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Table: A Sectoral Comparison of Emissions and Costs of Climate Change
Sector 1990 C Emissions 2010 Base C 

Emissions
2010 Stabilization 
of 1990 Level 
Emissions

Reductions
//■: ■■ ■ '

Costs Govt
Costs

Issues Affecting 
Probability of 
Achieving Emissions 
Goals

Transportation 432
(AE097, DOE5: 
viii)

616
(DOES: viii)

485-513*
(DOES: S.S, xiii)

103-131 $43 - 68b/yr 
(CEA, DOES)

? 1) PNGV funding
2) gasoline prices
3) intermodal switching

Cars & Lt. 
Trucks (M-M)

S18-28b/yr
(CEA)

7

Freight, Air,
Rail

185
(AE097: Gorte) (AE097)

244
(DOES: Gorte)

$25 - 40b/yr 
(DOES: Gorte)

?

Industry 452
(AE097, DOES: 
viii)

534
(AE097,
DOES: viii)

(M-M)
461 - 483
(DOES: xiii)

51-73 $3.6b/yr 
(DOES: 4.14)

? 1) flexibility with other 
envl rules
2) incentives to retire 
capital
3) tax reform to spur 
feedstock recycling

Buildings 460
(AE097, DOES: 
viii)

571
(AE097,
DOES: viii)

(M-M)
525 - 530 
(DOES: xiii)

41-46 $14b/yr
(DOES: 3.S)

? 1) CCAP funding
2) electricity prices

Electric -157--138**
(DOES: xiii)

138-157 $6 - lOb/yr 
(EPA-IPM:Tumer) 
<$6b/yr 
(DOES: xviii)

? 1) natural gas response
2) deregulation
3) R&D

Renewable -20
(Petersen)

$4 - 6b/yr 
(Petersen)

?

TOTAL
(rounded)

1340
(AE097, DOES: 
viii)

1720
(DOES: viii)

1314-1388 332 - 406 $67 - 96b/yr



* DOES provides an estimate of emissions under the high efficiency/low carbon case of 485 mmtce on p. 5.5 and another estimate of 
513 mmtce on p. xiii. Since we cannot discern which is the appropriate estimate, we provide both as a range.
** DOES accounts for all reductions in carbon from decreased electricity demand with the end-use sectors, and all carbon reductions 
from fuel switching to the electric sector.

AE097: Annual Energy Outlook 1997, published by DOE Energy Information Administration 
DOES: U.S. Carbon Reductions by 2010 and Beyond, report by 5 DOE labs 
M-M: Markal-Macro model runs 
DRI: DRI model runs
CEA: Council of Economic Advisors in-house analysis 
EPA-IPM: EPA used their IPM model to estimate electric sector costs

Note on cost and emissions estimates; The cost estimates, in several cases, represent the upper bound of the estimates provided in the 
sector papers. We employ the upper bound because the upper values represent the DOE5 high efficiency/low carbon case. This is the 
case that generates emissions reductions to achieve 1990 levels. The lower bound in the sector papers represents the efficiency case, 
which does not achieve 1990 levels. The DOE5 estimates of emissions in 2010 do not include a range as well, since the upper bound 
of the range (representing fewer emissions reductions) occurs under the efficiency case.

CEA cost estimate for cars and light trucks: We use two sets of information to calculate a range of costs for this sub-sector. For the 
lower range, we use the $1,200 value provided in the paper which reflects the Markal model runs. We multiply this by the number of 
cars and light trucks in 2010, which we conservatively assume is the same number as today, 15 million. For the second number, we 
take the cost estimates from DOE5 (5.49) of $2,000 for cars and $1,650 for light tmcks and multiply these by a rough number of cars 
and light trucks sold this year (9 million and 6 million respectively).

DOE5 cost estimates ignore implementation costs of technology adoption.



Four Levels of Project Costs

I. Project Impacts

Sector Savings Potential IRR Payback

Res X X X
Comm X X X
Ind X X X
Trans X X X
Util X X X

jnario Impacts

Case Investment Savings

Res X X
Comm X X
Ind X X
Trans X X
Util X X
Total X X

III. Federal Impacts

R&D Investments
Market Transformation Costs
Tax and Other Fiscal Incentives

IV. Other Impacts

Progress Ratios and Experience Costs (Impact on Costs)
Return on R«feD Investments
Other
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Technology Offers Economic Growth

Paying energy bills is a “drag” on economic growth

Business Expenditures
$1,600

$1,400

$1,200 I-

>. $1,000 -

$800

o $600 -i;

$400 ■?:

Wme$200 I

Work ForceEnergy Corporate
Income
Taxes

New
Equipment

Source: AEO, 1994 and Statistical Abstract of the United States, 1994

♦ Paying energy bills is jgw on list of economically productive 

activities



Technology Offers Low Risk / High Return
Investment Opportunities
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i Spurce; Brinson Partners, INC;, March 19^, and EPA

♦ Today’s efficient technologies are vastly underutilized
♦ Many offer IRRs of 20 to 40%
♦ low risk investments
♦ widely available -- result of 20 years R&D



Technology Offers Sensible Response

♦ Many available energy efficient technologies
♦ short paybacks -- attractive rates of return
♦ emissions reductions

^ 100

I2
TO

oQ
•acTO
V)
3
O

80 ^

60 ^

^Initial investment 

■ Yearly energy bill savings

Pa/d Back

I HI I ■
8

Years

A 4 year payback is about a 25% simple IRR, better than 

most other investment alternatives



Savings Potential by Sector and Representative Technologies

Heating/Cooling, Total 30% 30% 3 5
Air Source/Heat Pump (12 5 SEER) 15% 25% 4

Duct Sealing’" 15% 30% 3 5
Fluorescent Lamps & Fixtures 50% 40% 2.5

Efficient Refrigerator 40% 25% 4

‘ uvtrtiinaaro, eiitiing tquipmeni.
** Batad on in era mental co»t/tavingt of highly affictani equipment compared to typical aquipm ant purchacat

'** Availability of this newer technology is currently lim ited

%Enetgy
Savings

IHR PaVfcKK
dr™..

Energy Efficient Lighting 45% 35% 3

Energy Star Office Equipment 50% no cost -
Variable Speed Drive 50% 25-30% 3.5-4

Energy Efficient Boiler 25% 20-30% 3.5-5

Energy Efficient Chiller 35% 20-30% 3.5-5

Efficient Exit Signs 75% 70% 1.5

Average Bulldins Wide Savings 3S% ZS-J6

inOvstrialTeiiffwieieglw mmm
Industrial Boilers (Tune-ups and Hardware) 8% 100% 1

Advanced Efficiency Motor Systems 10% 40% 2.5

Compressed Air Systems (O&M and Hardware) 46% 160% .5

Heat Recovery of Process and Waste Heat 5%* 60% 1.5

Cogeneration of Electricity and Steam 10%’ 30% 3.5

7»*



Estimates of Technology Investment Cost and Savings 
(in billions of 1992 dollars from 1998-2010)

Source Investment
Energy Bill 

Savings
Energy Savings 

(Quads)
Carbon Savings 

(MMT)

U S Cumulative Investment 
(AE097) $17,240 n/a n/a n/a

Energy Innovations $426 $1,006 15.6 414

AMIGA '' $373 $677 n/a 459

GAP Sector Analysis $511 $685 26.5 n/a
Markal-Macro Tech Cas^'"^^ $140 n/a 16.7 427

GAP GnfcPager $886 n/a 23.8 n/a

Lab Study 750 /^■J

P
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Technology Offers Economic Growth

Paying energy bills is a “drag" on economic growth

Business Expenditures
S1.6Q0 

J1.400

5
6 $1,000
J* $600

I $eoo
® $400

$200 

$-
Energy Coiponrie

Income
Taws

Worit Force New
Eqvjipn®nl

Sowce: AEO. 1994 and Statistical Abstract rrfthe United States.1994

♦ Paying energy bills is tow on list of economically productive 

activities
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Technology Offers Sensible Response

♦ Many available energy efficient technologies
♦ short paybacks — attractive rates of return
♦ emissions reductions

^ 100

a
oa
■o

Hi
§ 20

4 5

Years

6 8

A 4 year payback is about a 26% simple IRR, better than 

most other investment alternatives
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Savings Potential by Sector and Representative Technologies

S'viyl
Heating/Ccollng. Total 

AlrSoureetHeat Pump (12 S SEER} 
Duel Seains''*

Fluorescent Lamps B Fbrtures 
E mole n IR efrigerator

30«
15%
15»
50»

ao%

ffilSWI
30» 
25« 
30 « 
40% 
2»%

3.S
4

3.5
2.5 

4

* OnrsttsUnA ■4«il'>S ail.
** BiaaS aa iairaaaalal aaalfanhia aaU|»^a^fcKaaal.
— AaaSatnratO* ■vaaaaa laaSaaSafla a I

aSaea^naatMaaearvUca wskalaampm aat
BsaaBaa.

uS8<SSi»?*in4KS:a6*'«
1 MicblaJ Bote (Tuna^vs and Haedwsre) 8% 100%

Aitamd Eltency MotorSyatorrs 10% 40%

Corrpresscd Air Systems (CMM and HsteM} 46% ieo%
Keoi RaoDvanroT Pncoss and Wtee Heat 9*' 60%

Cogenetenof Badrieflyantf Staam . 10»* 30%

I
2.5
.5

15
»5

ffil

0
smm.' Enusy EliciBrt Lighting e% 35%

EtetOY Star Office Eqiiianert E0% no cost -
Variabla SpteOte 50% 25^0% 3.5-d

Energy EBoewl Doicf 25% 2030% 3.5-5

Erc^ Efficient CMIer 36% 20-30% 355

Efficient Bdl STte 75% 70% 15
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Estimates of Tediaology [nvestment Cost and Savings 
(is baions of 1991 dottun from 199S-2010)

Soarce Investaeat
bergy B9 

Savings
Energy Savings 

(Qeads)
Carbon Savings 

(MMT)

U.S. Camuhtive Invatneot 
(AE097) 517,240 o/a o/a n/a

Eoeigy Linovtdoiu $426 $1,006 15.6 414

AMIGA S373 $677 n/a 459

OAP Sector Analysis $511 $685 26.5 n/a 1

Markai-Macro Toch Case $140 n/a 16.7 427 1
OAP On-Pager 5S86 o/a 23.8 n/a
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Macroeconomic Impacts of Markal-Macro Simulation 

(Comparing Base Case with Case 3 Stabilization)
1.0%

S 0.0%

-1.0%

-3.0%
2020
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Climate Technotogy Strategy Cott Summory
:$Billlon)

oi ‘3 ”7 ' /
' "Z-o/o

— 1
Bulldinc S Industry r Transport

Dlscoufited total energy savings 270 125 335
Discounted totol investment costs 123 62 218
NPV of benefits 1 147 64 117
Estimated aross Doyback period 9 11 8
Estimated project payback period 4 6 6
Estimated gross ROl 12% 10% "-7
Estimated project ROl 25% 17% 18%

...

[\Ui)0*lsiVV. 

^ \«v\kt SrUI'J

, . \
\ -1

( t,L 5-fi/Jc^ ^k^lj \gM. cc$ (L ,-f eA-ft>y'i~
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Other factors include some early coal-coal switching as more efficient coal

carbon value is applied, as in the Intcrlab study, delivered pnccs may only rise by l5-20/o.

Total costs of GHG policy in the utility sector ^vm be in the $5-15 billion/year range, com^d m 
oOlO baseline (incremental) production costs of about $70-75 bUlion per year. Of th,s, about half isj^ue to iZrbvIirand hair to increased fuel and other operating costs. The boUtun line fmaned outlook is 
unwnain because of changes in the electric power industry itself. Changes in production costs have not ®reduced profits undei' regidaied ratemaking. The effects of such changes m a on the stature of die market and the distribution of costs among competing “d ftdual
policy towai-ds new entrants, cleaner suppliers, or pollution credits are also important (as noted below).

Current Federal Frngrams and Funding
Although the technology and know-how to reduce GHG emissions exists today, several related 

challenges must be met in order to reduce costs and integrate climate policy with mcrcased compeution and 
more sSigenx air quality standards. Federal research and development, partnership FOgxams, and policy 

decisions can all contribute to success.
The success of energy reseai'Ch and development can be measured by the ^onnance of 

currently available power plants. Natural gas combined cycle systems have a combination of ^easmg 
cost ^d increasing performance that has changed the industry. Renewable energy cost and performance 
goals 
have also“been met, but the decline in fossil fuel price.s has moved the goalposts. More aggressive 
are now in place for the 2005 time frame. Achieving these goals will require ongoing support for R&D and pilot plant deployment cost-sharing. T.ess mature or broadly applicable technologies, solar
photovotoc and fueiTeU systems, are vulnerable to RAD shortfalls in foe near to mid te^ R&D 
on power delivery systems, including transmissinn efficiency, is also a needed mvcsiment. Programs 
to Lket these technologies for export will improve iheu viability in the US through expenence and 
expanded production capacity.

A carbon constraint will be introduced at foe same time as a competitive restructai ing of the

related policy incentives work faster and more effectively. At a minimum, there will be interactions 
between these changes which will alter the emissions profile nf the sector.

For air regulations, early analysis using 1PM and NHMS indicates that although new ozone and 
particulate matter reles wUl have a limited effect on C02 emissions (a reduction of ap^oxunately 
from 2010 baselines), GHG limia could induce significant reductions in the criteria pollutants, on the ordu
of 5-10% for S02 and 25-35% for NOX.

Initial work on competiUve power markets indicates that the ongoing rcstructering of the power 
industry may have important effects. GHG emissions may increase m the n^ term (by perhaps 5-7 o in 
the first ten years), due to increased sales by the cheapest coal units and higher demand. Rut coiupeUUon 
may prove helpfol in the long run if new technologies can readily enter makers, it market-based 
incentives are a part of climate policy. One gieat unknown is the potential demand tor cleaner power on 
foe part of consumers, who wUl have new information and choices.

Combining market-based environmental policy, consumer choice, and new technologies may 
offer erealer efficiency and enable the power sector to provide electricity that is both cle^ and higher- 
value. The technologies and physical changes needed for large-scale GHG emissions reductions appear 
to be rca-sonably achievable, allhou^ foe costs of reductions arc less certain. Industry restructurmg, air 
regulations, and climate policy will all irnuence the evolution of this sector.

DRAFT 7/18
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Baseline (AE097) coal capacily is forecast to increase from 315 GW in 1995 to about 330 GW in 2015 (including 40 GW of ne^;v plant and 25 GW of retirements) with virtually no coal-gas switching m existmg Dlanu GHG policy is likely to result in less new coal capacity, more retirements, and some foci sw’tchi^

25-60% if a stabilization target is met. Fuel use is affected more Qian installed capaci^, because ot resulting changes in dispatch. Competitive responses by coal produceis and coal-fired generators can be anticipated, but most models already assume rapid gains in mmuig productivity and additional gams m coalplant efficiency. Economic options for life extension and repowering arc also considered.
Stabilization will result in very large increases in gas combincd-cycle generation. In some c^es. natural oas becomes llic dominant fuel in the power sector, tripling from base ca.se levels to around 40/«of all power produced. Natural gas use is affected by several sectors and competing foels and is very sensitive to assumptions. lAT models project increased net gas demand in foe clecfric power sertor of 15- 50% hut this could be offset by declines in other sectors (some models indicate net declines m US itatural gas demand under a GIIG stabilization policy). Most models show a small inci-ease (about 5%) m owrall US gas demand for a limited period. If electricity demand is reduced through efficiency, however, all of these foel impacts could be considerably lessened.

Nuclear power could be affected by climate policy, but foe trends in the nuclear industry are dominated by other regulatory and market factors. Economic options for nuclear plant life extension have been examined, and the possibility for large amounts of economic early retirements is taken into account m some models. Five to ten plants, witli a capacity of 7.2 GW, arc economically retired prior to 2010 in foe DRl model, for example. Some of these planu may be kept on-line if the economics ot the power markeo change. Nuclear lift extensions in the NEMS model arc assumed, not economically selected, but some lefc extension could be an economic option under a climate policy.
As part of a GHG emissions reduction strategy, generation from non-hydro renewables will increase. Some models indicate that wind and biomass may become cost-effective options as more emissions reductions are called for. For example, MARKAL-MACRO and DRl both indic^e a 35% increase in non-hydro renewable use in 2010 under GHG stabilization, raising their share of total veneration by about 1%. Models could understate Qie potential of renewables because they do not consider “green power' demand from consumers, niche markets or dispersed power (small scale production scattered

throughout the system).Further electricity supply options include increasing foe efficiency of exisling fossil plants, and improving other parts of the power system (mainly the transmission gi id) to minimize losses. Impaote on the industry are sensitive to demand responses. Demand reductions of up to 15% of US electric use in 2010 (600 billion kWh) have been studied. When end-use demand is lowered, fewer new high-efficiency natural gas power plants are built and less gas and renewable power is used. Coal use is relatively less affected. Overall costs in foe utility sector are lower, with total costs afTccted much more than *c marginal (permit) cost. Electricity sector total costs may be as much as 50% lower under high demand reduction cases, even tliough permit prices are only 15% lower.

Physical responses are generally similar between models, but the estimated costs of reducing emissions vary. TTie recent Intcrlab study, along with other engineering cost studies, point to veiy large emissions reductions available for around S50/ron C. However, the modeled costs of reducing emissions arc quite different, ranging up to $150/ton or more in some lAT analyses. These differences largely result froiii assumptions about capital replacement decisions and cost allocation. For example, current ratemaking practice often requires ‘front-loading’ of capital payments for new plants, but this may change with increased competition in favor of‘levelized’ or constant capi^ recovoy. Another reason for differences in cost estimates is foe response of fuel prices to the climate policy. As coal use begins to decline, coal prices may fall, requiring larger incentives to achieve further emissions reductions. Similarly, natural gas prices may rise if net US consumption increases. These fuel price dynamics are important drivers of overall policy cost. 

DRAFI 7/Jft 
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Electric Power

portion (25-50% or more) of the total needed to stabilize national emissions.

. Increased use of natural gas and deinand-side etficiency are the main means of reducing emissions 
throu«»h the 2010 period. Demand reductions from end-use sectors such as buildinp may account for 
as mu^ as half (90-120 MT) of total emission reductions. Natural gas use could increase in this sector 
by 15-50% but net US gas demand may not increase. Renewable power can be a significant lactor m 
the longer Icnn. Coal use will decline by 25-60%, to levels comparable to current use. A<xor0mg to 
the lAT, average electricity prices will rise by about 25-40%. Capital investment costs of -S3-5 
billion/year compai-e with baseline forecasts of $10 billion/year, but fuel and operatmg costs will also 
increase by a similar amount. Costs could be higher if demand reductions are not rcahzed.

. No major technology breakthroughs are needed to achieve GHG emissions goals. Incremental
improvements in combined-cycle turbines, renewable energy (particularly wind turbines and biomass 
friel and gasification systems), and transmission systems will lower the cost ot emissions reducaons. 
Demand reductions through end-use technology development and adoption will also lower costs.

• Competitive trends, air polluianr regulation and climate policy will all influence the development of 

this sector.

^ Electric power genci ation accounts for over 30% of US primary energy use. Electric power 
oeneration continues to grow in tandem with economic growth, unlike most other forats of energy 
consumption. Electric power sales of roughly $200 billion represented 3% of US GDP in 1995. Des]3ilc 
advances in the efficiency of fuel use, US electric power supply maintains an historic reliance on coal and 
(increasingly) natural gas, leading to an upward GHG emissions trend that is expected to continue m the 

absence of climate policies.

Coal is projected to continue supplying more titan half of tlic Nation’s electric power through 
2010 Coal consumption, of which 90% is in the electric sector, will reach 1 ttillion tons in 1997, and by 
201o’is expected to reach 1.1 trillion tons. Natural gas supplies 15% of US power, near its histone peak 
share, and is growing most rapidly today. Nuclear power, ct^ently 20% of the US power supply - an 
historic high - is projected to decline as plants age and face increased competition.

Most renewable power is currently hydroelectric, supplying 9% of US electricity. The potential 
for hydro expansion is limited. Non-hydro renewables cunently account for about 2.7% of the US power 
supply. Some renewable technologies, such as wind and geothermal, are rapidly becoming economic and 
could grow quite rapidly between 2000-2010. Co-fu ing of biomass with coal at existing power plants also 
has a significant potential for reducing emissions by 2010. To be commercially viable, the >c^osi 
renewable technologies, which are currently priced around $0.05/kWh, need to reach below $0.03- 
0.035/kWh (in the absence of high fossil fuel prices). Wind power may reach this goal by 2005.

C02 Reduction Potential and Scenarios
This sector will be a key contributor to any GHG emissions reduction strategy. The TAT results 

show this sector reducing emissions by 20-33%. Because there are no direct emissions control 
technologies, achievmg reductions relies on reducing demand or changing fuels. Utc rate of ti^ovur m 
the capital stock becomes an important factor in determining both the means and the cost of GHG 
emissions control in the electric power sector.

The dominant emission reduction option is to use natural gas in place of coal, either through co­
firing or repowering in existing coal units, or through increased use of new high-efficiency gas plants.

DH4FT7/1S
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Delivered Electricity Prices and Revenue in 2010; NEWS and EPA/DRI, 1.25 Cases

weighted weighted Revenue

NEMS

Base
$/Mbtu
bkWh

$/Mbtu 
Stabilizati bkWh

DRI

Base
$/Mbtu
bkWh

$/Mbtu 
Stabilizati bkWh

1995 avg $/kWh=0.069 
1995 revenue=$207.7b

res ind com total
23.31
1306

13.31
1266

21.35
1146 3718

31.71
1262

18.67
1220

29.88
1031 3513

res ind com total
20.25
1179

11.69
1343

16.84
1205 3727

24.91
1025

16.8
1015

21.12
1080 3120

19.30 0.066 244.85

26.64 0.091 319.37

16.06 0.055 204.27

20.96 0.072 223.13



7/15/97 draft 2
Outline of Technology Paper for Cabinet Meeting

(Approximately 14 pages)

Purpose; To identify what technology can do to ameliorate the climate change problem, to 
evaluate the reasonableness of the types and rates of technological progress 
needed to achieve GCC goals, and to identify public and pKvate actions needed.

1. Overview — Summary of broad implications of GCC policy for technology, R&D (3 pages)
• summarize patterns of technology strategies needed (identifying sectors where 

appropriate) - accelerated capital stock turnover, increased market penetration, 
R&D successes, technology management and operating practices

• relative contributions and costs for each type of technology strategy
• incentives or other federal actions required to support each one

2. Key sectors — profile of emissions, energy use, and potential reductions resulting from
teclmological innovation, by major sectors of the economy: utilities, transportation, 
buildings, industry (1 page)

3. Electric Power (2 pages)
(standard for each sector below: profile emissions and technology trends, then types, 
rates and costs of technological change with reference to capital stock turnover implied 
for given reference scenario, as well as additional medium- and long-term opportunities 
possible, with implications for R&D and other federal actions)

4. Transportation — autos & light trucks (1 page)

5. Commercial transportation — freight, aircraft & rail (1 page)

6. Commercial & residential buildings (1 page)

7. Key industrial sectors (4 pages) 
aluminum 
petroleum refining 
glass 
steel
chemicals 
pulp & paper 
cement
high-growth industries (include potential “winners”)

8. Renewable energy supplies (1 page)



BACKGROUND DOCUMENTS AVAILABLE

A. Technology Sector Summary Papers (6)

B. Sectors paper

C. DOE Technology Sununary

D. DOE Labs Study Executive Summary
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STANDARD FORMAT 

Sectoral Emissions Reduction Potential Papers

Key Findings
In bullet format,^995 and 2010 emissions, potential reductions, k'ey technology changes 
needed to produce that (up to 4), scale of additional reduction potential available in 
medium or long term (if any), costs and payback (where appropriate).

Background
Current pattern and trend of energy use, key issues re. capital stock turnover, etc.

C02 Reduction Potential and Scenarios
Detail major sources of emissions reduction implied by the lAT economic analysis, with 
specific description of technological advances and market penetration by 2010 (and 2020 
if long term most relevant), focusing on types of decisions that need to be influenced (eg, 
capital stock replacement, new equipment and facilities selection, etc).

Costs ^
Start with estimated annual costs, but also note capital investment required and rate of 
return or payback, where appropriate.

Current Federal Programs and Funding
Include R&D, public/private initiatives, pilot programs, etc.
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DISCUSSION PAPER ON THE ROLE OF TECHNOLOGICAL CHANGE 
TO ADDRESS GLOBAL CLIMATE CHANGE

“In order to reduce greenhouse gases and grow the economy, we must invest more in the technologies of the future. I am directing my 
Cabinet to work to develop them. Government, universities, business and labor must work together. All these efforts must be 
sustained over years, inde^ over decades.”

President Clinton 
Address to the United Nations 
June 26, 1997

Context for this paper:

• The U.S. position on global climate change has consistently been that any action program should be centered on a 
market-based approach. Given the proper market signals, the private sector will find the most efficient means to make 
changes in technologies, business practices, and patterns of energy use to reduce greenhouse gas emissions.

• A properly-designed, capped domestic emissions trading system would provide strong market signals to that end

• There are also a variety of other technology supporting actions that the federal government could undertake to 
supplement such an emissions trading system to stimulate R&D and market development in specific areas, where market 
barriers exist or where changes might be restrained for various reasons.

• This paper first provides a perspective on the degree of change in energy usage and key technologies that would be 
needed in key sectors of the economy in order to begin reducing greenhouse gas emissions fi-om energy use.

• Then, the paper identifies a menu of policy options, for discussion and further evaluation, fi-om which specific elements 
could be selected to support a technology strategy to both reduce greenhouse gases and continue to grow the economy. 
This paper provides an initial identification of the options without providing a thorough evaluation of feasibility, impacts, 
or costs.

• Additional detailed papers are available from the Department of Energy and others on these technological opportunities.
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PROFILE OF U,S. CARBON EMISSIONS IN THE ECONOMY

1990 U.S. Primary Energy Demand (quads) Energy Profiles
• Three sectors account for approximately one-third of U.S. primary energy demand

— transportation, conunerci^ and residential buildings, and industry
• The electric utility sector supplies about one-third of this demand, virtually all in 

the buildings and industrial sectors, and consumes fuels to generate that power. In 
the buildings sector, two-thirds of the energy usage is from electricity, and in 
industry the share is just over 10%

• Growth in U.S. energy consumption changed dramatically after the 1973 energy 
crisis, but is projected to continue growing steadily in the absence of new policies:
— the 1960s +52% — the 1990s +12% (already +9% by 1997)
— the 1970s +14% — the 2000-2010 decade +12%
— the 1980s +11% — in total, 2010 will be 26% above 1990

Carbon Emissions Trends — 1990 - 2020
• 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 are double-counted in the sector in which the 
electricity is used and can only be lowered by reducing electricity demand, by 
switching to lower carbon content fuels or by carbon sequestration

• Growth projections for emissions parallel the pattern of energy growth.
DOE’S Energy Information Administration (EIA) projections show:
— Total emissions up 28%, or 377 million tons, from 1990 to 2010 
— Transportation up 43%, or 184 million tons
— Buildings up 24%, or 111 million tons 
— Industry up 18%, or 82 million tons
— Utilities, included in the other sectors, up 30%, or 146 million tons

U.8. Carbon Emissions (mm tons)

Transport Buildings Industry Utilities*

B 2020 ■ 2010
■ 2000 ■ 1990

* Utilities emissions also included in final use sector
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LONG-TERM TECHNOLOGY STRATEGY

In the long-term, over several decades, reductions in carbon emissions will require two fundamental changes, (1) shifts to low-carbon 
and zero carbon forms of energy, and (2) significant improvements in the efficiency of our energy usage. Appropriate technologies ae 
the only way to achieve these goals without forcing consumers to give up the services and lifestyles they want. A technology strategy, 
in combination with appropriate pricing policies, can achieve both goals and provide a strong worldwide position for the U.S. as a 
lechnology leader and exporter by advancing improvements such as the following:

o Hydrogen fuels 
o Fuel cell vehicles 
o Electric vehicles 
o Biofuels
o Full PNGV 80 mpg vehicles

iiiiiiiiiiitj

0 Fuel cells 
o Control systems 
o Materials and structures 
o Efficient “plug load” 
o Lighting and equipment 
o Renewable energy

o High efficiency motors 
o Advanced processes 
o Materials recycling 
o Combined heat and power 
o Bioproducts/biofuels

o Renewable energy systems 
— solar, wind, biomass 

o Distributed power 
o Advanced gas generation 
o Superconducting cables, 

transformers and generators

Long-term Market and Economic Uncertainties
• Electricity deregulation, international competitiveness, increased concern over other emissions and waste reduction
• Lifestyle trend changes (eg, telecommuting, consumer preferences for large vehicles)
• Commercial transport shifts in modes, speed, and the role of short- and long-range transportation of goods and people ^

• Currently, the federal government spends only 1% of its R&D budget, or $600 million/year on long-term energy technologies
• To achieve these major advances will require significant public and private investment
• In the long run, it is uncertain whether such technological changes will produce net costs or savings to the U.S. economy

Policy Issues
• Federal and private R&D funding
• Public/private partnerships
• Financing programs

Information and education 
Federal procurement 
Regulations
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IN THE MEDIUM-TERM, TECHNOLOGY AND EMISSIONS TRADING PROVIDE A BRIDGING STRATEGY

In the medium-term, deployment of currently available, under-utilized technology, or nearly available technolo^, can serve a “bridging” 
function to reduce emissions sufficiently to allow time for the long-term R&D developments and the commercialization of various new 

technologies to reach significant levels.

Emissions trading and joint implementation are critical to a technology strategy in providing timing flexibility to deploy efficient 
technologies at rates close to normal capital stock turnover cycles, and to provide a “safety valve” if the required rates of technological 
change cannot be achieved fast enough. Both of these steps wiU help keep costs significantly lower than they otherwise would be.

The DOE “Labs Study”, the lAT computer modeling, and other studies suggest ambitious rates of change in eriergy consumption, fuels 
mbc, and technology would be needed to reduce U.S. carbon emissions significantly. For example, the implications of the most 
commonly evaluated scenario, reducing U.S. carbon emissions to 1990 levels by 2010, would lead to the foUowing:
• Overall, emissions growth of 28%, or 377 million tons, would have to be avoided or offset
• If redu^ons were limited to the U.S., unless large-scale fuel-switching occurred, energy growth would probably have to drop 

to half its present rate, to about 10 to 12% over the 20-year period, and it’s already about 9% above 1990 levels in 1997
. With emissions trading and Joint implementation, the models suggest that up to 40% of the 2010 emissions reduction might be 

achieved abroad, at U.S. expense, to buy time for a more orderly technological transition here
• The key in the latter case would be to encourage, through pricing and other

means, the utilization of the most efficient or low-carbon technologies when 
capital stock is being installed or replaced on its regular cycle

Transportation
• In the absence of international emissions trading, growth in energy usage by 

2010 would have to drop to about half its projected growth rate of 30% to 

40%, down to 15% to 20%
• On-road fuel economy for all cars and trucks (new and existing) would have 

to reach 25 mpg by 2010, fi'om its present level of 20 mpg
• Through PNGV, government is partnering with automakers and expects to 

develop new automotive technology that can triple the fuel efficiency of a

Emissions Stablllzstlon by 2010 (mm tons) 
lllustrativs Scenario

Transport Buildings Industry UlUHies

1990
No Trading

t

2010 BAU 
Trading

I
- ■- ry
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MEDIUM-TERM.••••••••••••'continued AG- ^ :

typical family sedan while meeting stringent emissions,and safety standards and^maintaining affordability, performance and 
utility. Production prototypes are expected by 2004 ‘
One pathway to achieve an on-road foel economy of 25 mpg would require about 30% of new light duty vehicles to meet the 
PNGV goal by 2010. Alternatively, all new cars and light trucks could incorporate 30% of the improvements represented by the 
PNGV goal by the 2010 model year....for 45 mpg new automobiles
Currently projected higher costs of PNGV improvements would pay for themselves in fuel savings within 4 to 5 years 
With international emissions trading, the pace of improvements could be slower, but would likely still need to show significant 
improvement in fuel economy over present vehicles

Commercial and Residential Buildings

• Without emissions trading, growth in energy usage in buildings would have to be cut in half, to a rate of about 10% by 2010
• Technologies needed to achieve these savings largely exist today. No major breakthroughs are needed. Over the next decade, 

most buildings could be cost-effectively improved to use 30% less energy while delivering the same comfort.
• To achieve the needed efficiency savings by 2010, approximately 35% of the equipment that normally would be installed or 

replaced in buildings by then needs to be cost effective, high efficiency equipment
• Technology deployment programs such as EPA’s and DOE’s Energy Star labeling. Rebuild America, and Green Lights 

programs, are currently working to inform consumers and businesses of efficiency and cost savings opportunities

Industry

Without emissions trading, energy growth would have to be almost flat at 1990 levels, instead of increasing about 20% by 2010 
Increased use of heat recovery, cogeneration, and more efficient motors offer the greatest generic opportunities, with other 
specific technologies also available in individual industrial sectors, such as those detailed in DOE’s “Industries for the Future” 
cooperative program with seven major energy-intensive industries
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• With emissions trading, modest emissions and energy growth of around 7% by 2010 could be possible
• Industrial energy efficiency has improved since 1972, now requiring just 67% as much energy per unit of output

Electric Utilities

• Without international emissions trading, utilities would likely have to make absolute reductions on the order of 30% in carbon 
emissions below 1990 levels, in order to offset the increases above with even substantial reductions in energy growth rates in 
buildings and industry, while at the same time supplying more electricity to customers

• Renewable energy sources would increase by 25%
• Combined cycle natural gas plants today can generate electricity while emitting about 2/3 less carbon than many existing coal 

plants. Natural gas would rmighly double its 1^90ji)sage in the industry
• Coahisagrwould-have to droje^aboutiSHe^tfilrdto one-half the 19^evel, while natural gas use would increase fi-om 50% to

/wee times its 1990 lev^. j ----
• wi^missions trading the coal-to-gas shift could be less severe, but electricity demand would also rise faster. Overall, 

emissions would still probably have to be about 10% below 1990 levels in 2010
• Shifts in the utility sector would offer other substantial air quality benefits. For example, fuel shifts and increased use of 

advanced technologies could reduce Nox emissions by over 1/3.

Costs

How much these changes would cost the U.S. economy is uncertain. In some recent experiences, such as with the Montreal 
Protocol on ozone depletion and the sulfur dioxide emissions trading system under the Clean Air Act, actual experience has 
turned out to be substantially less costly than expected because market incentives were used
The interagency economic modeling analysis indicates that the economic incentives needed to reduce emissions to 1990 levels 
by 2010 would be in the range of $100 per ton if all of the reductions were made domestically, about $50 per ton with 
international emissions trading among developed countries, and as low as $20 per ton if both international trading and joint 
implementation were available
DOE’S “Labs Study” identified those technological changes that were estimated to be cost effective at an emission allowance
price of approximately $50 per ton A ^ ^ ^ O

6
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The true, net cost of such emissions reductions would depend significantly on how the revenues from any emission allowance 
sales were recycled into the economy, and upon the degree of cost savings experienced due to reduced energy costs. The DOE 
“Lab Study” projected that the majority of costs would be offset by energy savings, with net costs as low as $ 10b annually in 

2010

Policy Issues
• A commitment to cap carbon emissions would provide an immediate incentive to invest in energy efficiency, but b^use of 

market imperfections, some additional measures could be needed to stimulate R&D, commercialize new technologies, and 
purchase and use advanced technologies as capital stock turns over in the economy
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DOE’S‘Labs Study’

“SCENARIOS OF U.S. CARBON REDUCTIONS 
The Potential Impact of Energy-Efficient and Low-Carbon Technologies”

THE REPORT’S CONCLUSION 
Technology can lower the net cost of stabilizing carbon emissions at 1990 levels in the medium term (i.e., 2010) to less th^ $10 billion j) 
a year or less (0.1% of GDP). International trading or flexibility in meeting a stabilization target, considered by other studifevcould-— 
reduce costs by another 50% or more. The study assumes penetration of technologies fi-om expanding Administration initiatives, such 
as the PNGV, natural gas technologies, the Climate Change Action Plan and renewable energy such as wind and biomass.

BACKGROUND ^ ^ ^ .
Five DOE national laboratories, led by Oak Ridge and Uwrence Berkeley National Laboratories, have conducted a wmprehensive, 
extensively peer-reviewed, 1 year “bottom-up” analysis of the role technology can play in stabilizing U.S. carbon emissions. It is the 
most authoritative and dopimented studv of this subiect since the National Academy of Sciences report and the Office of Technology 
i^sses^ent Report in 1991. The study documents in detail how four key sectors of the economi^BSI^gs, transportation, industry, 
and electric utilities-could respond to a climate treaty if launched in the year 2000 with a goal of stabilizing emissions in 2010 and a 
U.S. cap and trade system is phased in with graduaUy rising permit prices. The National Laboratories study examined what effect an 
aggressive program of research, development, and development of clean technologies could have if combined with alternative marginal 
permit prices of $25/ton and $50/ton of carbon (the average permit price is much lowei^ .

RESULTS ^ . ttc
The study concludes that energy efficiency and low-carbon technologies have a very large potential to cost-effectively reduce U.S.
carbon emissions while meeting the full energy needs of U.S. businesses and famUies. Many consumers and businesses wiU save money.
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Under moderate technology and market assumptions, energy efficiency technologies alone can reduce emissions in 2010 by 120 MMT 
(of the 380 MMT needed to stabilize at 1990 levels). This level of carbon reduction is estimated to be possible at little or no net cost - 
that is, the energy bill savings far exceed the investments required to achieve the carbon savings. Under more aggressive assumptions 
motivated in part by a $25/ton carbon permit price, a combination of energy efficiency, low-carbon technologies and relatively 
inexpensive coal power plant conversions to natural gas can reduce 2010 emissions by a total of225 MMT. Under a $50/ton carbon 
permit price, technology investments reduce 2010 emissions by a total of 380 MMT. The analysis also suggests that substantial 
additional savings are available if permit prices were to begin to rise above the $50/ton level.

The annual investment costs of reductions of this magmtude are estimated to be $50 to $80 billion per year, but result in substantial 
energy bill savings. The resulting net costs are on the order of -$25 to +$10 billion per year in 2010.

METHODOLOGYIn contrast to the top-down economic modeling of the Administration’s interagency team, the five laboratory study uses a bottom-up 
technology-by-technology assessment as well as top-down engineering-economic modeling approach. It draws upon a wide variety of 
technology cost and performance information to assess potential impacts. It has been peer-reviewed by industry and academic experts. 
Analysis of the buildings, industry and transportation sectors quantifies the impacts of end-use energy efficiency improvements on 
carbon emissions. A utility sector analysis estimates the impacts of those improvements on utility carbon emissions, and quantifies 
additional emissions reductions through changes in operations and conversion of a number of coal power plants to naturd gas. Finally, 
a number of promising very low carbon technologies are examined to determine their potential for emissions reductions, including 
advanced gas turbines in industry, biomass power, transportation biofuels and improved aluminum smelting.

TOTAL BENEFITS EXCEED TOTAL COSTSIn the long term, these climate change mitigation actions will provide additional benefits not fully considered in the study - reductions in 
criteria air pollutants (i.e., ozone and fine particles), decreased dependence on foreign oil, greater industrial productivity, and U.S. 
leadership in technologies are likely to be a major source of international trade and jobs in the next century. This report provides details 
on the technologies that can potentially achieve the energy usage and carbon emissions reductions necessary if the U.S. commits to a 
scenario like the one outlined in the sections above, which would return U.S. carbon emissions to 1990 levels by 2010.



**PREDECISIONAL DRAFT** DO NOT QUOTE OR ClP
POLICY OPTIONS FOR A U.S. TECHNOLOGY STRATEGY

GOALS
To develop a set of policy options that can help establish the appropriate price signals in the economy, and then provide a set of 
supplemental actions that will help overcome market barriers and otherwise facilitate an efficient response in the private sector:

• encouraging manufacturers, builders, etc. to produce high efficiency equipment, systems, materials, etc.
• stimulating consumers and purchasers to accelerate their acquisition and use of those technologies
• encoura^g the development of financial, service, and other infi-astructure to support those technologies

A MENU OF POUCY OPTIONS
• Prices in the economy

— Valuing carbon emissions rights, through a “cap and trade” system, which should be more efficient and less costly than 

individual subsidies and incentives
— Investment tax credits, special depreciation treatment, differential fuel taxes (such as the ethanol tax credit), or other 

financial incentives through the tax system
— Feebates, or complementary product fees and rebates depending upon product energy efficiency

• Financing
— Enhance availability of financing through partnerships and innovative instruments with financial organizations 
— Incorporate incentives into federal loan, loan guarantee, and grant programs to promote high efficiency technologies

• Federal R&D policy
— National public/private initiatives in key technologies, modeled after the Partnership for a New Generation of Vehicles, eg:

• in DOE’S 7 “Industries of the Future” programs for Pulp and Paper, Chemicals, Petroleum Refining, Glass, 
Aluminum, Iron and Steel, and Metal Casting

• in DOE’S “Buildings for the 21“ Century” program for residential and commercial buildings
— Increased federal funding for R&D, pilot projects and demonstrations leading to commercialization and/or wider 

availability of new technologies — current federal funding is just over $600 million annually 
— “Bonus Emissions Credits” under a cap and trade system to reward development and deployment of advanced technologies 
_Incentives for utility sector technology R&D incorporated into utility industry restructuring at the Federal and State levels
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Continued.......................

POLICY OPTIONScontinued
• Market transformation

— Market aggregation, for local governments and companies to coordinate purchases for greater influence 
— Business-government partnerships to provide information, demonstrations, and technical assistance 
— Field verification of advanced technologies

• Federal leadership through procurement
— Federal agencies “lead by example” by adopting aggressive policies to implement energy savings and renewable energy 

technologies at federal facilities, and to acquire and use more efficient and alternative-fuel vehicles in federal fleets 
— Broaden the participation in Federal Energy Savings Performance Contrarts which DOE is implementing to leverage 

private sector financing through third party energy services companies to reduce the federal government’s $8 billion 

annual energy bill
— Executive Orders to provide clear direction and management flexibility for greenhouse gas emission reductions 

within agency plans and programs
— Green Power Purchasing, by which agencies can negotiate contracts to supply a fraction of their electricity fi-om 

renewable energy sources

• Regulation and standards
— Appliance efficiency standards, negotiated with the industry and public, such as the recent refiigerator standards 
— Building energy efficiency codes, implemented at the local, state, and federal levels, as appropriate 
— Expedited environmental permitting for highly efficient or low carbon technologies 
— Coordinated implementation of National Ambient Air Quality Standards with climate change policies 
— Restructuring of the electric utility industry in a way that facilitates investment in new and renewable technologies

• Information and education
— Voluntary or mandatory energy performance labels to internalize the asset value of energy efficiency, such as efficiency 

labels on appliances, vehicles, computers, equipment, and commercial and residential heating and air conditioning systems 
— Federally-supported multi-media materials development for use in schools and the mass media

• International market development
— Special focus on bilateral trade agreements, export assistance, and financial assistance in support of U.S.-produced 

advanced technologies for energy efficiency, renewable energy supplies, etc.
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BACKGROUND ON KEY SECTORS

The material on these pages provides brie^ thumbnail sketches of six key sectors of the economy, listed 
below. For each, the information profiles the sector’s current energy and carbon emissions profile and 
trends, the types and extent of technological improvement needed under the scenario in which U.S. 
emissions are returned to 1990 levels by the year 2010. These descriptions assume no emissions trading 
or joint implementation, in order to provide a benchmark for further examination.

1. Autos and Light Trucks

2. Freight, Aircraft and Rail

3. Residential and Commercial Buildings

4. Electric Utilities

5. Renewable Energy

6. Industrial Emissions
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Autos and Light Trucks

Carbon Emisalona

c 300
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Tachnology

Source: Maikal-Macro 1.25 Stabilization Case

~ ' i.-‘! V -

i V.i> -

Key Trends —1990-2010
• The transportation sector generates one-third of all energy-related carbon 

emissions in the United States. Moreover, this is the fastest growing end-use 
sector. Cars and light trucks (light duty vehicles) alone account for 58 
percent of the total transportation emissions.

• Average fuel economy for new automobiles has been regulated at a minimum 
27.5 mpg since 1985. It is projected to grow to 31 mpg in 2010. New 
minivans, sports utility vehicles, and other “light trucks” now get 21 mpg and 
are projected to get 23 mpg in 2010.

• Light trucks were 20 percent of the personal vehicle market in 1974, 44 
percent in 1996, and are projected to be 50 percent by 2010. Assuming no 
change in this trend, this will result in a declining overall fuel economy for all 
light duty vehicles.

• Vehicle miles traveled have been growing 2-3 percent per year for the past 30 
years and are expected to grow 1.4 to 2 percent or more per year through 
2010. Improved fuel economy
will help maintain desired 
levels of vehicle miles traveled.

Needed Technological Improvements
• By 2010, about 30 percent of new light duty vehicles would have to meet the Partnership 

for a New Generation of Vehicles (PNGV) goal of a tripled fuel economy (e.g., 80 mpg 
for automobiles) to help reduce overall carbon emissions to 1990 levels. On the other 
hand, all new cars and light trucks would have to embody 30 percent of the improvement 
represented by the PNGV goal (e.g., 45 mpg for automobiles).

• On-Road fuel economy for all cars and trucks (including both new and existing vehicles) 
would need to reach 25 mpg by 2010 and 31 mpg by 2020 compared to 20 mpg in 1995.

• Key technologies needed are vehicle weight reduction through advanced materials and
H Ttuein
Model Year

I Comblnsd

S30 -
&25-
•20 -

1980 1985 1990 1995 2000 2005 2010 2020

N«w Vehicl* Fu«t Economy

Source: DOE Labs; Markal-Macro 1.25 Stabilization Case
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design, hybrid/electric drivetrains, and improved aerodynamics.

Costs
• If PNGV goals are met, the more eflScient light duty vehicles will have no increased cost for consumers.
• At currently anticipated technology costs, new autos in 2010 would have an incremental price of $800-1,200. At gasoline prices 

forecast^ibr the year 2010, these higher costs would pay for themselves in fuel savings within 3.5-5.3 years.
• PWSrVis currently funded at $263 million (Federal share).

>' . - t'1'' ^
Policy Challenges
• Achieve successful demonstration production prototype of PNGV vehicle by 2004.
• Ensure that PNGV technologies fully penetrate all markets for all new light-duty vehicles by 2010 and continue tlyough the period 2020.
• Devise new conunercialization strategies, including new approaches to fuel economy standards and market incentives (e.g.. Green 

Machine Challenge, financing packages, bonus emission cr^its).
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Key Trends: 1990-2010
• Freight, aircraft and rail together accounted for 185 million tons of carbon 

dioxide emissions in 1990, nearly^O Percent of all emissions fi-om 

transportation.
• All modes offreight transport have improved their energy efficiency. However, 

increased freight tonnage and shifts toward more energy-intensive modes have 
meant a 60 percent increase in the amount of energy used to haul freight since 
1972-1995, although about three times as much freight was transported.

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

Needed Technological Improvements . , j . . u • i• Key technologies to reduce energy intensity in truck freight in the next 10-15 years include vehicle weight reducUon ^ough matenals 
substitution (which could allow for heavier loads and thus fewer trucks, improved tires, electronic engine and transmission controls). 
Larger reductions are possible beyond 2010 if hydrogen-powered, fuel ceU powertrains are developed and commercidized for truck 
transport. Also, a more aggressive technology scenario might include advanced diesel engines, rapid penetration of diesel trucks that are 

25 percent more efficient than current diesel engines.
• NASA programs have helped to reduce energy intensity in air transport for over 20 years. 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.
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Costs
• The DOE Labs Study estimates that annual costs needed to achieve emissions reductions in 2010 in freight transportation range from $20- 

25 billion, and could save $27-40 billion annually in fuel costs.

-
Policy Challenges r, i u
• Technology R&D is key to reducing energy intensity in trucks in the medium and long term. Hybnd powertrains could likely be

significantly advanced with increased R&D funding.
• To achieve a high eflficiency/low carbon technology scenario, R&D programs might need to be increased substantially.
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Residential and Commercial Buildings

Carbon Emissions
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Source; EIA, Markal-Macro, DOE Labs Study, 1997

Key Trends - 1990-2010
• 35% of U.S. carbon emissions are from energy use in buildings, with homes 

emitting 19% and commercial buildings emitting 16%.
• Energy intensity in buildings has declined substantially since the late 1970s.

Primary energy intensity in commercial buildings declined by 22% between 1979 
and 1992, while residential primary energy intensity dropped by 15% since 1978.

• Buildings have become increasingly electrified - driven by rapid growth in office 
equipment, small appliances and other devices collectively know as “plug loads”. 
From 1978 to 1992, commercial electricity consumption grew by 37%, while 
residential electricity grew by 36%.

• Due to continuing electricity growth, the EIA forecasts that future commercial 
energy intensity v^l decline by only 0.2% per year, and residential intensity by 

0.5% per year. However, numerous studies identify substantial additional potential 
for cost-effectively reducing buildings energy consumption and greenhouse gas 
emissions.

Needed Technological Improvements
• Technologies needed to achieve the emissions reductions above largely exist today.
• The large potential emissions reductions are not being achieved in current markets because of 

a number of market barriers that impede the diffijsion of energy-efficient technologies - such 
as lack of reliable product information; higher up-front costs; split incentives between 
efficiency purchasers and beneficiaries; conflicting building codes; and lack of market 
expertise in efficiency design, construction and financing.

• To achieve the efficiency savings in 2010, the equipment that naturally turns over in about 
35% of buildings is replaced with the most cost-effective technologies by 2010; these savings 
assume normal retirement of equipment at the end of its useful life.

• Energy efficiency improvements needed are 12% for residential buildings and 18% for 
commercial buildings by 2010 vs. no sustained improvement from 1980 to 1995.

Buildings Energy Intensity and 2010 Target

T I 111
1979 1983 1986 1989 1992 1995 2010

Homes ----- Commercial

Source: EIA, DOE Labs Study, 1997
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• Integrated renewable technologies in buildings can cut heating and cooling loads while directing cutting emissions.

Costs
• The DOE Labs Study estimates investments to achieve these 2010 savings are $7-$14 billion per year and result in 2010 energy bill savings 

of $18-33 billion - a net savings of $10-19 billion and a 20% return on investment.
• DOE estimates costs of Federal programs to accelerate the use of energy eflScient technologies in buildings are $300 million per year.

Policy Challenges
• Federal, state and local policies that accelerate technology deployment and energy efiScient building design, construction and operation.
• Partnerships with states, local government and industry to improve efficiency of existing buildings and remove market barriers.
• Research and development of a portfolio of advanced buildings technologies.
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Carbon Emissions
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Electric Power
Key Trends -1990-2010
• 36% of US carbon emissions are in the electric utility sector, primarily 

from burning of coal and natural gas.
• Coal and natural gas together are projected to increase from 63% of 

energy inputs to 70% by 2010, increasing the carbon intensity of this 

sector.
• Demand for electricity is projected to rise by 20 percent per decade 

compared to 30% from 1980 by 1990.
• Renewable power (other than hydroelectricity) is projected to rise from 

1.5% of generation currently to 1.8% in 2010.

Base Technology

Source: Markal-Macro 1.25 Stabilization Case

Needed Technological Improvements
• No breakthroughs are projected in generation technology. Continued improvements will be 

possible from combined cycle turbines, gasification for biomass fuels, wind turbines and 
system improvements (such as transmission eflSciency).

• First, end use electricity demand growth must slow — efficient technologies can reduce 
demand to 23% above 1990 levels by 2010, vs. a business as usual forecast of over 40% 

growth.
• Second, those reductions must primarily reduce coal-fired generation.
• Third, remaining coal-fired generation must be reduced in favor of natural gas, through gas co­

firing, conversions to gas, and increased use of combined cycle gas turbines.
• Beyond 2010, nuclear plant life extensions may be an economically viable option.
• Renewables such as solar, wind, geothermal and biomass must be promoted for the long term, 

and must be accelerated to make a larger contribution.

% Shar* of US Oanaratlon

1990 2010 2020

Coal (base) 
Gaa (baae)

Coal (policy) 
Qaa (policy)

Source: DRI 1.25 Stabilization Case
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Costs
• Cost estimates for the needed changes in the utility industry are under development at this time.

Policy Challenges
• Aggressive R&D and marketing for energy efficiency sectors is essential.
• Integrate climate policy with competitive trends and air quality regulation.
• Incentives for stuffing power to lower-emitting fuels -- pricing, emissions trading credits, promotion, regulation, and financing.
• Incentives to develop emissions sequestration alternatives such as the capture and combustion of methane from landfills for power 

generation.
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Renewable Energy

Carbon Emlaalona Savings
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Key Trends -1990-2010
• Today, roughly 12% of the country’s electricity generating capacity is 

from renewable energy - with 85% of this from hydropower. Newer 
renewable technologies - including wind, biomass, photovoltaics, solar 
thermal and geothermal - are increasingly economic and have large 
potential.

• Costs have dropped dramatically -photovoltaic cells have dropped from 
$0.90/kilowatt-hour in 1980 to under $0.20/kWh today, while wind 
power has dropped from $0.25/kWh to $0.05/kWh.

• Cost reductions will continue because of R&D advances and as 
manufacturing process improvements and production rates decrease 
costs.

• Cost performance improvements have resulted in several technologies 
being competitive in selected markets today and others will be 
competitive in broader markets in the near future.

• Several major international companies such as Royal/Dutch Shell, expect 
these technologies to be dominant global energy sources and are 
substantially investing in their development.

Needed Technological Improvements
• The contribution of renewable electric technologies to emissions reductions could be substantially higher than projected in the base 

case.
• Costs and performance of these technologies continue to improve, but additional advances in wind, biomass, photovoltaics, 

geothermal, solar thermal and transportation biofuels are ne^ed - such as: wind turbine design for moderate wind speeds, 
photovoltaics conversion efiSciency improvements, geothermal drilling technology and resource verification, large-scale celluosic 
biomass fuels production, and biomass combustion and integrating renewable technologies into building designs.

• Non-hydro renewable energy generation capacity could grow from 9 gigawatts (GW) today to 21-24 GW in 2010 and 77-108 GW
by 2020. ^ ]
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Costs
• According to the DOE Labs Study, the incremental capital investment in renewable power systems needed to achieve the above 

results is $2-3 billion in 2010 and $15-25 in 2020 - although fuel cost savings in 2020 will result in net incremental costs that are 
low or negligible.

• As estimated by DOE, the incremental production cost of renewable electricity is estimated to be $2-3 billion/yr in 2010 and 
negligible in 2020 as multiple renewable technologies are widely competitive with gas technologies.

Policy Challenges
• Expand technology R&D to lower costs and increase performance.
• Conduct cost-shared technology diffusion with industry to increase utility system experience and increase U.S. renewable energy 

production capacity.
• Conduct R&D on key support systems such as power storage, power conversion systems, controls and superconducting power 

equipment.
• Encourage use of U.S. renewable technologies abroad to tap the huge global market for renewable energy.
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Industrial Emissions

Carbon Emiasions
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Key Trends - 1990-2010
• Based upon EIA data for 1995, the industrial sector uses 37 percent of 

the nation’s energy, or 34 out of a total 91 quads. Carbon emissions are 
now at about 33 percent or total emissions in the United States, or 464 
of 1424 million metric tons (MMT). The industrial sector is second only 
to transportation in the growth of carbon emissions.

• Electricity accounts for 34 percent of the total industrial carbon 
emissions.

Source: Maikal-Macro Technology Investment Case

Needed Technological Improvements
• With normal rates of capital stock turnover, the industrial energy intensity 

is expected to decline at a rate of 1.2 percent in base case forecast for the 
period 1997-2015. Historically, energy intensity has decreased by an 
average of 1.8 percent annually from 1972 to 1995. During this period, 
average energy intensity declined by 3 percent between 1972 and 1985, 
and then remained relatively unchanged from 1985 to 1995.

• The industry sector is also responsible for most of the non-energy related 
emissions of carbon dioxide (21 MMT) and other greenhouse gases (219 
MMT of carbon equivalent). Although industrial emissions of these gases 
are far smaller than energy-related carbon emissions by weight, they have 
global warming potentials (GWP) that range from 21 for methane to 
23,900 for sulfur hexafloride (SF6).

Average Rate of Induatrlal Energy 
Efficiency Improvement 2000 to 2010

1»72-18SS 2010 Bau 2010 Taah.

Source: Markal-Macro Technology Investment Case
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• The industrial sector has the potential to reduce energy use by 10-15 percent over 2010 baseline forecasts through cost effective 

investments in energy efiScient technologies, and in some cases, low carbon technologies.
• The use of heat recovery and combined heat and power (i.e., cogeneration) systems such as the Advanced Turbine System, can 

reduce industrial carbon emissions by up to 35 MMT/year in 2010 with electricity costs that are 10 percent lower than current 
systems.

• Motor systems account for 70 percent of industrial electricity use (about 120 MMT). Better designed energy-efficient motor 
systems could reduce electricity use by up to 40 percent. Better maintenance of compressed air systems can also save 40 
percent of the energy used in such systems.

• In addition, there are important longer term opportunities to reduce the carbon intensity of industrial operations through 
changes in the fuel mbc, and by using lower-c^on fuels.

Costs
• There are readily-available but underutilized technologies with two to four-year paybacks that can reduce industrial energy use 

by 10 percent or more. As referenced above, these technologies include more efficient motor systems, air compressors, and 

process efficiency improvements.
• DOE estimates that the cumulative investment necessary to reduce industrial carbon emissions to 1990 levels by 2010 is on the 

order of $47 to $58 billion in the period 1998-2010. On an annual basis, this is about 3-4 percent of the total investments made 
by the manufacturing sector in 1995. By 2010, annual energy savings are estimated at $8-10 billion (with all values in 1995 
dollars) - approximately a 17% to 20% return on investment.

• Many of the most successful technologies have multiple benefits, including environmental- or productivity-enhancing may 
actu^y improve the competitive position of many industries.

Policy Challenges
• Policies to encourage the more rapid difilision of existing technologies include: (1) incentives to accelerate the investment in 

new capital stock and equipment; (2) increased RD&D to facilitate the development of improved technologies as well as the 
development of a new generation of industrial technologies; (3) incentives to increase the use of recycled feedstocks; (4) 
expediting the use of combined heat and power systems throu^ improved environmental permitting and by incorporating 

provisions into the ongoing utility restructuring that facilitate the sale of excess power by industrial plants; and finally (5) a life 
cycle approach to environmental permitting and regulations.
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TO AIH)RESSING GLOBAL CLIMATK CHANGE
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“In order to reduce greenhouse gases and grow the economy, we must invest more in the technologies of the future. I am directing my 
Cabinet to work to develop them. Govenunent, universities, business and labor must work together. All these efforts must be 
sustained over years, indeed, over decades.”

President Clinton 
Address to the United Nations 
June 26, 1997

Context for this paper:

lo

ZO

56

liTO

The U.S. position on global climate change has consistently been that any action program should be centered on a 
market-based approach. Given the proper market signals, the private sector will find the most efficient means to 
actually make changes in technologies, business practices, and patterns of energy use to reduce greenhouse gas 
emissions.

X

A properly-designed, capped emissions trading systern eoidd provide strong market signals to that end

Tfaere-are al^^ variety of other technology supporting, actions that the federal government could undertake to 

supplement such an emissions trading system to stimulate R&D and market development in specific areas, where ^ 
market barriers exist or where changes^might^restraii^d for^various reasons. ^ "7 ^

This paper first provides a perspective on the degree of technological change that would be needed in key sectors of the 
economy to begin reducing greenhouse gas emissions from energy use, its primary source.

Then, the paper identifies the menu of policy options, from which a federal strategy can be developed to support 
technology development to achieve the dual goals of reducing greenhouse gases and continuing to grow the economy.

Additional detailed papers are available from the Department of Energy and others on the technological opportunities.
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PROFILE OF U.S. CARBON EMISSIONS BY INDUSTRIAL SECTOR 

Energy Profiles
• Three sectors««ecfiaccount for approximately one-third of U.S. primary energy 

demand — trans^rtation, commercial and residential buildings, and industry
• The electric utility sector supplies about one-third of this demand, virtually all in 

the buildings and industrial sectors, and consumes fuels to generate that power. 
In the buildings sector, two-thirds of the energy usage is from electricity, and in 
industry the share is just over 10%

• Growth in U.S. energy consumption changed dramatically after the 1973 energy 
crisis, but is projected to continue steadily in the absence of new policies:
— the 1960s +52% — the 1990s +12% (already +9% by 1997)
— the 1970s +14% — the 2000-2010 decad<; +12%
— the 1980s +11% — in total, 2010 will be 26% above 1990

Carbon Emissions Trends — 1990 - 2020
• 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 atndio right ore double counted ii^ftie

gnd-ii’f** "'hi'^h th? tg-urarrl nn<4 can only be reduc ;d by
either reducing end-use electricity demand or by switching to lower carbon 

content fuels
• Growth projections also parallel the pattern of energy growth. DOE’s Energy 

Information Administration (EIA) projections show:
— Total emissions up 28%, or 377 million tons, from 1990 to 2010 
— Transportation up 43%, or 184 million tons 
— Buildings up 24%, or 111 million tons 
— Industry up 18%, or 82 million tons
— Utilities, included in the other sectors, up 30%, or 146 million tons

U.S. Carbon Emissions (mm tons)
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In the long-term, over several decades, reductions in carbon-emissions will require two fiindainental cttM^^es, (1) shifts in the basic 
forms of energy used, and (2) significant improvements in the efficiency of our energy usage, ^-teehnolo^ slial^y^atrachicve both 
and-provide a sUuilg COHipetitivfc position for the U.S. by ttJv<uiv..iiig improvements such as tho folTowm^^ T s oy>-~^ A -w rlV\

, ;r-. ; ; '-:-!r
: ^-i‘^-^...Buildingsi'.;;:?;:;.v Electri c Utilities

0 Biofuels 
o Hydrogen fuels 
o Electric vehicles 
o Hybrid vehicles 
o Full PNGV 80 mpg vehicles

0 Fuel cells
0 Efficient systems — heating, 

cooling, lighting, windows
0 Intelligent mgmt systems
0 Efficient “plug load” — 

computers, equipment, etc.

0 High efficiency motors 
o Process changes 
o Recycling to reduce primary 

production

0 Renewable 
— solar, wii 

0 Distributed 
0 Improvemei 

generation i 
0 Dispatching

mergy systems 
id, biomass 

power
Its in power 
fc transmission 
& load sharing

Long-term Market and Economic Uncertainties
• Electricity deregulation, international competitiveness
• Lifestyle trend changes (eg, telecommuting, consumer preferences for large vehicles)
. Commercial transport shifts in modes, speed, and the role of short- and long-range transportation of goods and people

Cost IssuesCurrently, the federal government spends Qfffy...... % of its energy R&D budget, or $..... ^ually on long-term technologies ^
Tharo aro no ouliiiialLl. uf tlltramumdri^pubnb and privaiemvestme^id. will Is. iivIUUtdto achieve these major advances^U^^^'^-T^ 

• In the long run, it is uncertain whether there wiU-be~an~incremental cost or savings such technological changes^ I;

9
Policy Issues
• Federal and private R&D funding
• Role of public/private partnerships
. Incentives........ funding, prices, emissions trading allocations, partnerships, public relations, published performance data,

required performance standards, other
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MEDIUM-TERM, TECHNOLOGY AND El^ISSIONS TRADRJiG PROVIDE ABRIDGING STRATEGY
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In the medium-term, technology can geo:ft^'bfidgillg"-milC[tmi lu alluv^ time-fetthe long-term R&D-devetepmente^nd^e 
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For example, the DOE “Labs Study” and the lAT computer modeling suggest ambitious rates of technological change would be 
needed to return U.S. carbon emissions to 1990 levels by 2010:
• Overall, emissions growth of 28%, or 377 million tons, would have to be avoided or offset

'C IfiteiiealHiTthe U.S., energy growth would probably have to drop to half its present rate, to about 10 to 12% over the 20-year
^ period, and it’s already about 9% above 1990 levels in 1997

• With emissions trading and joint implementation, the models suggest that up to 40% of the 2010 emissions reduction might be 
achieved abroad, at U.S. expense, to buy time for a more orderly technological transition here

Transportation
• Without trading, growth in energy usage would have to drop to about half its 

business as usual rate of 30% to 40%, down to 15% to 20%
• Unless consumer preferences for large cars and increased driving change, 

30% of PNGV improvements would have to be integrated into new cars and 
light trucks by 2010...for 45 mpg new automobiles

• With trading, the pace of improvements could be slower, but would likely
still lead to...........................................................

Commercial and Residential Buildings
• Without trading, growth in energy usage would have to be cut in half, to a 

rate of about 10% by 2010, vs. BAU projections of about 20% to 25%
• High efficiency equipment would be needed on one-third of new

installations and normal replacement cycles of building systems and 
equipment, compared to current rates of...............

Continued.....................

Emissions Stabilization by 2010 (mm tons) 
Illustrative Scenario
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MEDIUM-TERM........... continued

Industiy ithout trading, energy growth would have to be almost flat at 1990 levels, instead of increasing about 20% by 2010

• Increased use of heat recovery, cogeneration, and more efficient motors offer the greatest generic opportunities^vith otbep-^
specific techn'^^'^g^***^ al«;n qAfqiiaV>lc in indh iihliil Iruhrilrinl ni'i liir'ij ‘lUch ns th*^^** nOF r Technologies for the
Eii|yrp” ^f(pp<^rgti\rp prngrnm with Ii<-<jin l^ll^-^^Y-l■llpn^ivPi indnsines

• With emissions trading, modest emissions and energy grovvlh of around 7% by 2010 could be possible
. Industrial enemy efficiency has improved since 1972, now requiring just 67% as much energy peP unit of output

Electric Utilitie/^ ^ • •
• Withoutl(emissions trading, utilities would likely have to make absolute reductions on the order of 30 /o in carbon emissions

below 1990 levels in order to offset the increases in other sectors above, while at the same time supplying more electricity to
customers ^ ^ ^

• Coal usage would have to drop to about half the 1990 level, while natural gas^ould roughly triple its 1990 iteage-urthe*

• With emissions trading, the coal-to-gas shift could be less severe, but electricity demand would also rise faster. ClveralV
emicGionc wetrid-sLill piubaUly have to be aboun0% below 1990 levels Hi 2010 ^ ^

Costs 'Hicro is great ^hnut ijow much these changes would cost Ae economy. In some recent experiences, such
as with the Montreal Protocol on ozone depletion and the sulfur dioxide emissions trading system under the Clean Air Act, 
actual experience has turned out to be substantially less costly than expected 'v^-V _ . .A .f
Preliminary estimates for the scenario above, returning emissions to 1990 levels by 2010, in the absence o^missions trading 
and joint implementation, are thatlj^ould result in annual costs of $.............. billion, including amortization of
approximately $.............. of investment ^
With international emissions trading imd joint implementation, that cost could fall to $.........annually

Policy Issues
. Incentives are needed to stimulate R&D, commercialization of new technologies, and the purchase and use of advanced 

technologies as capital stock turns over in the economy



DOE’S ‘Labs Study’

“U.S. CARBON REDUCTIONS BY 2010 AND BEYOND 
The Potential Impact of Energy-Efficient and Low-Carbon Technologies”

^ Vuijov
This report provides details on the technologies that can^otaiLictlly cTCllfeve the energy usage andr<?afb^ emissions reductions^ 

n^pPQggry jf T T g ^ffmmit’f « gppnarin lilm thn nnn mitlincd in the scctiona abovo. whicbwould return U.S rarbnn emissions-
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POLICY OPTIONS FOR A U.S. TECHNOLOGY STRATEGY

)ALS
For the long-term, provide basic R&D and other support for the fundamental technological advances needed in the economy

For the short- and medium-term, provide incentives and support to:
encourage manufacturers, builders, etc. to produce high efficiency equipment, systems, materials, etc. 
stimulate consumers and purchasers to accelerate their acquisition and use of those technologies 
encourage the development of financial, service, and other infrastructure to support those technologies

GLICY OPpONS
Prices in the economy
— ValuW carbon emissions rightsyfhrough a “cap and trade” system
__Investment tax credits, special^predation treatment, differential fuel taxes (such as the ethanol tax credit), or other

financial mqentives through^e tax system
— Feebates, or CTjjnplement^product fees and rebates depending upon product energy efficiency 

Financing
__Financial communit/Wtnerships with insurance, financial, utility and others to support advanced technologies
— Incorporate incenti^s i^o federal loan, loan guarantee, and grant programs to promote high efficiency technologies

Federal R«&D pol^^ .
__National publ^/private initiatives in key technologies, modeled after the Partnership for a New Generation of Vehicles, eg:

i/oOE’s 7 “TechnOiogies for the Future” programs for Pulp and Paper, Chemicals, Petroleum Refining, Glass, 
aluminum. Iron and I^el, and Metal Casting 

/in residential and comm^ial buildings
• Increase/federal funding for R«&D, pilbt projects and demonstrations leading to commercialization and/or wider j 
availab/ity of new technologies — curre^federal funding is $............. annually

MarkeHransformation
__Market aggregation, for local governments and cbmpanies to coordinate purchases for greater influence
__State and local partnerships with the federal goverm^nt to provide information, demonstrations, and technical assistance
— Field verification of advanced technologies



Continued.
POLICY OPTIONS....... ...continued

Federal leadership through pnocurement
— Federal agencies “lead by ex^ple” by adopting aggressive policies implement energy savings technologies at new 

and existing federal facilities, Md to acquire and use more efFicient^d alternative-fuel vehicles in federal fleets
— Broaden the participation in Fed^al Energy Savings Performanc^ontracts which DOE is implementing to leverage 

private sector financing through third party energy services co^anies to reduce the federal government’s $8 billion
annual energy bill \ /

__Executive Orders to provide clear dlfection and manageme;rt flexibility for greenhouse gas emission reductions
within agency plans and programs

— Green Power Purchasing, by which agencies can negoti^e contracts to supply a fraction of their electricity from 

renewable energy sources

Regulation and standards . ,
__Appliance efficiency standards, negotiateJi witlyfiie industry and public, such as the'recent refrigerator standards
— Building energy efficiency codes, implem^t^ at the state and local level
— Expedited environmental permitting for hig^ efficient or low carbon technologies
— Coordinated implementation of National i^fent Air Quality Standards with climate change po!
— Restructuring of the electric utility industty in \way that facilitates investment in new technologies

icies

Information and education / ,\
— Information disclosure requirement^such as efficitocy labels on appliances, computers, equipment, and commercial 

and residential heating and air conmtioning systemsX
— Federally-supported multi-mediaymaterials developmW for use in schools and the mass media

International market development
— Special focus on bilateral tradfe agreements, export assistaike, and financial assistance in support of U.S.-produced 

advanced technologies for energy efficiency, renewable enefgy supplies, etc.



BACKGROUND ON KEY SECTORS 

/V X
The material on these pages proyaes brief/^tl^vpitiijaitfiketches of six key sectors of the economy, hsted ^

For each, the irjforrnatijm profiles the sector’s current energy and carbon emissions profile and ^ 
trends, the types and wtent of/technological improvement needed undci llicsLciioilo m wluJi L .S.<4^^ j
eaiisswHSSre retumdBito 1990 levels by the year 2010. These descriptions assume no emission^ trading ‘
or joint implementaticm, in order to provide a benchmark for further examination.

-+3^10.
1. Autos and Light Trucks

2. Freight, Aircraft and Rail

3. Residential and Commercial Buildings

4. Electric Utilities

5. Renewable Energy

6. Industrial Emissions

r\ijLx5(ScurM
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Key Trends —1990-2010
• The transportation sector generates one-third of all energy-related carbon emissions in the United 

States. Moreover, this is the fastest growing end-use sector. Cars and light trucks (light duty 
vehicles) alone account for 58 percent of the total transportation emissions.

• Average fuel economy for new automobiles has been regulated at a minimum 27.5 mpg since 1985.
It is projected to grow to 31 mpg in 20id. New minivans, sports utility vehicles, and other “light 
trucks” now get 21 mpg and are projected to get 23 mpg in 2010.

• ■ iLlghi trucks were 20 pcn;ciit uf the personal vehicle market in 1974, percent in 1996, anrl>are ^ 
■projected to be 50 pcicuit by 2010. Assuming no chailge in this-trcnd, this will result in a decirtqpg 
-overall fuel economy for dll light duty velildtfi>. *

Vehicle miles traveled have been growing 2-3 percent per year for the past 30 years and are expected to 
grow 1.4 to 2 percent or more per year through 2010. Improved fuel economy will help maintain desired 
levels of vehicle miles traveled. IWfNOdUAXlM ^

^ Bv 2010. about 30 percent of new light duty vehicles would have to meet the Partnership for a New Generation of^hicles (PNGV) goal of a ^ 

tripled fbel economy (e.g., 80 mpg for automobiles) to help reduce overall carbon emissions to 1990 levels. Oiilllc uthui hand, alhiew cars and 
light trucks would have to embody 30 percent of the improvement represented by the PNGV goal (e-.g.,-45 mpg for antomobilos)^ x

• On-Road fuel economy for all cars and trucks (including both new and existing vehicles) would need to reach 25 mpg by 2010 and 31 mpg by

2020. . . ^ j •
• Key technologies needed are vehicle weight reduction through advanced materials and design,

X^C^^ liy^rid/electric drivetrains, and improved aerodynamics.
\cos„ ) (LCAlA^

If^^v g^s^are met, thepr6re efficientli^ht^UitjLyelricles wi

MPQ by Model Year
^ g^Ss^e met, thepr6re efficientliait^iutVJielricles will haVejio increjsedj^

consumers.AUtHTef§i,anticipated technology costs, new autos in 2010 would have an incremental price ot
ALGinTcIlLrysaruiCipalcu icv;iiiiuiU5j iiww uuvwo m ------------------- i--------i^-l,20^^t gasolines prices forecasted for the year 2010, these higher costs would pay for 

(jhemseJvesm fuel savings within 3.5-5.3 years. .

Policy Challenges .
• Ensure that PNGV technologies fully penetrate all markets for lOi new light-duty vehicles^by

2010 and continue through the period 2020.
• Devise new commercialization strategies, including new approaches to fuel economy standards 

and market incentives (e.g^reertMachine Challenge, financing packages^jonusennssion

J6
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Freight, Aircraft and Rail

Carbon Emissions

■ TKha*l^

Key Trends: 1990-2010
X 7 .... .............................^

• Freight, aircraft and rail togetheraccounted for 165 iiiilttuii tuu:> ofcaibuu dluAidc cnussionsin
(19^ nearly 40 percent of al^missions from transportation.

• All modes of freight transport have improved their energy efficiency. However, iiicicased freight
nnd shift'i tmvHMl ini'^r** <»n»*rgy-iPT**'^*=^'^^ irmflMn Iihi/m « TiO prri-.nii mcrea.sK in the amount

o££nergyjised_lQjiaul-freight-siftGe-W^73-4-9957-althottglrabDntthrwtnTt<S"asmtich-freight-was 

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

Needed Technological Improvements
• Key technologies to reduce energy intensity in truck freight in the next 10-15j years include vehicle v^eight reduction through materials 

substitution, improved tires, electronic engine and transmission controls. Latger reductions are possible beyond 2010 if hydrogen- 
powered, fuel cell powertrains are developed and commercialized for truck transport. Also, a more aggressive technology scenario might 
include rapid penetration of diesel trucks that are 20 percent more efficient that current diesel engines.

• NASA programs have helped to reduce energy intensity in air transport for over 20 years. 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 comoiercial 
aircraft within 15 years. \ ^ ^ ^

r
Costs ^
• DOE estimates thata ists needed toVchieve emissions reduction in transportation range from $25-40 billio^ and could save $35-40

billion annually in fuel costs.
PNGV is funded at $________ , and tn^iwmnf'in achievw^the kinrto'rfcmissions reduction sketched above, might need two to ten

/

times this funding. ^



Policy/O^)tions
^ • p(sfGy is key to redudpg-^nergjTmensiW in truck the m^rlklm and long tehn^J^brid powertrains could likely be significantly advanced 

with increased R&EHunding. --------
• To acmeve a higlmficiency/low carbon technology scenario, R&D programs might need to be increased 2 to 10 times.



Residential and Commercial Buildings

Carbon Emissions
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Key Trends -1990-2010 X/
• 35% of U.S. carbon emissions are attributable to energy use in buildingowtlt homes emjttteg 19% and 

commercial buildings'emitting \6V^^
• Energy intensity in buildings lus declined subslaiiUdlly since the late'i'9703.~Panjgp' enetgy ^ 

intensity in commercial buildings declined by 22% between 1979 and 1992^ residential pfimsey 
energy intensity dropped by 15%.smoe 1^78.—^ X

• Buildings have become increasingly electrified - driven by rapid growth in office equipment, small ^ 
appliances and other devicesjcwlloetivwlj/ laiOW iL "plO^ IdUUs^ From 1978 to 1992, commercial r 
electricity consumption grew by 37%, while residential electricity grew by 36%.

• Due to continuing electricity growth, the EIA forecasts that future commercial energy intensity will 
decline by only 0.2% per year, and residential intensity by 0.5% P^year. However, nurnerous studies 
identify substantial nddittonal potential for cost-effectivS^ reduc^^ buildings energy 

ooiisunipliuirmid greenhouse gas emissions.

Needed Technological Improvements
• Technologies needed to achieve the emissions reductions above largely exist today; no

Buildings Energy Intensity 
and 2010 Target

mmor technological breakthroughs are needed. 
Tlje large potential emissio
be :aus

t im e
filding cod

numbe^f m 
- sucly^lack o 

;i|es bewe^ycffic 

;s;

lot being achiev^ in currmt markeia o.s 
i npede Ae diffipin of ^r yy-efimJnt;^ ^ 
t infqjtaWion;^i^er yp-ffqnt cpSts/ ^ f

reductions ar 
•ketba^rs 

reMbte pr^u
Igpcy pii^aser^^pd beii^^^arieSi^^nflicti 

luiiie laclc of market expertise in efficiency design and construction. ^
... achieve the efficiency savings in 2010, the equipment that naturally turns over in^^ ^ 

about 35% of buildings is replaced with the most cost-effective technologies by 2010; 
these savings assume normal retirement of equipment at the end of its useful life.
Energy efficiency improvements needed are 12% for residential buildings and 18% for 
commercial buildings by 2010.

Commercial

1979 1983 1986 1989 1992 1995

Source: EIA, ORNLABNL 1997



Costs
8-33 billion - a netInvestments to achieve these 2010 savings are $7-$14 billion per year and result in 2010 energy bill savings of $1

savings of $10-19 billion and a 20% return on investment.
Costs of Federal programs to accelerate the use of energy efficient technologies in buildings are $300 million per year; achieving the 

above savings will require a rough doubling of budgets.

Policy Challenges .... • j •
• Federal, state and local policies that accelerate technology deployment and energy efficient building design, construction and operation.
• Partnerships with states, local government and industry to improve efficiency of existing buildings and remove market barriers.
• Research and development of a portfolio of advanced buildings technologies.



Carbon Emissions
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Electric Power 

Key Trends -1990-2010
• 36% of US carbon emissions are in the electric utility sector, primnriljr from burning of coal and - y

flaterfd'gasT^ |
• Coal and natural gas together are projected to increase from 63% of energy inputs to 70% by 2010, 

increasing the carbon intensity of this sector.
• Demand for electricity is projected to rise by 20 percent per decade compared to 30% from 1980 by 

1990.
• ^^\^£npwable^^er,(eth^rthMi>ytIrobl^^ rise fjoip 1.5% pf j ration currervdy A

% Share of US Generation

nf

Source: EPA, DRI 1.25 Base Case

Needed Technological Improvements
• No breakthroughs are projected in generation technology. Incremental improvements will be 

possible from combined cycle turbines, gasification for biomass fuels, wind turbines and
-yv system improvements (such as transmission efficiency).
•First, end use electricity demand growth must slow-efficient technologies can cut U.S. 

electricity growth from 30% down to 15% above 1990 levels by 2010.
• Second, those reductions must primarily reduce coal-fired generation.
• Third, remaining coal-fired generation must be reduced in favor of natural gas, through gas co­

firing, conversions to gas, and increased use of combined cycle gas turbines.
Beyond 2010, nuclear plant life extensions may be an economically viable option.

• Renewables such as solar, wind, and biomass must be promoted for the long term, but will not 
make significant contributions sooner.

• Overall, carbon emissions.........................

1990 2010

Coal(biie) 
*> Coal (policy) 

Gas (base) 
Gas (policy)

2020



Costs I
• Switching from coal to natural gas, renewables or demand-side efficiency will cost $50-120 per ton of carbon in 2010. Total 

capital investments will rise by $3-5 billion, or 30-50%. Fuel and operating costs will also rise by abouL$l:5 billion, or 5-10%.
• In total, utility annual costs could increase by $^2]n)illion, or......%, by 2010.
[• ?Overall, coal use would decline to roughly 1990 levels (plus or minus 10%) by 2010 in a US program without international 
trading — with trading coal use could grow by 20-25% above 1990 levels.] |

Policy Challenges
• Aggressive R&D and marketing for energy efficiency sectors is essential.
• Integrate climate policy vvdth competitive trends and air quality regulation.
• Incentives for shifting power to lower-emitting fuels - pricing, emissions trading credits, promotion, regulation, and financing.



Carbon Emissions Savings
100

Renewable Energy

Key Trends - 1990-2010 /
Today, roughly 12% of the country’s electricitygenerating capacity is from 
renewable energy - with 85% of this from hydjrbpower. Newer renewable 
technologies - including wind, biomass, phoWvoItaics, solar thermal and 
geothermal - are increasingly economic.and/aav»4afge puieiitltil.
Costs have dropped dramatically.-photovoltaitTcells have droppedlfom 
$Q»90/kiluwall'liuor In 1980 to under $0.2U/kWh loday, wlulc wnid-power has

1990 2010 2020

<dpst reductions will continue Jjecause of R&D advances and ^s^anufacturing ^ 

efficiencies.
Cost performance improvements h^ resultedJn-several techn^gies being ,

^ 'kets in Aliers wii IpetitiVe in
■ Base 
H Renewable

Sitive^ iejectj
brb^der nwketk4ij4he neat-------
Several major international companie^such as Royal/Dutch Shell, expect these 
technologies to be dominant global energy sources and are substantially 
investing in their development.

Needed Technological Improvements
• The contribution of renewable electric technologies to emissions reductions could be substantially higher than projected in the base

caseJl V l^nXSL O? OMU C^L.^ V ^
• Costs and performarlce of these technologies continue to improve, but additional advances in wind, biomass, photoyoltaics, pothermal, 

solar thermal and transportation biofuels are needed - such as: wind turbine blade design and materials, photovoltaics materials 
efficiencies, geothermal drilling technology and resource verification, large-scale celluosic biomass fuels production and 

manufacturing cost improvements.
• Non-hydro renewable energy generation capacity could grow from 9 gigawatts (GW) today to 21-24 GW in 2010 and 77-108 GW by 2020.



(Josts
The incremental capital investment in renewable power systems needed to achieve the above results is 

J / $2-3 billion in 2010 and S15-25 in 2020 - although fuel cost savings in 2020 will result in net incremental that are low or negligible.
' ^ • The incremental production cost of renewable electricity is estimated to be $2-3 billion/yr in 2010 and negligible in 2020 as multiple

renewable technologies are vvddely competitive with gas technologies.

Policy Challenges
• Expand technology R&D to lower costs and increase performance.
• Conduct cost-shared technology diffusion with industry to increase utility system experience and increase U.S. renewable energy 

production capacity.
• Conduct R&D on key support systems such as power storage, controls and superconducting materials.
• Encourage use ofU.S. renewable technologies abroad to tap the huge global market for renewable energy.



Industrial Emissions and Economic Impacts

Carbon Emissions

1990 2010 2020
S««*: Maital-MKioTodmologylnvtitnentCM*

'f

r
Needed T<

Bsm
Twhnoloor

Key Trends - 1990-2010
• The industrial sector now uses 37 percent of the nation’s energy, or 34.4 out of a total 

93.6 quads. Carbon emissions are now at about 32 percent or total emissions in the 
United States, or 471 of 1467 million metric tons (MMT).

• Within the industrial sector, electricity accounts for 10% of the total energy consumed 

and about 37% carbon emissions.
• With nnrmalra^es of cpital stock turnover, the industrial energy intensity is expec 

decline at jratTofl^^cent in base case forecast for the period 1997-2015. Hisioncauy^j^j>^^ 
energy intensity has decreased by an average of 1.8 percent annually from 1972 to 1995. f

• The industry sector is also responsible for most of the non-energy related emissions of
carbon dioxide (21 MMT) and other greenhouse gases (219 MMT of carbon equivalent). :^
Although industrial emissions of these gases are far smaller that energy-related c^rbgiTv y ( 
emissions by-weigfct they have global warming potentials (GWP) that range frqm 21 fon 
methane ^23,900^ sulfur hexafloride (SF6). -y------ ^

“7
c

inological Improvements and Opportunities-Cross-cutting
Average Rate of Industrial Energy 

Efficiency Inprovement: 2000 to 2010

7. The mdustriol sodtor the potential to rgduge energy us&Ja^ui&jaJQ%-iii£^on emissions by nearly 17%ilto^edusfiLJ
jglC^st effe________  

carbon technologies. T . l aj j
• The use of heat ^very and combined heat and power (i.e., cogeneration) systems such as the Advanced | 

Turbine System^^educe industrial carbon emissions by up to 3 5 Mmt/year in 2010 with electricity costs | 
that are 10 percentlower than current systems.
Motor systems account for 70 percent of industrial electricity use (about 120 MMT). Better designed 
energy-efficient motor systems could reduce electricity use by up to 40 percent. Better maintenance of 
compressed air systems can also save 40 percent of the energy used in such systems.

.... ^ « . ..______ ______ L____ 4'Ua ttnfArt

Sons Midjl-MooTKl doKT CkM

compressed air systems can also save 40 percent oi me ciicigy US.CU 111 auv.li • .t. c iIn addition, there are important longer term opportunities to reduce the carbon intensity of industnal operations through changes m the fuel 
mix, and by using lower-carbon fuels.



Costs
aybacks tb« can rere^e>e^ily/av

cent or morR
• The annual investment necessary to stabilise overall carbon emissior^

percent of the investments made by the manufacturing sector in 199? ^ ^ ^____
• Many of the most successful technologies have multiple benefits, including environmental- or productivity-enH^cing featuresTnSy actually 

improve the competitive position of many industries.
^Policy ChallenggsZ^

Policies”toMcourage . , _ _ .
and equipment; (2) increased RD&D to %eilitate the development of improved technologies as well as the development of ^new generation y
Policieno'eno^ge the more rapid diffiision^fexisting technologies inclbde: (1) incentives to accelerate the investment in ne\y,eapital stock

ved technologies as well as the development of ^new generation 
of industrial technologies; (3) incentivef^tb increase the use of recycled feedstocks: and finallv. ('41 exoeditinK the use of combined heat and
power systems through improved environmental permitting^ruLhy. 
the sale of excess power by industr^ plants; and finally (pa life cycle approach

bturing that facilitate
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PROFILE OF U.S. CARBON EMISSIONS BY INDUSTRIAL SECTOR

1990 U.S. Primary Energy Demand (quads)

I Transport I

Industry

Energy Profiles
• Three sectors each account for approximately one-third of U.S. primary energy 

demand — transportation, commercial and residential buildings, and industry
• The electric utility sector supplies about one-third of this demand, virtually all in 

the buildings and industrial sectors, and consumes fuels to generate that power. 
In the buildings sector, two-thirds of the energy usage is from electricity, and in 
industry the share is just over 10%

• Growth in U.S. energy consumption changed dramatically after the 1973 energy 
crisis, but is projected to continue steadily in the absence of new policies:
— the 1960s +52% — the 1990s +12% (already +9% by 1997)
— the 1970s +14% — the 2000-2010 decade +12%
— the 1980s +11% — in total, 2010 will be 26% above 1990

Carbon Emissions Trends — 1990 - 2020
• 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

• Growth projections also parallel the pattern of energy growth. DOE’s Energy 
Information Administration (EIA) projections show:
— Total emissions up 28%, or 377 million tons, from 1990 to 2010 
— Transportation up 43%, or 184 million tons — ^
— Buildings up 24%, or 111 million tons ^
— Industry up 18%, or 82 million tons
— Utilities, included in the other sectors, up 30%, or 146 million tons

U.S. Carbon Emissions (mm tons)
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Transport Buildings Industry Utilities*

Q 2020 
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* Utilities emissions also included in final use sector



LONG-TERM TECHNOLOGY STRATEGY a
In the long-term, over several decades, reductions in carbon emissions will require two fundamental changes, (1) shifts in the basic 
forms of energy used, and (2) significant improvements in the efficiency of our energy usage. A technology strategy can achieve both 
and provide a strong competitive position for the U.S. by advancing improvements such as the following:

■ TFanspoFtati^^^ y?, Electric Utilities ^
■' ■'!

0 Biofuels
0 Hydrogen fuels
0 Electric vehicles
0 Hybrid vehicles 
o Full PNGV 80 mpg vehicles

0 Fuel cells
0 Efficient systems — heating, 

cooling, lighting, windows
0 Intelligent mgmt systems 
o Efficient “plug load” — 

computers, equipment, etc.

0 High efficiency motors
0 Process changes
0 Recycling to reduce primary 

production

o Renewable energy systems 
— solar, wind, biomass

0 Distributed power
0 Improvements in power 

generation & transmission
0 Dispatching & load sharing

Long-term Market and Economic Uncertainties
• Electricity deregulation, international competitiveness
• Lifestyle trend changes (eg, telecommuting, consumer preferences for large vehicles)
• Commercial transport shifts in modes, speed, and the role of short- and long-range transportation of goods and people

Cost Issues
• Currently, the federal government spends only......% of its energy R&D budget, or $.......annually on long-term technologies

There are no estimates of the amount of public and private investment that will be needed to achieve these major advances
• In the long run, it is imcertain whether there will be an incremental cost or savings from such technological changes

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

required performance standards, other



MEDIUM-TERM, TECHNOLOGY AND EMISSIONS TRADING PROVIDE 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.

2^(0

o-

Emissions trading and joint implementation are critical to a technology strategy in providing timing flexibility to deploy efficient 
technologies at rates close to normal capital stock turnover cycles, and to provide a “safety valve” if the required rates of technological 
change cannot be achieved fast enough.

Technology Implications ^
For example, the DOE “Labs Study” and the lAT comptifer modeling suggest ambitious rates of technological change would be 
needed to return U.S. carbon emissions to 19§QJqvels by 2010:
• Overall, emissions growth of 28%, or STjAnillion tons, would have to be avoided or offset
• If done all in the U.S., energy growtlrW^ld probably have to drop to half its present rate, to about 10 to 12% over the 20-year 

period, and it’s already about 9% above 1990 levels in 1997
• With emissioristrading and joint implementation, the models suggest that up to 40% of the 2010 emissions reduction might be

achieved abroad at U.S. expense, to buy time for a more orderly technological transition here 3 7 S 2.
7 ' i( \ -u O TAP zo,‘V+t - u;

Transportation
• Without trading, growth in energy usage would have to drop to about half its 

business as usual rate of 30% to 40%, down to 15% to 20%
• Unless consumer preferences for large cars and increased driving change,

30% of PNGV improvements would have to be integrated into new cars and 
light trucks by 2010...for 45 mpg new automobileseoo -
With trading, the pace of improvements could be slower, but would likely —
still lead to..........................................................

/s-cV

Commercial and Residential Buildings
Without trading, growth in energy usage would have to be cut in half, to a 
rate of about 10% by 2010, vs. BAU projections of about 20% to 25%
High efficiency equipment would be needed on one-third of new 
installations and normal replacement cycles of building systems and 
equipment, compared to current rates of...............

Continued..................

Emissions Stabiiization by 2010 (mm tons) 
illustrative Scenario

Transport Buildings Industry Utilities

□ 1990
H No Trading

2010 BAU 
Trading



MEDIUM-TERM........... continued

Industry
• Without emissions trading, energy growth would have to be almost flat at 1990 levels, instead of increasing about 20% by 2010
• Increased use of heat recovery, cogeneration, and more efficient motors offer the greatest generic opportunities, with other 

specific technologies also available in individual industrial sectors, such as those detailed in DOE’s “Technologies for the 
Future” cooperative program with seven major energy-intensive industries

• With emissions trading, modest emissions and energy growth of around 7% by 2010 could be possible
• Industrial energy efficiency has improved since 1972, now requiring just 67% as much energy per unit of output

Electric Utilities
• Without emissions trading, utilities would likely have to make absolute reductions on the order of 30% in carbon emissions

below 1990 levels in order to offset the increases in other sectors above, while at the same time supplying more electricity to 
customers ^ r A

• Coal usage would have to drop to about half the 1990 level, while natural gas would roughly triple its 1990 usage in the 
industry

• With emissions trading, the coal-to-gas shift could be less severe, but electricity demand would also rise faster. Overall, 
emissions would still probably have to be about 10% below 1990 levels in 2010

Costs
There is great uncertainty about just how much these changes would cost the U.S. economy. In some recent experiences, such 
as with the Montreal Protocol on ozone depletion and the sulftir dioxide emissions trading system under the Clean Air Act, 
actual experience has turned out to be substantially less costly than expected
Preliminary estimates for the scenario above, returning emissions to 1990 levels by 2010, in the absence of emissions trading
and joint implementation, are that it could result in annual costs of $.............. billion, including amortization of
approximately $..............of investment
With international emissions trading and joint implementation, that cost could fall to $......... annually

Policy Issues
• Incentives are needed to stimulate R&D, commercialization of new technologies, and the purchase and use of advanced 

technologies as capital stock turns over in the economy



DOE’S ‘Labs Study’

“U.S. CARBON REDUCTIONS BY 2010 AND BEYOND 
The Potential Impact of Energy-Efflcient and Low-Carbon Technologies”

This report provides details on the technologies that can potentially achieve the energy usage and carbon emissions reductions 
necessary if the U.S. commits to a scenario like the one outlined in the sections above, which would return U.S. carbon emissions to 
1990 levels by 2010.

(This page to be supplied by DOE)
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POLICY OPTIONS FOR A U.S. TECHNOLOGY STRATEGY

GOALS
For the long-term, provide basic R&D and other support for the fundamental technological advances needed in the economy

For the short- and medium-term, provide incentives and support to:
• encourage manufacturers, builders, etc. to produce high efficiency equipment, systems, materials, etc.
• stimulate consumers and purchasers to accelerate their acquisition and use of those technologies
• encourage the development of financial, service, and other infrastructure to support those technologies

POLICY OPTIONS
• Prices in the economy

— Valuing carbon emissions rights, through a “cap and trade” system
— Investment tax credits, special depreciation treatment, differential fuel taxes (such as the ethanol tax credit), or other 

financial incentives through the tax system : 5 .'tAo_r
— Feebates, or complementary product fees and rebates depending upon product energy efficiency

• Financing
— Financial community partnerships with insurance, financial, utility and others to support advanced technologies 
— Incorporate incentives into federal loan, loan guarantee, and grant programs to promote high efficiency technologies

• Federal R&D policy
— National public/private initiatives in key technologies, modeled after the Partnership for a New Generation of Vehicles, eg:

• in doe’s 7 “Technologies for the Future” programs for Pulp and Paper, Chemicals, Petroleum Refining, Glass, 
Aluminum, Iron and Steel, and Metal Casting

• in residential and commercial buildings
— Increased federal funding for R&D, pilot projects and demonstrations leading to commercialization and/or wider 

availability of new technologies — current federal funding is $.............annually

Market transformation
— Market aggregation, for local governments and companies to coordinate purchases for greater influence
— State and local partnerships with the federal government to provide information, demonstrations, and technical assistance
— Field verification of advanced technologies



Continued.
POLICY OPTIONS.......... continued

Federal leadership through procurement
— Federal agencies “lead by example” by adopting aggressive policies to implement energy savings technologies at new 

and existing federal facilities, and to acquire and use more efficient and alternative-fuel vehicles in federal fleets
— Broaden the participation in Federal Energy Savings Performance Contracts which DOE is implementing to leverage 

private sector financing through third party energy services companies to reduce the federal government’s $8 billion 
annual energy bill

— Executive Orders to provide clear direction and management flexibility for greenhouse gas emission reductions 
within agency plans and programs

— Green Power Purchasing, by which agencies can negotiate contracts to supply a fraction of their electricity from 
renewable energy sources

Regulation and standards
— Appliance efficiency standards, negotiated with the industry and public, such as the recent refrigerator standards
— Building energy efficiency codes, implemented at the state and local level
— Expedited environmental permitting for highly efficient or low carbon technologies
— Coordinated implementation of National Ambient Air Quality Standards with climate change policies
— Restructuring of the electric utility industry in a way that facilitates investment in new technologies

Information and education
— Information disclosure requirements, such as efficiency labels on appliances, computers, equipment, and commercial 

and residential heating and air conditioning systems
— Federally-supported multi-media materials development for use in schools and the mass media

International market development
— Special focus on bilateral trade agreements, export assistance, and financial assistance in support of U.S.-produced 

advanced technologies for energy efficiency, renewable energy supplies, etc.



BACKGROUND ON KEY SECTORS

The material on these pages provides brief, thumbnail sketches of six key sectors of the economy, listed 
below. For each, the information profiles the sector’s current energy and carbon emissions profile and 
trends, the types and extent of technological improvement needed under the scenario in which U.S. 
emissions are returned to 1990 levels by the year 2010. These descriptions assume no emissions trading 
or joint implementation, in order to provide a benchmark for further examination.

1. Autos and Light Trucks

2. Freight, Aircraft and Rail

3. Residential and Commercial Buildings

4. Electric Utilities

5. Renewable Energy

6. Industrial Emissions



Transportation Carbon Emissions Autos and Light Trucks
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Key Trends —1990-2010
• The transportation sector general^ one-third of all energy-related carbon emissions in the United 

States. Moreover, this is the fastest growing end-use sector. Cars and light trucks (light duty 
vehicles) alone account for 58 rercent of the total transportation emissions.

• Average fuel economy for new automobiles has been regulated at a minimum 27.5 mpg since 1985. 
It is projected to grow to 31 mpg in 2010. New minivans, sports utility vehicles, and other “light 
trucks” now get 21 mpg and are projected to get 23 mpg in 2010.

• Light trucks were 20 percent of the personal vehicle market in 1974, 44 percent in 1996, and are 
projected to be 50 percent by 2010. Assuming no change in this trend, this will result in a declining 
overall fuel economy for all light duty vehicles.

Vehicle miles traveled have been growing 2-3 percent per year for the past 30 years and are expected to 
grow 1.4 to 2 percent or more per year through 2010. Improved fuel economy will help maintain desired 
levels of vehicle miles traveled. '—c

Policy Challenges
• Ensure that PNGV technologies fully penetrate all markets for all new light-duty vehicles by 

2010 and continue through the period 2020.
• Devise new commercialization strategies, including new approaches to fuel economy standards 

and market incentives (e.g.. Green Machine Challenge, financing packages, bonus emission 
credits).

Needed Technological Improvements
• By 2010, about 30 percent of new light duty vehicles would have to meet the Partnership for a New Generation of Vehicles (PNGV) goal of a 

tripled fuel economy (e.g., 80 mpg for automobiles) to help reduce overall carbon emissions to 1990 levels. On the other hand, all new cars and' 
light trucks would have to embody 30 percent of the improvement represented by the PNGV goal (e.g., 45 mpg for automobiles).

• On-Road fuel economy for ail cars and trucks (including both new and existing vehicles) would need to reach 25 mpg by 2010 and 31 mpg (by 
2020.

• Key technologies needed are vehicle weight reduction through advanced materials and design, 
hybrid/electric drivetrains, and improved aerodynamics.

Costs
• If PNGV goals are met, the more efficient light duty vehicles will have no increased cost for 

consumers.
•At currently anticipated technology costs, new autos in 2010 would have an incremental price of
$800-1,200. At gasolines prices forecasted for the year 2010, these higher costs would pay for
themselves in fuel savings within 3.5-5.3 years.

MPQ by Model Year
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Freight, Aircraft and Rail

Carbon Emissions
Key Trends; 1990-2010

• Freight, aircraft and rail together accounted for 185 million tons of carbon dioxide emissions in 
1990, nearly 40 percent of all emissions from transportation.

• All modes of freight transport have improved their energy efficiency. However, increased freight 
tonnage and shifts toward more energy-intensive modes have meant a 60 percent increase in the amount 
of energy used to haul freight sipee 1972-1995, although about three times as much freight was 
transported.

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

soil1999 U19
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Needed Technological Improvements
• Key technologies to r^uce 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. Larger reductions are possible beyond 2010 if hydrogen- 
powered, fuel cell powertrains are developed and commercialized for truck transport. Also, a more aggressive technology scenario might 
include rapid penetration of diesel trucks that are 20 percent more efficient that current diesel engines.

• NASA programs have helped to reduce energy intensity in air transport for over 20 years. NASA’s high performance turbine engine 
technology program aims to achieve a 40 percent increase in fuel eflBciency by 2003, and such engines could conceivably be on commercial 
aircraft within 15 years.

Costs
• DOE estimates that aimual costs needed to achieve emissions reduction in transportation range from $25-40 billion, and could save $35-40 

billion annually in fuel costsr
• PNGV is funded at $ (and to succeed in achieving the kinds of emissions reduction sketched above, might need two to ten

times this funding.



Policy Options
• PNGV is key to reducing energy intensity in truck the medium and long term. Hybrid powertrains could likely be significantly advanced 

with increased R&D funding.
• To achieve a high efficiency/low carbon technology scenario, R&D programs might need to be increased 2 to 10 times.



Residential and Commercial Buildings

Carbon Emissions
~L C,
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Key Trends - 1990-2010
• 35% of U.S. carbon emisskms are attributable to energy use in buildings, with homes-emittiBg 19% and 

commercial buildings-emftting 16%.
• Energy intensity in buildings has declined substantially since the late 1970s. Primary energy 

intensity in commercial buildings declined by 22% between 1979 and 1992, while residential primary 
energy intensity dropped by 15% since 1978.

• Buildings have become increasingly electrified - driven by rapid growth in office equipment, small 
appliances and other devices collectively know as “plug loads”. From 1978 to 1992, commercial 
electricity consumption grew by 37%, while residential electricity grew by 36%.

• Due to continuing electricity growth, the EIA forecasts that future commercial energy intensity will 
decline by only 0.2% per year, and residential intensity by 0.5% per year. However, numerous studies 
identify substantial additional potential for cost-effectively reducing buildings energy 
consumption and greenhouse gas emissions.

Needed Technological Improvements
• Technologies needed to achieve the emissions reductions above largely exist today; no ^ 

major technological breakthroughs are needed.
• The large potential emissions reductions are not being achieved in current markets o.s 

because of a number of market barriers that impede the diffusion of energy-efficient .S' 
technologies - such as lack of reliable product information; higher up-front costs; 
split incentives between efficiency purchasers and beneficiaries; conflicting 
building codes; and lack of market expertise in efficiency design and construction. | o °

• To achieve the efficiency savings in 2010, the equipment that naturally turns over in^^ (, 2
about 35% of buildings is replaced wdth the most cost-effective technologies by 2010; 
these savings assume normal retirement of equipment at the end of its useful life. 0

• Energy efficiency improvements needed are 12% for residential buildings and 18% for 
commercial buildings by 2010.

Buildings Energy Intensity 
and 2010 Target
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Costs /
• Investments to achieve these 2010 savings are $7-$14 billion per year and result in 2010 energy bill savings of $18-33 billion - a net 

savings of $10-19 billion and a 20% return on investment.
• Costs of Federal programs to accelerate the use of energy efficient technologies in buildings are $300 million per year; achieving the 

above savings will require a rough doubling of budgets.

Policy Challenges
• Federal, state and local policies that accelerate technology deployment and energy efficient building design, construction and operation.
• Partnerships with states, local government and industry to improve efficiency of existing buildings and remove market barriers.
• Research and development of a portfolio of advanced buildings technologies.



Electric Power

Carbon Emissions Key Trends -1990-2010
• 36% of US carbon emissions are in the electric utility sector, primarily from burning of coal and 

natural gas.
• Coal and natural gas together are projected to increase from 63% of energy inputs to 70% by 2010, 

increasing the carbon intensity of this sector.
• Demand for electricity is projected to rise by 20 percent per decade compared to 30% from 1980 by 

1990.
• Renewable power (other than hydroelectricity) is projected to rise from 1.5% of generation currently 

to 1.8% in 2010.

°T«h«0l0Br_ ^ L.

Source: EPA, DRI 1.25 Base Case

Needed Technological Improvements
• No breakthroughs are projected in generation technology. Incremental improvements will be 

possible from combined cycle turbines, gasification for biomass fuels, wind turbines and 
system improvements (such as transmission efficiency).

• First, end use electricity demand growth must slow--efficient technologies can cut U.S. 
electricity growth from 30% down to 15% above 1990 levels by 2010.

• Second, those reductions must primarily reduce coal-fired generation.
• Third, remaining coal-fired generation must be reduced in favor of natural gas, through gas co- 

firing, conversions to gas, and increased use of combined cycle gas turbines.
• Beyond 2010, nuclear plant life extensions may be an economically viable option.
• Renewables such as solar, wind, and biomass must be promoted for the long term, but will not 

make significant contributions sooner.
• Overall, carbon emissions.........................

% Share of US Generation

Coal (base) 
“> Coal (policy) 
—Gas (base) 

Gas (policy)



Costs
• Switching from coal to natural gas, renewables or demand-side efficiency will cost $50-120 per ton of carbon in 2010. Total 

capital investments will rise by $3-5 billion, or 30-50%. Fuel and operating costs will also rise by about $3-5 billion, or 5-10%.
• In total, utility annual eosts could increase by $....billion, or....... %, by 2010.
[• ?Overall, coal use would decline to roughly 1990 levels (plus or minus 10%) by 2010 in a US program without international 
trading - with trading coal use eould grow by 20-25% above 1990 levels.]

Policy Challenges
• Aggressive R&D and marketing for energy efficiency sectors is essential.
• Integrate climate policy with competitive trends and air quality regulation.
• Incentives for shifting power to lower-emitting fuels - pricing, emissions trading credits, promotion, regulation, and financing.



Renewable Energy

1990 2010
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D Renewable

2020

Carbon Emissions Savings Key Trends - 1990-2010
Today, roughly 12% of the country’s electricity generating capacity is from 
renewable energy - with 85% of tWs from hydropower. Newer renewable 
technologies - including wind, biomass, photovoltaics, solar thermal and 
geothermal - are increasingly economic and have large potential.
Costs have dropped dramatically -photovoltaic cells have dropped from 
$0.90/kilowatt-hour in 1980 to under $0.20/kWh today, while wind power has 
dropped from $0.25/kWh to $0.05/kWh.
Cost reductions will continue because of R&D advances and as manufacturing 
efficiencies.
Cost performance improvements have resulted in several technologies being 
competitive in selected markets today and others will be competitive in 
broader markets in the near future.
Several major international companies such as Royal/Dutch Shell, expect these 
technologies to be dominant global energy sources and are substantially 
investing in their development.

Needed Technological Improvements
• The contribution of renewable electric technologies to emissions reductions could be substantially higher than projected in the base 

case.
• Costs and performance of these technologies continue to improve, but additional advances in wind, biomass, photovoltaics, geothermal, 

solar thermal and transportation biofuels are needed - such as: wind turbine blade design and materials, photovoltaics materials 
efficiencies, geothermal drilling technology and resource verification, large-scale celluosic biomass fuels production and 
manufacturing cost improvements.

• Non-hydro renewable energy generation capacity could grow from 9 gigawatts (GW) today to 21-24 GW in 2010 and 77-108 GW by 2020.

— (, s ^



Costs
The incremental capital investment in renewable power systems needed to achieve the above results is
$2-3 billion in 2010 and $15-25 in 2020 - although fuel cost savings in 2020 will result in net incremental that are low or negligible. 
The incremental production cost of renewable electricity is estimated to be $2-3 billion/yr in 2010 and negligible in 2020 as multiple 
renewable technologies are widely competitive with gas technologies.

Policy Challenges
• Expand technology R&D to lower costs and increase performance.
• Conduct cost-shared technology diffusion with industry to increase utility system experience and increase U.S. renewable energy 

production capacity.
• Conduct R&D on key support systems such as power storage, controls and superconducting materials.
• Encourage use of U.S. renewable technologies abroad to tap the huge global market for renewable energy.



Industrial Emissions and Economic Impacts

Carbon Emissions

iBaM
iTcchiMlofy

1990 2010 2020
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Key Trends - 1990-2010
• The industrial sector nowfuses 37 percent of the nation’s energy, or 34.4 out of a total 

93.6 quads. Carbon emissions are now at about 32 percent or total emissions in the 
United States, or 471 of 1467 million metric tons (MMT).

• Within the industrial sector, electricity accounts for 10% of the total energy consumed 
and about 37% carbon emissions.

• With normal rates of capital stock turnover, the industrial energy intensity is expected to 
decline at a rate of 1.2 percent in base case forecast for the period 1997-2015. Historically, 
energy intensity has decreased by an average of 1.8 percent annually from 1972 to 1995.

• The industry sector is also responsible for most of the non-energy related emissions of 
carbon dioxide (21 MMT) and other greenhouse gases (219 MMT of carbon equivalent)^ 

/Although industrial emissions of these gases are far smaller that energy-related carbon 
/ emissions by weight, they have global warming potentials (GWP) that range from 21 for 

M^hane to 23,900 for sulfur hexafloride (SF6).

Needed Technological Improvements and Opportunities-Cross-cutting
Average Rate of Industrial Energy 

EfTidoiqy Improvement: 2000 to 2010

The industrial sector the potential to reduce energy use by up to 10% in carbon emissions by nearly 17% 
over 2010 baseline forecast through cost effective investments in energy efficient technolgies and low 
carbon technologies.

The use of heat recovery and combined heat and power (i.e., cogeneration) systems such as the Advanced 
Turbine System can reduce industrial carbon emissions by up to 35 Mmt/year in 2010 with electricity costs 
that are 10 percent lower than current systems.
Motor systems account for 70 percent of industrial electricity use (about 120 MMT). Better designed 
energy-efficient motor systems could reduce electricity use by up to 40 percent. Better maintenance of 
compressed air systems can also save 40 percent of the energy used in such systems.
In addition, there are important longer term opportunities to reduce the carbon intensity of industrial operations through changes in the fuel 
mix, and by using lower-carbon fuels.

SoucK MKlol'MnDTedmolcgyhMrtnrtChn



Costs
• There are readily-available but underutilized technologies with two and three-year paybacks that can reduce industrial energy use by 10 

percent or more.
• The annual investment necessary to stabilize overall carbon emissions to 1990 levels (15 percent) is on the order of $5 billion per year (about 4 

percent of the investments made by the manufacturing sector in 1995). The energy cost savings in 2010 are $8 billion/year.
• Many of the most successful technolo^es have multiple benefits, including environmental- or productivity-enhancing features may actually

improve the competitive position of many industries. I ^

Policy Challenges
• Policies to encourage the more rapid dififiision of existing technologies include: (1) incentives to accelerate the investment in new capital stock 

and equipment; (2) increased RD&D to facilitate the development of improved technologies as well as the development of a new generation 
of industrial technologies; (3) incentives to increase the use of recycled feedstocks; and finally, (4) expediting the use of combined heat and 
power systems through improved environmental permitting and by incorporating provisions into the ongoing utility restructuring that facilitate 
the sale of excess power by industrial plants; and finally (5) a life cycle approach to environmental permitting and regulations.
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Freight, Aircraft and Rail

Carbon EmJsslons: Freight, Aircraft
and Rail
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Key Trends: 1990-2010
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Tuduttrial Gwbon Kmisslons

Industrial Emissions and Econotnic Impacts 
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Iiitroduclion to Iniiustty Swtor-Spectflc Section
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Renewabk Energy
Key Trends-1990-2010 , , r m
« Today, roii^y 12% of the comiiry's electricity generatmg capacity is from rewwaWe 

energy - with 85% of this liom hydiopowei. Newer renewable tc^opss - mdnding 
wind, biomass, photovoltaics, solar ibennal and geothamal - arc mcreasingly economic and
have large potential. ^

■ Costs hove dropped drwnaacally-phcrovollaic cells have dropped from ^ ,
$0.90JhilowaU-howr In 1980 to under $0.20/kWh todso-, whOc wind ponirer has dropped
fTom$0,25/kWhto$0.05/kWh.

. Cost reductions will continue because of R&D advances and as manuf^toring cflicimcies.

. Cost pcifonnancc improvemenia have resulted in several technologies being corapeuuve m 
selected markets today and others will be competitive in broader markets in the near future.

• Several major intematifliialcoinpffltiessttch as Ro)ral/DulchShcn,exj[^ these ^
technologies to be dominant global energy sources and are substantially mvestmg m ihcir 

development.

. Im^ments in mannfacuiring costs are needed that wiU resull^toth R&D and Wgher

. AdSnal utility company experience with these technologies and their integration into power systems isneeded.

J^^Toial capital inveswient in renewable power systems needed to achieve (be above results Is $15ttUiojiln

* S^rtmOTtScS of renewables Investment is very low relative to inexpensive gas te^olog^m
2010 and Hkdy negligible in 2020 as multiple renewable technologies are competitive in broad markrts.

Policy Challei^
. Expand technology R&D to lower costs and increase performance.
. Conduct cost-shared technology diffusion with Industry to tacreare utility system experience and increase 

U.S. renewable energy production edacity. j
» Conduct R&D on key support systems such as pwer borage, controls and
. Encourage use of U.S. renewable technologies abroad to tap the huge global market for renewable energy.
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Autos and Light Trucks
Tramportalloii CarlHW Emlssloiis
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^ -ni« UBtisporlirtion sector generates one-tiurd of afl eitcigy-reJ^ed
Slates. Moreover, this is the tastes! end-use sector. Cars and light Sited
alone account for 58 percent of the total transporlahon errassions, or 19 percent of total energ>-reLi1ed

. Ail^gr^el cemomy for ncv%- automobiles has bwn ^^d
is promoted to grow to 31 mpg in 2010. New niinivaiis. sports utihly vehicles, and other light trucks

Reeled to be 50 percent by 2010. .Assuming no change in this trend, this wiH result m a dechning
overall fuel economy for aU light duty vehicles. , nr mom net vear

. VM. niite ln»»M been e««iH M p.=n»« p.^ vc^ for .I.. ^u, gm. 2 l»n»nl w ■«.„ pe. year
through 2010. Improved fiid economy will help mamtam desired tewh of vehicle miles traveled
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. K^^iecbnologics needed are veliiclc wdglit reduction through advanced materials and design, hybrid/cketrie drivetmns, and i«Foved 

aerodynamics.
U>V On-Riwd Fuel Fxxmuniy (Toltd Fleet)

Costs*If PNGV goals are met, the more efiident light duty veliicles will have no increased cost for 

pay for themselves in fuel savings within 3.5-S.3 years.

Ensure HiatlpNGV technologies fully penetrate all markets for all new light-duty volucles by
2010 and conlmue throng the period 2020. , ,
Devise new commercialization strategies, including new approaches to fiid economy 
standards and market incentiws (c.g., lincrg>'Star car. financing packages, bonus emission
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1 SO per ton C in 2010. Total capital investments will rise b>' $3-5 or 30 50%.
Pnel and operating costs vfill also rise by about $3-5 billion,

« Public and privato R&D will be largely unaffected, althovigli shifts towaaxte low-
cmittir.g technologies may occur.

Policy marketbvg forenergy efficiency and nw generation technologies,
toiate climate policy with competitive trends anti air quality regulation.
Incemives for commercialization - pricirg, emissions tiadmg credits, promotion,
regulation, and finandng-
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Transportation: Light Duty Vehicles and Carbon Emissions

Key Findings
♦ Based upon data from Ar,097, the transportation sector used 24.4 quads of in 199S

about 27 percent of Ute nation’s total energy requirements. Because of tis almost total
dependence on petroleum fuels (accounting for 97 pcrocnl of total energy use), the trans^rtuton
.secror was responsible for 33 percent of the overall U.S. greenhouse gas «^‘«'<'Mons. By 0
transportation energy use will grow to 31.4 quads, a 29 percent growth ^er 1993 lev^^ In
energy terms, this is the fastest growing end-use sector, significantly above the 19 percent
growSi of the economy as a whole. Carbon emissions will follow a similar pallcm. increasing
from 465 to 598 MMT in the years 1995-2010. Emissions in 1990 were 432 MMT.

4- Lieht duty vehicles. Including automobiles and light trucks, aecnnntwl for 58 percent of the
nation’s total transportation energy requirements in 1995. In contrast, freight trucks used only
22 percent of the mmsiwrlation cueigy in 1995. The remaining 19 percent of the transi>ortation
Share was used by air, rail and marine travel, pipeline fuels and lubricants. The share of light
duty vehicle.s will fall to 55 (wreent by '2010.

❖ The transportation secUir as a whole has the potential to reduce energy use and carbon emissions
by 15-20 percent over 2010 ba.seline forecasts through cosl-cffcctive mvestmcnis in en^gy
efficient technologies, and in some cases, low-carbon technologies. This will not be enough to
reduce carbon emissions to 1990 levels, but the savings can be achievwl without significantly
affecting either comforL safety or travel.

❖ The anticipated 2010 energy and carbon savings could be acliieved in the case of automobiles,
for example, if new uu sales in that year achieve one-third of the fuel economy gams represented
by the PNGV goal of 80 MPG (i.e., moving from a fuel economy of 28 to 45 MPG).

❖ Assuming that PNGV cost goals are not met. and that the price of new vehicles m 2010 reflect
current estimates of new technology co.sts, a 45 MPG car will cost between $80U and $1,200
more than a 28 MPG car (in 1995 dollars). Assuming 13,600 vehicle miles rtaveled for new
vehicles and a gasoline price of $1.23 in 2010 (also in 1995 dollars), this implies a roughly 3.5
to 5.3 year simple payback for a car that has an expected l4-ycar lifetime.

Background
By 2010 tramsportation energy use will grow to 31.4 quads, a 29 percent growth over 1995 levels. 
In energy terms, this is Oie fastest growing end-use seaor, significaiuly above the 19 percent growdi 
of the economy as a whole. Carbon emissions will follow a similar pattern, increasing from 465 to 
598 MMT in the years 1995-2010. Emissions in 1990 were 432 MMT. In the case of light duty 
vehicles, the growth in energy consumption is driven by increases in the vehicle miles travclal 
(VMT) and the significant growth of light trucks (including vans, sport cars and recreational vehicles) 
which have a substantially smaUer fuel economy. The sales of light tnicks have, grown from a 20 
percent market share in 1975 to a 44-percenl market share in 1996. Whereas new cais ai e rated at 28 
MPO, light Uucks enter the market with a rating of only 20.5 MPG.
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CO, Reduction Potential and Scenarios

Despite tho. significant gmwtli in energy uce by light duty vehicles, the technology exists to increjise 
the average fuel economy of new vehicles by 40 percent or more in the year 2010 - without the 
need for I^uccd travel or increases in the cost of travel This is tme in botli the movement of people 
and freight. This success would be achieved in the case of automobiles, for example, if new car sales 
achieve one-thlnl of Uic fuel economy gains represented by the Portneruhip for a New GencraUon
Vehicle (PNGV) goal of 80 MPG.

*Major technologies for near-term light duty vehicle improvements include, for example, matwial ^
substitution, reduced aerodynamic drag, improved automatic transmissions, reduced engine tnction,
variable, valve timing, and advanced tire designs. Many of these technologies have already emerged
in the market, lacking only appropriate policy signals to accelerate their diffusion, or to redirect their
use toward fuel economy instead of improving other vehicle attributes. Honda, as one example,
employs a system of variable valve timing that is used to boost power and improve fuel economy.
Qciieial Motors has one vehicle that hns already achieved a low aerodynamic drag. On the other 
hand, leim-bum engines which increase engine thermal efficiency are a low-risk technology that 
should be readily available by 2010.

Work developed for the "Car Talk" advisory coinmiiicc' resulted in estimated reductions of boili 
energy use and cailjon emissions (measured in million metric tons of carbon, or mmMTCe) through 
a variety of both technology and policy options. Summarized in tlie table below, and generally 
covering the period 2005 through 2025. the options include improved land-u.se planning, higher fuel 
prices, fuel economy standards and feebalcs. the PNGV vehicle, and the use of low lifc-cycle carbon
fuels.

Modeling n different .set of technology assumptions showed a significantly diffcroni set of results.
DRI focused on largely bcliavioral response to reduce transportation energy consumption, while 
Markal-Macro had a larger teclmology bent. Tlic tabic on the follevring page highlights these 
differences for automobiles. (Note: the reference to CCAP is the so-called Case Two scenario which 
moved towaixl but did not necessarily hit a rate of decline in E/GDH of 1.23 percent. This compares 
to an assumed 1.00 percent decline in the base case. The Case two scenario includes both the full set 
of CCAP programs as well as "announcement effect.” Case three, the Technology Case lormcrly 
described as the 1.15 Ca.se, assumes a higher level of investment potential for cost-etfeclivc energy 
effieicni/low-carbon technologies.)

In case two (with stabilization), DRI foreca.sts a 9 percent reduction in VMT with an 8 percent 
incrca.se in MPC for new automobiles. DRl's case three (with stabiliz,<ition) forecasts a S percent 
VMT reduction with a 10 pcfcciit increase in new car MPG. MM shows a seven percent drop in 
VMT for the CCAP scenario. This rebounds, liowcvci, lo ucaily base case levels with better 
assumptions about improved levels of technology. AlUiough new cars in MM enter the market in 
2010 with a high fiPA-rated fuel economy (again, with about one-third of the improvements of the 
PNGV goal), the entire fleet of automobiles show an on-road MPG of only 30 MPG because of the

1. The "Car-Talk" commitloo is the Policy Dialoatie Adoixoiy Commtilec lo Assist the President In thfi. 
Development of Measures lo Significantly Reduce Greenhouse Gas Emissions from Personal Motor Vehicles^ 
formed in 1003 to sec whether n consenKUK koi of polieiec could be develoi>ed to return personal inmspori GHG
emissions to 1990 levels by 2005, 2013 ami 2025. Tlie committee foiled to agree on such policic-s, but 
substantial analytic results were developed by .s team of (>ovornmcni analysts working with several expert J 
committee members.
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time needed for fleet turnover. Hence, it is the on-road change in fleet fuel economy — moving from 
24.2 to 30 MPG — that drives mucli of tlie transportation energy and carbon saving.s.

Costs
In the Markal-Macro assumptions, a new vehicle at 45 MPG would cost an estimated $1.200 above 
new cius in the base case. This assumes tire PNGV cost goals arc not met by the year 2010. The 
newly released Energy InnovatUm study suggests an added cost of about $800 dollars (in 1995 
dollars). However, owners of the new vchldcs would save about $225 per ycar.m avoided gasoline 
costs (also in 1995 dollars, assuming an average driving range of 13,600 miles per vehicle and a cost 
of gasoline of $1.23 per gallon). Simple payback for this technology improvement would range, 
tlteiefore, from 3.5 to 5.3 years. In comparison, the average life of a new car would be about 14 

years.
Car-Talk Summary Table of Policy OpHons*

(mmMTCc)

Polity Mcioutc Policy Type 3025 Annual F.inlssinn 
RerUiciion

Land Use and Traiwit Policy Package LcssVMT 25

Fuel Price Increases ($0..‘i0/gat.) 1.CSS VMT 120

Paitiing Tax ($2,00 naUonwidc) Less VMT 2.5

UssVMT 25

Fuel Economy Standards, "Feebates" Mote Fuel Efficiency 90

PNGV More Fuel Efficiency 60-200

nio-Ethanol Subsidy Uiw nmitfilon Fuels 100

GHG Savings Needed to Return Personal Transport
Emissions to 1990 Levels by 2020-2025

200-200

Key Automobile Indirators in 2UIU

DRl Markal-Macro

Base CCAP Tcehnology Base CCAP leclinoiogy

VMT 1.520 1403 14.50 1619 1509 1597

MPGNowCor(nPAJ 29.2 31 4 32 .30.7 43.4 44.7

MI>GCarFled(nPA) 24.7 26.5 30.6 29.3 32.7 35.7

MIHj Car Fleet (On-Road) 23,3 24.5 26.9 24.4 27.3 30

LDV (MMT) 342 293 259

2. Emission reductions may ml 1)C added since the impact of iiitplciiiciiiing luultiple policic.s may be
signincanily less than in implied by acklinp, up Ihi' inrlividiifll estimates. However, the motor vehicle GHG
inodel u.scd to develop most of ihc.se estimates can be used to forocasi the effect of multiple policies.
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The Problem of AllocattnQ Carbon Savings
Comparing th« savings from MM Case 3 using three 
different accounting niethodologles 'v_t, 7 5" ^

Methodology One;

allocated to the electric utility sector

Fuels Electric Total

Bldgs
(MMT) (MMT) (MMT)

36 0 36
Industry 36 0 36
Trans 116 0 116
Utilities 0 239 239

Total 168 239 427

Methodology Two:
Ail.dectric DSM savings allocated to end-use 
sectors while change to low carbon fuels on utility 
side of meter allocated to the electric utility sector

Bldgs

Fuels
(MMT)

36

Electric
(MMT)
112

Total
(MMT)

148
Industry 36 58 94
Trans 116 0 116
Utilities 0 69 69

Total 188 239 427
)( Methodology Three;

All savings allocated to end-use sectors

Bldgs

Fuels
(MMT)

36

Electric
(MMT)

161

Total
(MMT)

187Industry 36 88 124
Trans 116 0 116Utilities 0 0 0
Total 188 239 427
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Key Indostrial Indicators for 2010 and 2020

Indicator

Markal'Macro DRI

1995

2010 2020 2010 2020

Base
Case

Case2 Case 3 Base
Case

Case2 Case3 1995 Bate
Cate

Case2 CaseJ Base
Ca*

Case2 Caw 3

Output
(1995=1.000)

I.OOQ 1.408 1.400 1.412 1.544 I.S31 I.55I 1.000

Eheror(tjaads) 19.6 22.8 19.3 20.2 24.3 19 20.1 228 25 21.9 22.3 26A 21.9 22.4

EasaiocB (MMT) 466 363 421 465 592 4C7 456 472 521 436 445 542 419 422

1«-Yeai Rateof 
Aiannl Cfndeacr 

ImproTCDieut
n/j 1.1% 2.6% i.T-a- 0.8% 1.9% 1.4% Va 1.3% 26% 2.7% 0.9% 1.5% 1.4%

Note: Because of differcncxs in accounting between the MM and DRI models, and because lie ena-gy totals do not include chemical feedstocks, the 
cncigy and carbon savings are somewhat uncerstatKL The ov'craU magnitudes are in the right direction, however.

p
r
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yy‘ gT Key Findings

Freight, Aircraft and Rail 
Emissions Projections aitd Potential for Reduction

Julie Fox Gorte, U.S. EPA

Current and Projected Emissions from Commercial Transport 
1990-2010 iand Beyond

1990 1995 2010 base' 2010 with advanced 
technology’

Total Emissions,
MMTC

185’ 195 276-295 244-266

Freight Truck
Emissions

60 63 92-130 54-116

Aircraft Emissions 64 68 90-110 75-130

Rail Emissions 9 9 10 7

Other Emissions 
(marine, pipeline, 
other)

51 55 64 63

Total carbon emissions from the transportation sector in 1995 were nearly 470 MMT. The freight, aircraft 
and rail sectors accounted for over 130 MMT of carbon emissions, or 28 percent of all transport emissions. 
All modes of freight transport, including trucks, rail, pipeline, shipping, and air, have unproved their 
energy efficiency. However, intermodal shifts to more energy-intensive trucking and air transport has 
meant very little change in the amount of energy used to haul freight from 1972 to 1995. Because of 
increasing efficiency, however, three times as much freight was hauled in 1995, for about the srune amount 

. of energy, as in 1972.
Energy use and carbon emissions from non-personal vehicles may surpass energy use and emissions from 
automobiles shortly after the millenium.
Opportunities to reduce carbon emissions or energy use in commercial transport before 2010 will likely 
come mainly from trucking and air transport. Analysis of possibilities m a study by 5 DOE laboratories 
estimated that roughly 20-45MMT could be saved by new technologies, increased use of cellulosic ethanol 
fuel, and improved traffic flows. About 10 MMT in reduced emissions come from trucking, 10-15 come

'This range expresses forecasts of both Markal Macro and the 5-lab study. Sector figures may not add to 
totals due to rounding and to the fact that the range bounds four different projections, two in Markal Macro and two 
in the labs study.

I

^This range expresses forecasts of both Markal Macro and the 5-lab study. Sector figures may not add to 
totals due to rounding and to the fact that the range bounds four different projections, two in Markal Macro and two 
in the labs study.

^1990 emissions numbers are estimates. True figures will be in tlie next draft.
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from air transport, and 7-iO from rail."
SigBiacanl^lions in nmissioiu from commcroial vehicle ttanspoit are possible beyond 2010 wilh an 
ag^iV. 1^ prog™ imd eoordinahal poblie seem, efforfr fr. Siflbse low S™ ^^1^ 

frctoologiee Ifre fuel eell/fuel cell hybrid powerimibs in mil and Zk fiuigh.
m eueigy use and eartmn emissions are possible blyond 2oTJwto

ttie government institutes appropnate policies and research efforts are intensified They do not deoenTnn 
un^enM technical breakthroughs, and do not require stepped up capital turnover 

Subst^tially grater opportunities to reduce emissions in commercial transport are apparent by 2015 than

m most optmistic scenario, which requires some luck in achieving technical progress as weU as the ^

“
reductions are $25-20 billion, and would save s“ o up“” S? ” 'veu or

[Bullet on current technology programs: put in tlie investment in PNG V and USABC and appUcable NASA 
su“Zra^‘ R&D in motor vehicles and commercial

Background

Total emissions from freight and aircraft wereabout 185 MMT, with heavy trucks and aircraft each 

alone is uMvailable. as many commercial flights carry both passengers and freight. ^

In A I, increased dramatically in the last 15 years. In recent years, however trucldnK
oads have 8™^ heavier; between 1982 and 1992. mileage traveled by trucks with operating weights above 80 000

Iwri^^T? mtetTw'"*224 mite iu
technnin *heir energy efficiency. Improvements have come from both
technology and operational efficiencies. Between 1984 and 1994. heavy truck energy use per vehicle mile
decreased 0.4 /, per year, and 1.6% annually per ton-mile. In rail, energy use per car-mile dropped 0 9% per year

to H ^ adequately with numbers in the table above. DOE and EPA are workinn
derstand the differences in numbers from the labs study and Markal Macro, and develop crosswalks. ^
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and 2.7% annually per ton-mile.
Between increasing efTicicncy and the shift to more energy-intensive modes (trucks and air), the net energy 

effect is about a wash: if energy intensities of 1972 still prevailed, 1994's energy bill for freight movement would be 
treble [check this] the actual number.

Improvements in fuel efficiency improvement have slowed in personal vehicles, but continue in other 
modes of transport In fi:Bight, the weight and cost of fiicl carried has a direct effect on the amount of freight that 
can be carried, so there are incentives to improve fuel efficiency even when fossil fuel prices tue low. Nevertheless, 
commercial transport is substantially more energy intensive per mile than light duty vehicles; truck fuel efficiencies 
range from about 5.5 mpg to over 7-8 mpg for heavy- and medium-weight trucks, while automobiles average nearly

• 22 mpg. With freight transport growing faster than personal transport [check this], energy use and emissions from 
fi:Bight and commercial travel could outstrip energy use and emissions ^m personal vehicles by shortly after the 

, turn of the century, according to Argonne National Laboratory.
Trucks and aircraft are expected to continue as the fastest-growing forms of non-personal transport, and 

will account for the greatest increases in emissions. The airline industry, since deregulation, operates close to 
maximum efficiency, and opportunities to use alternative fuels in aircraft are limited for the foreseeable future. 
Therefore most of the opportunities to reduce emissions from aircraft are in development and deployment of more 
fuel-efficient engine and airframe technology.

Reducing emissions from surface freight, on the other hand, is possible through both technological 
improvement and progress in reducing inefficient use of trucks (e.g. continued reduction in empty backhauls, more 
efficient routing, intrastate warehousing) and shifting from trucks to rail.

Carbon Emissions - Trucks 
Markal Macro Results

100.0
-------- CASE1
---------CASE2STB
- - . -CASBSTB

Model Results and Potential for Reducing 
Emusions

SGM does not include technological 
advances that affect emissions, or energy 
consumption, in the freight sector. DRI 
assumes modest advances in truck fuel 
efficiency—from 5.0 to 5.2 mpg in heavy 
trucks* by 2020, with no improvement by 
2010. DRI also assumes that fuel efficiency 
of medium trucks* will increase from 6.5 mpg 
between 2010 and 2020, but no increase 
between now and 2010 [check].

Markal Macro includes several 
advanced technologies to improve the energy 
and carbon efficiency of freight, most of them

fairly conservative projections of current trends. All three cases (base, stabilization with a rate of improvement in 
the energy/GDP ratio of 1.25%/year, and stabilization with E/GDP improvement of 1.75%/ycar) bring in more fuel- 
efficient diesels, with faster rates of introduction in the 1.25 and 1.75 cases. In addition, both advanced technology 
cases phase out existing gasoline trucks, and penetration of trucks LPGfucl. The 1.75 case shows very rapid 
penetration of diesel trucks that are 20% more efficient than current diesel trucks, starting in 2010 and accounting 
for well over 95% of vehicle miles traveled by 2020. Fuel efficiency of heavy trucks increases to 6.9 mpg in the 
1.25 case and 7.3 mpg in the 1.75 case of Markal Macro. Carbon emissions in 2010 are forecast to be nearly 98 
MMT in the base case, 88 MMT in the 1.25 case and 18 MMT in the 1.75 case (see figure above).

Emissions from rail, freight, air freight and pipelines were specified exogenously for the lAT, since none 
has more than a marginal impact on energy use and carbon emissions as a whole. The forecast shows emissions

’Heavy trucks are those greater than 33,000 lb.

^Medium trucks are those between 10,000 lb. And 33.000 lb.
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effom to develop and diffuse the technologies. Prognuns to develop transportation technologies such ^!5Sv and
TonL P«>l>ably bring these new tethnologies to prooflf

Particularly in truck componentry and efficient, could be well
**.. tn the market Energy experts at DOE’s multiprograra laboratories point out, however that current

levels of funding for PNGV are probably inadequate to achieve the program’s technical goals
dioxide emfetC, Optioj:iyucks. There are many opportunities to improve energy efficiency and carbon 
dioxide emissions m freight. Improved aerodynamic design that reduces drag, advanced engines (the

7'’°“ lEugine and the Advanced LE-55 Heat Engine), vehicle weight reduction through materials
substitution, improved tires, and electronic engine and transmission controls can achieve fuel economy^ 
unprovements ranging from 2 to over 20 percent in heavy trucks, as can advances in computational methods 
(hardware and so^are) aimed at understanding turbulence both for aerodynamics and within fuel chamb^ The

'than frl'Sl!ffi*tu ^uS Price of $8/milIion
ess than the $9/MMBtu assumed in the base case. Moreover, the lab study assumed that all energy-efficient tru^

technologies could achieve 99 percent oftheir maximum market penetration (which, for most tecSologies. is less
advarlced'hlTe^^^^^^^^^^ ^ technologies (e.g., the

Rail. The fuel efBciency of rail transport has increased at a healthy clij^-nearly 3 percent per year-for 25 
years, far higher than the 1%-per-year improvement assumed in energy modeling [and likely the lAT since base 
case was based on NEMS-check this]. Improved operational efficiency accounts for the great preponderance of 
this improvement; one estimate is that 85% of the increase in energy efficiency of raU transport is libutable to 
^proved scheduhng and operations management. However, we have not yet wrung all the energy efficiency these

r “rH, energy efficiency will continue to Jprove
rates closer to those of the last two decades for a while. Other advanced technologies that could reduce energy 

use in rail include flywheels, to store the energy given up when trains go downgrade for use in propulsion- oxySn
ennehment m locomotive engines; and alternative fuels, including natural gas

Technolo^ Options: Aircraft. In aircraft, energy efficiency is a perennial concern primarily because 
reducing the weight of frel is one way of reducing aerodynamic drag, a central and constant concern of aircraft and 
engme desi^ers. NASA programs aimed at achieving greater fuel efficiency in engines were both technicaUy and 
eranomica ly successful m the 1980s, improvmg the efficiency of existing engines as well as producing new, more 
efficient jet engine cores and components. NASA and industry (principally GE and Pratt and Whitney) also 
pr^uced advanced mrbofen and undueted fan engines that achieve significant gains in energy efficiticy. but have

late 1980s. These engines, however, arc still available and could be incorporated into aircraft designs with less 
oS^Mhe frmre ^ clean-sheet designs would entaU should they become more attractive

Ongoing NASA/DOD/industry work on energy efficiency continues, under the Integrated High 
Performance Turbme Engme Technology program, aimed at achieving a 40 percent improvement in energy 
efficiency by 2003. It is well to note, however, that even if this ambitious technical goal is met, it will be rnany

y incoTiorate the new turbine technology are incorporated into engines, and still more before 
hJ making sigmficant penetration of the aircraft engine market by these technologies unlikely

ore 2010. However, NASA’s earlier engine efficiency projects of the 1970s and 1980s arc still yielding benefits
bypL^^Tafio of GE^rO] energy-efficient engine of its type [check the

Intermodal Switching. Intermodal shifting, or switching from truck to rail haul or air transport, has been 
underway for some time. Intermodal transportation of freight, or using both trucks and rail or aircraft, cuts 
emissions y relying on more energy-efficient modes (rail and air) rather than tracks for part of the trip The 
Department of Transportation estimates in its 1996 annual transportation statistics report ti.at intermodal freight
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hauls meant 1.5 million fewer large trucks on the highways. A simulation done in Markal Macro shows that 
diverting 10 percent of truck ton-miles of freight to rail could save 4.3 to 4.7 MMT of carbon. Whether such a shift 
would be operationally feasible is unknown. Markal Macro includes no cross-elasticities to optimize intermodal 
shifts, and while DRI does, no shifts occurred in lAT runs of DRJ’s energy model.

Long Term Opportunities
Trucks. More revolutionary technological advances, including the use of fuel cells in powertrains, are 

possible with an aggressive program to develop fuel cells for motor vehicles, along wifti the storage devices 
(batteries and ultracapacitors), fuel storage, and infrastructures supporting increased use of hydrogen fuel. With 
such a program, it might be possible to introduce hybrid fuel cell/electric powertrains into trucks before 2010, 
though significant market penetration is very unlikely by then.

Rail. Fuel cell/electric powertrains may be somewhat more likely to happen in locomotives than trucks, 
though significant market penetration of fuel cells in rail before 2010 is doubtful. The cost of fuel cell power is still 
prohibitive in rail, but with further development and expansion in the use of fuel cells for other applications (light 
duty motor vehicles and terrestrial power generation, e.g.) the economics may become more favorable. While 
widespread use of fuel cells for any kind of transport poses some significant inirasttuctural, maintenance, and 
technical problems, there has been significant progress in fuel cell and other hybrid powertrain technology over the 
past several years, with significant contributions from PNGV, and NASA and DOD programs. With increased 
spending on hybrid powertrain development and the appropriate incentives to develop infrastructure and support for 
operation and maintenance, fuel cell applications may be possible, though at no significant scale, by 2010.

Air. NASA research on computational fluid dynamics and numerical simulation is also showing promise 
for modifying the skins of aircraft to include tiny, micron-thin riblets that could decrease turbulence, and thereby, 
drag, by 5 or 6 percent, increasing fuel efficiency and airlines’ profit margins. It is quite likely that some of these 
improvements could show up on commercial aircraft before 2010, although full market penetration will take 
decades due to lengthy capital life.

Costs and Benrftts
DOE estimates that the annual costs to achieve emissions reductions in transportation (including personal 

vehicles) are $25-20 billion, and would save $35-40 billion annually in energy costs. On balance, this level of 
investment could either break even or save up to $10 billion. Another caveat of the DOE lab study is that, to 
achieve the emissions targets in either the efficiency or efficiency/low carbon scenarios, R&D programs would have 

, to be increased by 2 to 10 times [add investment number].
In the models, costs of faster introduction of new t^hnology were handled by proxies. Most of the models 

were made to hold multifactor productivity constant, so that investments in energy efficiency are compensated for 
by reductions in the productivity of labor and capital. These cannot be assigned to specific sectors [or...can they? 
Check.].

[Add section on theco-control effects of these reductions in GHG to criteria air pollutants. Controlling 
C02 emissions by improving energy efficiency gives a much bigger cp-control benefit than the NAAQS does for 
carbon dioxide... ]

Current Federal Programs and Funding
[Add section briefly describing PNGV. USABC, other DOE programs in fuel cells and transport, and 

relevant NASA aeronautics programs and their funding.]
Technical success in research and development docs not assure adoption or diffusion of new technology. 

Successful completion of the technical program of PNGV and NASA’s engine and laminar flow programs must also 
be followed by investment in commercial development and marketing by industry in order to achieve market 
penetration. Moreover, capital in the freight sector tends to be turned over quite slowly; with maintenance and 
overhauls, trucks can last a couple of decades and locomotives and aircraft even longer. Incentives to hasten capital 
turnover, such as accelerated depreciation programs or investment tax credits, would also help to achieve 
.stabilization. Finally, improving energy and carbon efficiency can also pay off in terms of improved
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competitiveness of efficient engines and powertrains on international markets.



The Carbon Reduction Potential in the U.S. Buildings Sector
July 14.1997 Drc^

SubSd f^uctiOQS in greenhouse gas cmissioiis are possible in residential and commercial bunding 

Ihrou^ greater use of cost-effeedve energy efficiency technologies that not only cut energy use, but also save
consumers and businesses money. __. Estimated potential carbon emissions savings in the residential sector are 13-40 million metne tons 

(wLcid^t^ti^mnii^eSons savings are 13-40‘MMTm

Realizing these potential savings Is dependent upon the j^ecUveness of policies m removing key
market bairicrs to energy efficiency investments in huildings.

. These emissions savings are estimated to require Investmesits of $7-$14 ^
annual energy bill savings in 2010 of $18-33 bUUon - for a net savings in 2010 o^Jl^bdli^

is used in buildings to provide a variety of services such as space heating and cooling. lighting ^d 
refrigeration and to power a broad array of appliances and equipment. U.S. buildings energy coos^don 
ac^oimts for nearly one third of total primary energy consumption and related greenhouse gas emisstons- The
1996 bill for these energy services was over S200 billion.

Energy intensity in buildings has declined substantiaUy over the past twenty SdSing losses from electricity generation) per square foot of c^mem.al
1979 and 1992. while residential primary energy use per square foot dropped by 15% 1978JH^vcr.
during this time, buildings became iucrcasin^y electrified - driven by major grov^ m office eqmpn^t. 
smalllppliances and other devices coUectively know as “plug loads”, C^wial 
grew by37%. while residential electricity grew by 36%. Driven by small appban^ and hmne elec^mce. 
household electricity intensity Increased 9% over diat period. Largely because of expected contniu 
electricity growth, ^ latest EIA busines.s-as-usual forecast projects that commercial energy micusuy ui the 
fiiniTf. will decline by only 02% per year, and residential energy intensity by 0,5% per year. H^er. 
numerous studies (National Academy of Sciences. 1991; Office of Technology Asses^ent, 1991; ^
Energy Modeling Fomm 12,1994) have indicated that a substantial potenual remains for cost-cITeenvely 
reducing U.S. energy- consumption mi greenhouse gas emissions ■ particularly in buildings.

Despite the large opportunity, there is clear evidence that many of the potential reductions ^not being 
reaped in the current market system because of a uumbci of mstirndonal. or^oo^. and 
that imp^e the diffusion of energy-efficient technologies. These barriers incite lack of appiopnate^ 
reli^k^ua information; up-fiom costs of identifying efficiency op^dcs in secular lading.
split incentives between efficiency purchasers and those reccing benefits; .
luirements by some decision makers; local building codes that discourage effime^ measmes.)^ of 
expertise for design, installation and operations; and few low cost sources of c^Ual, Howev^in ^e last 
few yeare changes in building codes and the emergence of the energy semces industry have begun to 

ameliorate several of these bnmws.

C02 Reduction Poiemial and Scertarw^ realizedAnalysis results of the lAT indicate that large reductions in futurf greenhouse gas emissions could be r^ 
thioueh the use of more energy-efficient technologies at a net rcducuou m tbc total cost of cn^ services

mi commmlal bSldill|S. Tlic table bele» shows the baseline HA ^jeobons of pmn^ energy 
^mnpnon in a Mne without a global climate treaty, any marttet signals to reduce carbon enusruon, or

it-/



substantial technological advances in these areas

1995 2010 2020‘

Rcudratial idibI (qiuulf) 10.5 11.9 13.8

Comoienail total (qiiaib) 7.1 8.1 8.9

Boildiiigs total (quads) 17.6 20.0 22.7

Tbe potenual energy use reductions indicaied by the lAT analysis are shown below. These results assume a 
binding intei^onaJ dimare treaty kadiDg to mcieased emphasis on US. carbon emissions leduoion as well 
as federal and Stae policies to accelerate the use of existing cost-Rffer.ttvi> pfiprnry 
technologies. ~ ^ - n

Madcftl Model l»I Model Labs Study
2010 2020 2010 . 2020 2010

Residential total (qii^) 1 7-2.5 3^ 1.4 1.5 14-11 03-1.1
Commercial total (quads) 1.M.2 1.4 1.6-1.7 0.6-1.1
Builduigs total (quads) 23-3.7 4.8 14-2.7 32-3.8 1.1-2.2

The lAT number translate into carbon savings of 26-33 MMT in 2010 and 3544 MMT in 2020. A 
complenacalaiy bottom*up analysis is contained in the forthcoming study by five national laboratories, 
Scei^QSofU.S. Carbon Rffliirrlioas; PntRmial Tmpacts of Energy Technologic;. This study, which is a 
much more de^cd sectoral analysis, indicates a lower overall energy savings potential, but a significantly 
higher electricity savings potential. As a result, estimated potential carbon emissimis savings arc 25-50 
MMT. The major sou^ of reductions include leadential miscellaneous uses, commercial other uses (such 
as office equipment), lighting and space conditioning.

The lAT analysis results arc rathci difficult to place in context because of the top-down method of analysis. 
TTie National Laboratories study, however, is quite clear on what is required, as it is ba.sed on a technology-by 
technology and end-use by end-use analysis. In orda to achieve the lower end of the range, the cquqmieiit 
^ naturally turns over in about 35% of buildings is replaced with the most cost-effective technologies by 
2010. The high end of the range assumes the equipmait that naturally turns ovct in 65% of buildings is 
replaced with the most coa-effective technologies by 2010. Building shells are also ronovared, but the 
average commercial shell is assumed to last 50 years and the average house 100 years, so shell retrojSts are a 
minor contributor. Efficiency gains could be higher, but would require lower techuulygy capital costs and 
more rapid shell renovations, than those assumed in the analysis. It is very important to note Aat the 
esdmntcd savings do not require piemaiurc rcdremeni of coital stocks - equipment is only replaced at the 
end of its useful life.

The key opportunities for efficiency gains in resideoiial bufldings include miscellaneous electrical appliances 
such as electronic equipment and small appliances, lighting, water heating, space heating, air cwiditiaiing 
and rcfrigcradon. Primary energy savings in the top flircc areas - miscellancoiLS electrical s^liances, lighting 
and ^ace conditioning - are estimated to be 1.9,0.5 and 0.4 quads, respectively. OveraU, these results 
require the average energy efficiency nf residential equipment in the affected buildings to improve by 12% 
over the next 13 years. An efficient home in 2010 will feature lighting 50% more efficient than the average



KjtvJ.

today, major appliances that arc 15-30% more effideni, heating and cooling 10-15% improved, 
miscellaneous small devices that are 33% more efficient and a building envelop that is 4-14% more efficient.
All the.se improvKirents are based on currently available technologieti.

The opportnnides for efFiciency unpiovcmcnts in commercial buildings include misccllaneCMiS cleculcal and 
natur^ gas uses (such as telecommunications cquqxnent, medical equipment, pumps, light produci assembly 
and many udicr acUviiies not easily categorized), lighting, space heating and air conditioning. Primary energy 
savinp in the top three areas - miscellaneoias uses, lighting and air conditioning - are estimated to be 1.2,0.8 
and 0.4 quads, respectively. These results require the overall energy efficiency of commercial equipment in 
the affected buildings to improve by 18% over the next 13 years. A commercial building in 2010 will feature 
heating and cooling systmns 25-50% more efficient tiian the average today, lighting 25% more effident, 
office equipment and miscellaneous plug loads 33% more efficient, and management control systems that 
result in less energy use through better systems integration. As in residential, all these improvements are 
based on curreotly available technologies.

The potential for energy efficiency gains in residential and commercial buildings is not liiuiual by itximulugy , ^
but rather by market barriers that impede the rapid market pMietration of these cost-effective measures. The 
piubabiliiy uf rcalLdug die potential savings estimated ihus Is largely dependent upon the effectiveness Of '7 ^
policies in removing the barriers to these investments.

Costs
The iovestmeriLs required to achieve the savings in the National Laboratories study are estimated to have a 
annualized cost of ^-$14 billion and result in annual energy bill savings in 2010 of $18-33 billion - for a net 
savings in 2010 of $10-19 billion. The average return on investment is about 20%.

Current Federal Programs and Funding
Rcolidng the potential savings above requires a proactive set of federal, state and local policies that 
accelerate technology deployment, energy efficient building design and construction and energy efficient 
building operarloos. This Is critical because most of the carbon savings by 2010 will result not from new 
technologies, but rather from inacased market uptake of existing and near-term technologies. Maintaining 
carbon emissions stabilization or cutting emissions further will also requite continued technology 
imiffovemenL Federal agencies. State governments and many local organizations already coiduct some 
programs to move the buildings sector toward a lower carbon future. However, the challenge in 
implementing such policies is consiHerahle sinne the industry is so fragmented - there are hundreds of 
thousands of builders, designers and suppUtsrs. Federal programs at the Dcpanmcni of Energy and the 
Environmental Protection Agency seek to reduce buildings energy use thiou^ diverse means.

• DOE and EPA work with statr- and local pariuerdiips to impiuve efficiCTcy of existing buildings ibiougb 
information, demonstrations, technical assistance (e.g.. GrCOT Li^ts, Rebuild America, Energy Star).

• EPA and DOE facilitate the manufacture and purchase of high-efficiency equipment and t^liances.
• DOE and EPA work with insurance industry. the financial community, utilities and other market 

imennediarics to remove barriers to investmenK in energy efficiency.
• DOE conducts research and development of a ptxtfolio of advanced buildings technologies - such as fiiel 

cells in buildings, reflective surfaces and materials, and advanced windows.
• DOE wnrlc.s wirh Stare and local partners to improve efficiency of low income housing.

The total current budget for these programs is about $300 million per year - of which $150 million per year is 
for low inccune weaiherization arxl State grams. The Administration has requested additional funding for 
Uicsc efforts.
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Electric Power

Key Findings
• Emissions from this sector, which were 481 MT in 1990, are forecast to increase from 506 MT in 1995

to 626 MT in 2010. Potential reductions from this .sector (230MT+) will make up a substantial
portion (25-50% or more) of the total needed to stabilize national emiKstons.

• Incre^d use of natural jjas, demand-side efficiency and renewable power are the main means of
reducing emissions. Natural gas use could increase in iliis sector by 15-50% depending on the reiative
economics of these options. Renewable power will increase by about otic-third above baseline levels.
Cool use decline by 25-60%. Accordlua ihe TAT. average electncity prices will rise by about
25%. Capital investment costs of $3-5 blllion/year compare with baseline forecasts ofSlO
billion/yeer, but fuel mid operating cobis will also Increase by a similar aTnnnnt

• No major technology brcakUuuughs are needed to achieve tiHO emissions goals. Incremental
improvements in combined-cycle turbines, renewable energy (particularly wind turbines and bioma-is
fuel and gasification systems), andtran.'mtsslon systems will lower the cost of emissions reductions.
Demand reductions through end-use technology development and adoption will also lower costs.

• Competitive trends and air pollutant regulation will need to be integrated With climate policy.

Background
Electric power meets just over 30% of US energy demand. Electric power generation continues to 

grow in tandem with economic growth, unlike most other forms of enengy consumption. Electric power 
sales of roughly $200 billion represented 3% of US GDP in 1995. Despite advances in the efficiency of 
fiiel use, US electric power supply maintains an historic reliance on coal and (increasingly) notnrfil gas. 
leading to an upward GHG emissions trend that is expected to continue in the absence of cKmatc policies.

The ci'iticai role of capital turnover E demonstrated by the near-absence of power plant 
retirements in the 1990s (See Figure I below). Access to new markets, reeiilatory uncermitity i.od regional 
conditions have all contributed to the slowdown of plant replacement, with planned 10-ycar retirement 
rates falling below 1% in 1989 and holding at low levels through the 1990s. This implies a 1,000-year 
period to turn the entire stock over once, an extraordinary (and presumably temporary) situation.

Fig. 1; 10-Year Plant Retirement Forec^ists. 1989-1994
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Coal will Lontiiuie supplying more than half of the Nation's electric power through 2010, Coal 
consumption, of which yo% is in the electric sector, will reach 1 trillion tons in 1997, and by 2010 is 
expected to reach l.I trillion tons. Natural gas suppUes 15% of US power, near its historic peak share and 
IS growing most rapidly today. Nuclear power, cunrsutly 20% of the US power supply - an historic high - 
will decline as plants age and face increased competition.

Most renewable power is currently hydroelectric, supplying 9% of U.S electricity. The potential 
for hydro expansion Is limited. Non-hydro renewables currently account for about 2.7% of the US power 
supply. Some renewable technologies, such as wind and gcolhennal, are rapidly becoming ocouomic and 
could grow quite rapidly between 2000-2010. Cc^flrlng of biomass with coal at exusting power plrnih, Mso 
has a large potential for reducing emissions by 2010. To be commercially viable, costs of renewable 
tcclinologies, which arc declining from current levels of around S0.05/kWh, need to reach helow $0 03- 
0.035/kWh (m the absence of high fossil fuel prices). Wind power may reach this goal by 2005,

C02 Reduetbn Potential and Scenarios
This sector will be a key contributor to any GHG emissions rcHnrtion strategy. The lAT result? 

show this sector reducing emissions by 20-33%. Because there are no direct emissions control 
technologies, achieving reductions relies on redneine demand nr ehunging fuels. The rate of turnover in 
the capital stock becomes an important factor in determining both the means and the cost of GHG 
emissions control in the electric power sector.

The dominant emission reduction option is to use natural gas in place of coal, cither through co­
firing or repowering in existing coal units, or through increased use of new high-efficiency gas plants. 
Baseline (AE097) coal capacity is forconst to increase from 315 GW in 1995 to about 330 G W hi 2015 
(including 40 GW of new plant and 25 GW of rotirements) with virtually no coal-gas switching in existing 
pl^ts. GHt.i policy will lead to less new cosil capacity, more retirements, and some fuel .switcUiug <u 
existing units. By 2015, coal capacity will fiiH to 275 GW, a drop of 55 GW or 15%. About 10-20 GW of 
cual-ga.s conversions are foreca.st, ennsistent with the Interlab Etudy. Coal toe (both in the eleculv sector 

nationally) will decline by 25-60% if a stabilization target is met Fuel use is affected more than 
installed capacity, because of r^nltiDg changes in dispatch. Competitive responses by coal pioduecra and 
coal-fired generators can be anticipated, but most models already assume rapid gains in mining 
productivity and addiriond gains in coal plant efficiency. Economic options for life exleusiun and 
repowering arc also considered.

Stabilization will result in very large increases in gas combined-cycle generation. In some cases, 
natural gas becomes the dontinant fuel in the power sector, tripUug liuju base case levels to around 40% of 
all power produced. Natural gas use is affected by several sectors and competing fiiels and is very 
sensitive to assumptions. lAT models project Increased net gas demaud in the electric power sector of 15- 
50%. but this could be offset by declines in other sectors (some models bdicate net declines in US natural 
gas demand under a GHG stabilization policy). Most models sliu w a small increase (about 5%) for a 
limited period. If electricity demand is reduced Ihrou^ efficiency, however, all of these fuel impacts 
could be considerably lessened.

Nuclear power tends to be unaffected by climate policy because the trends in the nuclear industry 
are dominated by other regulatory and market factora. No economic options for nuclear plant life 
extension have been demonstrated, and Uic pussibilky for large amounts of economic early retiremeuls is 
taken into accounl in some models. Five to ten plants, with a capacity of 7.2 GW, are economically retired 
prior to 2010 in the DRT model, ibi example. Nuclear life extensions in the NEMS model arc assumed and 
are not economically selected.

As part of a GHG emissions reduction strategy, generation from non-hydro renew ables will 
mcrease. Some modcla indicate that wind aud biomass may become cost-effcctive options as more 
emissions reductions are called for. For example, MARKAL-MACRO and DRT both indicate a 35% 
.ucrease in non-hydro renewable use in 2010 under GHG Stabilization. Models may understate the
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potential of renewables because lltey do not uonsider'greeii power' demand from consumers, niche markets 
or dispersed power (small scale prodvctian scattered throughout tile system).

Further electricity supply options include increasing the efficiency of existing fossil plants, and 
improving other parts of die power system (mainly the transmission grid) to minimize losses. Impacts on 
the industry are sensitive to demand respon.ses. Demand reduefrons of up to 15% of US electric use in 
2010 (600 billion kWh) have been studied. When end-use demand is lowered, fewer new high-efficiency 
natiiml gas power plants are built and less gas and renewable power Is used. Coal use is relatively less 
affected. Overall costs in the utility sector are lower, widi toted costs affected much more than the marginal 
(pemiit) cost Electricity sector total costs may be as much as 50% lower under high demand reduction 
cases, even ffough permit prices are only 15% lower. Combining cnd<usc efficiencies with new supply 
technologies yields the lowest cost estimates for achieving substantial emissions reductions in the power 
sector.

Cos£r
Physical responses are generally similar between models, but the estimated costs of reducing 

emissions vary. Tlie cost of replacing power from an existing coal plant with a new natural gas plant may 
appear similar between models (see box), given assumptions for fuel and equipment costs in 2010. The 
recent Interlab study, along witii other engineering cost studies, point to very large emissions reductions 
available for around $50/ton C.

However, the modeled costs of reducing 
emissions are quite different, ranging up to 
$ 100/ton or more in some analyses. These 
differences largely result from assumptions about 
capital replacement decisions and cost allocation.
For example, current nitemaking practice often 
requires ‘front-loading’ of capital payments for 
new plants, hut thi.s may change with increased 
competition in favor of‘levelized’ or con.stant 
capital recovery. Another reason for differences 
in cost estimates is the response of fiiel prices to 
the climate policy. As coal use beftins to decline, 
coal prices may tall, requiring larger incentives to 
achieve further emissions reductions. Similarly, 
natural gas prices may rise if net US consumptinn 
increases. These fuel price dynamics are 
important drivers of overall policy cost

Other factors include some early coal- 
coal switching as more efficient coal plants 
replace less efBcient ones, and assumed limits on 
the rale of capital mmover. As a result estimates 
of delivered (weighted average) electricity price 
impacts vary: +25% in DRT, +40% in NF.MS. Tf n 
simple $50/ton carbon value is applied, as in the 
Inrerlab study, delivered prices may only rise by 
15-20%.

Fuel switching cost analysis, costs in cents per kWh

Ascumca bascloadcd unio at 70% capacity factor,

Yeao=2010

capital recovered over 30 years 
(isvailzed)

Non-fuel costs (capital plus 0+M)

DRI NEMS ItilUl

OW coal 0.55 0.76 0,55

Now gas 0.5 0.74 0.5

Fuel costs—without C tax (2010 baseline)

DRI NEMS IPU

Coal O.BS 1.14 0.72

Nat. gas 1.61 1.62 1.39

Total production costs-witfioui c tax

DRI NEMS IFM

OMcoal 1.44 1.9 1.27

New gas 2.11 2.36 1.89

Split 0.S7 0.46 0.62

VtnnC 54 31 50

Total costs of GHG policy in the utility sector will be in tlie $5-15 billioa/yeai' range, compared to 
2010 baseline (incremental) production costs of about $70-75 billioii per yen'. Of this, ubuul hull is due to 
capital investmeat and half to increased fuel and other operating costs. Increased capital expenditures of 
$3-6 billion/year compare to 2010 baseline levels of around $10 billion per year, while baseline fuel and 
Operating cos’vS are about $65 billion per year. The bottom line financial outlook is uncertain because of 
oliHiigcs in the clr.rtrif power industry itself Changes ir production costs have not reduced profits under 
regulated ratemaking. The effects of .such changes in a competitive market depend on the structure of the
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market aud the distribution of costs among competing prydua-rs. Some renewable technologies, for 
cxiunplG, have VC17 low variable costs because they do not buy fuel. Such plante, onco built, can actually 
reduce market prices, depending on tlie bidding or dispatch rules. State and federal policy towards new
CliUantS, clcaucr suppliers, nr pollutior crediLs arc ulao impOrUint (as noted bclow).

Current Federal Programs and Funding

Although trie technology and know-how to reduce GHCt emiwion.s exists tod^, several related 
challenges must be met in order to reduce costs and integrate climate policy with increased competition and 
more stringent air quality standards. Federal research and development, partnership programs, and policy 
decisions can all contribute to success.

The success of energy research and development can be measured by the performance of currently 
available power plants. Natural gas combined cycle systems have a combination of decreasing cost and 
increasing performance that has changed the mdustry. Renewable energy cost and perfonnance goals 
have also been met, but the decline in fossil foe) prices has moved the goalposts. More aggressive goals 
are now in place for the 2003 time fi-ame. Achieving these goals will require ongoing support for R&D 
and pilot plant deployment cost-sharing. Less mature or broadly applicable technologies, iricluding solar 
photovoltaic and fuel cell systems, are vulnerable to R&D shortfalls in the near to mid term. R&D on 
power delivery systems, including transmission efficiency, is also a needed investment Programs to 
maiicet these technologies for export will improve their viability in the US through experience and 
expanded production capacity.

A carbon constraint will be introduced at the same time as a competitive restructuring of the 
industry and the implemcnlalion of the NAAQS. Tlie combination of Open power markets and market- 
based air reflation (i.e. a set of cap-and-lrade systems for S02, NOX and C02) Will likely make climate- 
related policy incentives work faster and more effectively. At a minimum, there will be interactions 
between these changes which will alter the emissions profile of the sector.

For air regubtions, early analysis using 1PM and NEMS indicates that although new ozone and 
particulate matter rules will have a limited effect on C02 eratssion,s (a reduction of approximately 5% 
fmm 2010 baselines), GHG limits could induce significant reductions in the criteria pollutants, on the order 
of 5-10% for S02 and 25-3 5% for NOX.

Initial work on competitive power maricets indicates that the oncoiiifi restructuriflfi of the power 
industry may have important effects. GHG emi.ssions may increase in the near term (by perhaps 5-7% in 
the first ten years), due to increased sales by the cheapest coal units and higher demand. But competition 
may prove helpful in the long run if new technologies can readily enter markets, and if market-based 
mc«mives are * pxrr of rlimate policy. One great unknown is the potential demand for cleaner power on 
the part of consumers, who will have new information and choices.

Combining market-based cnvironmcntel policy, consumer choice, and new technologies may 
offer greater efficiency and enable the. power sector to provide electricity that is both cleaner and higher- 
value. The technologies and physical changes needed for large-scale GHG emissions reductions appear to 
be reasonably achievable, although the costs of reductions arc. less certain. Industry restructuring, air 
regulations, and climate policy can work together, if closely integrated to achieve die best fit.
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Industrial Emissions and Economic Impacts

Koy Findings-
❖ Based upon data from AE097, tlm industrial sector used 33.8 qiiad.s of energy in 1995, about

37 percent of the nation's total energy requirements. This includes both process energy and
chemical feedstocks. The sector was responsible for 33 percent of the overall U.S. greenhouse
gas emissions in 1995. By 2010 industrial energy u.se will grow to 39.7 quads, a 17 pert»m
growth over 1995 levels. In energy lorms, this i.s the second fastest growing end-USC sector, just
below the 19 percent growth in energy consumption for the economy as a whole. Carbon
emissions will follow a similar pattern, increasing from 464 to 549 MMT in the years 1995-
2010. Emissions in 1990 were 452 MMT.

<► The indu.strial sector has the potential to reduce energy use and carbon emissions by 10-15
percent over 2010 ba.seline forecasts through cost-effective investments in energy efficient
technologies, and in some cases, low-carbon technologies.

4 The annual investment necessary to achieve this level of carbon reduction is on the order of 
$2.3 to $3.8 billion per yeur through 2010. This is about 2-3 percent of the investments made 
by the manufacturing sector in 1995. Such investments .should have only a small impact on the 
rate of capital stock turnover compared to n hase ca.se — accelerating the dcpieciation rate, for 
example, from a 30-year to a 29-ycar average life of equipment and stniciures. For the energy- 
intensive industries such as petroleum refining and chemicals, capital stock turnover will have 
to increase at a quicker rale than for industry a.s a whole.

❖ Many of the mo.st successful technologies have multiple benefits, including environmental- or
productivity-enhancing features. Since these new technologies tend to lower the overall cost
of doing business, invc.stments in energy efficient technologies may actually improve the
competitive po.silion of many industries.

❖ These energy .savings and reduction in carbon emissions arc unlikely to happen without policy
measures driving the improvement in the industrial capital stock.

Background

The indu.sirial sector has made important .strides in reducing overall energy intensity over the past 
2.5 years. However, (here are still readily-available but underutilized technologies with two and 
tliree-yeai- paybacks that can reduce industrial energy u.se by 10 percent or more. The u.se of heat 
recovery and combined heat and power (i.c., cogeneration) systems, for example, can save 10 
percent of energy use with an internal rate of return of 30-60 percent. Better maintenance of 
compressed air systems can save 40 percent of the energy used in such systcm.s. And more energy- 
efficient motor systems can also provide a significant .source of electricity savings.

Broadly speaking the industrial .sector includes farming and ranching, agricultural services, fi.sheries, 
forestry, mining, construction and manufacturing. While many policy analysts think of “industry" 
as a homogenous set of economic activities, it embraces an incredibly diverse set of processes 
Hinging from the growing and processing of food products to the production of paper, plastic resins, 
car.s and computers. The process and energy requirements of each of the individual industriCsS that 
are within the industrial .sector aie as different as the products that they produce. While many 
products have similar u.scs, the processes involved in making them may be vastly different. For 
example, plastic drink bottles, glass drink bottles, and aluminum cans all arc similar products; 
however, they share almost no processes in common. For this reason, it is iin|)ortant to develop 
climate policies which reflect these important differences among the industrial sectors.



QURLITY HOTEL CNTRL. 10:602-265-6331 JUL 14’9? 22:20 No.012 P.06

Based upon data from the Enei^y Infonnation Administration, the industrial sector uses 37 percent 
of the nation’.s energy in 1995, or 33.8 out of a total 90.9 quads. Carbon emissions were ai 32 
percent or total emissions in the United States, or 464 of 1424 MMT. With normal rates of capital 
stock turnover, the industrial energy intensity is expected to decline at a rate of 1.2 percent In bo.se 
case forcca-st for the period 1995-2015 (A/mml Energy Outlook m7). Industrial carbon emis.slons 
are expected to climb to 549 MMT by 2010.

Savings Potential

The DOE National Lab study (U.S, Carbon Reductions by 2010 and Beyond, 1997) suggests that by 
2010, the technology exists such that overall energy consumption can be reduced by 2.0 to 3.8 quads 
over the baseline foreca.sts. llw level of energy savings are roughly the .same for botli electricity and 
fossil fuels. Ccirbon savings of a hi^ cfficiency/low carbon scenario arc on the order oM 2.5 MMT 
when electricity savings are credited to the industrial sector. A new study published by ii 
consortium of non-governmental organi2ations suggcst.s an overall energy savings potential of 3.75 
quads of energy and 136 MMT of carbon in llte year 2010 (Energy Innovations, 1997). Most 
analysis agree that in the period 2010, this is a reasonable level of savings — given available 
technology and reasonable rates of capital stock lumover. By 2030. however, the Energy 
Innovations study suggests carbon emissions erm be lowered by as much as 41 percent below 1990 
levels (again with electricity saving.s credited to the industrial sector based upon kilowatt-hours 
sales).

The table on the following page .summarizes key indicators for the iiidu.stnal sector for the years 
2010 and 2020. The Markal-Macro simulation for 2010 suggests a potential carbon savings of 17 
percent compared to baseline projections. The DRI model suggests a similar level of savings, 
estimated to be 15 percent of the base case forecast in 2010. Savings of tliis magnitude suggests (hat 
indu.stry may be able to .stabilize close to its 1990 levels of carbon emissions by 2010 without 
reducing industrial output.

Costs

In the Lab study a combinaiion of energy efficiency investments and low-carbon are used to reduce 
carbon emissions. Tlic incremental investment costs arc estimated to be $11.60 to $13.88 per 
mmBtu. Baser! upon the AE097 energy costs for the year 2010, this reflects a payback period of 
M years. According to the Lab study, the cumulative investment requirements are between $23.2 
and $47.2 billions of 1995 dollars in the period 1998 through 2010. if the cumulative investment 
is averaged out over the 13 years of analysis, this is about 2-3 percent of the investments made by 
the manufacturing sector in 1995. 'Ihe energy-intensive industries will have to invest at a higher 
rate. On the other hand, according to the Lab study, more energy savings can l>c obtained in the 
faster growing and less energy-intensive light manutacturing sectors.

Many of the mo.st successful tcchnologie.s have multiple benefits, including environmental- or 
productivity-enhancing fealure.s. A technology that reduces produci loss or increases process 
throughput, for example, will often reduce labor and other material costs as well as energy costs 
(Sec, for example, the variety of papers contained in the proceedings from tlte 1997 ACEEE Summer 
Study on Energy Efficiency in Industry). Ihese additional co-benefits are generally not reflected in 
the re.sults of either the MM or the DRT models. Hence, the benefits to the industrial sector may be 
somewhat understated. Staled differently, the competitive position of many industrial sectors may 
actually be .strengthened — depending upon the type and flexibility of the climate policies that are 
actually implemented. These energy savings and reduction m carbon emissions arc unlikely to 
happen at this level, however, without additional policy measures to drive the neede<l improvements 
in the indu.strial capital stock.



Sector Impacts Papers 

Industrial Sector
1) Win-win claim; The author argues that “since these new technolgies tend to lower the overall
cost of doing business, investments in energy efFicicent technologies may actually improve the
competitive position of many industries.” Then why haven’t they already adopted these
technolgies?

2) Rates of return: Heat recovery and cogeneration systems can “save 10% of energy use with an
internal rate of return of 30-60%.” This may be the case, but the omission in this discussion
highlights what is probably the case: high capital costs, even with good returns, can serve as a
barrier to action.

3) Understated benefits: The author notes that efficiency technologies “often” yield reduced labor
and other material costs that are not captured in a discussion of the benefits. On the other hand,
assessments of these technologies may not account for firms’ opportunity costs for investing
capital. If a firm has a fixed pool of investment capital in any period, even if an efficiency
technology has a positive BCA relative to doing nothing, it may not be positive relative to the
option of improving the quality of the product manufactured.

Electric Power Sector (also see comments on renewable energy sector discussion)
1) Changing the rate of investment: This raises the capital issue discussed in the industrial paper.
Coal plants are, for the most part, fully depreciated. Therefore, the costs of coal-based electricity
result from variable cost factors only. Switching to new forms of power requires significant
capital investments. Will the US subsidize solar and wind like it did hydro?

Renewable Energy Sector
1) Note on biomass fuels; While they may not emit any net carbon, chemical intensive crops for
ethanol still have a net positive effect on atmospheric loadings of greenhouse gases through
fertilizer applications and escape of nitrous oxides. In addition, growing crops does require the
consumption of fossil fuel energy. Further, there is the issue of transporting the biomass. For
biomass fuels in cogeneration, which I understand could be scrub grown on marginal agricultural
la; this may not be as serious of an issue. This isn’t to say that relative to coal, biomass is a
loser, but just to point out that calling biomass a net zero contributor ignores several, possibly
minor, effects.

2) Wind and solar power vary spatially: It would be interesting to know where wind power and
solar power are most cost-effective. Some regions can definitely support one or the other better
than other regions. However, is this an issue with deregulation of the utility industry?
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3) Factors that accelerate use of renewable energy: The author identifies four factors. Actually, 
the first two factors are the same: consumer choice and price premium for “green” energy. The 
third factor is that states may require utilities to pass some renewable energy portfolio standards — 
such standards eliminate the likelihood of a green energy premium, since consumers could not 
differentiate between utilities if they all provide green energy. The fourth factor is that lower 
renewable energy costs will spur more investments, especially relative to rising fossil fuel costs. 
The key there is that renewable costs have to be close to fossil fuel costs for any significant 
investments beyond what we experience today (and with expectations of rising fossil fuel costs).

Buildings Sector
1) Barriers to adoption: The author notes that there “is clear evidence that many of the potential 
reductions are not being realized in the current market system because of a number of 
institutional, organizational, and other barriers that work against the diffusion of energy-efficicent 
technologies.” The list of barriers include: insufficient information, lack of expertise for design, 
lack of low cost sources of capital, and inability for efficiency purchasers to fully capture rents. IF 
the government should try to lower market barriers, should it target these issues?

2) Cost savings of technologies: The author notes that an array of technologies (unspecified) can 
have an annualized cost of $14-$24 billion/year with an annual energy bill savings of $33 billion. I 
would like to see this broken down by each technology (some may be big winners and others 
could be losers). Also, I would like to know the cost assumptions in estimating energy bills (since 
the modeling efforts presume significant increases in electricity prices).
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The Carbon Redaction Potential in the U.S. Buildings SectorJuly8,1997Dr(rft

SubstSuntmoantifyal reductions in greenhouse gas emissions are possible in residential and commctual buildings through greateruse of cost-effective energy efficiency technologies that not only cut energy use, but also save confers and businesses money. Estimated potential carbon emissioiis savings m the residential sector are 13-40 mUlion metric tonnes (MMT) in 2010 and 30-70 in 2020. In the commercial sector, potennal emissions savings are 13-40 million metric tonnes (MMT) in 2010 and 30-70 in 2020.

in buildings to provide a variety of services such as heating and cooling. Uniting a^reftigerarion and to pONver a broad array of appKances and equipmenL U.S. buildings energy conation accounts for nearly uuc ihiid of total primary energy consumption and related greenhouse gas emissions. The 
1996 bill for these energy services was over $200 billion.
Eaerev intensity in buildings has declined substantially over die past twcn^ years. Energy use pw square foot rfcoiiuncroial space declined by about 30% between 1979 and 1992, whUe residential energy use pet square foot has dropped by 18% since 1978. Despite these past gains, the latt^ EIA busmess-as-usud S^tsts project that commercial energy use in the future wiU decline by only 02% per energy ase by 0 J% per year. However, numerous studies (Natitwal Academy of Sciences, 1991 and (^ce of Technology Assessment, 1991. EMF-12.1994) have indicated that a substantial pot^al rem^ for tsofii-effectively reducing U.S. energy consunqjtion and greenhotise gas emissions - parlicularly m buddings.
Despite the large opportunity, there is dear evidence that many of foe potential reductioim are DM bemg realized in the cuirent market system because of a number of institutional, organizational, and other that work against the diffusion of energy-efflclcni icctmologies. Ihese batrias hidudc lack of a^r^nate and reliable j^oduct mfonnation; split inccmivcs between efficiency purchasers and those receiving benefits; lack of expertise for design, installation and operations; and low cost sources of capital.

A^^resulls indicate foar large reductions in fotiire gmenhniiRc gas cmiasions could be realized through foe use of more energy-cfficicnt technologies at a net reduction in the total cost of enct^ servos m residential and commercial buddings. The table below shows foe baseline EIA projections of pnmaiy energy consumption in a future without a global climate treaty, any market signals to reduce caffion cmLssioiis or 
substantial iccbnologlcal advances in these areas.

1995 2010 2oatf
lOi 11.9 13.S

7.1 S.l 8.9

Rnidentul total (quads) 

Comascicial total (qaods) 

Bnililmgs total (quads) 17.6 20.0 22.7
‘ MadcBl/Mocro Base Case
The potential energy use reductions indicated by foe lAT analysis are shown below. Th^ results assume a IvTwling imcnuUiuual dimale Ucaiy leading to increased cmifoasis on U.S. carbon cmisfflons reduction OS well as federal and State policies to accelerate the use of existing cost-effective energy efficient butidings technologies.



. Madtal DRI Labs Study

2010 2020 2010 2020 2010

12-2.5 3.4 1.4-13 1.6-2.1 0.5-1.1

l.l-i:2 1.4 1.0-1.2 1.6-1.7 0j6-U

RMiitential  total  (quads) K^mucuiittx •V'”* VM*^ *
Conunacial total (quads)
Huitdinfiii total (quads) 23-3.7 4.8 2.4-2.7 33-3.8 1.1-23

The lAT number translate ^ the forthcoming study by five national laboratories, LLS*---- - „f Eff
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investments they imply.
Tlie potential for energy cfBciency gains in residential and commercial buildings is no^linutedby tcchnol^ 
but rather by market barriers that impede the rapid market penetratioa of these cosi-eff^e measures. The 
probabUity of maliTing the potential savings estimated thus is largely dependent upon the effectiveness Of 
policies in removing the barriers to these investments.

the potential savings abuve wUl lequii c a proactive set of federal, state and l^al polici^ 
axelerate technology deployment, energy efficient building design and construcoon and enrtgy efficieai 
building opcratioosflb^ is critical because most of the carbon savings estimated above will r^inoi fiom 

new technologies, but rather from increased market upt^e of easting and ne»-term tahnologw^
Maintaining carbon emissions stabilization or cutting emissions further will also requw^tmued
technology improvement Federal agencies. State governments and r^y local ^am^ons already “ “ 

to^e the buildings sector toward a lower carbon fiiture. However. chaUenge 
wch oolicies is considerable since the. industry is so fragmenied - there are hundreds of thous^ of Riders,
desi^^. suppliers and others. Some of the federal actions that will need to continue .or begm include:

. working with state and local partnerships to improve efficiency of existing buildings through information, 
dcmousiraiiuiis, wchnical assistance (c.g.. Rebuild Amciica,^crsy Star);

♦ feciliiating the manufacture and purchase of hi^-efficiency equipment and applia^;
• working with the insurance con^anies, financial nidusaies. milidcs dul uiLei markrt mtcnncdrancs to

remove barriers to investments in energy efficiency; u * ,
. Accelerated developrnent of a portfolio of advanced buikJin^ technologies - such as fuel cells m

buildings, reflective surfaces and materials, and advanced windows.
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Transportation: Light Duty Vehicles and Carbon Emissions

Key Findings

❖ Based upon data from AE097, the transportation sector will use about 25.4 quads of energy 
in 1997, about 27 percent of the nation’s total energy requirements. Because of its almost total 
dependence on petroleum fuels (accounting for 97 percent of total energy use), the 
transportation sector is responsible for 34 percent of the overall U.S. greenhouse gas 
emissions.

❖ Light duty vehicles, including automobiles and light trucks, will account for about 58 percent 
of the nation’s total transportation energy requirements in 1997. In contrast, freight trucks 
will use only 16 percent of the transportation energy in 1997. The remaining 25 percent of 
the transportation share will be used by air, rail and marine travel, pipeline fuels and 
lubricants.

❖ The transportation sector has the potential to reduce energy use and carbon emissions by 15-20 
percent over 2010 baseline forecasts through cost-effective investments in energy efficient 
technologies, and in some cases, low-carbon technologies. The savings can be achieved 
without significantly affecting either comfort, safety or travel.

❖ The anticipated 2010 energy and carbon savings could be achieved in the case of automobiles, 
for example, if new car sales in that year achieve one-third of the fuel economy represented 
by the PNGV goal of 80 MPG.

❖ Assuming that PNGV cost goals are not met, and that the price of new vehicles in 2010 reflect 
current estimates of new technology costs, a 45 MPG car will cost between $800 and $1,200 
more than a 28 MPG car (in 1995 dollars). Assuming 13,600 vehicle miles traveled for new 
vehicles and a gasoline price Of $1.23 in 2010 (also in 1995 dollars), this implies a roughly 
3.5 to 5.3 year simple payback for a car that has an expected 14-year lifetime.

Background

After a roughly 15-year period (1975-1990) of energy efficiency improvements in the nation’s 
vehicle fleet, energy use in the transportation sector now appears to be growing at nearly the same 
rate as the gross domestic product (GDP). In the case of light duty vehicles, the growth in energy 
consumption is driven by increases in the vehicle miles traveled (VMT), and the significant growth 
of light trucks (including vans, sport cars and recreational vehicles) which have a substantially 
smaller fuel economy. The sales of light trucks have grown from a 20 percent market share in 
1975 to a 40-percent market share in 1994. Whereas new cars are rated at 28 MPG, light trucks 
enter the market with a rating of only 20.5 MPG.

Savings Potential

Despite the significant growth in energy use by light duty vehicles, the technology exists to increase 
the average fuel economy of the nation’s transportation fleet by 40 percent or more in the year 2010 
— without the need for reduced travel or increases in the cost of travel. This is true in both the 
movement of people and freight. This success would be achieved in the case of automobiles, for



example, if new car sales achieve one-third of the fuel economy represented by the Partnership for 
a New Generation Vehicle (PNGV) goal of 80 MPG.

Major technologies for near-term light duty vehicle improvements include, for example, material 
substitution, reduced aerodynamic drag, improved automatic transmissions, reduced engine friction, 
variable valve timing, and advanced tire designs. Many of these technologies have alfeady emerged 
in the market, lacking only appropriate policy signals to accelerate their diffusion, or to redirect 
their use toward fuel economy instead of improving other vehicle attributes. Honda, as one 
example, employs a system of variable valve timing that is used to boost power and improve fuel 
economy. General Motors has one vehicle that has already achieved a low aerodynamic drag. On 
the other hand, lean-bum engines which increase engine thermal efficiency are a low-risk 
technology that should be readily available by 2010.

Work developed for the "Car Talk" advisory committee’ resulted in estimated reductions of both 
energy use and carbon emissions (measured in million metric tons of carbon, or mmMTCe) through 
a variety of both technology and policy options. Summarized in the table below, and generally 
covering the period 2005 through 2025, the options include improved land-use planning, higher 
fuel prices, fuel economy standards and feebates, the PNGV vehicle, and the use of low life-cycle 
carbon fuels.

Modeling a different set of technology assumptions'showed a significantly different set of results. 
DRI focused on largely behavioral response to reduce transportation energy consumption. While 
Markal-Macro had a larger technology bent. The table on the following page highlights these 
differences. (Note: the reference to CCAP is the so-called Case Two scenario which moved toward 
but did not necessarily hit a rate of decline in E/GDP of 1.25 percent. This compares to an 
assumed 1.00 percent decline in the base case. The Case two scenario includes both the fiill set of 
CCAP programs as well as “announcement effect.” Case three, the Technology Case formerly 
described as the 1.75 Case, assumes a higher level of investment potential for cost-effective energy 
efficient/low-carbon technologies.)

In case two (with stabilization), DRI forecasts a 9 percent reduction in VMT with an 8 percent 
increase in MPG for new automobiles. DRI’s case three (with stabilization) forecasts a 5 percent 
VMT reduction with a 10 percent increase in new car MPG. MM shows a seven percent drop in 
VMT for the CCAP scenario. This rebounds, however, to nearly base case levels with better 
assumptions about improved levels of technology. Although new cars in MM enter the market in 
2010 with a high EPA-rated fuel economy (again, with about one-third of the improvements of the 
PNGV goal), the entire fleet of automobiles show an on-road MPG of only 30 MPG because of the 
time needed for fleet turnover. Hence, it is the on-road change in fleet fuel economy — moving 
from 24.2 to 30 MPG — that drives much of the transportation energy and carbon savings.

In the Markal-Macro assumptions, a new vehicle at 45 MPG would cost an estimated $1,200 above 
new cars in the base case. The newly releases Energy Innovations study suggests an added cost of 
about $800 dollars (in 1995 dollars). However, owners of the new vehicles would save about $225 
per year in avoided gasoline costs (also in 1995 dollars, assuming an average driving range of

1. The "Car-Talk" committee is the Policy Dialogue Advisory Committee to Assist the President in the
Development of Measures to Significantly Reduce Greenhouse Gas Emissions from Personal Motor Vehicles
formed in 1993 to see whether a consensus set of policies could be developed to return personal transport
GHG emissions to 1990 levels by 2005, 2015 and 2025. The committee failed to agree on such policies,
but substantial analytic results were developed by a team of government analysts working with several expert
committee members.



13,600 miles per vehicle and a cost of gasoline of $1.23 per gallon). Simple payback for this 
technology improvement would range, therefore, from 3.5 to 5.3 years. In comparison, the 
average life of a new car would be about 14 years.

Car-Talk Summary Table of Policy Options^ 
(mmMTCe)

Policy Measure Policy Type 2025 Annual Emission 
Reduction

Land Use and Transit Policy Package Less VMT 25

Fuel Price Increases ($0.50/gal.) LessVMT 120

Parking Tax ($2.00 nationwide) Less VMT 25

Road Pricing Less VMT 25

Fuel Economy Standards, "Feebates" More Fuel Efficiency 90

PNGV More Fuel Efficiency 60-200

Bio-Ethanol Subsidy Low Emission Fuels 100

GHG Savings Needed to Return Personal Transport
Emissions to 1990 Levels by 2020-2025

200-260

Key Automobile Indicators in 2010

DRl Markal-Macro

Base CCAP Technology Base CCAP Technology

VMT 1526 1403 1450 1619 1509 1597

MPG New Car (EPA) 29.2 31.4 32 30.7 43.4 44.7

MPG Car Fleet (EPA) 24.7 26.5 30.6 29.3 32.7 35.7

MPG Car Fleet (On-R6ad) 23.3 24.5 26.9 24.4 27.3 30

2. Emission reductions may not be added since the impact of implementing multiple policies may be 
significantly less than is implied by adding up the individual estimates. However, the motor vehicle GHG 
model used to develop most of these estimates can be used to forecast the effect of multiple policies.
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Freight, Aircraft and Rail
Fmnsions Projecdoiu and Potential for Reduction

Key Points
Total carbon emissions from the transportation sector in 1995 were nearly 470 MMT,
The freight, aircraft and rail sectors accounted for nearly 200 MMT of carbon emissions
or 42 percent of all transport emissions.
All modes of freight transport, including trucks, rail, pipeline, shipping, and air have
unproved their energy efficiency. However, intennodal shifts to more energy-iitensivc
trucking and air transport has meant very little change in the amount of energy used to
haul a ton of freight from 1972 to 1995.
Energy use and caibon emissions from noa-pcrsonal vehicles is likely to surpass energ)'
use and emissions from automobiles shortly after Ac millenium.
Oppottunities to reduce carbon emissions or energy use in commercial vehicle transport
before 2010 will likely come mainly from tnirldng and air transport. Analysis of
possibilities in a study by 5 EHDE laboratories estimated that roughly 20^5MMT could
be saved by new technologies, increased use of ceUulosic ethanol ftiel, and improved
traffic flows. About 10 MMT in reduced emissions come from trucking, 10-15 come
from air transport, and 7-10 from raU. Beyond 2010, further significant reductions are
possible through improved aerodynamics (laminar flow) and more efficient propulsion in
aucraft, ^d in rail and trucking, major improvements could be made if hybrid/fucl cell
powertrain technology can begin to capture more than a trivial share of the market
To achieve the savings in emissions by 2010 will require a more aggressive program of
research and development in conventional powertrains and propulsion, as well as policies
to encourage the use of new technologies and/or capital turnover. The same is true, but
at significantly greater scales, of very low' emission or zero emission technologies like
fuel ccU/fiiel cell hybrid powertrains in rail and truck, and advanced laminar flow
technologies in aircraft.

Background
1 he transportation sector, which

includes both personal transportation (cars
and light trud^ rail and air) and freight
(heavy trucks, tail, aircraft, pipeline, and
ships) accounts for almost 11 percent of
US. GUP. The freight sector accounts for
aboutatiiirdofthat

Total emissions from freigjit and
oircraft were just over 200 MMT, with
heavy trucks and aircraft each accounting
for about one-third of the total. Aircraft
emissions account for all aviation,
including freight, passengers, and militaiy,
with the lion’s share of avialiuu carbon
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emissions cuukin^ uv»m passenger travel Air freight was estimated at 1% of all air transport in 
1989, and while it is the fastest-growing mode of non-local freight transpoii, it probably only 
accounts for a few percent of all freight transport in 1997. The share of emissions due to freight 
alone is unavailable, as many commercial flints carry both passengers and freight.

The U.S. economy moves more ton-miles of freight every year, on eveiy mode. All 
modes of non-local freight transportation increased between 1970 and 1994. Air freight 
increased the most (434%), foUowcdbj' trucks (210%), rail (57%), pipeline (41%), and water 
(37%). Water, rail, and trucks are each responsible for about 25% of freight movement, 
measured in tou-mlles.

Truck use for freight has increased dramatically in the la.st 15 years. Historically, rail has 
had an advantage in hauling heavier fric^t In rcceirt years, however, trucking loads have 
grown heavier, between 1982 and 1992, mileage traveled by trucks witli operating weights above 
80,000 lbs. increascdl93%. and 120% for trucks below 33,000 lbs. TTie average length of haul 
increased frour 224 miles inJ^M^ 817 miles m 1994.

AH modes bav'e consistently improved their energy efficiency Improvements have come 
from both technology and opcrabonal efficiencies. Between 1984 and 1994, heav>' tmek energy 
use per v?bi''lp mil- decreased 0.4% per year, and 1.6% annually pci ton-mile. In rail, energy 
use per car-mile dropped 0.9% per year, and 2.7% annually per ton-mile.

Between Increasing efficiency and the shift to more energy-intensive modes (trucks and 
air), the net energy effect is about a wash; if energy inten.sibes of 1972 still prevailed, 1994 
freight movements would have required about as much energy as was actually used in 1994 to 
haul more than three tinvee the amount of freight

Trt.niJbi

According to Argonne National Laborator>’, total energy use by non-personal vehicle.s is 
expected to surpass that of personal vehicles before 2005. Improvements in fuel efficiency 
improvement have slowed in personal vehicles, but continue in other modes of transport In 
freight, the weight and cost of fuel carried has a direct effect on the amount of freight that can be 
carried, so there are incentives to improve fuel efficiency even when fossil fiiei prices are low.

Trucks and aircraft are expected to continue as the fiistest-growing forms of non personal 
transport, and will account for Ihe greatest inaeases in emissions. The airline industry, since 
deregulation, operates close to maxinium efficioicy, and opportunities lo use alternative fuels in 
aircraft are limited. Therefore most of the opportunities to reduce emissions from aircraft arc in 
development and deployment of more fuel-efficient engine and airframe technology.

Reducing emissions from surface freight on the other is possible through both 
technological inqirovement and progress in reducing inefficient use of trucks (e.g. continued 
reduction in empty backhauls, more efficient routing, intrastate warehousing) and shifting from 
trucks to rail.

Results and Potential for Reducing Emissions
Neither DRI nor SGM include technological advances that affect emissions, or energy 

consumptioti, in the freight sector. DRI, in fact, assumes constant MPG for all heavy trucks 
through 2010, at just over 5 mpg, less than the average for heavy trucks now (approximately 6.8 
mpg on-road).
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Markal Macro iacludes several advanced technologies to improve the energy and carbon
efficiency of freight. All three cases (base, stabilization with a rate of inipiovciucnl in the use of
energy as a share of GDP of 1.25%/ycar, and stabilization with an annual rate of improvenient of
1.75 percent) bring m moic fud-efficieitt diesels, with taster tales of introduction in the 1.25 and
1.75 cas^. In addition, both, advanced lechnology cases phase out existing gasoline trucks, and
penetration of trucks LPGfueL The 1.75 case shows very rapid penetrahon of diesel trucks that
are 20% more efficient than current diesel trucks, starring in 2010 and accounting for well over
95% of vehicle miles traveled by 2020. Fuel efficiency of heavy trucks increases to 6.9 mpg in
the 1,25 case and 7.3 mpg in the 1.73 case of Markal Macro. Carbon emissions in 2010 are
forecast to be nearly 98 MMT in the base case, 88 MMT in the 1.25 case and 18 MMT in the
1.75 case (see figure above).

Emissions from rail, frei^t, air freight and pipelines were specified exogenously for the
lAT, since none has more than a marginal impact on energy use and carbon emissions as a
whole. The foiccast shows emissions from rail freight at 10.5 MMT in the base case, and 9.7
and 9.8 MMT, respectively, in the 1.25 and 1.75 cases. Emissions from shipping are reduced
from 8.5 MMT currently to about 7.6-7 for all cases in 2010.

Tanhnologyi Options: Trucks. There arc many opportiuuiics lo improve energy efficiency
and carbon dioxide emissions in freight. Improved aerodynamic design, advanced diesel
engines, vehicle weight reduction through materials substitution, improved tires, and electronic
engine and transmission confrols can achieve fiiel economy improvements tanging from 2 to
over 20 percent in heavy trucks, as can advances in computational methods (hardware and
software) aimed at understanding turbulence both for aciodyuauiics and within fuel chambers.
More revolutionary technological advances, inciuding the use of fuel cells in powertiaiiis. are
possible with an aggressive program to develop fuel cells for motor vehicles, along with die
forage devices (batteries and ultracapacitors), friel storage, and infrastructures supporting
increased use of hydrogen fuel. With such a program, it might be possible to introduce hybrid
fiiftl cell/electnc powertrains into trucks before 2010, Uiough signifreant market penetration is
very unlikely by then.

Rati. Fuel cetL'^electric powertrains may be somewhat more likely to happen in
locomotives than trucks, diougfa significant market penehation of fuel cells in rail before 2010 is
doubtM The cost of ftiel cell power is still prohibitive in rail, but with further development and
expansion in the use of fuel cells for other appUcatious (light duty motor vehicles and terrestrial
power generation, c.g ) the economics may become more favorable. While widespread use of
fuel cells for any kind of transport poses some significant infrastructural, maintenance, and
technical problems, there has been significant pmgre« in fuel cell and other hybrid powertrain
technology- over the past several years, with significant contributions from PNGV and NASA and
pOD programs. With increased spending ou hybi id powertrain development and the appropriate
incentives to develop infrastructure and support for operation and maintenance, fuel cell
applications may be possible, thou^ at no significant scale, by 2010.

Technology Options: Aircrqft, In aircraft, energy efficiency is a perenniol concern
primarily because reducing the weight of fuel is one way of reducing aerodynamic drag, a central
and constant concern of aircraft and engine designers. NASA programs aimed at achieving
greater fuel efficiency in engines were both technically and economically successful in the
1980s, improving the efficiency of existing engines as well as producing new, more efficient jet
engme cores and components. NASA and industiy (principally GE and Pratt and WTiitncy) also
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produced ad\«duced turbofau and unducted fan engines that achieve significant g«»ns in energy' 
efficiency, but have not been commercialized primarily because fiiUing fuel prices reduced 
the payoff to greater efficiency in the late 1980s; these engines, however, are still available and 
could be incorpojtttcd into aircraft designs with less expense and development expense than 
clcan-sheet designs would entaQ should they become more attractive npKoiis in the future. 
Ongoing NASA/DOD/industry work on energy efficiency continues, under the Integrated High 
Pertormance Turbine Engine Technology program, aimed at achieving a 40 percent 
improvement in energy efficiency by 2003. NASA research on computational fluid dynamics 
and nunicrical simulation is also showing promise tor modifying the skins of aircraft to include 
tiny, micron-thin riblets that could decrease turbulence, and thereby, drag, by 5 or 6 percent, 
increasing fuel efficiency and airlines* profit margins. It is quite likely that some of these 
improvements could show up on commercial aircraft before 2010, although fUU market 
penetration will take decades due to lengthy capital life.

hutrmodal Switching. Intermodal shilling, or switching from truck to raU haul or air 
transport, has been underway for some time. Intermodal transporrstion of freight, or using both 
trucks and rail or aircraft, cuts emissions by relying on mors energy-efficient modes (rail and air) 

fiirjn fr,v^Vrs foj. of tho trip. Thc Department of Tiaubportation estimaies in its 1996
annual transportation statistics report that intermodal freight hauls meant 1.5 million fewer large 
ti-ucka ua ihe highways. A simulation done in Markal Macro shows that diverting 10 percent of 
truck ton-miles of freight to xail could save 4.3 to 4.7 MMT of rarhon. Whether such a shift 
would be operationally feasible is unknown. Markal Macro includes no cross-elasticities to 
optiinize intermodal shifts, and while DRI docs, no shifts octuiicd in lAT runs of DRTs energ}'

Action
Overall, the lAT model r\ina could be described as technologically conservative in the 

freight area. Foreseeable technologies could make more significant reductions in emissions, 
particularly with more aggressive efibits to develop and diffuse the technologie.s. Programs to 
develop transportation technologies such as PNGV and NASA programs on energy efficiency 
and aerodynamics could probably bring these new technologies to proof of concept or 
demonstration before 2010, and several, porticulaily in truck componentry and efficiency, could 
be well established in the market. Energy experts at DOE’s multiprogram laboratories point out, 
however, that current levels of tiinding for PNGV are probably inadequate to achieve the 
program’s technical goals.

Technical success in research and development docs not assure adoption or diffusion of 
new technology. Successful completion of Uic technical program of PNGV and NAJSA’s engine 
and laminar flow programs must also be followed by investment in commercial development 
and marketing by industry in order to achieve market penetration. Moreover, capital in the 
freight sector tends to be turned over quite slowly; with maintenance and overhauls, trucks can 
last a coiq)lc of decades and locomotives and aircraft even longer. Incentives to hasten capital 
tunmver, such as accelerated depreciation pi ogiaim or investment tax credits, would also help to 
achieve stabilization Finally, improving energy and caibon efficiency can also pay off in terms 
of improved competitiveness of efficient engines and powertrains on international markets.
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Market mfichanisms can also reduce emissions while improving economic efEidenej'
when prices are brniichr i.o line with true costs. Better pricing truck use of highways is justified
considering that trucks probably do not pay their fiiir share for use of federally-fiinded highways
according to the Dcpaiimcnt of Transportation. ObUging trucks to pay a greater share of the cost
of highway construction and maintenance would also be likely to increase incentive*: For
intermodal switching, as would subsidizing raU transport or operating freight railroads.
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Industrial Emissions and Economic 

Impacts
Key Findings

^

♦ Based upon data from AE097, the industrial sector now uses 37 percent of the nation’s energy. 
It is responsible for 32 percent of the overall U.S. greenhouse gas emissions.

♦ The industrial sector has the potential to reduce energ>' use and carbon emissions by 10-15 percent 
over 2010 baseline forecasts tl^rough cost-effective investments in energy efficient technologies, 
and in some cases, low-carbon technologies.

♦ The atiniiai investment necessary to achieve this level of carbon reduction is on the order of $2.3 
to S3 8 billion per year through 2010. This is about 2-3 percent of the investments made by the 
manufacraring sector in 1995. Such investments should hav e only a small impact on the rate of 
capital stock turnov er compared to a base case - accelerating the depreciation rate, for example, 
from a 30-year to a 29-year average life of equipment and structures.

♦ Many of the most successful technologies have multiple benefits, including environmental- or 
productivit>-enhancing feamres. Since these new technologies tend to lower the overall cost of 
doing business, investments in energj' efficient technologies may actually improve the competitive 
position of many industries.

♦ These energy savings and reduction in carbon emissions are unlikely to happen without policy 
measures driving the improvement in the industrial capital sux;k.

Background
The industrial sector has made important strides in reducing overall energy intensity over the past 25 
years. However, there are still readily-available but undeiutilLzed technologies with two and three-year 
paybacks that can reduce industrial energy use by 10 percent or more. The use of heat recovery and 
combined heat and power (i.e., cogeneration) systems, for example, can save 10 percent of energy use 
with an internal rate of return of 30-60 percent. Better maintenance of compressed air systems can save 
40 percent of the energy used in such systems. And more energy'-efficient motor systems can also 
provide a significant source of electricity savings.
Broadfy speaking the industrial sector includes farming and ranching, agricultural services, fisheries, 
forestry mining, construction and manufacturing. While many policy analysts thmk of industry as 
a homogenous set of economic activities, it embraces an incredibly diverse set of processes ranging 
from the growing and processing of food products to the production of paper, plastic resins, cars ^d 
computers, llie process and energy requirements of each ot the individual industries that are withm 
the industrial sector are as different as the products that they produce. While many products have 
similar uses, the processes involved in maliig them may be vastly different. For example, plastic 
drink bottles, slass drink bottles, and aluminum cans all are similar products; however, they share 
almost no processes in common. For this reason, it is important to develop cUmate poUcies which 
reflect tliese iinpoitanl differences among tlie indusuial sectors.
Based upon data from die Energy Informatice Administration, the industrial sector now uses 37 
percent of the nation’s energy, or 34.4 out of u total 93.6 quads. Carbon emissions are now at 
about 32 percent or total emissions in the United States, or 471 of 1467 MMT. With normal rates 
of capital stock turnover, the industrial energy intensity is expected to decline at a rate of 1.2 percent in 
base case forecast for the period 1997-2015 (.innual Energy Outlook 1997).



From: Skip L.itner Econom e Rtto.reh AticoiXM Fix: (703;, 78fl«11 Vole. (703) 7f0^7 To: Bob Tuccllo Pig. 3 of 3 Wldnildiy.July09.1997 7:13.dOAM

Savings Potential

The DOE National Lab stiuly {U.S. Carbon Reduciions by 2010 and Beyond, 1997) suggests that by 
2010, the technology exists such that overall energy consumption can be reduced by 2.0 to 3.8 quads 
over the baseline forecasts. A combination of energy efficiency investments and low-carbon fuels can 
reduce carbon emissions by 22 to 73 MMT. Industry’s share of further carbon reductions available 
in die electrici^' sector would increase overall carbon savings by perhaps another 40 to 50 MMT. The 
incremental investment costs are estimated to be $11.60 to $13.88 per mmBtu. Based upon the 
AE097 energy costs for the year 2010, this reflects a payback period of 14 years. According to die 
Lab study, the cumulative investment requirements are between $23.2 and $47.2 billions of 1995 
dollars in the period 1998 through 2010. The level of energy savings are roughly the same for both 
electricity and fossil fuels. A new study published by a consortium of non-governmental organizations 
suggests an overall energy savings pcsenti^ of 3.75 quads of energy and 41 MMT of carbon in the year 
2010 (Energy Innovations, 1997).

The table on die following page summarizes key indicators for the industrial sector for the years 2010 
and 2020, Tlie National Lab study suggests diat by die year 2010 it is possible to reduce energy use 
by 5 to 10 percent over die base case forecast through cost-effective investments in energy efficient 
technologies. The Markal-Macro simulation for 2010 suggests a savings potential of 11 to 15 percent. 
The DRI model suggests a similar level of savings, estimated to be 11-12 percent of the base case 
forecast in 2010. These results are somewhat larger than either the National Lab smdy or the Energy 
Innovations analysis. Two reasons account for most of this difference. The first is that the Lab study 
results are reported in primary energy units while the Markal-Macro and DRI results are reported at 
the end-use. The second is that the consumption reported in the table for both models do not include 
petroleum or naUiral gas feedstocks.

Many of the most successful technologies have multiple benefits, including environmental- or 
productivity-enhancing features. A technology that reduces product loss or increases process 
throughput, for example, will often reduce labor and other material costs as well as energy costs. 
These additional co-benefits are generally not reflected in the results of either the MM or the DRI 
models. Haice, die baiefits to the industrial sector may be somewhat understated. Stated differently, 
the con^ietitive position of many industrial sectors may actually be strengthened — depending upai the 
type and flexibility of the climate policies that are actually implemented. These energy savings and 
reduction in carbon emissions are unlikely to happen at this level without additional policy measures 
to drive the needed improvements in the industrial capital stock.

Actions

Most analysts agiee tliat tliere are significant oppoitunities to improve overall energy efficiency lyitliiii 
the industrial sector. In addition, there arc important opportunities to reduce the carbon intensity of 
industrial operations through changes in the fuel mix, and by using lower-carbon fuels. The latter 
includes biomass gasification, natural gas diesel and fuel cell technologies. The more efficient use of 
chemical feedstocks will also contribute to a reduction in carbon intensity.

Broadly speaking, there are four sets of policies to encourage the more rapid diffosion of existing 
technologies as well as the development of a new generation of process efficiencies and industrial 
energy supply technologies. These policies include: (1) incentives to accelerate the investment in new 
capital stock and equiptim (witii such incentives ranging from targeted financial support as investment 
tax credits to increased regulatory flexibility that allows industries to more fully optimize overall plant 
qterations); (2) increased RD&D to facilitate the development of improved technologies as well as the 
development of a new generation of industrial technologies; (3) incentives to increase the use of 
recycled feedstocks; and finally, (4) expediting the use of combined heat and pow'er systems through 
in^roved environmental permitting and by incorporating provisions into the ongoing utility 
restruemring that facilitate the sale of excess power by industrial plants.
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Key Industrial Indicators for 2010 and 2020
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Electric Power
2^0

2G(^0S(Z
Key Findings:

Potential reductions from this sector are very large (250MT+) and will make up a substantial portion 
(25-50% or more) of the total needed to stabilize national emissions.

If the capital stock of this industry continues to turn over at the rates seen in the last decade, it will take 
1000 years to retire the existing stock of power plants. Changing the rate of retirement of existing 
plant would facilitate the transition to a lower carbon intensive power sector.

Coal use will certainly decline and delivered power prices will increase if carbon use is constrained. 
The decline in coal use (both in the electric sector and nationally) will be from 25-60% under 
stabilization. According to the lAT, prices will rise by about 25%.

Natural gas, demand-side efficiency and renewable power are the main means of reducing emissions. 
These options would compete with each other in a carbon-constrained economy. The outcome of this 
competition is uncertain: gas use could increase in this sector by 15- 50% depending on the relative 
economics of these options.

Non-hydro renewables currently account for about 2.7% of the US power supply; even at fairly rapid 
rates of growth, these technologies will not constitute a large share of generation for some time. To be 
commercially viable, costs of renewable technologies need to decline from current levels of around 
$0.05/kWh to perhaps $0.03-0.035/kWh (in the absence of high fossil fuel prices).

Competitive trends and air pollutant regulation will need to be integrated with climate policy.

Background

Electric power meets just over 30% of US energy demand. Electric power generation continues to 
grow in tandem with economic growth, unlike most other forms of energy consumption. Electric power 
sales of roughly $200 billion represented 3% of US GDP in 1995. Despite advances in the efficiency of 
fuel use, US electric power supply maintains an historic reliance on coal and (increasingly) natural gas, 
leading to an upward GHG emissions trend that is expected to continue in the absence of climate policies.

The critical role of capital turnover is demonstrated by the near-absence of power plant 
retirements in the 1990s (See Figure 1 below). Access to new markets, regulatory uncertainty and regional 
conditions have all contributed to the slowdown of plant replacement, with planned 10-year retirement 
rates falling below 1% in 1989 and holding at low levels through the 1990s. This implies a 1,000-year 
period to turn the entire stock over once, an extraordinary (and presumably temporary) situation. Changing 
this trend is a key job for climate policy.
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Fig. 1: 10-Year Plant Retirement Forecasts, 1989-1994
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Coal will continue supplying more than half of the Nation’s electric power through 2010. Coal 
consumption, of which 90% is in the electric sector, will reach 1 trillion tons in 1997, and by 2010 is 
expected to reach 1.1 trillion tons. Natural gas supplies 15% of US power, near its historic peak share, and 
is growing most rapidly today. Nuclear power, currently 20% of the US power supply — an historic high — 
will decline as plants age and face increased competition.

Most renewable power is currently hydroelectric, supplying 9% of US electricity. The potential 
for hydro expansion is limited. Non-hydro renewables currently account for about 2.7% of the US power 
supply. Even at fairly rapid rates of growth, these technologies will not constitute a large share of 
generation for some time. To be conunercially viable, costs of renewable technologies need to decline from 
current levels of around $0.05/kWh to perhaps $0.03-0.035/kWh (in the absence of high fossil fuel prices).

Model Results and Potential for Reducing Emissions

This sector will be a key contributor to any GHG emissions reduction strategy. The lAT results 
show this sector reducing emissions by 20-33%. Because there are no direct emissions control 
technologies, achieving reductions relies on reducing demand or changing fuels. The rate of turnover in 
the capital stock becomes an important factor in determining both the means and the cost of GHG 
emissions control in the electric power sector.

The dominant emission reduction option is to use natural gas in place of coal, either through co- 
firing or repowering in existing coal units, or through increased use of new high-efficiency gas plants. 
Baseline (AE097) coal capacity is forecast to increase from 315 GW in 1995 to about 330 GW in 2015 
(including 40 GW of new plant and 25 GW of retirements) with virtually no coal-gas switching in existing 
plants. GHG policy will lead to less new coal capacity, more retirements, and some fuel switching at 
existing units. By 2015, coal capacity will fall to 275 GW, a drop of 55 GW or 15%. About 10-20 GW of 
coal-gas conversions are forecast, consistent with the Interlab study. Coal use (both in the electric sector 
and nationally) will decline by 25-60% if a stabilization target is met. Fuel use is affected more than 
installed capacity, because of resulting changes in dispatch.

Stabilization will result in very large additions of gas combined-cycle capacity - up to 150 GW. 
Natural gas use is affected by several sectors and competing fuels and is very sensitive to assumptions. lAT
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models project increased gas demand in the electric power sector of 15-50%, but this could be offset by 
declines in other sectors (some models indicate net declines in US natural gas demand under a GHG 
stabilization policy). Most models show a small increase (about 5%) for a limited period. If electricity 
demand is reduced through efficiency, however, all of these fuel impacts could be considerably lessened.

As part of a GHG emissions reduction strategy, generation from non-hydro renewables will 
increase. Some models indicate that wind and biomass may become cost-effective options as more 
emissions reductions are called for. For example, MARKAL-MACRO and DRI both indicate a 35% 
increase in non-hydro renewable use in 2010 under GHG stabilization. Models may understate the 
potential of renewables because they do not consider 'green power' demand from consumers, niche markets 
or dispersed power (small scale production scattered throughout the system).

Further electricity supply options include increasing the efficiency of existing fossil plants, and 
improving other parts of the power system (mainly the transmission grid) to minimize losses. Impacts on 
the industry are sensitive to demand responses. When end-use demand is lowered, fewer new high- 
efficiency natural gas power plants are built and less gas and renewable power is used. Coal use is 
relatively less affected. Overall costs in the utility sector are lower. Combining end-use efficiencies with 
new supply technologies yields the lowest cost estimates for achieving substantial emissions reductions in 
the power sector.

Physical responses are generally similar between models, but the estimated costs of reducing 
emissions vary. The cost of replacing power from an existing coal plant with a new natural gas plant may 
appear quite similar between models (see box), given assumptions for fuel and equipment costs in 2010. 
However, the modeled costs of reducing emissions are quite different. These differences mainly result 
from assumptions about capital replacement decisions and cost allocation. Other factors include some 
early coal-gas switching, and the potential natural gas price response. As a result, estimates of delivered 
(weighted average) electricity price impacts vary: +25% in DRI, +40% in NEMS.

Relationship to other trends

A carbon constraint will be introduced at the 
same time as a competitive restructuring of the industry 
and the implementation of the NAAQS. The 
combination of open power markets and market-based 
air regulation (i.e. a set of cap-and-trade systems for 
S02, NOX and C02) will likely make climate-related 
policy incentives work faster and more effectively. At 
a minimum, there will be interactions between these 
changes which will alter the emissions profile of the 
sector.

For air regulations, early analysis using 1PM 
and NEMS indicates that although new ozone and 
particulate matter rules will have a limited effect on 
C02 emissions (a reduction of approximately 5% from 
2010 baselines), GHG limits could induce significant 
reductions in the criteria pollutants, on the order of 5- 
10% for S02 and 25-35% for NOX.

Initial work on competitive power markets 
indicates that the ongoing restructuring of the power 
industry may have important effects. GHG emissions 
may increase in the near term (by perhaps 5-7% in the 
first ten years), due to increased sales by the cheapest 
coal units and higher demand. But competition may

Fuel switching cost anaiysis, costs in cents per kWh

Assumes baseioaded units at 70% capacity factor,

Year=2010

capital recovered over 30 years 
(levelized)

Non-fuel costs (capital plus 0+M)

DRI NEMS IPM

Old coal 0.55 0.76 0.55

New gas 0.5 0.74 0.5

Fuel costs—without C tax (2010 baseline)

DRI NEMS IPM

Coal 0.89 1.14 0.72

Nat. gas 1.61 1.62 1.39

Total production costs-without C tax

DRI NEMS IPM

Old coal 1.44 1.9 1.27

New gas 2.11 2.36 1.89

Split 0.67 0.46 0.62

$/ton C 54 31 50
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prove helpful in the long run if new technologies can readily enter markets, and if market-based incentives 
are a part of climate policy. One great unknown is the potential demand for cleaner power on the part of 
consumers, who will have new information and choices.

Combining market-based environmental policy, consumer choice, and new technologies may 
offer greater efficiency and enable the power sector to provide electricity that is both cleaner and higher- 
value. The technologies and physical changes needed for large-scale GHG emissions reductions appear to 
be reasonably achievable, although the costs of reductions are less certain. Industry restructuring, air 
regulations, and climate policy can work together, if closely integrated to achieve the best fit.
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1 The Role of Renewable Energy in a U.S. Climate Change Strategy
July 8.1997 Dr<^

Summary
Renewable energy has substantial potential to reduce U.S. carbon emissions in the mid and long term. 
These technologies are significant options because they unit little or no cartxm. While renewable pergy 
technologies have typically been viewed by stHne as b^ costly and futuristic, rapid and steady declines in 
costs and improvements in performance have resulted in several of these technologies being competitive 
in selected markets today and the expectation that others will be competitive in broader markets in the near 
future. Estimated potential carbon savings from increased use of rraewable electricity generation^are 22- 
26 million metric tons (MMT) in 2010 and 50-85 in 2020.

Background
Renewable sources of energy are either continuously resupplied by the sun or they tap inexhaustible 
resources, such as geothermal energy. The use of modem renewable energy technologies to generate 
electricity either does not pollute or emits far less pollution than burning any fossil fuel. Most renewable 
energy technologies produce no greenhouse gas emissions at all during operation, and are responsible for 
tmly very small emissionis during manufacture. Biomass fuels emitnojict carbon on a life cycle basis-the 
amount of carbon released by biomass combustion is equal to the amount absorbed from the atmosphere 
during growth. Today, rou^y 12% of the country’s electricity generating crqracity is based on renewable 
power systems. Over 85% of this generation is from hydropower - which has little potential for expansitm. 
However, the remaining renewable technologies - including wind, biomass, photovoltaics, solar thermal 
and geothermal - are becoming increasingly economic and have large potential to expand and reduce 
greenhouse gas emissions in the mid to long term. Both wind and photovoltaics are experiencing a 20% 
cost reduction for every doubling of cumulative production. Photovoltaic cells, which convert sunli^t 
into electricity, have dropped from 90 cents per kilowatt-hour in 1980 to under 20 cents today, while wind 
power has dropped from 25 cents per kWh to 5 cents. Cost reductions will continue to occur because of 
R&D advances such as thin film photovoltaics as well as manufacturing factors such as economies of scale 
and improvements in manufacturing processes that come with increased jH'oduction. Sevo-al major 
international companies, most notably Royal/Dutch Shell, expect these technologies to be the doninant 
global source of energy by the middle of die next century and are beginning to make substantial 
investments in their develofnnenL

Two of these technologies - wind and biomass - could also play important roles by 2010. Wind is 
projected to have a levelized cost of energy of 2.6-3.2 cents per kilowatt-hour by 2005 - quite competitive 
even in a world without a climate treaty. Biomass has a large potential in two key maricets: co-firing with 
coal and cogeneration of power and steam in industry. Incremental costs for co-firing for many sites are 
less than $200/kW - making it a low cost low-carbon option. Industrial biomass gasification and higb 
efficiency cogeneration have a large potential for emissions reductions - especially in the forest products 
industry, which has abundant biomass feedstocks. Geothermal energy also could play a significant role 
2010. Geothermal energy has a large potential in two markets - building space conditioning through 
geothermal heat pumps and electricity generation.

Potential
Analysis results indicate that renewable electric technologies have a large potoitial for reducing carbon 
emissions. The table below shows the barline EIA [x-ojectioas for renewable electricity generation 
ciq>acity as well as the results of the Markal Macro and DRI models. The EIA baseline assumes a future 
without a global climate treaty, any market signals to reduce carbon emissions or substantial technological 
advances in renewables. The lAT results assume increased focus on U.S. carbon reduction and a 
continuation of the current trend of imfx’ovements in the performance and costs of renewable electric 
technologies.
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Note: 2020 EIA baseline estimates are extr^wlated &om 2015 {selections.

Hiese numbers translate into carbon savings of 15-16 MMT in 2010 and 35-60 MMT in 2020 - assuming 
that renewable energy technologies displace efficient gas generation. However, the IAT models have 
limited representation of utility and industrial cogeneration markets, so biomass capacity is likely 
underestimated. The forthcoming study by five national laboratories, U.S. Carbon Reductions by 2010 
anH Rpyond: The Potential af F.nftrgy Rfficient and I nw-Carhon Tfr.hnnlngies. offers a more detailed 
analysis of biomass. That study suggests a substantially higher potential for biomass co-firing with coal 
and greater potential for biomass gasification and cogeneration in industry. These numbers translate into 
additional carbon savings beyond the lAT Markal results of 7-10 MMT in 2010 and 15-25 MMT in 2020.

Implications
The analysis suggests that the contribution of renewable electric technologies in 2010 could be 
substantially higher than projected in the base case. However, the contribution of these technologies in 
2010 (excluding hydroelectricity) is still expected to be less than 5% of U.S. generation cqiacity.
However, in considering renewables, it is important to realize that they are in the midst of a major, long 
term transition from “advanced technologies” with only a peripheral market role to mainstream 
technologies that will be technologies of choice in the energy markeqilace early in the next century. Tliis 
is critically important, because in the long term, zero-carbon energy supply technologies will likely be the 
most important cennponent in a national greenhouse gas emissions reduction strategy. The use of these 
technologies is also raqiidly expanding in developing countries - particularly those without national utility 
^sterns. Development of the U.S. renewable industries is vital to any U.S. desire to be a major exporter of 
environmental technologies in the 21st century.

the pace and timing of the transition of renewable energy is difficult to project because of uncertainties in 
the rate of R&D progress, the evolution of restructuring and energy policies and consumo^ interest in 
“green energy”. Four factors will tend to accelerate the use of renewable energy. Hrst, restructuring of the 
electricity industry will make available more choices to consumers allowing consumers to choose 
electricity based not only on cost, but a variety of other factors including envirmmental impact. Second, 
it has bera demonstrated in many areas that consumers are willing to pay a premium for “green power” - 
indicating that environmental choices presented by industry could be quite popular with consumers.
Third, some energy policies at the State level are evolving in a direction that directly support renewable 
energy. For example, several States have already passes renewable energy portfolio standards and several 
more are ctmsidering similar actions. Finally, continued decreases in rraewable energy costs - especially 
in the face of potentially rising costs of fossil fuels - will motivate additional investments in these 
technologies.

(j) OV-.0.
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The renewable mergy projections imply a substantially higher growth rate in investments in renewable 
electric technologies than projected in the business as usual base case. In the base case, the overall growth 
rate is 35% per year throu^ 2010 and over 6% per year between 2010 and 2020. In the IAT technology 
investment case, renewable electricity ciqiacity grows 10% per year through 2010 and 8-14% pa year 
between 2010 and 2020. The Markal model suggests that wind and biomass co-firing with coal will 
account for most of the renewable energy increase. The 2020 wind power projectitms are consistent with 
use of about 10% of total U.S. wind resource, so the only potential major constraint is one of wind turbine 
manufacturing ciqiacity. The growth rates would require a major expansion of a small U.S. industry -



although wind turbines could be imported as well. For biomass co-firing, a net of 2.5-3.S% of coal 
electricity production is co-fired with biomass in 2010 and 4-8% is co-fired in 2020. Iliat would require a 
maximum of 2-3 million acres of woody and herbaceous energy crops in 2010 and 5-10 millira acres in 
2020 - largely on marginal farmland • idthou^ substantial use of agricultural and forestry wastes cquld 
reduce these requirements

In reality, It is more likely that a portfolio of technologies would account Ux the projected increase in 
renewable energy. Wind and co-firing of biomass with cofd are the likely lowest cost tuitions by 2010, but 
geothermal power could also make a sizable contribution. By 2020, it is expected that a diversified 
portfolio of technologies would be used - including wind, biomass, geothermal, i^otovoltaics and solar 
thermal. These technologies would all be cost competitive in many areas - allowing power generation 
companies to select technologies that make best use of local resources and best match their power 
demands.

Actions
While electricity from fossil fuels continue to become cleaner and cheiq>er, expanded R&D and 
deployment could make a number of renewable technologies beyond wind competitive on purely 
economic grounds in the next 10 to 20 years: photovoltaics, biomass gasification, solar thermal, and 
geothermal. In a greenhouse-gas constrained world, these zero-carbon emitting sources of power would be 
even more competitive. The following actims could accelerate the use of these technologies by 2010 and 
make a large difrerence beyond 2010.

• expanded technology research and development to continue to lower costs and increase
performance;

• expanded cost-shared technology deployment efforts with industry to increase utility system
experience and increase U.S. production renewable energy production capacity - lowoing costs
still further; and

• promotion of U.S. renewable energy technologies abroad to tap the huge market for renewables in
the developing world - enabling U.S. producers to further lower costs.



Industries with Significant Non-Annex I Trade Shares (1996)

Rank sector

Non-Annex 1 Imports
as a % of

Total Consumption SECTOR

Non-Annex 1 Exports

as a % of
Total US Output

1 RUBBER & PLASTICS FOOTWEAR 86.5% MINING & OIL FIELD MACHINERY 56.1%
2 OTHER LEATHER GOODS 63.0% TANKS & TANK COMPONENT 43.8%
3 LEATHER FOOTWEAR 62.6% ELECTRON TUBES 43.2%
4 HOUSEHOLD AUDIO & VIDEO EQUIP. 57.1% TURBINES & TURB. GENERATING SETS 33.3%
5 APPAREL FROM PURCHASED MATL 47.7% SEMICONDUCTORS 30.3%
6 KTCHEN POTTERY PRODUCTS 42.0% AIRCRAFT & MISSILE PARTS & EQUIP,NE 28.0%
7 JEWELRY & SILVERWARE 39.0% MACHINE TOOLS, METAL FORMING 27.0%
8 TOYS & SPORTING GOODS 38.3% COTTON 26.9%
9 CRUDE PETROLEUM 37.0% MISC. ELECTRONIC COMPONENTS 25.4%
10 WATCHES & CLOCKS 33.7% RADIO & TV BROADCASTING & COMM EQ 25.0%
11 SEMICONDUCTORS 33.1% MISC GENERAL INDUS MACHINERY 23.2%
12 COMPUTER PERIPHERAL EQUIPMENT 31.9% AIRCRAFT 22.7%
13 ELECTRONIC COMPUTERS 30.2% CONSTRUCTION MACHINERY 21.4%
14 COMMERCIAL FISHING 27.3% MAGNETIC & OPTICAL RECORDING MEDI 21.2%
15 MUSICAL INSTRS & PARTS 26.3% MACHINE TOOLS, METAL CUTTING 21.1%
16 BLOWERS & FANS 23.5% ELECTRICITY MEASURING INSTR 19.6%
17 MAGNETIC & OPTICAL RECORDING ME 22.6% PUMPS & COMPRESSORS 17.7%
18 FRESH, FROZEN & CANNED SEAFOOD 22.0% PRINTING TRADES MACHINERY 17.6%
19 CALCULATING & OTHER OFFICE MACH 21.8% NONFER ROLLING & DRAWING,NEC 17.2%
20 MOTORCYCLES, BICYCLES & PTS 20.8% HOUSEHOLD AUDIO & VIDEO EQUIP. 16.8%
21 ELECTRICAL EQUIP & SUPPLIES 20.1% WATCHES & CLOCKS 16.3%
22 SMALL HOUSEHOLD APPLIANCES 20.1% ELECTRONIC COMPUTERS 16.2%
23 MISC DURABLES & SEMIDURABLES 19.1% KTCHEN POTTERY PRODUCTS 16.0%
24 OPHTHALMIC GOODS 17.4% MOTORS & GENERATORS 15.9%
25 MISC. ELECTRONIC COMPONENTS 17.1% OTHER SPECIAL INDUSTRY MACH. * 15.8%
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Auton^ve Fontcasts http://www.aama.com/data/autofore.html

National Association of Business Economists (NABE Outlook and
Policy survey, February, 1997)

NABE members expect total U.S. vehicle sales, including sales of
medium and heavy trucks, to drop to 15.1 million in 1997 and remain
at that level for 1998.
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