
creases cogeneration (the simul- 
taneous generation of heat an 

u 

power). Federal or state legislation that 
supports the continuation of funding for 
end-use efficiency programs, such as those 
that many utilities have implemented in 
the past decade, could be instrumental. 

A Road Map for 
U.S. Carbon Reductions 

Joseph Romm, Mark Levine, Marilyn Brown, Eric Petersen lndustrv 
The industrial sector can contribute sub- 
stantially to carbon reductions, ranging in 
our study from 55 to 95 mt of carbon per 
year in 2010 (or 10 to 17% of the forecasted 
industrial emissions in that year) (4). These 
reductions can be achieved only if industry 

U p o n  ratification, the climate treaty nego- 
tiated in Kyoto, Japan, last month would re- 
wire the United States to reduce its emis- 

trading system for carbon, similar in prin- 
ciple to the system established for SO,, be- 
cause it is an efficient aonroach and was a . . 

sions of greenhouse gases below 1990 levels 
by 2008 to 2012. Because most anthropo- 
genic greenhouse gas e~nissions (particularly 
CO:) coine from energy production and use, 
this agreement has the potential to affect 
the entire fabric of society. Here u7e dis- 

key element of the U.S. position in Kyoto. 
By assuming permit prices of $25 and $50 
per mt of carbon, the scenarios analyzed 
U.S. climate goals (3). Firms would be given 
credit for acting before the trading system 
begins. To be most effective, the emissions 

directs about 3% of its annual investment in 
manufacturing to cost-effective energv effi- " - 
clency and lo&,-carbon technologies. Much 
of thls may be ach~el ed through 1 oluntary 
agreements between industry and govern- 
ment, but domestic trading of carbon will 

cuss the technology required to meet this 
goal, and we outline how the nation could 
achieve lo&,-cost carbon reductions in the 
four energy-intensive sectors of the econ- 
omy-utilities, buildings, transportation, 
and industry. Our discussion is based in 
large part on a recent s t ~ ~ d y  for the Depart- 
ment of Energy (DOE) by five national 
laboratories ( 1  ), which provides a carbon re- 
duction road map for the nation. 

A reduction in emissions of about 400 

- 
trading system needs to be colnblned with a 
technology strategy to develop and deploy 
energy-efficient and low-carbon technology 
that varies by sector. 

" 

also be important. Federal and state govern- 
ments should continue environmental regu- 
latory reinvention that encourages industry 
to invest in pollution prevention technolo- 
gies while lowering industry's overall com- 

Utilities 
In the energy supply sector, the permit-trad- 

pl~ance costs. For Instance, substantial car- 
bon reductions could be achieved ~f imnle- 
mentation of the Clean Air Act were to fo- 
cus on ou t~u t s  and ~erformance standards 

ing system is the most important policy be- 
cause it will nrolnote the use of low-carbon 
fuels. With carbon emissions permits cost- 
ing $25 to $50 per ton, a variety of supply 

and allow credits for end-use efficiency. Fi- 
nancial incentives for clean technologies 

million metric tons (mt) of carbon per year 
would be required to stabilize U.S. emissions 
in 2010 at 1990 levels ( 2 ) .  The Kyoto treaty 
calls on the United States to reduce emis- 

u 

also need to be considered. 
To achieve the efficiency savings, it will 

also be necessary to expand DOE'S RGrD 
partnerships with the nation's most energy- 

options become cost-competitive. Among 
them is the renlace~nent of coal with natural 
gas in some power plants through the re- 
powering of existing plants, retirement of 
older coal plants, construction of new gas 
turbine and combined cvcle nlants, and in- 

sions of six greenhouse gases, including 
CO,, by 7% below 1990 levels but also gives 
credit for carbon sinks (for example, refores- 
tation), so that the true target for energy- 
related carbon emissions may actually be 
iust a few nercent below 1990 levels. Kot all 

intensive industries, which include forest 
~roducts, chemicals, and metals. These in- 

creased dispatch of gas-f;red Elants. Carbon 
trading could also lead to substantial growth 
in the use of wind power, co-firing of coal 
power plants with biomass, increases in the 
efficiency of existing plants, extension of 
nuclear power-plant life, and expansion of . . 

dustries account for 80% of industrial car- 
bon emissions. Accelerated imnlementation 
of these partnerships could reduce carbon 
emissions while abating pollution, increas- 

of these reductions will have to be met do- 
mestically, however, because the Kyoto 
agreement allows the United States credit 
for reductions through international trading 

ing productivity, and strengthening global 
comoetitiveness. 

Encouraging the use of combined heat 
and oou7er will be essential for transforma- 

hydropower. 
For a carbon permit price of $25 per ton, 

we estimate that reductions could be 50 mt 
of carbon per year in 2010 (8% of forecasted 
utility emissions); at $50 a ton, reductions 
could be 135 mt of carbon per year (22%). 
To achieve such reductions, the federal gov- 
ernment should also exoand RGrD in reneu7- 

- - 
of carbon permits with developed countries 
and through climate mitigation projects 
with developing countries. 

Nonetheless, substantial domestic reduc- 

tion of the present centralized electricity 
grid, consisting of fossil fuel plants that av- 
erage 34% efficiency, into a system that ex- 
nloits the 80 to 90% efficiencies ~otentiallv 

tions will be required, and achieving these 
\\.ill necessitate an aggressive set of policies. 
The new study ( 1  ) documented the need for 
a nrice incentive to motivate sufficient car- 

achievable by using the waste heat in indus- 
trial processes. Capturing the large savings 
potential of combined heat and power will 
reauire continued efforts to deregulate utili- 

able energy and advanced fossil fuel tech- 
nologies, provide targeted tax and financial 
incentives for new zero-carbon technolo- 
gies, expand programs to increase the supply 
of low-cost natural gas, and develop tech- 
nologies to extend the operating lifetimes of 

bon emission reductions. The laboratories 
assessed the impacts of a national emissions 

u 

ties, accelerated environmental permitting, 
and targeted tax incentives. 

Buildings 
Reductions of 45 to 60 mt of carbon could 
be captured from buildings by 2010 (or a '7 
to 10% reduction relative to this sector's 
forecasted emissions). This will require that 
the market share of cost-effective energy-ef- 
ficient equipment and appliances substan- 
tially increase. Improving the thermal per- 

J Rornrn and E. Petersen are w ~ t h  the O f f c e  of En- existing nuclear plants. 
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formance of new and existing building en- 
velones will also be necessarv. 

Guch of the savings in ;his sector can 
be captured through the exist~ng authority 
of the federal government to issue consen- 
sus-based standards for ea~~inment  and an- . 
pliance efficiency. Substantial savings can 
also be achieved by exnandinp volu~ltary 
programs, such as the joint ~nvironmental 
Protection Agency-DOE Energv Star la- - u 

beling program. Energy Star label~ng has 
already saved substantla1 energv In a num- 

u ,  

ber of markets, including computers, and is 
now being extended to windows, washing 
machines, televisions, and other products. 
Tax incentives for purchasing super-effi- 
cient equipment and innovative financing 
for efficiency retrofits would spur further 
efficiency. 

Many of the opportunities for decreasing 
the intensity of energy use in buildings have 
resulted from past public-private R&D part- 
nerships. Examples include the develop- 
ment of low-emissivity windows, efficient 
refrigerator comnressors. and electronic bal- m 

lasts (5). Deserving particular attention for 
achieving 2010 goals are the so-called "mis- 
cellaneous energy uses," consisting of many 
small annliances that often draw current . . 
when not actively used. These loads are 
growing rapidly in both residential and 
commercial buildings. Other key areas for 
near-term R&D and deolovment include 

L ,  

advanced lighting systems; intelligent tech- 
nology to analyze, monitor, and control op- 
erations of colnlnercial buildings; integrated 
building equipment and appliance systems; 
next-generation wall and window systems; 
and reflective roof coatings. 

Future carbon emissions in the transporta- 
tion sector deoend heavily on whether re- 
cent rates of increase in vehicle weight, 
horsenower, and miles traveled continue. 
Forecasts of carbon reductions in this sec- 
tor are also uncertain because thev are 
highly reliant on the development a i d  in- 
troduct~on of advanced technologr; the -, 
U.S. transportation system could be trans- 
forined dramaticallv over the next decade 
if certain technological breakthroughs 
were to occur. 

Energy-efficient and low-carbon tech- 
nologies in this sector could produce carbon 
savings of 90 to 105 1ntC in 2010 (or ap- 
oroximatelv a 15% reduction relative to this 
sector's foricasted emissions in 2010). Such 
savings would occur if the average file1 - u 

economy of new cars were 38 to 43 iniles per 
gallon (mpg) in 2010 (increased from the 
present 27.5 mpg), if new light trucks 
achieved 27 to 31 lnpg (up from 20.5 
mpg), if heavy trucks achieved 10 lnpg (up 
from 7 to 8 mpg), and if cellulosic ethanol 

used as a blending colnponent for gasoline 
achieved a 3 to 5% market share. Federal 
R&D has substantially reduced the cost of 
ethanol from cellulosic waste (such as crop 
waste) and dedicated crops (such as switch- 
grass), and continued R&D is expected to 
allow an ethanol-gasoline blend to be cost- 
competitive before 2010. 

Achieving these goals will require a sub- 
stantially expanded R&D effort in advanced 
automotive technologies. The prima17 R&D 
effort, called the Partnership for a New 
Generation of Vehicles, is developing a gen- 
eration of cars that will be three times as ef- 
ficient as current vehicles with no compro- 
mises in size, safety, comfort, or cost. A vari- 
ety of efficient technologies such as hybrid 
vehicle design; advanced engines, including 
fuel cells and clean diesels; power electron- 
ics; regenerative braking; and lightweight 
materials are under development. 

The reductions in carbon e~nissions also 
require major efforts to gain acceptance of 
new technology in the market. Policies 
that could accelerate the oenetratioil of 
fuel-efficient techi~ologies include tax in- 
centives for early purchasers of high-effi- 
ciency vehicles and other means to provide 
un-front incentives for the nurchase of en- 
ergy-efficient vehicles. The carbon trading 
system needs to be designed to provide in- 
centives for automakers to manufacture 
and sell efficient vehicles. This is the one 
sector of the economy that is most suscep- 
tible to influence from foreign competi- 
tion; the probable introduction of high-ef- 
ficiency vehicles by non-U.S. manufactur- 
ers in the next decade may itself spur over- 
all gains in vehicle efficiency. 

Costs 
Under the assulnptions that produced the 
greatest carbon reductions, the study con- 
cluded that the direct costs and benefits were 
comparable: The overall magnitude of direct 
investment costs ranged from $50 to $90 bil- 
lion per year, with energy savings of equal or 
greater magnitude (6). These results can be 
compared with those of other engineering 
studies of technological opportunities for re- 
ducing carbon emissions. In a recent survey 
(7), five studies with comparable forecast 
years and carbon reductions yielded eco- 
nomic costs as a percentage of gross national 
product ranging from -0.2%, to +0.5% (or a 
benefit of $20 billion to a cost of $50 billion 
per year for a $10-trillion economy). 

In addition to the direct costs, there are 
important indirect costs and benefits that 
neither the new assessment nor most other 
studies have evaluated. The low-carhon 
scenarios have winners and losers. On  the 
positive side, air quality will improve sub- 
stantially. On  the other hand, the reduc- 
tion in demand for coal will adverse111 af- 

fect the coal and railroad industries. Pro- 
grains to reduce or mitigate these impacts 
will be necessary. 

The price of $50 per int of carbon for per- 
mits, although not constituting a direct cost 
to the nation, does represent a potentially 
large transfer payment. The magnitude of 
the transfer and its winners and losers de- 
pend on the nature and ilnplemelltatio~l of 
the mechanism for trading carbon. 

There are uncertainties inherent in these 
scenarios. It is nossible that businesses and 
consulners will not invest in existing tech- 
nologies that can cost-effectively reduce 
carbon einissions and energy bills. Emerging 
technologies may not prove as cost-effective 
as we anticipate. And the policies we de- 
scribe may face political obstacles. 

Conclusion 
The targets in the Kyoto agreement represent 
a great challenge. We have identified tech- 
nologies with potential for widespread appli- 
cation whose iinplelnentation can greatly fa- 
cilitate the attainment of such a goal at low u 

cost, while maintaining or improving levels 
of energy services. By using such technolo- 
gies, in colnbination with international car- 
boil trading, Americans will not have to re- 
duce their travel, turn down their thermo- 
stats, or decrease their ~nanufacturing output 
to meet the nation's carbon reduction goal. 
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