. nmriysts ™ts« the AEO 3houl7als"reri:^
" s“ thTSgs postulated relative to the AEO basehne would be

reduced.

''"T'^Xsis of the det^^ty

“s“t^: ’scen^o is ^

2010. The demands on thm ^ scenarios. These results are

^:ri^rsrr^*Ioevai--cmb^^
fe^rc:Z:?n^7ons^"-tri:!“ response ?o .5 and S50

caib^pncM. ^ scenarios predict substantial reductions in electricity
The EFF and predict reductions of 9 and 16 percent.

demand from baseline. ,i„T«onrl relative to BAU. In fact, they assume

^:rrra:7
’”''MTe°rbre ascussiou demonstrates, the study is primarily a catalog of

-5 —
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Neither the determinants of these 
potential improvements in demand behavior are examined,
improvements, nor their unplica stylized scenarios. Without
Rather, the study provides an tweerSe study’s scenarios and the
developing and detailing the rela ^ ^ inappropriate to draw
poUcy mixes that would have W ‘ technology, much less the role of
any conclusions from the Although the study provides no
technology poUcy, m p^Sbities. listing them provides some
'’“SLt STSrpomnSi Acuities in making the scenarios “come true."

> Aggressive R&D. both pu6fe artd '^yettionnrto'hlw'lf TOtiu^^
Zi tor aggressive >>“i P“^™"Tba “ca^^ an extrapolation of
fostered and at what ^ ^ success of this effort is at best
the Climate Change Action Plm. the l^my ^ ^peUo
problematic. Some have ^ g the Apollo project
project. Although this sounds good,
required rechanneling 0.4 “umate change modeling efforts predict that

K™‘SS'l»s" ,TO) 1...S »!•» —U

I of energy-saving 
energy-rf&ciency

that in the absent ^Ix ^e^dits accelerated depreciation, and other tax

spur Uie d-lop-t and ad^»n ^ e^i^™. 

technology. Thm aPP-ach h^ tw^P™blems^^^^_^
investments should not be srn^ effident than incentives for saving
do. dismeentwes for :„..ntives would have to be “paid for” withao. aisu^eniioes for using ener^ J^™Jd bTve to be “paid fo^ with
energy. Second, any subst recent history has demonstrated,
other tax increases and spending cuts. As recent

and standard cou^d go a o g y eji b
anu sv»uu».™ could go a' long hLverwould be

scenarios. The types of ® “n “x Extrusive For instance, standards would 

“""refLrZm^:;:^ts (windows, insulation, em.) andvery pervasive and potenti^y very intn^ve. "sTsuTror^.) and 
ha7e to be appUed to building ““^““em^rap^ces, utility and

Tti.Tmandard setting is a major policy“ structions techni,ues, ““ inatninent,
industrial equipment, etc. ^andards work best if they
achieving the standwds co^d ^ Basing poUcy on this

tCpr that better results depend less on
effort than on luck.

i Tho study (arbitrarily) assumes fJ^pB^nr^^credit would cost 10 percent of

xh« ::rro,d t.:. i.k.n pi- i. d.« .»-<» p-.
w„„w b. -uth,, .0 .. ..m.
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Hi^r prices. The most obvious poUcy to spur energy conservation is to 
increase energy prices. The study presumes a substantial mcrease in prices m 
its HE/LC scenario, but never draws out the impbcations of higher prices for the 
development and adoption of advanced technology. The study pomte out how 
rapidly energy ef&dency improves prior to the late 80s and 90s. This is no

err^tri-frlS^toX'^pri^^
the 80s. A commitment to reduce emissions and mtemal climate costs would 
presumably result in substantial increase in relative prices and accompanying
increases in efi&ciency.

Relative Prices of Consumer Energy

Electricity

Nstural Gai

Gaioline

Under almost any feasible scenario that reduces carbon emissions, the pace of 
technological advance in energy conservation will increase. The importance and 
role of technology are not in question. What is in question is the value of looking at 
technology in a vacuum. The 5-labs study provides a plethora of useful i^ormation. 
It does not present this information in a form that is useM for pohcymaking, 
however. To be useful, it needs to be merged with careful analysis of the 
determinants of both consumer and business investment in energy-savmg

technology.
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Joe Romm
Acting Assistant Secretary for Energy Efficiency 
and Renewable Energy 

U.S. Department of Energy

Dear Joe:

Enclosed you will find our comments on the report Scenarios of U.S. Carbon Reductions. We 
appreciate the opportunity to review the report and we trust you will incorporate our comments.

Sincerely,
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Comments on “Scenarios of U.S. Carbon Reductions” (5 Labs Study)

General comment

The report, Scenarios of U.S. Carbon Reductions, presents a useful cataloging of the 
technological options that could play a key role in reducing greenhouse gas emissions. The 
report does not present the specific policies or the behavioral responses that will trigger the 
adoption or diffusion of these technologies. As such, the report does not present information in 
a form useful to policy making. The report as written, however, leaves the impression that these 
technologies are policy, which they are not. The report must be either redone to reflect how 
likely these technologies will be used given the behavioral responses to likely policies, or 
reframed to reflect what it is-a catalog of technologies to address global climate change. The 
latter path is more straightforward and could readily be accomplished. Among other changes, it 
is essential that DOE remove references to “net savings” from the report because this does not 
reflect the actual costs of implementing these policies.

Our specific comments follow.

Executive Summary

1) paragraph 3: The point regarding the opportunity to reduce emissions through “a vigorous 
national commitment” should be explicit that this commitment is implemented through federal 
policies. To state that 120 MMTCE can be reduced by “energy efficiency alone” implies that 
they are free. These reductions through energy efficiency are induced by aggressive policies, and 
the statement should reflect that. The subsequent discussion of reductions with carbon permits 
should also reflect that the level of reductions can occur only with both non-price policies (e.g., 
standards) and a carbon pricing policy (e.g., replace “assumptions” with “federal policies” in 
sentence 4).

2) Paragraph 4: Estimates of energy cost savings should not be provided until an adequate 
estimation approach is used to calculate cost savings.

3) Paragraph 5: This paragraph should really concentrate on the point that this study identifies a 
vast array of technologies that may reduce carbon emissions through climate policy. This is the 
true strength of the study, and it should be emphasized more.

Chapter 1

4) 1.1, paragraph 1: Sentence 3 should note that “the improved performance and increased 
penetration of efficient and low-carbon technologies” are program- and price-induced.



5) 1.1, section 1.1, purpose 1: The statement about a “vigorous national commitment” should be 
explicit that this means a commitment through government programs.

6) 1.4, Table 1.1: The study notes that it employs EIA’s Annual Energy Outlook 1997 
projections for the business-as-usual case in 2010 with a modification to the transportation 
sector. However, the numbers in this chart do not match up with the numbers in the AE097 
reference case. In fact, they are much closer to the AE097 low economic growth case (for 
industry and buildings). We assume that the labs study is using the reference case from AE097 
since it uses the reference case carbon emissions for 2010. If this is the case, then the following 
should be the sectoral breakdown of energy consumption (AE097, pp. 97-99, and pp. 125-127):

Buildings: 36.81 quads
Residential: 20.83 quads
Commercial: 15.98 quads 

Industrial: 39.69 quads
Transportation: 31.39+ quads'
Total: 107.89+quads

If the labs study employs the low economic growth case, then it should state so explicitly in the 
report and explain why this case, as opposed to the reference or other cases, was selected. 
Otherwise, the AE097 numbers should be used.

7) 1.6, Table 1.2: The 2010 BAU carbon emissions for buildings and industry do not match the 
AE097 reference case emissions for these sectors. AE097 projects carbon emissions to be 576.1 
MMTCE for buildings (residential: 321.4; commercial: 254.7) and industry to be 548.5 MMTCE 
in 2010. This implies that, with the adjusted transportation emissions, BAU should total 1740 
MMTCE, not 1720.

8) 1.8, Table 1.3: The study states that it employs the Aimual Energy Outlook business-as-usual 
(BAU) forecast for the buildings and industry sectors, with modifications that are “not greatly 
different from the EIA case” (p. 1.2) for the transportation sector.^ The one modification stated 
in the study affects the fuel efficiency of the light duty vehicle fleet. While AE097 assumes that 
fuel efficiency will increase in the future, the labs study assumes that fuel efficiency will remain

' The 1997 AEO projects transportation energy consumption to be 31.39 quads in 2010. 
With the labs study assumption regarding constant fuel efficiency, the projected energy 
consumed in this sector should increase. Although the text never explicitly states the extent of 
this increase, we inferred that it is 0.9 quads. However, since Andersen informed us that the 
increase would be 0.6 quads, we assessed both in a subsequent comment.

^ The labs study also modified the electricity sector forecast, but that modification is not 
relevant to our discussion of the energy efficiency of the economy.



constant. This change should result in a slower rate of energy efficiency improvement in the 
economy under business as usual conditions.

The AE097 BAU forecast assumes an improvement of energy efficiency of 0.9% per year 
through 2015 (annual E/GDP = -0.9%) (AE097, p. 4). The study assumes energy efficiency 
improvement under BAU occurs at a rate of 0.77%. This difference appears to be somewhat 
significant. Inferring from the transportation chapter (table 5.1), this report states that energy use 
would increase 0.9 quads over the AE097 reference case. CEA contacted Art Andersen at the 
Energy Information Administration to determine how much of an effect holding fuel efficiency 
constant would have on the E/GDP ratio.^ According to Andersen, constant fuel efficiency 
would “disappear in the rounding” in the E/GDP ratio. He stated that this assumption would 
result in energy use increasing by 0.6 quads in 2010 over the reference case. CEA recalculated 
the E/GDP ratio used in the AE097 BAU to account for this extra energy use (assuming GDP 
remains the same across these cases), and found that annual E/GDP would decrease 0.86% under 
the constant fuel efficiency assumption (0.6 quads case). With the inference from the 
transportation chapter, the annual E/GDP rate would be -0.85% (0.9 quads case). The labs study 
BAU assumes fewer energy efficiency improvements than should be expected under these 
adjusted BAU scenarios.

Two related implications arise from this. First, since the study employs a modified version of the 
AE097 energy use forecast, it should modify the AE097 carbon emissions forecast. With a 
slower improvement in energy efficiency under the lab study assumptions, the 2010 BAU carbon 
emissions should be greater than the 1722.4 MMTCE in AE097 (AE097, p. 120). As we note in 
the previous comment, by incorporating the AE097 reference case carbon emissions for 
buildings and industry, the BAU should be about 1740 MMTCE. This obviously implies that 
more reductions will be necessary to stabilize emissions at the 1990 level in 2010.

Second, the carbon reductions calculated for the various scenarios in this study are based on this 
-0.77% E/GDP BAU. This implies that some of the carbon reductions claimed under the 
efficiency and high efficiency cases actually occur in the -0.86% BAU. This double-counting 
could be significant. The CEA-generated BAU (0.6 quads case) accounts for 17% of the E/GDP 
gains assumed in the efficiency case (see attached chart) The alternative CEA-generated BAU 
(0.9 quads case) accounts for 15% of the E/GDP gains assumed in the efficiency case. Assuming 
that E/GDP and carbon reductions are perfectly correlated (given that the efficiency case 
involves no fuel switching, this is reasonable), then the efficiency case over estimates emissions 
reductions by 18 to 20 MMTCE.

^ Art Andersen is the Director of the Energy Demand and Integration Division, EIA.

'* The AE097 BAU would capture 25% of the efficiency gains in the efficiency scenario.
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The text should explain why the lab study E/GDP ratio differs from the AE097 ratio since it 
does not seem to result exclusively from keeping fuel efficiency constant. Further, the 2010 
BAU emissions reductions should reflect the E/GDP ratio (whether it is -0.77%, -0.85%, -0.86%, 
or some other rate) used in the study.

9) 1.11, Table 1.4: It would be valuable to understand the effect of non-price policies and permit 
prices on the carbon reductions. Could you break down the high efficiency cases into two 
categories: non-price policy induced and permit induced technology adoption?

10) 1.12, paragraph 1: The discussion on government programs costing 15% of investment costs 
should include references to the literature that have estimated this percentage. Does the literature 
describe the marginal costs for government programs, or does it just provide this average cost 
value? Consistent with the literature on technology adoption, the marginal costs should not be 
assumed to be the same for all units of adoption. In fact, it is likely that the marginal costs 
increase for higher rates of adoption.

11) 1.12, paragraph 1: The text in this paragraph notes that government costs in the best estimate 
case are 15% of total investment costs, while figure A-1.1 on p. A-1.2 indicates that the costs are 
7% of investment costs for the end-use sectors and 1% for the electricity sector. Which costs are 
correct?

12) 1.12, paragraph 1: The text notes that “one could argue that... a social discount rate” of 3% or 
7% should be used. Alternatively, one could argue that since these analyses assess private 
decisions on technology adoption, that private marginal rates of time preference should be used 
that reflect “current market behavior”. This analysis is not attempting to conduct a social 
benefit-cost analysis. Rather, it is attempting to model the private individual or firm’s benefits 
and eosts associated with a technology adoption decision. Since this report projects technology 
adoption assuming a set of aggressive policies, the rates of time preference used by individuals 
and firms should be used in assessing the extent of adoption.

Further, the report should not rely on government fiat to lower discovmt rates. It is very difficult 
to lower people’s time preferences through policy. Government programs do not increase 
adoption rates by lowering time preferences, but by lowering the costs of adoption or increasing 
the benefits of adoption. For example, government programs cost-share the adoption of 
environmentally-benign agricultural production techniques through the Environmental Quality 
Incentives Program. Farmers still employ the same discount rate, but their stream of costs are 
lower because of the government subsidy, and so adoption increases. The report should not 
assume that government policies can lower private time preference rates but that government 
policies can affect the stream of costs and benefits of an adoption decision.

13) 1.12, paragraph 5: Again, until the complete costs of investment and accurate cost-savings 
can be estimated, the text on net benefits should be deleted.



14) 1.13, Table 1.5: The estimates of carbon reductions under the alternative view do not match 
with the carbon reductions in table A-1.2 on p. A-1.5. It seems implausible that discount rates 
could double and have no effects on any technology adoption decision in this report. Are the 
numbers in the appendix the right set? Is it true that every single energy efficient technology 
adoption decision is cost-effective under the “best estimate” discoimt rate and the “alternative 
view” discount rate? If these technologies are such big winners, then why aren’t people and 
firms already adopting them?

15) 1.14: Until the costs and cost-savings issues are adequately addressed, estimates of net 
savings should be omitted.

16) 1.15, paragraph 3: As stated in the executive summary comments, the text should not state 
“energy efficiency alone can take the nation 30 to 50% of the way to 1990 levels.” If energy 
efficiency could achieve these reductions “alone”, there would be no need for an invigorated 
federal policy effort. The role of policy should be explicitly stated.

Chapter 2

17) 2.6, transportation sector bullet: The text states that the transportation sector analysis uses a 5 
year time horizon. However, the description of the best estimate and alternative view cost 
effectiveness calculations on p. A-1.10 indicate that a time horizon of 14 years was used.
Further, the transportation chapter indicates that the cost effectiveness analyses were conducted 
using a 6% discount rate in combination with a decline in usage'and depreciation to calculate fuel 
savings (p. 5.45). The footnote to table 5.9 implies that the analyses used a 14 year time horizon 
as well. The report should clarify these inconsistencies.

Chapters 3-7

18) There does not appear to be any discussion of the $25/ton permit scenario in these chapters. 
Further, the appendices do not explicitly detail this case. The results from this scenario need to 
be documented in the text and in the appendices. For example, it is impossible to identify the 
penetration rate for this scenario in the buildings chapter (see p. 3.3). The industry chapter 
discusses three scenarios: BAU, efficiency, and high efficiency (p. 4.2). The descriptions of the 
high efficiency case in transportation on p. 5.3 and p. 5.31 do not even mention a permit price. 
The electricity sector appears to only consider a $50/ton permit (p. 6.9).

19) The results from the alternative view cost analysis should be incorporated in these chapters.

Chapter 3

20) 3.3: In the context of fully incorporating the effects of climate policy on energy prices, the 
analyses on buildings technologies should be modified. Under the efficiency case, energy 
consumption declines. This scenario should be changed to reflect the downward effect on prices



resulting from this decreased energy consumption. The high efficiency scenario should reflect 
two counteracting effects on prices: the decline in energy consumption and the $50/ton permit 
fee. The study ignores the former effect and insufficiently incorporates the latter effect. For 
example, in the buildings chapter, the penetration rate is assumed to be 65% instead of 60% of 
the maximum eost-effective teehnical potential in this scenario because of the $50/ton permit 
price. However, the energy-eost savings calculations for buildings technologies assume the same 
energy price as in the business as usual scenario. Since the study assumes that exogenous, 
undefined policy influences drive the penetration rates, the penetration rate should be set at 60% 
and the energy cost-savings should be recalculated with the appropriate energy price. In 
addition, the assumed energy use for these technologies should be based on consumers’ 
responses to the lower operating costs. For example, if running an air eonditioner becomes less 
expensive with a new energy efficient technology, people will run the air conditioner more. This 
latter effect decreases the earbon reductions associated with each adoption decision.

21) 3.9 and Appendix C-1: The study uses the average cost of electricity to calculate the energy 
cost savings of these technologies. Many of the electricity-dependent technologies are cost 
effective based on the assumption of average, not marginal electricity prices. Sinee marginal 
prices may be much lower than average prices, especially in cases where households use less 
electrieity, this may over estimate the extent of cost effective technologies. The analysis should 
be modified using marginal electricity prices.

22) 3.23, box: The text in the box is not clear on the inclusion of fuel cell technology in the high 
efficiency scenarios. The first paragraph states that fuel cells were not included in the main 
building sector scenarios. However, emissions reductions of 3 MMTCE from fuel cells are listed 
under buildings in Table 1.4 on p. 1.11. Further, the discussion on fuel cells in the text outside of 
this box implies that fuel cell technology will not be available until 2020 (since it falls in the 
section “Potential for Advanced Technologies in 2020"). If the study relies on ADL’s analysis of 
fuel cell adoption, then the assumptions of ADL’s assessment should be provided in an appendix. 
Two issues should be addressed here. First, if fuel cells are projected to be adopted under the 
high efficiency scenarios, then this discussion should be placed in the appropriate section of this 
chapter (not the 2020 section), and the inconsistencies in the text should be remedied. Second, if 
fuel cells are adopted, then a diseussion of the carbon emissions accounting should be provided 
to ensure that the study does not double count emissions reductions from energy efficient 
technology adoption and from switching energy sources to fuel cells.

23) 3.29, summary bullet two: This states that the high efficiency scenario yields 91 MMTCE of 
carbon reductions from the BAU emissions level. However, Table 1.4 indicates that only 44 
MMTCE of reductions occur under the $25/ton permit price and only 62 MMTCE of reductions 
occur under the $50/ton permit price. Which carbon reduction estimate is correct?



Chapter 4

24) 4.6, paragraph 4: The analysis assumes that the eapital recovery factor falls by more than 
half. This appears to be an arbitrary reduction. Did industry behave as if it operated under a 
lower CRF during the 1970s oil shocks? There is no discussion of the economic behavior 
necessary to result in this outcome.

25) 4.6, paragraph 4: The high efficiency penetration rate is assumed to be double the rate used in 
the efficiency scenario, which is the undefined “normal” rate. It is impossible to determine how 
much of this doubling of penetration results from undefined, aggressive policy efforts and how 
much results from the permit price. It would be valuable to understand the relative impacts of 
both.

26) 4.13, paragraph 4: The text states that the high efficiency case causes an acceleration of 
capital retirement, but does not estimate these costs. Could you estimate the costs of early 
retirement? If not, can you provide some information on the extent of early retirement (e.g., 
percentage of capital retired early under this scenario)?

Chapter 5

27) Does this sectoral analysis consider the impact of a permit price? Neither the $25/ton permit 
nor the $50/ton permit are mentioned in the entire chapter. Do all improvements in fuel 
efficiency and cellulosic ethanol result from non-price policy responses? As the report states, a 
degree of “luck” is required to achieve the necessary technological breakthroughs to result in the 
projected carbon reductions. However, without a price incentive, the probability of the nation 
becoming “lucky” appears more unlikely. If this analysis does not incorporate the permit prices, 
then this should be made explicit in the discussion of the high efficiency case.

28) The methodology for this sector is insufficiently transparent to easily grasp the impact of 
technology development and adoption on carbon reductions. Further, the appendices for 
transportation do not provide the details to remedy the shortcomings in the chapter. It is difficult 
to compute carbon reductions from increases in fuel efficiency. The text should take the reader 
through the process of piecing together all of these energy efficient technologies, illustrating the 
final effect on fuel economy, and then translating this into carbon reductions.

29) 5.4, Table 5.1: Why do the energy consumption numbers for this sector in 1997 vary across 
scenarios? We understand that the start year for the scenario analyses is 1998 (e.g., refer to Table 
4.8 on p. 4.12 that implies 1998 as the start year for assessing cumulative incremental 
investment).

30) 5.21, paragraph 2: Does the assumption about reducing technology costs reflect any 
empirical analysis on transportation technologies? For example, the 1970s oil shocks and fuel 
efficient imports spurred domestic fuel efficiency R&D. Does this analysis incorporate



information about accelerating technology development and lowering technology costs that may 
be available from this earlier period?

31) 5.23, paragraph 3: As we have noted before, it is difficult to modify consumers’ preferences. 
Assuming that the demand for horsepower will decrease because consumers will become “more 
green” over the next decade appears tenuous. This statement is repeated on p. 5.32. Is there any 
evidence that concern about global warming has affected consumers’ purchase decisions to date?

32) 5.25, paragraph 1; If the turbocompound diesel engine and the advanced LE-55 heat engine 
are not available in the reference case (which implies that the earliest these are available is 2016), 
then how are they made available by 2003? Is there any precedent for accelerating transportation 
technology from a time horizon of at least 18 years to a horizon of only 5 years?

33) 5.25, paragraph 1: The efficiency case assumes that advanced drag reduction in heavy trucks 
has become available this year, but this is excluded from the reference case. First, has this 
actually occurred? Second, if it has already occurred, then why is it excluded from BAU?

34) 5.25, paragraph 4: Again, the assumption of reducing a technology price appears arbitrary. 
What is the basis for assuming that the trigger price for heavy truck technologies will fall?

35) 5.25, paragraph 5: The efficiency analysis assumes penetration rates of 100% for several of 
the heavy truck technologies over a 20 year period. This seems incongruous with the 
assumptions in the other sector analyses that imply much lower penetration rates. 100% 
penetration of a technology within 20 years, that is not expected to be available 18 years from 
now in the BAU, appears to be an extreme and unsubstantiated assumption.

36) 5.32, paragraph 1: The analysis assumes that fuel cells, because their costs are unknown, will 
be cost effective. This is an entirely arbitrary assumption, especially for a technology that is not 
even projected to become available in the BAU scenario. There is absolutely no economic basis 
for this assumption. This assumption is all the more extraordinary given that this analysis does 
not (apparently) incorporate the impacts of a carbon permit on fuel prices.

37) 5.36, Table 5.7: If the scenarios over estimate fuel economy, as stated in the footnote, then 
the numbers should be revised to remedy this error.

38) 5.38, paragraph 2; The modification of assumed improvement of fuel efficiency by 
multiplying the expected improvement by 0.7 to reflect offsetting performance effects, appears 
arbitrary. Why wouldn’t the fraction be much smaller? The introduction to this chapter indicates 
that almost all improvements in fuel efficiency are offset by performance effects. Why would 
only 30% of fuel efficiency improvements in the future be offset?

39) 5.45; The chapter is not explicit about its accounting of fuel efficiency improvements in light 
duty vehicles and the change in the fuel mix reflecting an increase in cellulosic ethanol and the

8



use of fuel cell technology. We cannot determine if carbon reductions are double counted, 
however, there is no discussion of how cellulosic ethanol and fuel cells are accounted for in the 
energy cost savings description on pp. 5.43-5.45. If the reductions from fuel efficiency and the 
reductions from cellulosic ethanol and fuel cells do not overlap, then this should be stated 
explicitly. Again, a more transparent presentation of the methodology would address the 
readers’ uncertainty about this issue.

40) 5.45, Table 5.9: The cost effectiveness estimates assume a constant price of $1.20 per gallon 
through the life of the vehicles. The gasoline price should be adjusted down to reflect the impact 
of decreased gasoline consumption due to fuel efficiency. Further, vehicle miles traveled should 
increase through time as cars become more fuel efficient, consistent with the trend to date, 
instead of held constant.

Chapter 7

41) 7.1, paragraph 2: If the report has eliminated the double counting in this sector evident in the 
June 10 draft, then the sentence that states that double counting is “a likely possibility” should be 
deleted. A reference to appendix G-2 should be inserted.

42) 7.2, paragraph 3: Again, if the double counting has been remedied by integrating the 
dispatching and repowering analyses, then the following sentence should be modified; “The 
analytical approach was static in that the cost of repowering was computed for each candidate 
power plant but the analysis did not optimize unit/plant production cost, dispatch, or system 
load.”

43) 7.6, paragraph 5: The reference to appendix G-2 is wrong. This reference implies that 
appendix G-2 provides a methodology for SO2 and NOx benefits. Nothing in the text of chapter 
7 reads as if the double counting issue from the June 10 draft has been resolved.

Appendices

44) A-1.9: The alternative view cost-effective estimates for buildings assumes an 18 year time 
horizon. However, the methodology discussion on p. 2.5 states that a “technology is defined as 
‘cost-effective’ if it delivers a good or service at equal or lower life-cycle costs relative to the 
current practice”. If cost-effectiveness is measured in terms of a technology’s life cycle, then 
shouldn’t the time horizon for calculating the stream of benefits be constrained by the life of the 
product? It is not possible for a technology to generate cost savings beyond its lifetime. In the 
buildings case, the end uses with the largest potential carbon reductions in the high efficiency 
case are other uses (10 MMTCE commercial, 6 MMTCE residential) and lighting (7 MMTCE 
commercial, 6 MMTCE residential). These account for 29 of the 62 MMTCE of reductions for 
this sector. However, the lifetimes for these end uses are much shorter than 18 years. For other 
uses, the lifetime ranges from 7 (commercial) to 10 years (residential). For lighting, the lifetime



ranges from 1 (residential) to 12 years (commercial). The cost effectiveness estimates should be 
recalculated using specific end use lifetimes.
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Appendix A-2

APPENDIX A-2

KEY OPPORTUNITIES FOR CARBON SAVINGS FROM END-USE
EFFICIENCY IMPROVEMENTS

Each of the three end-use efficiency chapters (Chapters 3-5) assessed the magnitude of carbon savings 
that could be achieved by the year 2010 from spe^c subiiarkets, energy end-uses, and technologies. 
These key opportuiuties are summarized in the following table. The table includes those subiiuu-kets 
and end-uses ttiat were estimated to offer the potential for at least 2 MtC of savings by the year 2020. 
Tables A-2.2 to A-Z4 list some of the key technologies.

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

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

Carbon Reductions 
Estimated by High 

Efficiency/Low Carbon 
Case (in MtC)

Building

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

Industry

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

Light manufacturing 24.0
Non-naanufacturing 10.8

Transportation

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

A-2.1



Appendix A-2

Table A-2^ Illustrative Energy-Efficiency Buildings Technologies

Residential Building End-Uses

• Miscellaneovis 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 msulation, reduced infiltration, low-E argon 

glazings, superwindows, improved compressors)
• Electric dothes dryers (heat pump dothes dryers at very low penetration)
• Refrigeration (improved insulation, improved compressors)

Gas water heating (standby loss reduction, horizontal axis dothes washer)
Gas space heating (more/improved instdation, reduced infiltration, low-E argon 
glazings, superwindows, condensing furnaces)
Electric cooking (improved insulation)
Freezers (more/mproved insulation, improved compressors)
Oil space heating (low-E argon glazings, superwindows, improved insulation, 
reduced infiltration, condensing funuices)

Commerdal Building End-Uses

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

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

white roofe)
• Gas space heating (conder^sing furnaces, fuel cells, system controls)
• Ventilation (variable speed drives, system controls)
• Refrigeration (improv^ 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. niustrativc High-Efficiehcy/Low-Carbon Industrial Technologies

Motors
• Proper load matching
• Variable speed drives

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

Chemicals
• Pinch analytic techniques
• Advanced distillation control techniques

Petroleum Refining
• Utility system improvements
• Process/equipment modifications

Glass
• Oxy-fuel process
• Advanced bvimer 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 cormection
• Process controls

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

Cement
• Cement clinker replacement

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

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

reductiorts, and traitsmission improvements
• Cellulosic ethanol as a blending component with gasoline

Truck Freight
• LE-55 diesel engine
• Turbocon^ound diesel engine
• Improved tires
• Advanced drag reduction
• Electronic controls .

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

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

A-2.4



PIUG-18-1997 22:28 CEP ROOn 317 202 395 6809 P.003/004

Buildings
Commercial

Residential

Other

Utilities

Non-Pnce
Response

Price
Response

Total 54.5 7.5
Total 26.7 2.3
Other uses 9.2 0.8
Lighting 6.5 0.5
Space heating 3.7 0.3
Space cooling 3.7 0.3
Water heating 1.8 0.2
Refrigeration 0.9 0.1
Ventilation 0.9 0.1
Office equipment/non-PCs 0.0 0.0
Kerosene 0.0 0.0
Office equipment/PCs 0.0 0.0
Cooking 0.0 0.0
Biomass 0.0 0.0
Total 30.1 2.9
Other uses 14.8 1.2
Water heating 4.5 0.5
Lighting 4.5 0.5
Space heating 1.8 0.2
Cooking 1.8 0.2
Refrigeration 0.9 0.1
Space cooling 0.9 0.1
Clothes dryers 0.9 0.1
Kerosene 0.0 0.0
Freezers 0.0 0.0
Biomass 0.0 0.0
Total 0.0 3.0
Fuel Cells 0.0 3.0

Total 0.0 136.0
Dispatching 0.0 55.0
Conversion to Natural Gas 0.0 40.0
Co-firing witli Biomass 0.0 17.0
Power plant efficiency 0.0 8.0
Wind 0.0 7.0
Nuclear plant life extension 0.0 5.0
Flydro-power expansion 0.0 4.0



PUG-18-1997 22=28 CEP ROOn 317

Transportation Total
CcUulosic ethanol Total
Transportation efficiency Total

Materials substitution

Industry
Heavy manufacturing

Light manufacturing
Non-manufacturing
Other

202 395 6809 P.004/004

Non-Price Price 
Response Response

Aerodynamic drag reduction
Improved automatic transmissions
Engine friction reduction
Variable valve timing
Lean bum engines
Advanced tires
Hybrid electric power trains
DISC gasoline engines
TDI diesel engines
Fuel cell power trains
Fuel cells in truclcs and locomotives
Train flywheels
Train oxygen enrichment
Natural gas locomotives
Plane ultrahigh bypass turbofans
Intelligent transportation systems

Total
Total
Pulp and paper
Bulk chemicals
Petroleum
Glass
Cement
Iron and steel
Aluminum
Other
Total
Total
Total
Advanced turbine systems 
Biomass and black liquor gasification, 
cement clinker replacement, aluminum 
technology

103.0
16.0
87,0

51.0 
16

2.6
4.1 
4.3 
0.4 
0.5 
2.6 
0.3
1.2

24.0 
10.8
0.0
0.0
0.0

0.0
0.0
0.0

31.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

31.0
17.0
14.0

Total 210.6 175.2

TOTPL P.004
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Five National Labs Assess Potential of Energy Technologies to 

Reduce Carbon Emissions
- LABS: Lawrence Berkeley, Oak Ridge, Argonne, Renewable Energy, Pacific Northwest

- Externally Peer Reviewed: U.Tenn, Monsanto, EPRI, GRI, Harvard NAS 

Stanford (Huntington), UNC (Link), and UCSB (DeCanio)

Assumes
- Expanded Technology Strategy (R&D and Diffusion)
- Carbon Dioxide has a price and is traded
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Technology Cost to Incremental 
Generate Cost
''xents/kWh $/ton Carbon

Carbon Reduction 
Potential 
(MIVIT)

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

► Buildings
- Fuel Cell

► Transportation
- Non-corn Ethanol

Total (rounded)
* Average costs as of 2005

2.3 - 3.2 

2.7 - 3.2 

2.5 - 3.5

Industry
- Advanced Turbine 2.5 - 3.5
- Industry Specific

5.0 - 6.0

$30
$30
$38
$42
$25

$40
S40

$30
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Energ
Technology Carbon Reduction Potential 

(MMT)

• Utilities
- Generation Efficiency

• Industry
- R&D and Diffusion

• Buildings
— Standards and Diffusion

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

Total (rounded)

(7-13)

200
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Review of DOE Labs Study, August 1 Draft

We review Scenarios of US. Carbon Reductions: Potential Impacts of Energy-Efficient and 
Low-Carbon Technologies by 2010 and Beyond (DOE Labs Study, August 1 draft). The report 
identifies carbon reductions from the adoption of specific identified technologies in the 
buildings, industry, transportation, and electric power sectors. The study finds that unspecified 
“very aggressive policies” and a $50/ton permit price would stabilize carbon emissions at 1990 
levels by 2010. We believe several limitations of the study should be highlighted; some of these 
are serious.

• I First, the authors do not estimate the costs or even describe the programs necessary to 
stimulate the adoption of the new energy-efficient technology they find could reduce 
emissions of 197 million metric tons of carbon equivalent (MMTCE) by 2010. These 
reductions correspond to about '/2 of the reductions needed to attain 1990 levels by 2010.

I In the absence of cost estimates this information is of little use in the evaluation of 
l^^^^ltemative policy options.

-The recent history of CCAP suggests that nearly a half billion dollars of 
government investment achieved just 14 million tons of carbon reductions. There 
are important unanswered questions about emissions reductions in the outyears, 
and the extent of diminishing returns associated with the expansion of existing 
government programs. We believe, however, that

0 reasonable assumptions about answers to these questions would imply 
that government programs to achieve emissions reductions of 197 million 
tons of carbon may cost many tens of billions of dollars per year above the 
costs of existing programs. (See below for an illustrative calculation.)

0 The marginal cost of emissions reductions, including the cost to the 
taxpayer of the government program, is likely to greatly exceed the permit 
price. As a result these programs may be less cost-effective than a cap- 
and-trade emissions control program.

—The efficiency improvements in the vehicle sectors and in the building sectors 
appear to be so large as to be likely to be achievable only with substantially more 
stringent new mandatory national standards, i.e., corporate automobile efficiency 
standards, or national building codes. In addition, the phase in periods for these 
codes may be quite rapid.

Second, the analysis appears to ignore the behavioral changes that offset the energy 
efficiencies promised by the new technologies. For example, more efficient windows 
lead to houses with more glass, and more efficient cars lead to more vehicle miles 
traveled. Thus these innovations offer real value to consumers, but smaller energy 
savings than engineers might forecast.



Third, the analysis appears to ignore the value of delaying investments in capital goods 
which are rapidly improving in efficiency. The price of compact fluorescent lights has 
declined by nearly 50 percent over the last decade; the energy efficiency of refrigerators 
has improved at a similar pace. Given these changes, accepting a few years of the high 
energy bills associated with an existing capital stock, and investing later in a mature new 
technology, may be less costly than investing earlier in innovations that are better than 
the old technology, but have rapidly declining prices or improving efficiencies.

Similarly, many of the innovations in electrical use appear to assumed to be cost effective 
based on an assumption of average, not marginal electricity prices. The marginal prices 
may be half as much as the average prices.

Fourth, the industry sector analysis ignores the costs of accelerating capital retirement.

Fifth, the transportation sector requires “luck” in terms of technological innovation to 
achieve the projected emissions reductions.

^ Sixth, the utilities sector analysis resulted in double counting of emissions reductions.

Seventh, the labs study double counts 22 MMTCE in reductions in the efficiency case 
that will occur under the business-as-usual case.

Upon receiving the final version of the report and documentation of the analyses, we will update 
this review.

Overview of Report

The study provides emissions reductions for three scenarios: 1) “efficiency”; “high 
efficiency/low carbon with $25/ton permits” and 2)“high efficiency/low carbon with $50/ton 
permits”, over the period 1998-2010. The study describes neither the policies necessary to 
achieve emissions reductions-nor-the costs-of-federal programs for-these,scenarios, only their 
outcomes: increased adoption rates and better technologies through technology development and 
adoption and fuel switching.

The Study employs the Energy Information Administration’s 1997 baseline (AE097) for the 
buildings and industry sectors. For the transportation sector, the authors changed the AE097 
assumption of increasing fuel efficiency in automobiles to constant fuel efficiency. For the 
utility sector, the baseline was modified to reflect a fully competitive bulk-power market in the 
year 2010. Discharge, shutdown, repowering, and new construction decisions were optimized to 
select the amount of capacity that minimized the cost of the power-supply system plus the cost of 
unserved energy. Compared to AE097, the final baseline has slightly lower energy prices, larger 
electricity sales, and a greater share of gas generation.

Efficiency Scenario



This case assumes that all technologies adopted are at zero or negative net cost to the user given 
more aggressive federal policies to stimulate development and diffusion of energy efficient 
technologies. The Study estimates that in this scenario 120 MMTCE will be reduced at negative 
net cost. We believe that the methodology inappropriately neglects the greater cost savings from 
adopting more efficient innovations later. None of these reductions occur in the utility sector as 
a function of fuel switching or the adoption of technologies to increase combustion efficiency.

High Efficiency/Low Carbon Scenarios'

This case assumes a “greater commitment” to reduce emissions through federal policies, in 
concert with state and private activities and either a $25/ton permit price or a $50/ton permit 
price to stimulate low carbon technologies (read: primarily fuel switching). The policy is 
announced in 2000 and the policy’s restrictions are phased-in through 2010. There is an assumed 
announcen^t effect (although an autonomous energy efficiency index (AEEI) is not specified), 
increased domestic and international R&D in low-carbon technologies, and a “change in 
psychology”. The Study estimates reductions of 152 MMTCE from the baseline through energy 
efficient technology adoption under the $25/ton permit and 197 MMTCE under the $50/ton 
permit. The carbon permits will yield an additional 74-186 MMTCE of reductions through low- 
carbon technology adoption (the range is based on the $25/ton and $50/ton permits).

Carbon Emissions (MMTCE): 1990 - 2010

1990 2010
Baseline

2010
Efficiency

2010 High Efficiency/Low 
Carbon + $25/ton permit

2010 High Efficiency/Low 
Carbon +$50/ton permit

1340 1720 1600 1490 1340

Estimated Costs

The study calculates two sets of costs: “best estimate” and an “alternative view”. The best 
estimate case employs discount rates of 7% for buildings, 10% for transportation, and 12.5% for 
industry. The study assumes that the total costs of government programs to promote energy 
efficiency are 7% of technology costs. The alternative view case uses discount rates of 15% for 
buildings, and 20% for transportation and industry. Government programs are assumed to cost 
15% of technology costs in this case. The study does not provide discount rates for the utility 
sector.

Under the best estimate case, the study calculates annual total costs of $50 billion and annual 
total benefits from energy-savings of $87 billion. In the alternative view, the study estimates 
annual total costs of $81 billion and annual total benefits of $87 billion. Note that under the 
alternative view, U.S. carbon emissions in 2010 would be 1383 MMTCE.

' We combine our discussion on both permit prices here because the 8/1/97 draft does 
very little to distinguish between the two scenarios. In fact, the chapters on buildings, industry, 
and transportation do not mention a $25/ton permit price.



Review

The Lab Study employs several important assumptions in the analyses. We discuss several of 
the most significant assumptions below.

The Study Does Not Specify Policies to Achieve Carbon Reductions

“Cost effectiveness is improved because R&D, in combination with increased 
deployment efforts, result in declining capital costs. We do not specify the 
policies, economic conditions, or exogenous events that could precipitate such 
changes” (p. 1.4). —-

public sector effort to stimulate energy efficient technology adoption (efficiency case) and a 
“very aggressive” public sector effort to stimulate technology development and adoption (high 
efficiency/low carbon case). The only specific policy instrument mentioned in the report is a 
tradeable permit at prices of $25/ton and $50/ton. The study merely asserts that these 
unidentified policies would result in: 1) “better technology” (p. 1.5); 2) “higher penetration rates” 
(p. 1.6); 3) “changing the capital recovery factor [in industry sector] from 33% to 15%” (p. 4.8); 
and 4) “technological breakthroughs” (p. 5.3). These policy effects would result in reductions of 
180 MMTCE for “free”: firms and individuals receive energy cost-savings greater than or equal 
to technology adoption costs. 7

The report specifically states that the efficiency case reduc^, bik does not eliminate, market 
barriers (p. x) and that implementation costs are ignored (p. xvi)j Policy intervention to 
eliminate a market barrier cannot make society better off kt^gdnerally makes society worse off 

to the extent that it imposes costs. In particular, a set of climate change policies to stimulate 
technology adoption could increase efficiency, but only because they also decrease the effect of a 
market failure (carbon emissions). Social welfare is improved because the net benefits of 
indirectly fixing the market failure exceed the costs of removing the barriers. If carbon 
emissions are appropriately priced (assuming in this case that $50/ton is the correct carbon 
price), a policy to remove a barrier will generate negative net benefits. High adoption rates will 
be realized once prices rise enough for some technologies to clear the barriers.^

The economics literature has identified several barriers that help explain the slow rate of 
technology adoption.

• Qualitativ^ajjtnbutes of technologies can affect adoption. Consumers of technology 
prefer te&mologies because of a set of characteristics, not just energy efficiency. For 

example, some consumers may purchase a product with a lower efficiency because the 
former is more reliable than the efficiency-superior product.

^ In contrast, policy intervention to address a market failure (such as unpriced carbon 
emissions) may make society better off, depending on the stringency of the intervention.



'' • New technologies may be costly to integrate with existing ones. Until all components of 
a complex system are fully depreciated it may make sense to replace energy inefficient 
components with another like-wise inefficient component.

• Uncertainty of l^re energy prices, or constraints on ability to borrow capital may make 
households act as iffhey Ha^'^implausibly high implicit discount rates.

• Just because a technology is cost-effective on average does not mean that it is cost- 
effective for all individuals. Those who may use the device less intensively may find it 
optimal to purchase a less efficient model.

These barriers clearly demonstrate that investments to minimize energy costs are different from 
investments to minimize the total costs of production.

The Labs Study does not provide an estimate-of-the-costs-to-govemment to lower market barriers 
to achieve the estimated emissions reductions. A sense of the likely costs can be derived by 
evaluating the experience of the Climate Change Action Plan (CCAP). CCAP promotes carbon 
reductions through a broad array of voluntary programs that stimulate “cost-effective” 
technology adoption by private firms. Participation by a firm in a CCAP program is supposed to 
reduce carbon emissions and to offer financial returns.^ We do not address an important 
threshold question of why cost-minimizing firms would ever need any «j»d help from 
government programs to take actions that would lower their costs. CCAP received 
appropriations totaling $494 million (1995$) during the FY95 - FY97 period. We assume that 
these costs are distributed uniformly over the three years. During this period, the Department of 
Energy and the Environmental Protection Agency can account for reductions of 14 MMTCE (see 
attached table). Evaluating the cost effectiveness of these programs requires an assumption 
about emissions reductions in the outyears. Since the programs are persuading firms to adopt 
innovations that offer financial returns, we believe that the firms would soon have adopted them 
in the absence of the programs. Thus the emissions reductions might last for several years. To 
develop illustrative cost estimates we assume between 2 and 7 years of emissions reductions.
We describe our estimates given the assumption of 2 years; the method for the assumption of 7 
years is identical.'* Assuming constant effectiveness of program expenditures, the emissions 
reductions attributable to past expenditures would grow from 2.8 million tons in the first year to 
5.6 million in the second year and third years, and then decline to 2.8 million tons in the 4th year, 
before falling to 0 in the 5th and subsequent years. The ratio of the present value of these costs 
and of these tons is $33/ton using a 7 percent discount rate. Thus taking into account the lag

^ Note that CCAP efforts are incorporated in the AE097 baseline.

'* This analysis was conducted based on the June 10 draft that stated 180 MMTCE of 
reductions associated with government programs could be expected under a “very aggressive” set 
of policies. Since the August 1 draft notes that 197 MMTCE of reductions would be expected, 
the cost estimates provided in this discussion underestimate the program costs associated with 
this greater number of reductions.



between program expenditures and emissions reductions, the average cost effectiveness is 
$33/ton (with a 7 year assumption the cost effectiveness is $13/ton). Assuming constant program 
effectiveness would imply Federal costs of $5.9 billion per year (with the 7 year assumption the 
total cost estimate would be half as much.) We believe that there are several good reasons to 
think that the cost of reducing emissions will rise, however, as these or similar programs are 
expanded. For example, if the potential adopters differed in terms of their cost savings (or 
vdllingness to adopt innovations) then the government program would encounter diminishing 
returns as it tried to reach the less receptive users of technology. Suppose that the (marginal) 
program cost effectiveness deteriorated by 10 percent every time the annual reductions in 
emissions grew by as much as the annual reductions implied by the current program. In this 
instance the marginal cost of achieving 180 million tons of emissions reductions would be about 
21 times greater than the marginal cost of the existing program, and far in excess of reasonable 
values for a ton of carbon emissions averted. In this case the total cost of the program would be 
$45 billion per year. Similar assumptions for the 7 year case would lead to total costs of nearly 
$7 billion per year, and marginal costs of $80/ton. Thus we believe that the cost of a government 
program to ensure energy reductions of 180 million metric tons of carbon could easily run into 
many tens of billions of dollars per year. In addition, the marginal cost-effectiveness of these 
programs could substantially exceed reasonable estimates of the value of carbon emissions 
reductions.

Of course the government might choose to achieve these reductions using command and control 
type regulations, such as national building codes, or increasingly stringent CAFE standards. 
These would substitute private sector costs for government administrative costs.

Price Declines Resulting from Reductions in Energy Demand Are Not Taken into Account

“The model runs for each of the three end-use sectors were not integrated and 
therefore may overstate the effects of technology penetration. In an integrated 
modeling effort, fuel prices might fall as consumption declines, resulting in less 
penetration of energy-conserving technologies” (p. 1.1).

The analyses of the various sectors assume that the reduction of 197 MMTCE occurs through 
energy efficient technology adoption without any energy price effect. This implies that, with 
government programs, private agents will adopt technologies because the benefits (energy cost- 
savings) exceed the costs of adoption. The authors claim that these reductions occur at zero or 
negative net costs. However, if the energy prices fall due to the decline in energy demand, some 
of those ado^ons would no longer generate positivenet benefits for private consumers. The 
StudyTndicat^that energy consumption will d^ihe from theT)aselme by 1176% under the high 

efficiency/low carbon case (p. xi). This decrease in demand should result in a decrease in the 
price of energy, and cause some energy efficient tecEhologieTto^^ome unattractrvelb^ivate 

agents.

The efficiency scenario should be modified to reflect the downward effect on prices resulting 
from decreased energy consumption. The high efficiency scenario should reflect two



counteracting effects on prices: the decline in energy consumption and the $50/ton permit fee.^ 
The Study ignores the former effect and insufficiently incorporates the latter effect. For 
example, in the buildings chapter, the penetration rate is assumed to be 65% instead of 60% of 
the maximum cost-effective technical potential in this scenario because of the $50/ton permit 
price.^ However, the energy-cost savings calculations for buildings technologies assume the 
same energy price as in the business as usual scenario. Since the study assumes that exogenous, 
undefined policy influences drive the penetration rates, the penetration rate should be set at 60% 
and the energy cost-savings should be recalculated with the appropriate energy price. In the 
industry chapter, the high efficiency penetration rate is assumed to be double the rate used in the 
efficiency scenario, which is the undefined “normal” rate. It is impossible to determine how 
much of this doubling of penetration results from undefined, aggressive policy efforts and how 
much results from the permit price.

The Industry Sector Analysis Ignores the Costs of Accelerated Retirement

“When the economic losses of accelerated retirement are accounted for this means 
that, at the margin, all investments are not likely to be cost effective at our 
assumed 15% CRF [capital recovery factor]. Since we do not have a model to 
account for this potential early retirement and the economic losses, we must 
caveat our estimates of investment and net costs. ...the investment cost may be 
understated by the amount of loss due to any early retirernentthat-may-occur^’ (p.
A-X5).

The omission of costs related to the early retirement of capital implies that either

• the projected emissions reduction should be revised downward, because less technology 
will be adopted; or

• the cost of reducing emissions should be revised upward; or

• the cost of government programs to somehow force down the CRF from 33% to 15%

^ The August 1 draft does not mention the $25/ton permit in the chapters or appendices 
on buildings, industry, and transportation. It is impossible to identify how energy prices may 
have been incorporated in this scenario. We only address the available details on the $50/ton 
permit scenario here.

^ The assumptions about penetration rates cast more doubts about the “true” cost- 
effectiveness of energy-efficient technologies. Why would an aggressive policy effort 
(efficiency scenario) result in the adoption of only 30% of cost-effective technologies between 
now and 2010? Why would a very aggressive policy effort (high efficiency/low carbon scenario) 
result in only a 65% rate of adoption - and this is with a $50/ton permit fee? Clearly, these 
penetration rates demonstrate that the cost-effective technical potential ignores real costs of 
technology adoption.



would increase.

The Transportation Sector Requires “Luck” to Achieve Carbon Reductions

“[BJecause the [transportation sector] outcomes postulated in the high 
efficiency/low carbon scenario require technological breakthroughs, they require a 
certain degree of luck to be achieved by 20tOrTK^ are no credible methods to 
accurately gauge th^probabilityot'such breakthroughs -- we believe they stand a 
decent chance of occurring with an intensification of research efforts, but we stop 
short of claiming they are a likely outcome of such an intensification” (p. 5.3).

Note that this statement includes two qualifications: luck on top of intensified research efforts. 
These intensified research efforts may require two to tSiTimes existing funding on transportation 
(p. 5.3). For perspective on what this might mean, it is worth keeping in mind that the 
Partnership for a New Generation of Vehicles (PNGV) alone is funded at the federal level at 
$263 million, and there are substantial additional private sector costs.

The “luck” apparently pertains to a number of tenuous technological assumptions; commercial 
development of the fuel cell for passenger cars, commercial availability of cellulosic ethanol (and 
the elimination of the ethanol excise tax exemption), and an apparently arbitrary 30% reduction 
in costs for “certain key technologies” (p. 5.24). These technologies are not identified, and the 
report does not provide documentation for the NEMS model runs conducted for the 
transportation sector.

Interactions Ignored, Double Counting "Likely” in Utilities Sector Analysis

“Chapter 7 considers other electricity supply technology options, including: 
converting coal-based power plants to natural gas; cofiring coal with biomass; 
efficiency improvements in generation and transmission and distribution systems; 
extending the life of existing nuclear plants; increasing generation and capacity of 
existing hydropower plants; and constructing new powerplants using advanced 
coal technologies. Each of these options is assessed independently. Thus, 
interactions between the options are not taken into account, and the possibiUty-of 
d^ble counting is therefore likely” (p. 7.1).

The emissions reductions in the electricity sector come from two sources. First, utilities 
undertake fuel switching at the $50/ton permit price through carbon-ordered dispatching.
Utilities would change their fuel mix by dispatching more electricity from their lower carbon- 
emitting facilities (e.g., nuclear, hydropower, and natural gas) and less from coal plants. Second, 
utilities modify their capital stock through several technology options such as those listed in the 
above quotation. As electricity production moves away from coal through modified dispatching, 
fewer and fewer plants (and therefore potential emissions reductions) will be available for 
conversion to natural gas or cofiring with biomass. The second set of analyses were “static” and 
did not optimize unit/plant production cost, dispatch, or system load. Conversations with one of 
the co-authors (Stanton Hadley of Oak Ridge National Laboratory) indicate that 10 GW of coal-



to-gas conversions (approximately 9 million tons of carbon reductions, or 7% of reductions for 
dispatching and conversions) were double-counted^

Study Double Counts Emissions Reductions Occurring Under Business-As-Usual 

E/GDP Ratios for Business-As-Usual Case

AE097 BAU Labs Study BAU CEA-Adjusted BAU

0.9% 0.77% 0.87%

The study states that it employs the Armual Energy Outlook business-as-usual (BAU) forecast 
for the buildings and industry sectors, with modifications that are “not greatly different from the 
EIA case” (p. 1.2) for the transportation sector.* The one modification stated in the study affects 
the fuel efficiency of the light duty vehicle fleet. While AE097 assumes that fuel efficiency will 
increase in the future, the labs study assumes that fuel efficiency will remain constant. This 
change should result in a slower rate of energy efficiency improvement in the economy under 
business as usual conditions.

The AE097 BAU forecast assumes an improvement of energy efficiency of 0.9% per year 
through 2015 (armual E/GDP = -0.9%). The study assumes energy efficiency improvement 
under BAU occurs at a rate of 0.77%. This difference appears to be somewhat significant. CEA 
contacted Art Andersen at the Energy Information Administration to determine how much of an 
effect holding fuel efficiency constant would have on the E/GDP ratio.^ According to Andersen, 
constant fuel efficiency would be “rounding error” on the E/GDP ratio. He stated that this 
assumption would result in energy use increasing by 0.6 quads in 2010 over the BAU case. CEA 
recalculated the E/GDP ratio used in the AE097 BAU to account for this extra energy use 
(assuming GDP remains the same across these cases), and found that annual E/GDP would 
decrease 0.87% under the constant fuel efficiency assumption. The labs study BAU assumes 
fewer energy efficiency improvements than should be expected under the appropriate BAU.

The labs study BAU has two implications. First, it should have a higher estimate of BAU 
emissions in 2010, since it assumes a smaller E/GDP ratio than AE097. However, the lab study 
uses the AE097 emissions estimate. The study assumes that this analysis results in emissions 
stabilization at 1990 levels in 2010 when the levels are actually above 1990 levels. Second, by

^ Hadley noted that a subsequent draft of the report should address at least some of the 
double counting, but he did not provide details. We could not identify any changes made to the 
analysis to account for changes in the dispatch that may affect the calculated emissions 
reductions by retooling coal plants to operate on natural gas.

* The labs study also modified the electricity sector forecast, but that modification is not 
relevant to our discussion of the energy efficiency of the economy.

^ Art Andersen is the Director of the Energy Demand and Integration Division, EIA.

V



calculating emissions reductions from the inappropriate BAU, the labs study double counts 
emissions reductions that will occur under the appropriate BAU. The CEA-generated BAU 
aceounts for 18% of the E/GDP gains assumed in the efficiency case.'® Assuming that E/GDP 
and carbon reductions are perfectly correlated (given that the efficiency case involves no fuel 
switching, this is reasonable), then the efficiency case ovef3stimates emissions reductions by 22 
MMTCE. Overestimates in the high efficieney cases would be greater than this.

' The AE097 BAU would capture 25% of the efficiency gains in the efficiency scenario.



PROFILE OF U.S. CARBON EMISSIONS BY INDUSTRIAL SECTOR

1990 U.S. Final Energy Demand (quads)

5 I Tran.pon |.

Industry

Buildings

Energy Profiles
• Three sectors each had approximately one-third of U.S. final energy demand in 

1990 — transportation, commercial and residential buildings, and industry.
The electric utility sector supplies about one-third of this final demand, virtually 
all in the buildings and industrial sectors, and consumes fuels to generate that 
power.
Growth in carbon emissions parallels U.S. energy growth in general.^ ^
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• The profile in U.S. carbon emissions parallels the pattern of energy demand 

■ the three sectors, transportation, buildings, and industry, each account for
approximately equal shares 
Electric utility emissions in the chart at the right are double-counted in the 
end-use sector in which the electricity is used — and can only be reduced by
either reducing end-use electricity demand or by switching to lower carbon 
content fuels
The El A growth projections show transportation likely to be the fastest 
growing sector of emissions out to 2020....up 53% over 1990 
The buildings sector is expected to increase emissions by % over 1990, or 
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LONG-TERM TECHNOLOGY STRATEGY

Major long-term reductions in carbon emissions, and in many cases in energy usage, can be achieved if technological advances such as 
the following can be achieved and made commercially competitive:

Transportation
• Full PNGV vehicles......... 80 mpg at today’s performance and price
• Hydrogen fuels....... through fuel cells for heavy trucks, rail, autos
• Electric vehicles

Electric Utility Systems
• Renewable energy systems.......... solar, wind, biomass
• Future baseload technologies.........................

Buildings
• High efficiency technologies, intelligent building management systems

Industry

Cost Issues

Long-term Market and Economic Uncertainities
• Electricity deregulation, international competitiveness
• Lifestyle trend changes (eg, telecommuting, consumer preference for light trucks)

Policy Issues
• Federal and private R&D funding
• Role of public/private and international partnerships
• Incentives........funding, prices, emissions trading allocations, partnerships, public relations, published performance data,

required performance standards, other



MEDIUM-TERM, TECHNOLOGY PROVIDES A BRIDGING STRATEGY

In the medium-term, technology can serve a “bridging” function to allow time for the long-term R&D developments and the 
commercialization of various technologies to reach significant levels. For example, one scenario for returning U.S. carbon emissions 
to 1990 levels by 2010 would allow:

Transportation
Energy usage can still grow, but technology would slow the increase to 16% vs. Business as usual 30%
PNGV demonstration must succeed, and improvements must be gradually integrated into standard new vehicles

Commercial and Residential Buildings
Energy usage slows sharply — up 5% compared to 24% under BAU
On one-third of normal replacement cycles and new installations, high efficiency equipment is used

ndustry
Energy usage essentially flat— down 2% vs. increase of 18% under BAU

Electric Utility Systems
Would require absolute reductions in energy usage and emissions below 
1990 levels in order to offset the increases in other sectors above 
Through a combination of reductions in end use demand growth in other 
sectors and increased use of natural gas in place of coal, overall electricity 
output would still increase, but emissions would drop 30% from 1990 levels

Costs

Policy Issues
• Incentives for commercialization and to spur capital stock turnover

........ funding, prices, emissions trading allocations, partnerships, public
relations, published performance data, required performance standards, other

Emissions Scenario (mm tons)
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Autos and Light Trucks
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Key Trends -- 1990-2010
• 33% of US carbon emissions are in the overall transportation sector, with autos and 

light trucks accounting for 20%.
• Fuel economy of new automobiles has been regulated at 27.5 mpg since 1985 and is

projected to be 31 mpg in 2010. New minivans, sport utility vehicles and other "light 
trucks" get 20.6 mpg now and are projected to get___ mpg in 2010.

• Light trucks were 20 percent of the personal vehicle market in 1974, 44% in 1996, and
are projected to be___% by 2010, resulting in declining overall fuel economy
performance.

• Vehicle miles traveled have been growing 2-3%/year for the past 30 years and are
expected to be __%/year between 1997 and 2010.

Needed Technological Improvements j
• Key technologies needed are weight reduction (advanced materials and design), hybrid/electric dnvetram (batteries, advanced

turbines/fuel cells, electric controls), and aerodynamics.
• PNGV must succeed - a production prototype at 80 mpg by 2004 with equal performance.
. Then, new cars by 2010 need to incorporate at least 30 percent of those improvements - to reach 43 mpg.
• New light trucks by 2010 need___ % of those gains - to reach 31 mpg.
• Long term potential - electric cars, hydrogen fuel cells.

Costs
• At current technology costs, new autos would cost $800-$ 1,200 more, 

and would pay back in 3.5-5.3 years at current fuel prices.
• PNGV R&D costs, public and private $.

Policy Challenges
• Ensure success of PNGV.
• Incentives for commercialization - prices, emissions trading credits, promotion, 

regulation, and financing.

MPQ by Model Year
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Freight, Aircraft and Rail

Carbon Emiaolons: Freight, Aircraft 
and Rail

Key Trends: 1990-2010
* Freight, aircraft and rail together 

accounted for.l 85 million tons of 
carbon dioxide emissions in 
1990, nearly 40 percent of all 
emissions ^m transportation.

• All modes of freight transport 
have improved their energy 
efficiency. However, increased 
freight tonnage and shifts toward 
more energy-intensive modes 
have meant very little change in 
the total amount of energy used to 
haul freight since 1972. In 1995, 
about three times as much freight 
was transported as in 1972.

Opportunities to reduce carbon emissions from freight are expected to come mainly 
from trucking and air transport.

Needed Technological Improvements
♦ Key teclmologies to reduce energy intensity in truck freight in the next 10-15 years 

include vehicle weight reduction through materials substitution, improved tires, 
electronic engine and transmission controls. More significant reductions are possible 
beyond 2010 if hydrogen-ptiwered, fuel cell powertrains are developed and 
commercialized for truck transport.

• PNGV is a key to reducing energy intensity in truck transport in both the medium and 
long term. It is likely that hybrid powertrains could be significantly advanced if PNOV 
is continued and funding increased.

* NASA progi'ams have helped to reduce energy intensity in air transport for over 20 
years. Ongoing NASA and DOD programs are also working to improve fuel efficiency 
in aircraft engines and laminar (c.g. nonturbulent) flow of air over airframes. NASA ’s 
high performance turbine engine technology program aims to achieve a 40 percent 
increase in fuel efficiency by 2003, and such engines could conceivably be on 
commercial aircraft within 15 years.

Costs
DOE estimates that finnual costs needed to achieve emissions reduction in transportation 
range from S25-40 billion, and could save $35-40 billion annually in fuel costs.
PNGV is funded at , and to succeed in achie ving the kinds of emissions
reduction sketched above, might need two to ten times this funding.
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MEMORANDUM

T O: T.J. Glauthler (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
c „ h i ft r t • Response to the Economic Review of the Draft Report "Scenarios of U.S.
bUDjeci. ^.g^^onReductions. 2010" _____

Treasury) on August 19.
w. no«d me concern mat ^t"e

-dthat tt would only be
SJ^cessary to check some box for policies to go Into place to bring It about, 

we also noted t^‘ S?'

With achieving the carbon reductions.

Congress and the White House on a number of matters.

Rsgatdlng me P-“^pom^esdn.ams of bom
““'h‘*'SttS”SL?“hS' M??t Sfl feature of scenarto analysis mat one often
much better than tney are. n „ a._ a. ni„strate simolv the consequences of a set of
S^mpJlonl^r mrnTeLls wim me uncerum^^^^^
fe'^^rnfme" risilm 

and others.
pmally. regarding me —ts on me^—. m ^ hare d«re a

GiUingham and Jonathan there is more micertaintly in the economic analysis
rnrjeirSSgr^u'^^'t^ngr re;r«“^^ amvTto malte mat clear m me 

next version.

akd in other ways (more and better caveats) to try to avom

study.
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Attached are partial comments. Having an advance 
look may be useful.
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memorandum

TO: Jay Shogren

FROM: Joe Aldy and Quindi Franco

DATE. August 11,1997

RE: Review of DOE Labs Study, June 10 Draft

We provide an assessment of US Carbon Reduaions by 2010 and Beyond: The Poientxal 
Impact of Energy-Efficient and Low-Carbon Technologies (DOE Labs Study. June 10 draft). 
The report identifies carbon reductions and their associated costs m the buildmgs. industiy, 
transportation, and electric power sectors under two hypothetical climate policy scenarios. The 
__ ►uor n«cTv»rified “verv affCTessive policies” and a $50/ion permit price, carbon

. |;|||iii|ir-nf the government programs rfrrfiiniiyt—----- - the necessary teennoiogy
adoptionlTreduce emissions of 180 million metric tons of carbon equivalent (MMTCE). Based 

on the actual history of CCAP, we estimate the costs of government programs to achieve these 
reductions could total $45 billion (1995$), depending on the form of the majginaLcostcurve.
We annuitized this figure and found that government programs could cost«Ubillion>nually 
into perpetuity. These are costs in addition to existing program costs to irnJjrevrcS^ 

efficiency technology development and adoption. Second, the analyses across sectors are not 
integrated. Therefore, the penetration rate of energy efficient technologies may be overestimated 
because the separate sectoral analyses do not account for declines in fuel prices.^ Third, the 
industry sector analysis ignores the costs of accelerating capital retirementjfWwltegdittiihQr an.- 
rn;prpc^imare pf nr iniim-j—Fourth, the transportation sector
requires “luck” in terms of technological innovation to achieve the projected ernissions 
reductions. Fifth, the utilities sector analysis resulted in double counting of emissions reductions. 
These LTcamples of the qualifieatiems can pfevide additional insight intn rhft prnjncrinnsjaL- 
uinifljiona reduLtiuiis Upon receiving the final versig rf the report and
documentation of the analyses, we will update this review. y

^ $ I) t ^ <_
Overvievr of Report 7 . *-3 (fx ?
The Labs Study estimated the carbon emissions reduction opportunities available throug 
technology development and adoption and fuel switching. The Study employs the Energy 
Information Administration’s 1997 baseline (AE097) for the buildings and industry sectors. For 
the transportation sector, the authors changed the AE097 assumption of increasing fuel 
efficiency in automobiles to constant fuel efficiency. For the utility sector, the baseline was 
modified to reflect a fully competitive bulk-power market in the year 2010. Discharge,
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shutdown, repowcring, and new consiniciion decisions were oplitnized to select the amount of 
capacity that minimized the cost of the power-supply system,plus the cost of unserved energy, 7 

Compared to AE097, the final baseline has slightly lower energy prices, larger electncitv sales, 
and a greater share of gas genendion. The study provides emissions red^^ons from this baseline 
for two scenarios; 1) “efficiencj^and 2)“high efficiency/low carbon^ver the period 1998- 
2010. The study describes neither the policies necessary to achieyd^missions reductions nor the 
costs of federal programs for thesi scenarios, only their outjoifies: increased adoption rates and 

better technologies. \

------- w —This case assumes that ail technologies adopted are at zero or negative net coSt to the user given ■
more aggressive federal policies to stimulate development and diffusion of energy efficient ^
technologies. The Study estimates that 120 MMTCE will be reduced at negative net cost in this 
scenario.J^one of these reductions occur in the utility sector as a function of fuel switching or 

<;re^iology adoption to increase combustion efficiency.

Hi^ ^ciency/Low Carbon Scenario
j^-r,

This case assumes a “greater commitment” to reduce emissions through federal policies, in 
concert with state and private activities and a $50/ton permit price that stimulates low carbon 
technologies (read: primarily fuel switching). The policy is announced in 2000 and the policy’s 
restrictions are phased-in through 2010. There is an assumed announcement effect (although an 

*7 not specified), increased domestic and international R&D in low-carbon technologies,
f anda “change in psychology”. The Study estimates reductions of 180 MMTCE from the

baseline through energy efficient technology adoption at negative net cost (see high efficiency 
without low carbon technology in chan below). The carbon permits will yield an additional 150- 
200 MMTCE of reductions through low-carbon technology adoption. Given that these occur at a 
permit price of $50/ion, the Study estimates the upper limits of these costs to be $10 billion per 

year in 2010.

1990 2010
Baseline

2010
Efficiency

2010 High Efficiency 
(w/o Low Carbon Tech)

2010 High
Efficiency/Low Carbon

1340 1720 1600 1540 1340 - 1390

Review

The Lab Study employs several imponant assumptions in the analyses, fccvuiilnu abudl ihcae 
qualinLaildh^ can enhance oni. § UfldlilSLaiiiJiiJg uf the ogtimitrs rpganling r,0fiT-pffrrTiYf;nffSS and-
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-timiriilidMlS ill thl
riiTini6R''f7"'' thnif below.

tody. We-fws^*scveral of the most significant assumptions an4-

The Study Does Not Specify Policies to Achieve Carbon Reductions

"Cost effectiveness is improved because R&D, in combination with increased 
deployment efforts, result in declining capital costs. We do not specify the 
policies, economic conditions, or exogenous events that could precipitate such
changes” (p. 1.4).

The entire study is premised on two sets of undgM policies: an ^‘aggressive” or “invigorated” 
public sector effort to stimulate energy efficient technology adopnon (efficiency case) and a 
“very aggressive” public sector effort to stimulate technology development and adoption (high
efficiency/low carbon case). The only specific policy instrument mentioned in the report is a ____
$50/ton tradeable permit. The study xiwkw va^us..dftrcnvwo u policies and only provides details 7 

these unidentified policies would result in: 1) “belter technology” (p. 1.5); 2) “higher 
penetration rates” (p. 1.6); 3) "changing the capital recovery factor [in industry sector] from 33% 
to 15%” (p 4 8)- and 4) “technological breakthroughs” (p. 5.3). These policy effects would 
result in reductions of 180 MMTCE for “free”: firms and individuals receive energy cost-savings 

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

The report specifically states thauhs-effio^aicy^e reduces, but dws not eliminate, ma^et 
barriers (p. xland thjtutnplerngnt^n eosts arejfenoved-(p. xvi). First, we will ^seuss the ^

himprB^mfrrhan WIT will addrecc the coot iwue. Market barriers «-
nemr I^ell-functioning^t occasionally complex, private markets. Jufufiimuuii is fully 

^rnnrmivtd among ?1l in thp m|iI...... if mlaffi'Mnnn mav seem mcomulcLc lu-
jinn A person addrocBt?? ill n»il uuju. but

I co.sts caf| undefefted hV nnf‘*y*^'* *'■*<*<' *1“ “hiilili.i] lumV*. Fwi Ukaiki.L Latntfa. uiiTlte
nm TtmfreTmiVr allocation is efficient. Policy intervention to eliminate a 

J. yarket barrier cannot make society better off and usually makes society worse off. regardless of 
r^frae implementation mechanism.'

wo 't
r^fftne implementation mecnanisi1 ei/'l^Tl W/*- . , , r u 1

^ ' The economics literature has identified several barriers th4$^cxpla^,tbe slowjat^of technology
adQPtion:4) qualitative attributcj differ across tmhnolegies; 2) j^Jvato attributegbniifuiiiiatiqn;

fi |-im nnfmvl-rftte<r-t>fn4 ' i3) prr'it** r?*'"'**^^vrrgiin frnm 'iTrfiivhn*?i " 'fT

rArhnr>lf>{rjfc ran aHr>p^ir>n rnnciimprs nf tflchnnlngV prefer
ti'f iinnldj/^ji I M nn*!'* ftf ii ~irT iTf^'hiiT' " ■•“ ■-■ ■■ - ■■■''* I"** *"■' ■ ^ V i-fn^-.v-iiuu. For example, some 
technology consumers may purchase a product with a lower efficiency than another product 
because the former is more reliable than the efficiency-superior product.

' In contrast, policy intervention to eliminate a market failure (such as carbon emissions) 
may make society better off, depending on the cosls of the intervention.
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Eava;»iHffeuLrs''uf iiLniadon mcludrt^^ mL of learning how a n.»w technology >vorlc9 

one’c ei^isTing tfirbnnlngwr. and identifying i&chnoloey 8uppUera. Transuaiui] uoiia
■auri^esa lasks-Jf oppermnicierfof oconomic gains in f,applying to informatign

oxpeet arbitrage looobui whore middltman eensultanto wpald mi^ooc iha needs 
potential appfwnatecupptiare. 'ff i/>^lcc ^

— \ i^ctn Cl I^
^The social discount rates to evaluate new technologies may not fully capture the uncenainty and i 

risks faced by individuals and firms. These private actors may use a much higher discount rate 
reflecting the uncertainty of future energy prices, the reliability of the technology, the

irreve^bUity 7

'H^VT"n—r"HT iir* ipmnn^ ri^iT^gy pon uffeet who benetits ,t~ ti
i^.„.cosMffective on average^uibj

don^o,,.»n^nob rn^

J. ■. ^*pW.nT hnrri>>r«-j.nnsTrar£ the prnnnmir hahavior that explains the apparent 
ouidtif adoption of energy effieionGy toohnology (the-^fficiBney gap’Q These barriers clearly 
demonstrate the difference between the technological maximum adoption (which only assumes 
technology costs) and the economic maximum adoption (which assumes total costs). A-oct of- 
■riaaaMecfaaHgfe-policiBS to stimulate teehnelogy adoption could increacc effiuitney, Um only

iiji^py nisn tteereose the effect of a maikci fartore (caibon emisaions). Social welfare is— 
improved hnnefitjt of mdifeetly fixing the matkvl failure exceed the costc of-
rgmo«ing the hani"'-^ ^nrhrm-ftmiffcinnr nm HppfnpriatBlv priced (agsnminF in this case thai.
$50/ton io the oorrect carbon priga), a policy to iemu»ca Uaiiicf (e.g., tower the capital rpcnvery—
Fttt‘i(ji riLiiu 31% to 1 ^^i)j Will £1 iiv Mill III |iriii>i III I III Til fits TTif'ili rpTi‘~'-n rn*?*~ "'ill *’'**
realized On^** pPCeP ri^:*" <*nmigh f'^r t^rhnnlngitir rn nl>^> thii. harrifcfa. •

e know that the coota of icdueing b 0 greaterftMkewbagri£rom the litera
thwrtjcos^to government tfcitS^rrvScet barriers .*eqsEt

issiona fcductions). Weprovide benefits in termo of proj estimat
costsWWOta ^ I|fca -—------------ I.Change Action Plan (CCAP). CCAP promotes carbon reductions through a broad array of

, ________ _________________1..*.^ ««4rtnt-tnn Kxf ^HySltC ^ams that stimulate “cost-effvolun
, pfirTi hV 1 ^ ^ ° program impliwr rfiarirltfhnftiis rediked and fha firm gam

received appropriations totaling $494 million (1995$) during the FY95
unuiit^iaujr. ^ ........... —• v----------^ ^ .FY97 period. During this period, the Department of Energy and the Environmental Protecribn 

I Agency can account for reductions of 14 MMTCE (see attached tabic). Each ton of carbM 
I reduced in CCAP cost the federal government, on average, $35.29 (1995$) over this thr9fe year 
I period. Assuming a flat marginal cost curve (MC * AC of CCAP),te icduct 180 M'" 
|l)uymid the Uiischiie., the j------------ of die ujildentified polieieo in tha Libn ^

Xb yrtAfy



08/12/97 TUE 12:37 FAX 202 6222633 
PlUG^l 1-1997 14=13 CEfl

006

. exceed $6.3 billion. -Fonccuunl lui die upi<ununil)f ‘•nfeilU thtoush tl

value
pcypgtniisr^ TTnwrnmr. 
efficiencyAow carbon scenarios are

diid fomia
r* TTi iifiinimr thr'mirrn"^ c

n»jionoar4
million

This is a
slowly increasing marginal cost curve given baseline assumptions of gams in energy efficiency. 
Assuming that costs increase 20% for every 10 million metric tons of carbon reduced, then the 
cost to government would exceed $45.2 billion (jumuiij UHi 1. ITTniiiiiii) (sec attached chart).

The Secioral Analyses Are Not Integrated

‘The model runs for each of the three end-use sectors were not integrated and 
therefore may overstate the effects of technology penetration. In an integrated 
modeling effort, fuel prices might fall as consumption declines, resulting in less 
penetration of energy-conserving technologies” (p. 1.1).

The analyses of the various sectors assume that the reduction of 180 MMTCE occurs through 
energy efficient technology adoption without any price effect. This implies that, with 
government programs, private agents will adopt technologies because the benefits (energy cost- 
savings) exceed the costs of adoption. The authors claim that these reductions occur at zero or 
negative net costs. By failing to account for the effect of decreased energy demand due to energy 
efficiency technology adoption, some of those adoption decisions that occur on the margin would 
no longer generate positive net benefits for private consumers. The Labs Study indicates that 
energy consumption will decline from the baseline by 11.6% under the high efficiency/low 
carbon case (p. xi). This decrease in demand should result in a decrease in the price of energy, 
and cause some energy efficient technologies to become unattractive to private agents.

In addition, the absence of an integrated analysis precludes an assessment of the economy-wide 
effects of a tradeable permit system. As previous studies have indicated, the nature of the permit 
allocation (e.g., grandfathering, auction, or a hybrid) and the characteristics of the revenue 
recycling (e.g., various adjustments to existing taxes) can affect economy-wide investment. 
Understanding the effects on investment is instrumental in assessing the likelihood of success of 
these scenarios, given that they rely on substantial R&D and technology adoption.

The Industry Sector Analysis Ignores the Costs of Accelerated Retirement

“When the economic losses of accelerated retirement axe accounted for this means 
that, at the margin, all investments arc not likely to be cost effective at our 
assumed 15% CRF [capital recovery factor]. Since we do not have a model to

We employed a 7% discount rate to calculate the annuitie.s in this paper.

5
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account for this potential early retirement and the economic losses, we must 
caveat our estimates of investment and net costs. ...the investment cost may be 
understated by the amount of loss due to any early retirement that may occur” (p.
4.15).

This assumption implies that one of three results should be accounted for in the analysis. First, 
the projected emissions reduction should be revised downward, because the assessment of the 
industry sector overestimates technology adoption by ignoring these costs. Second, the cost of 
reducing emissions, if the reduced carbon from this sector remains constant, should mcre^e. 
with some technology adoption decisions occurring at positive net costs. Third, if the authors 

maintain the same costs and emissions estimates, then the costs of government programs to 
somehow force down the CRF from 33% to 15% would increase.

The Transportation Sector Requires "Luck” to Achieve Carbon Reductions

“[Bjecause the [transportation sector] outcomes postulated in the high 
efficiency/low carbon scenario require technological breakthroughs, they require a 
certain degree of luck to be achieved by 2010. There are no credible methods to 
accurately gauge the probability of such breakthroughs - we believe they stand a 
decent chance of occurring with an intensification of research efforts, but we stop 
short of claiming they are a likely outcome of such an intensification” (p: 5.3).

Note that this statement includes two qualification.s: luck on top of intensified research effons. 
To achieve just the efficiency level of emissions reductions for this sector (73 MMTCE), these 
intensified research efforts may require two to ten times existing funding on transponation (p. 
5.3). To gain a sense of the magnitude of what such an increase in funding might be, consider 
that the Partnership for a New Generation of Vehicles (PNGV) alone is funded at the federal 
level at 5263 million. Private sector costs of participating in the PNGV are in addition to this 
large sum. Further, the estimates of costless (on net) carbon reductions relies on a series of 
tenuous assumptions: commercial development of the fuel cell for passenger cars, commercial 
availability of cellulosic ethanol (and the elimination of the ethanol excise tax exemption), and 
an apparently arbitrary 30% reduction in costs for “certain key technologies” (p. 5.24). These 
technologies are not identified, and the report does not provide documentation for the NEMS 

model runs conducted for the transportation sector.

Interactions Ignored. Double Counting "Likely" in Utilities Sector Analysis

“Chapter 7 considers other electricity supply technology options, including; 
converting coal-based power plants to natural gas; cofiring coal with biomass; 
efficiency improvements in generation and transmission and distribution systems; 
extending the life of existing nuclear plants; increasing generation and capacity of 
existing hydropower plants; and constructing new powerplants using advanced 
coal technologies. Each of these options is assessed independently. Thus,
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interactions between the options are not taken into account, and the possibility of 

double counting is therefore likely” (p. 7.1).

The emissions reductions in the electricity sector come from two sources. First, utilities 
undertake fuel switching at the $50/ton permit price through carbon-ordered dispatching.
Second, utilities modify their capital stock through several technology option.s such as those 
listed in the above quotation. As electricity production moves away from coal in the first 
-analysis, fewer and fewer plants (and therefore potential emissions reductions) will be available 
for conversion to natural gas or cofiring with biomass. The second ^t of analyses were static 
and did not optimize unii/plant production cost, dispatch, or system load Conversations wi* 
one of the co-authors (Stanley Hadley of Oak Ridge National Laboratory) indicate that 0 GW of 
coai-to-gas conversions (approximately 9 million tons of carbon reductions) were double-
counted.'*

Furthermore, the analysis of specific options did not examine the effect of increasing fuel prices 
(from »as demand due to coal-to-gas repowering). Given the range of assumptions considered in 
the study, the authors actually estimated that repowering coal plants for natural gas could result 
in carbon reductions between 5 million and 269 million tons (p. 7.2), depending on the gas/coal 
price differential, the cost of carbon, and the costs of sulfur dioxide and nitrous oxide emissions. 
This is quite a substantial range. The Labs Study estimates that natural gas consumpuon will 
increase 14% to 191% above 2010 baseline consumption. However, the DRI 1.25 run in the lAT 
repon indicates a 16% decline in natural gas consumption, while the SGM run resulted in only a 
negli^ble decline and Markal-Macro generated a 6% increase in natural gas consumption. These 
three models indicate that a non-integrated analysis that does not account for the price change in 
natural gas may overestimate natural gas substitution for coal and emissions reductions from fuel

switching.

* Hadley noted that a subsequent draft of the report should address at least some of the 

double counting, but he did not provide details.
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Summary of Greenhouse Gas Emissions-Reduction Actions 
Million Metric Tons of Caibon Equivalent

Action
Number

Action Title 1993 Action
Plan Estimate 

for 2000

1997 U.S. CAR 
Revised Estimate 

for 2000

Actual 
Reductions 

to Date
Residential & Commercial Sector Actions 26.9 lOJ “

New Rebuild America 2.0 1.6 -
1 and 2 Expanded Green Lights and Energy 3.6 3.3 —

Star Buildings
3 State Revolving Fund for Public l.l Terminated

Buildings
4 Cost-Shared Demonstrations of

Emerging Technologies
5 Operation and Maintenance Training 3.8 0.0 -

for Commercial Building Facility
Managers and Operators

6 Energy Star Products 5.0 4.3 -
7 Residential Appliance Standards 6.8 0.2 -

Sand II Energy Partnerships for Affordable
Housing

9 Cool Communities 4.4 0.4 -
10 Update State Building Codes

New Construction of Energy-Efficient 0.1 -
Commercial and Industrial Buildings

New Superwindow Collaborative 0.0 "
New Expand Markets for Next-Generation 0.2

Lighting Products
New Fuel Cells Initiative 0.0 “

Industrial Sector Actions 19.0 4.8 -
12 Motor Challenge 8.8 1.8 -
13 Industrial Golden Carrot Programs 2.9 Merged Into Action 12
14 Accelerate the Adoption of Energy- Terminated

Efficient Process Technologies
15 Industrial Assessment Centers 0.5 CCAP Component Terminated
16 Waste Minimization 42 2.1 1
17 Improve Efficiency of Feitilizer 2.7 0.8 -

Nitrogen Use
18 Reduce the Use of Pesticides Tenninated

Transportation Sector Actions 8.1 S.3 -
19 Cash Value of Parking
20 Innovative Transportation Strategics 6.6 4.6 -
21 Telecommuting Program
22 Fuel Economy Labels for Tires 1.5 0.7 -

Energy Supply Actions 10.8 1.3 -
23 Increase Natural Gas Share of Energy

Use Though Federal Regulatory 2.2 Terminated
Reform
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24 Promote Seasonal Gas Use for Control 
of Nitrogen Oxides

2.8 0.5

25 High-Efficiency Gas Technologies 0.6 Terminated

26 Renewable-Energy Commeteialiation 0.8 0.3 1

27 Expand Utility Integrated Resource 
Planning

1.4 Terminated

28 Profitable Hydroelectric Efficiency 
Upgrades

2.0 0.0

29

30

Energy-Efficient Distribution 
Transformer Standards
Energy Star Distribution Transfoimeis

0.8 0.5

•
-

31 Tran^ission Pricing Reform 0.8 Terminal«d

New Green Power Network Not included 0.0

Land.Use<Change & Forestry Actions 10.0 2.4 —
43 Private Depletion of Nonindustrial 

Private Forests
4.0 Tenninated

44 Accelerate Tree Planting in 
Nonindustrial Private Forests

0.5 0.4

16 Waste Minimiration 4.2 2.0 —
9 Expand Cool Communities 0.5 To be determined

Methane /Actions 16J 1S.S —
32 Expand Natural Gas STAR 3.0 3.4 —
3.1 Increase Stringency of Landfill Rule 4.2 6.3 -7

34 Landfill Methane Outreach Program I.l 1.9 —
35 Coalbed Methane Outreach Program 2.2 2.6 —
36 RD&D for Coal Mine Methane 1.5 Terminated
37 RD&D for Landfill Methane l.O Terminated
38 AgSTAR Program 1.5 0.3 mW

39 Ruminant Livestock Efficiency 
Program

l.S 1.0

Actions to Address Other Greenhouse Gases 16.3 25.4 —
17 Improved Fertilizer Management 4.5 5.3 "
40 Significant New Alternatives Program 5.0 6.4 "
41 HFC-23 Partnerships 5.0 5.0 —
42 Voluntary Aluminum Partnership 1.8 2.2 —

New Environmental Stewardship Initiative Not included 6.5
Foundation Actions —

Climate Wise Not estimated 1.8 —
Climate Challenge Not estimated 7.6 —
State and Local Outreach Programs Not estimated 1.9 —

Total GHG Emission Reductions From CCAP 108.6 76.0 14.0

Data is not readily available for cumulative emissions reductions for many CCAP programs. Emissions 
reductions of about 5 MMTCE can be aaributed to DOE’s CCAP programs. EPA's Office of Air and 
Radiation is responsible for emissions reductions of about 9 MMTCE through their CCAP programs.



Costs of Reductions ($/ton)
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Carbon Reductions (MMTC)

S MC = AC of CCAP
MC Increases 20% Every 10 MMTC

MC Increases 10% Every 10 MMTC
O


