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Rapporteur’s Summary

Gordon Binder
Senior Fellow
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Energy Security and Climate Change: Policy Challenges 
for the Congress, the second conference in this 
series, was held in Lisbon, Portugal, April 5 to 
11, 2010.  Three Senators and 13 Representatives 
participated.  The intent of these conferences is 
to offer Members of Congress the chance to 
concentrate on the interrelationships among 
U.S. energy, climate, and national security issues 
and to explore policy options.

Dr. Susan Tierney, former Assistant Secretary 
of the U.S. Department of Energy, led the 

first session, The Prospects for Natural Gas, Coal, 
and Nuclear Power in America’s Energy Future. The 
session focused on these three conventional 
fuels in electricity generation.  Electricity is con-
sidered a versatile source of power with grow-
ing applications and demand, including fueling 
more electric vehicles. The challenge for the 
United States is to meet the demand for electrici-
ty for long-term economic prosperity and energy 
security while reducing environmental impacts, 
including greenhouse gases.  

The session underscored regional variations 
in energy sources.  The Midwest relies to a great 
extent on coal, whereas California uses virtually 
none; moreover, that state has put a higher 
priority on efficiency than many other states.  
These variations are reflected in very different 
electricity rates and the bills households pay.

Although renewable energy sources offer 
considerable promise, and potential savings 
from more efficient use of energy are sub-

stantial—efficiency is, in effect, the cheapest 
source of energy— the country will have to rely 
on conventional fuel sources for some time.  
Nuclear now provides 70% of non-carbon-
emitting electricity generation (about 20% of 
total electricity) while coal and natural gas offer 
abundant domestic energy resources.  Each 
source offers potential, each presents hurdles—
in cost, financing, environmental impact, and 
technology prospects.

For coal, it is critical to develop more efficient 
generation to produce more electricity using 
less coal; to reduce conventional pollutants—
nitrogen oxide (NOx), sulfur dioxide (SOx), 
and mercury; to use less water; and to cap-
ture carbon dioxide and sequester or develop 
alternative uses for it.  Although the first com-
mercial-scale demonstration project in carbon 
capture is under way, sequestration will require 
more attention, including creating a network of 
pipes to transport carbon for storage.

What to do with the oldest, typically most 
inefficient and dirtiest coal-fired power plants 
is a major challenge.  Coal generates the least 
expensive electricity today.  New rules govern-
ing traditional pollutants are coming from the 
U.S. Environmental Protection Agency (EPA), 
and addressing these pollutants in the oldest 
plants will be enormously expensive.  EPA may 
have the opportunity to consider the full range 
of issues affecting these older facilities as a pack-
age, in effect negotiating a strategic bargain with 
industry that might involve closing some plants.  
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Nuclear power faces a number of hurdles, 
from managing its waste to the high cost of 
new construction to extending the life of aging 
plants.  Through a new blue-ribbon panel, the 
U.S. Department of Energy (DOE) is exploring 
options for on-site storage of spent fuel until a 
long-term solution can be found.  One alterna-
tive to disposing of waste, reprocessing fuel, 
though widely used in France, has not been 
U.S. policy because of concerns about prolifera-
tion of nuclear material and cost.  

The high price of a new nuclear plant makes 
allocating the financial risk of paramount con-
cern.  No vendors are willing to guarantee price, 
which has been key to financing conventional 
plants.  (This is also true for so-called advanced 
coal).  Each new nuclear facility seems to cost 
more than the last. Consequently, few utilities 
are willing to bet their balance sheet on a new 
plant.  A few states allow costs during construc-
tion to be incorporated into consumer rates; 
others do not.  The first federal loan guarantee 
for new nuclear construction has been awarded 
though some warn that with most of the finan-
cial risk on the consumer or the public, little 
incentive exists for utilities to promote conser-
vation and efficiency.

Recent discoveries of shale gas offer the pros-
pect of a long-term domestic source though 
extracting this gas uses chemicals in a so-called 
fracturing process that has the potential to 
contaminate groundwater.  The process was 
exempted from federal regulation under the 
Safe Drinking Water Act a few years ago, and 
is now a matter of state oversight.  Anxiety has 
grown in states without recent experience in 
regulating oil and gas extraction.  A recent 
report prepared for DOE, “Modern Shale Gas 
Development in the United States—a Primer,” 
examines best practices to help states exercise 
oversight.  A federal standard may be desirable 
even if regulation is left to the states, much as 
occurs under federal statutes for clean air and 
water.

The volatility of natural gas prices also is a 
hurdle to attracting investment in natural gas-
fired electricity production.  The surge of inter-

est in using natural gas to generate electricity 
fell as the price of this fuel dropped.  Investors 
worry that the economics of a new plant would 
be turned on its head if prices were to escalate 
again.

The discussion highlighted that, notwith-
standing a priority for renewable technolo-
gies and efficiency, the cost of electricity will 
rise—even without a price on carbon diox-
ide emissions.  Preparing consumers for price 
increases has been slow.  One intriguing tool in 
this regard is a map or database showing how 
much electricity is used house by house, block 
by block, which sets a bar for what is possible 
and can help target public programs where the 
opportunity to improve efficiency is greatest.

The importance of research and develop-
ment was also flagged.  The U.S. cannot hope to 
achieve its energy goals without new technolo-
gies.  The nation’s energy bill is an estimated $1 
trillion a year, yet less than one-half of one per-
cent is spent on R&D, public and private efforts 
included.   Borrowing an idea from the defense 
sector, DOE now has an advanced research 
project for energy, assembling a team of cre-
ative thinkers to foster innovation.  R&D offers 
the possibility to nuclear power, for instance, of 
better plant design, and better processing and 
storage options, including smaller-scale or mod-
ule generators.  Electricity from biomass, using 
debris that otherwise would end up in landfills, 
coupled with technology for gasification (versus 
incineration), is an example of a promising 
energy source.  So, too, is combined heat and 
power production, especially for complexes like 
universities.

Jurisdictional issues are also important.  
Unlike in France, where nuclear plant design 
is standardized and regulation centralized, the 
United States has numerous jurisdictions with 
varying policies and rates. Under the current 
business model in many places, utility profits 
are linked to rising electricity use.  Some state 
utility regulators are beginning to recognize the 
value of decoupling energy demand from util-
ity revenues, which would enable the utilities to 
pursue efficiency more aggressively.  



 During one of the most adverse economic 
periods in decades, the combination of invest-
ing in new energy facilities and new technolo-
gies while cutting greenhouse gases constitutes 
a daunting agenda.  Partial progress may be pos-
sible absent a full-fledged program to address 
climate change.  A renewable portfolio stan-
dard, now in more than two dozen states, may 
be a useful step, for example, though a national 
standard would facilitate investment and multi-
state activities.  Best practices, tool kits, and 
models for financing efficiency measures would 
also help, for example, in retrofitting commer-
cial and residential buildings, which account 
for about half of electricity use.  More stringent 
appliance standards are needed, as well as bet-
ter enforcement of existing laws.  

In the end, pursuing a portfolio of options 
will be necessary.  In the past, government 
has subsidized the energy sector, directly and 
through the tax code.  As energy becomes more 
expensive, it is increasingly important to under-
stand the full costs and benefits of such sup-
port.  Even in a time of recession, investments 
in efficiency, new technology, and education of 
a new generation of scientists and engineers are 
likely to prove worthwhile.  

Brian Murray, with Duke University’s 
Nicholas Institute for Environmental 

Policy Solutions, opened the second session, 
Pricing Carbon and Other Options for Addressing 
the Economic Challenges of U.S. Climate Legislation.  
He noted the goals in the American Clean 
Energy and Security Act of 2009 (HR 2454) and 
briefly reviewed the scientific underpinnings 
that motivated the House bill, as well as the 
economic anxieties that have surfaced during 
debates about climate policy.  No action, he 
noted, would entail significant costs in dealing 
with anticipated impacts as they occur.  

Collective measures across the globe are 
necessary through a mix of changes in produc-
tion processes, materials, and economic activi-
ties, through greater efficiency in energy use, 
through new patterns of land use and land use 
management, among other approaches.  Setting 

a price on carbon emissions into the atmo-
sphere would facilitate many of these approach-
es by sending a price signal that influences deci-
sions by consumers and investors.  This could 
be done through a carbon tax or through what 
has become known as a cap-and-trade system.  
(A cap-and-trade program would set a maxi-
mum level of emissions, provide allowances for 
each unit of carbon emitted, and encourage 
regulated entities to find the least-cost means 
of reaching the goal, including trading allow-
ances among themselves to capture the benefit 
of differing cost structures in reducing carbon 
emissions in various regulated facilities).   A vol-
untary program labeling the carbon footprint of 
products may be helpful to consumers.

The economic impact of a climate program 
on jobs, the standard of living, different sec-
tors of the economy, low-income households, 
U.S. competitiveness, budget deficits, mounting 
national debt—all are recognized as legitimate 
concerns.  Indeed, anxiety about the coun-
try’s economic circumstances proved a recur-
ring theme throughout the conference.  Some 
discussants argued that imposing new, costly 
obligations on consumers and businesses in 
this context would be counterproductive; oth-
ers that investments now would not only save 
money but fuel long-term prosperity.

Economic models for climate legislation proj-
ect manageable costs in the large U.S. economy.  
But these computer models have embedded 
assumptions that introduce uncertainty into the 
forecasts:  the pace of technological progress, 
the use of offset provisions, the participation 
of other countries, and more.  Murray outlined 
measures that have been proposed to manage 
this economic uncertainty—from a reserve of 
additional allowances that could be released 
into the market if the cost of reducing car-
bon emissions for any reason climbs too high 
or too fast, to offsets in which investments in 
agriculture and forestry practices that store or 
keep carbon sequestered can be used to lessen 
economic costs for the regulated community, 
to free allowances for certain energy-intensive 
industries during a transition phase.  Some leg-

3



4

islators have suggested a slower pace, phasing 
in emissions controls sector by sector.  

The use of offsets, domestically and interna-
tionally, is a feature in some proposals that could 
build support for a climate program, bringing 
developing countries with forest resources into 
an international treaty and reducing the com-
pliance cost for regulated entities in the United 
States.  Viewed as a transitional strategy, offsets 
need a carefully crafted set of standards along 
with monitoring to ensure the carbon reduc-
tions are credible and last for the period they 
are intended to.  Some climate proposals set 
a limit on the extent to which offsets may be 
used, others would preclude their use outright.

Market manipulation of derivatives and other 
financial instruments used to hedge against the 
volatility of carbon emission allowance prices is 
of concern to many legislators.  An alternative 
to a market-based cap-and-trade program, a 
carbon tax, may seem a simpler approach, but 
it would not guarantee lower carbon dioxide 
emissions, and for some policy makers, based on 
experience, there is nothing simple about using 
the U.S. tax code to further national goals.

Under any climate program, accurate inven-
tories of carbon dioxide emissions are a req-
uisite. The European Union’s emissions trad-
ing system did not have this at the start and 
its absence exacerbated price volatility in the 
emission allowance market. U.S. policy mak-
ers have learned from this experience, and 
the EPA is taking steps to ensure an adequate 
information base.  

Another issue is what to do with revenues 
raised by a tax or an auction of emission allow-
ances.  Investments in R&D seem to enjoy broad 
support. Deficit reduction is another option. 
Some favor rebating a significant percentage 
to consumers, which preserves the economic 
signal to use energy more efficiently, while cush-
ioning households somewhat against the rise in 
energy prices.

The impacts of climate change will be expe-
rienced differently from place to place.  For 
some, the impacts point to the need for action 

now.  But concern among the public generally 
appears to have waned in light of the recession 
and nagging questions about which impacts 
might occur where at some future time.  This 
situation presents a challenge to policy mak-
ers:  public understanding is needed for action, 
especially if consumers will be asked to bear 
costs today to avert uncertain problems later.

The rationale for action now needs a better 
explanation.  Avoiding dramatic changes to 
the climate in the future, though motivating 
many, may not be the most salient argument.  
Reducing dependence on foreign oil imports, 
bolstering U.S. energy security, creating new 
jobs through energy efficiency programs, 
innovation in new energy sources—these may 
appeal more to many Americans.  Potential 
local impacts also need further amplification 
in ways that Americans can grasp better how 
a changing climate could affect them directly.  

Such explanations may not be reassuring 
for economic sectors facing stiff competition 
abroad, even though energy costs are only 
one factor affecting the competitive position 
of key U.S. industries in the global market-
place.  Protecting critical U.S. industries—steel 
for one—explains why some climate propos-
als award free emission allowances initially to 
energy-intensive sectors.  A border tariff or 
adjustment on goods imported from countries 
that do not have an emissions reduction pro-
gram comparable to that of the United States 
by a date certain is seen as a further safeguard.

Given the concerns, some advocate taking 
steps short of an economy-wide climate pro-
gram.  They favor instead promoting better 
vehicle mileage, stricter building codes, better-
performing appliances, and other abundant 
opportunities to promote more efficient use 
of energy.  This could be coupled with greater 
investment in energy R&D, which over time will 
induce innovation and help mitigate price rises.  
Others argue, however, that a price on carbon 
is essential and should be part of a package to 
advance the goals of energy, economic, and 
environmental security.  



Which approach, an energy bill or a com-
bined energy and climate bill—indeed whether 
either will be possible politically—is uncertain.  
It is also recognized that even the most compre-
hensive approach may not be sufficient to avoid 
catastrophic consequences.  Yet a start would be 
made and measures could be strengthened over 
time.  As a last desperate resort, some believe 
geo-engineering may be required.  Study may 
be prudent in the event that mitigation fails to 
deliver what’s needed.  Although any effort to 
mitigate or adapt to climate change is complex, 
some policy makers expressed confidence that 
at least an initial round of carbon emission 
reductions can be achieved at a reasonable cost 
using reasonable measures.

T he third session, Improving U.S. Energy 
Security through Sound Transportation Policy, 

was led by Emil Frankel of the Bipartisan Policy 
Center.  He asserted that current policy is not 
sustainable.  Transportation is the only sector 
of the U.S. economy almost totally dependent 
on petroleum; two-thirds of all liquid petro-
leum goes for transportation and 70% of this 
is imported, including from unstable countries 
and from countries antagonistic to U.S. inter-
ests.  The annual U.S. bill for this global com-
modity represents a drain of $300 billion, con-
tributing significantly to the U.S. trade deficit.  

Frankel stressed the need for reform in 
transportation policy.  He cited a number of 
challenges:  old transportation infrastructure is 
deteriorating because of underinvestment; traf-
fic congestion has become enormously costly; 
after initial improvements, progress in increas-
ing fuel efficiency for automobiles has stalled 
though the President recently strengthened 
the mandate to raise fuel efficiency standards—
a needed step because of the inability of the 
marketplace to set a priority on better mileage.  
Regulation is expected to help drive innova-
tion.  Restoring existing infrastructure offers 
the best return on investment.  

Reform should focus less on projects and 
more on strategic programs, favor performance 
and outcomes to meet national goals, and intro-

duce accountability for meeting these goals and 
transparency in how public dollars are spent.  
New metrics are needed as well.  The number 
of highway miles constructed or vehicle miles 
traveled are no longer sufficient as proxies for 
effective transportation policy.  Though good 
metrics, data, and analyses to inform decision 
making by the federal government and metro-
politan planning agencies are in short supply, 
enough is known to make a compelling case for 
reform and to point to opportunities to expand 
Americans’ choices.

The larger context of a growing national 
debt and recurring budget deficits, including a 
depleted Highway Trust Fund, underlies a bipar-
tisan call for reform.  Work has been under way 
in the U.S. House of Representatives on legisla-
tion that could transform the way transportation 
planning is done to spend funds more wisely, set 
priorities and national goals, and afford states 
and communities flexibility in meeting the 
goals.  This is a bottom-up approach to encour-
age linking development, environmental, and 
transportation decisions locally.

The House transportation bill envisions a 
6-year strategic planning requirement for met-
ropolitan planning organizations coupled with 
annual reporting; a new emphasis on intermo-
dal planning for rail, biking, and pedestrians, 
as well as vehicles; consolidation of prolifer-
ating single-purpose funding programs; and 
new authority for the U.S. Department of 
Transportation (DOT) to coordinate programs.  
The aim is to improve the metropolitan plan-
ning organizations which, despite their promise 
when they were created and despite their grow-
ing expertise in relating land use and transpor-
tation decisions, vary greatly in their capabilities 
across the country.  Other objectives are to 
prompt institutional reforms and collaboration 
among numerous agencies and jurisdictions 
responsible for transportation planning and 
investments in a given locale, and competition 
to foster innovation in the sector.

One question overhangs all proposed reforms:  
how to pay for transportation investments?  An 
estimated $450 billion is needed.  The gasoline 
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tax, raised last in 1993, has been the primary rev-
enue mechanism to fund highway construction 
and transportation improvements.  If a national 
goal to reduce oil dependency is met, the cur-
rent tax would likely generate fewer resources 
to invest in transportation. (Ironically, large 
sums are spent on transit-related services by 
programs outside DOT, on health-related trans-
portation for older Americans and on veterans, 
for example.  Yet there is little integration with 
surface transportation programs).   Information 
technology now exists to move to a system 
where users pay for the miles they travel which, 
as vehicle fuel efficiency improves, may offer a 
more robust source of revenues than the cur-
rent tax on gasoline. 

Beyond a more reliable funding source, 
research also is needed to encourage new tech-
nology—in applying information systems and 
other tools, for example, to reduce congestion 
and move traffic more efficiently; in alterna-
tive fuels, including biofuels; and in battery 
storage for electric vehicles, among other pri-
orities.  Since the federal government is the 
world’s largest energy consumer, federal pro-
curement can help spur innovation.  Congress 
has directed the U.S. military to become energy 
self-sufficient and this has prompted significant 
progress on fuels.  A low-carbon fuel standard is 
another effective way to encourage innovation 
without asking the government to pick one fuel 
as a winner.  Commercial viability of alternative 
fuels will take time.  New fuels will need a distri-
bution infrastructure if they are to gain market 
share.  Brazil offers an instructive example, tak-
ing more than 20 years and significant subsidies 
to develop sugar cane-based ethanol for a flexi-
fuel car fleet.  

Congestion costs U.S. businesses dearly and 
undermines U.S. competitiveness, notwith-
standing the fact that U.S. drivers pay among 
the lowest gasoline prices in the world.  Moving 
freight more efficiently has to be on the nation-
al agenda.  Freight sent by rail has priority over 
passenger service since much of the rail infra-
structure is privately owned.  Improving high-

speed rail services for passengers—as Europe 
and China are doing—will thus require public-
private partnerships.  The President’s recent 
announcement on fuel standards targets heavy-
duty vehicles, as well as cars.  New technologies, 
such as hydraulic hybrids now in demonstra-
tion, are needed.

Many proposals to reform transportation 
policy seem to favor urban areas.  Rural areas, 
too, need improvements to move goods to 
market.  Moreover, an aging population means 
more older Americans will no longer be able 
to drive and without aid could find themselves 
isolated in rural areas.  Safety, another goal of 
transportation policy, has added meaning for 
rural areas where the number of traffic deaths 
is substantial.  

Some argue that tools exist now to foster bet-
ter planning and encourage closer ties between 
land use and transportation decisions so that 
people live closer to work, school, shopping, 
and other daily activities.  They point to new 
higher-density, transit-oriented developments 
in several cities.  Transportation investments 
create jobs that contribute to tax revenues.  
They help meet the needs of retirees, school 
children, and job seekers in rural and suburban 
America as economic opportunities continue to 
shift.  Care must be taken, of course, to ensure 
that transportation improvements are sustain-
able financially; to succeed, mass transit, for 
instance, requires certain population densities 
and trip patterns.  

Paying more for transportation may be a 
difficult sell in an election year.  Experience 
suggests that a clear, concise explanation of 
what the increased cost to consumers would 
buy should be helpful.  Once before, in the 
1950s, the nation’s leaders came together on a 
bipartisan basis to create the interstate highway 
network.  They recognized a common national 
purpose larger than anyone’s single interest.  
That need is evident again today in reforming 
transportation policy and financing needed 
improvements for the country’s well-being.



Hal Harvey, former member of the 
President’s Committee of Advisors on 

Science and Technology, led the final session, 
Energy Policies in China and India.  Harvey noted 
the importance of these two countries with 40% 
of the world’s population and a shared priority 
for rapid economic growth to reduce poverty.  
As China and the United States account for 
40% of the world’s carbon dioxide emissions, 
there is no way to address the climate challenge 
without both countries’ deep engagement.

India and China are in different stages of 
development from that of the United States.  
Albeit developing rapidly, each is still relatively 
poor and each has a keen sense of national 
sovereignty.  China now accounts for about 
one-half the world’s construction activity and is 
experiencing the largest rural-to-urban migra-
tion ever.  In India, 500 million people do not 
have access to electricity.  The per capita emis-
sions of carbon dioxide in each of the two are 
a fraction of the average in the United States, 
which historically has contributed most to the 
buildup of greenhouse gases in the atmosphere.  

Harvey explained that a lot of activities are 
underway in both countries, driven by domes-
tic forces, to chart a new, low-carbon energy 
future.  Each country is emphasizing renewable 
or alternative energy sources and energy effi-
ciency in building codes, appliance standards, 
vehicle efficiency, and industrial production, 
both to meet growing domestic demand and to 
stake out a leading position in supplying clean 
energy technologies to markets worldwide.  The 
market for decentralized power sources, for 
instance, could be large in parts of the world 
without access to the electric grid.  

At the same time, major hurdles exist to 
realizing these ambitions.  Technical capacity 
in government agencies in each country is low 
compared to the United States.  Enforcement 
is not strong.  India enjoys a diverse democratic 
political system like that of the United States, 
but a variety of views makes adoption of policies 
more cumbersome than in China.  The priority 

for implementing policies often varies between 
the national government and provincial or 
local governments.  In China, as communities 
are built to accommodate large numbers of 
people, settlement patterns will be locked in for 
decades.  Whether these communities develop 
in the old energy intense manner or with effi-
ciency in mind thus will have enormous influ-
ence on energy consumption overall.  

China’s and India’s positions in interna-
tional climate negotiations are similar.  Each 
has defined its policy measure as reducing the 
energy intensity of the economy—that is, the 
energy consumed per dollar (or unit) of goods 
produced.  Without adopting a hard cap on 
emissions, though, total carbon emissions will 
grow even if the two economies become more 
energy efficient.

Dr. Ye Qi, an environmental policy expert at 
Tsinghua University, acknowledged that only 
recently has the Chinese government taken the 
climate issue seriously.  Growing awareness of 
national self-interest has prompted the govern-
ment to begin to develop policies and strategies 
to address it along with energy use.  Flooding 
and severe droughts, the adverse health impacts 
of pollution from burning large amounts of fos-
sil fuels, the growing reliance on imported oil, 
and the desire to seize opportunities to make 
China a leading competitive economy in the 
world, in combination, have set the stage for the 
country’s energy commitments.  To realize its 
ambitious goals, willingness is evident in China 
to engage with the United States, Europe, and 
other countries although the technical capacity 
to do so is limited.  

Jamshyd Godrej, with India’s Godrej & Boyce 
Manufacturing Company, cited his country’s 
growth in population and the economy, which 
will fuel demand for poor-quality domestic 
coal.  The government recognizes the country’s 
vulnerability to climate change.  Agriculture is 
an important part of India’s economy and the 
country depends for much of its water on melt-
ing Himalayan ice, which will be affected.  The 

7



8

government’s position is beginning to change in 
recognition of the impacts and the large energy 
inefficiency in the country’s economy, although 
this outlook is not yet a matter of consensus 
across the country.  Issues other than address-
ing climate change—energy security, business 
opportunities, improving health, providing a 
village power which will raise incomes—reso-
nate better.  India’s business community does 
see great opportunity, evidenced best perhaps 
by the widespread adoption in the past decade 
of green building practices, which have reduced 
energy costs, and thus rents, without a sig-
nificant premium in construction costs.  In the 
steel and cement industries, two more sectors, 
companies are seeing real financial incentives 
to improve efficiency.

China’s commitment to renewable energy 
has enabled the country to develop a leading 
solar manufacturing industry, reflecting as well 
the lower costs of materials, labor, and financ-
ing.   Solar energy is still expensive compared 
to conventionally generated electricity, yet the 
cost has been falling as production increases, 
with further declines possible.  Although the 
U.S. production tax credit is helpful and some 
states give special status to solar energy, the U.S. 
commitment is not as strong as in China.   

To build U.S. demand for renewable energy, 
market signals, not government subsidies, are 
likely to be the most effective prod.  This may 
come from a price on carbon emissions or 
from policies like a renewable portfolio stan-
dard, which directs utilities to supply some 
portion of electricity from clean energy sources 
like solar.  A complementary policy is much 
greater support for research and development 
in clean energy technologies.  Investing more 
in education, science, math, and research and 
demonstration projects would seem in the coun-
try’s best interest.  Such investments through 
a top-notch system of research universities and 
national labs, which have developed in close 
proximity to avail themselves of cutting-edge 
ideas and talent, have delivered results before—
in agriculture, to name one area.  Yet this past 
decade, because of national security concerns, 

it has become harder for bright students from 
China and India to come to the United States to 
study and to remain.  As employment opportuni-
ties in the States have slowed, many top students 
are returning to their home countries where 
research funding is reportedly easier to secure.

Clean energy is seen by many as the next 
great economic revolution.  While manufactur-
ing may be centered in China, the United States 
still is a leader in intellectual capital.  Moreover, 
jobs flow from investments in renewable energy, 
and installation of clean energy translates into 
local jobs.  In China and India, building anew 
with efficiency and clean energy in mind typi-
cally is easier than retrofitting older facilities.  
But the U.S. population is growing, too, along 
with the need for new facilities to accommodate 
this growth, thus offering a chance to build 
with efficiency and clean energy in mind.  Wide 
deployment of clean energy technologies will 
only occur if there is a market, however.  The 
cap-and-trade program in the House-passed 
climate bill is intended to create an incentive to 
deploy low-carbon technologies cost-effectively.  

The United States also has much to offer both 
China and India in building technical capabili-
ties in regulation, standard setting, urban plan-
ning, enforcement, electric vehicles, pollution 
modeling and monitoring, governance, water 
resource management, agricultural productivi-
ty, and more.  The water implications of various 
energy options, for example, need far greater 
attention as water availability will be a limiting 
factor for some technologies.  Collaborating 
with China and India through government-to-
government exchanges on research and devel-
opment, especially where the learning curve 
is steep and costly, would be particularly ben-
eficial.  Carbon capture and sequestration and 
nuclear plant design, waste disposal, and fuel 
reprocessing are examples where cooperative 
projects could pay off handsomely.  A protocol 
developed by the G-8 countries to advance car-
bon capture and sequestration has been estab-
lished but funding is not yet sufficient, nor are 
the collaborative research projects in place yet 
to deliver desired results.  Similarly, reducing 



the demand for standby power for lighting and 
instant-on appliances could be fruitful for both 
countries.  Some of these cooperative ventures 
could build trust and help address concerns to 
have in place monitoring of and verification 
for commitments that are made pursuant to 
international negotiations.  It is not just gov-
ernment exchanges that hold promise.  Private 
businesses and nongovernmental groups have 
been playing a role in sharing U.S. experience 
and expertise. 

Of particular concern is protection of intel-
lectual property rights.  Some U.S. companies 
seem willing to forego this in China in exchange 
for access to the country’s enormous market.  
Some observers question whether this is in the 
long-term interest of the companies involved.  
Concern exists, too, for U.S. competitiveness in 
industries not tied to clean energy as well as for 
carbon-intensive sectors of the U.S. economy.  
Analysis suggests, however, that trade-exposed 
industries may be relatively few and thus the 
issue may be manageable with proper policies.

Many of these issues came to the fore in 
the course of preparing for the international 
gathering in Copenhagen last December.  The 

meeting caused many countries to scour their 
economies to see where efficiency improve-
ments and carbon emission reductions would be 
possible.  Although Copenhagen disappointed 
many, serious results did emerge.  International 
agreements take time.  Such meetings can help 
advance the agenda although other forums may 
also be productive.  

Domestic progress is crucial.  In the United 
States, a broad discussion of energy and climate 
policy is just beginning.  Many common sense 
measures—building code improvements and 
fuel efficiency, for instance—may be possible 
now to reduce carbon dioxide emissions; oth-
ers may have to await broader public consen-
sus.  Investments in infrastructure will have 
long-lasting effects and should be done in ways 
that recognize and embed efficiency, job cre-
ation, and other values.  Dollars spent on clean 
energy should foster innovation and support 
research institutions that have delivered results 
before.  Performance standards work and they 
offer predictability as a long-term incentive in 
the marketplace.  Price signals are essential.  
Finding ways to do all these in ways that meet 
the divergent views of U.S. policy makers is now 
the challenge. 
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Setting the Stage
The 2009 National Academy of Sciences 

report, “America’s Energy Future,” provides a 
useful lens to examine the role of natural gas, 
coal, and nuclear in the U.S. energy system.  
The report points to several core factors that 
affect American energy needs:  “Heightened 
long-term competition for fossil fuels as a result 
of worldwide population and economic growth; 
Increasing U.S. reliance on world markets and 
their vulnerable supply chains for supplies of 
petroleum (and possibly, in the future, of natu-
ral gas); Mounting volatility in market prices 
for fossil fuels…; Growing concerns about the 
impacts on the environment of burning fossil 
fuels—especially the impacts of CO2 emissions 
to the atmosphere on global warming—and the 
time spans of such impacts….The challenge before 
us is to transform the U.S. energy system in a manner 
that increases its sustainability, supports long-term 
economic prosperity, promotes energy security, and 
reduces the adverse environmental impacts arising 
from energy production and use.”1 

These challenges form the basis for examin-
ing the roles for natural gas, coal and nuclear 
power in the nation’s energy future.  Today, 
90% of U.S. electricity is generated at power 
plants that use these fuels.  Nine out of every 
ten tons of coal and all of the nation’s commer-
cial nuclear energy go into power production.  
By contrast, only 29% of U.S. natural gas pro-
duces electricity; the rest heats and cools build-
ings and runs industrial processes. Therefore, 

this essay largely spotlights the outlook for 
natural gas, coal and nuclear in the nation’s 
electricity future.

And because these three conventional fuels 
so intersect with and dominate the nation’s  
electric sector, this paper also spotlights the 
role of electricity in the U.S. energy future.  
Using 2008 information to set the stage, elec-
tricity production consumes 40% of total U.S. 
energy, ahead of oil’s share that is used for 
transportation (26%), and natural gas used 
for heating and process use in buildings and 
factories (16%).  Along with oil, electricity 
is the fastest-growing U.S. energy source.  In 
the future, if electric vehicles emerge in a big 
way, the U.S. economy will depend on electric-
ity production even more than it does today.   
Assuming that the electric sector’s share of 
the American energy pie grows and also that 
renewable energy increases substantially—as 
it is expected to do in the future—there may 
be pressure still to increase electric generation 
from some combination of coal, natural gas and 
nuclear power.

Several important markers shape a macro 
view about the power system.  Even as it enables 
an advanced economy, electricity is inherently 
inefficient.  For every unit of fuel consumed 
in the production of electricity, 2/3 of its full 
energy value is lost to conversion inefficiencies 
(at the power plant) and delivery losses (on 
the wires).  Electricity is thus vitally important 
to the economy, but exacts an inefficient toll 
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as fuel is turned into power to run motors and 
computers, light up spaces, and perhaps a large 
number of tomorrow’s cars.  Electric produc-
tion and use is also a major source of air and 
water pollution, including 41% of total U.S. 
carbon dioxide emissions (compared to 34% 
of those emissions coming from the moving of 
people and goods, and 26% from non-electrical 
energy used in homes, commercial/industrial 
buildings and production processes).  Burning 
coal and natural gas account for most emissions 
from the power sector.  Nuclear power provides 
70% of the power without carbon emissions.

While electricity no longer moves in lock-step 
with economic productivity of the economy, 
demand for electricity has tended to grow 
(except after the economy collapsed at the end 
of 2008), as more and more economic activ-
ity becomes electrified and as consumers add 
more electronic equipment.  Projections for 
future growth vary considerably, depending 
upon assumptions about the economic stimulus 
funding), continued interest in adding electric-
ity-using equipment (e.g., electric vehicles), the 
pace of economic recovery, and the impact of 
future environmental policies.  Given current 
policy, the Department of Energy (DOE) proj-
ects electricity demand to grow relatively rap-
idly with economic recovery (e.g., up by 1.9% 
in 2010, and by 1.7% in 2011), but will then rise 
more slowly over the rest of the decade (averag-
ing less than 0.8% per year through 2020).  

National v. Regional Power Portfolios: The 
Role of Coal, Nuclear and Natural Gas

There are two ways to characterize these fuels 
as part of the nation’s current power system:  
First, what roles do they play nationally? And, 
then, what role do they play in terms of any 
important regional differences within the U.S.?

Starting with the national picture: more 
than half of U.S. electricity is generated at coal 
plants, 21% at nuclear power plants, and 18% 
at power plants that burn natural gas, thus total-
ing 90% of the nation’s power that comes from 
these fuels. (The rest is mainly from hydro-

power and wind production, with only 1% of 
electric power generated by oil).  Much of the 
nation’s power plants are old: nearly half of 
total generating capacity is older than 30 years.  
Nearly two-thirds of coal plant capacity, 44% of 
nuclear capacity, and one-fourth of gas plant 
capacity is over 30 years old.2   Fourteen percent 
of coal capacity (at over 500 relatively small and 
inefficient generating units3) is already 50 years 
old or older.   By the end of this decade, 94 per-
cent of American nuclear plant capacity will be 
older than 30 years, and approaching the end 
of the original 40-year operating license issued 
by the Nuclear Regulatory Commission (NRC).  
Out of about 100 operating nuclear plants, the 
last 5 reactors to begin operation did so in the 
1990s. 

Each type of plant has its own set of issues and 
attributes. Relative to gas-fired power plants, 
nuclear and coal plants are expensive to build 
but have much lower fuel costs.  Once they are 
constructed, they tend to operate around the 
clock unless they are out for repairs. The young-
er coal and nuclear plants tend to be larger in 
size and more efficient than the older units.  
Safety, maintenance and fuel handling and 
disposal systems require a relatively large work-
force.  Ownership of coal and nuclear capacity 
tends to be fairly concentrated, with half of coal 
capacity owned by thirteen electric companies 
(and with six companies owning a third of total 
coal capacity),4 and with 50% of nuclear capac-
ity owned by only six companies (with three of 
them owning a third of total nuclear capacity).5   

By contrast, natural gas plants are less expen-
sive to build but more expensive to operate 
(because of a relatively high-priced and volatile 
fuel); are relatively new, smaller in size, requir-
ing a smaller workforce, and tending to use a 
technology that enables them to be operated 
more flexibly and capable of being turned off 
and on more quickly.

  The current imprint of these three types 
of technologies varies considerably by region 
of the U.S., with coal plants dominating an 
area of the country that includes the Rockies, 
the Midwest, the South, and the Mid-Atlantic 



states.  Several states in these regions have little 
fuel diversity in electricity mix: West Virginia 
(98% coal); Wyoming (94%); Indiana (94%); 
Kentucky (94%); North Dakota (91%); Ohio 
(85%); Missouri (81%).6 Several states rely 
heavily on power produced by natural gas: 
Rhode Island (97%): Nevada (68%); Alaska 
(59%); California (58%); Massachusetts (51%); 
Louisiana (49%); Texas (48%); and Florida 
(47%).7  Nuclear power is spread more evenly in 
various parts of the country, with plants located 
in most regions except the Pacific Northwest.  
States with a high percentage of nuclear power 
today are:  Vermont (72%); New Jersey (51%); 
Connecticut (51%); South Carolina (51%); 
Illinois (48%). 

 As a result of these different fuel mixes, elec-
tricity prices also vary significantly by region: 
having a high percentage of coal in the electric-
ity mix corresponds strongly with low electricity 
prices; and vice versa.  “Coal country” states 
have economies that are based, in part, on 
access to relatively inexpensive power; and these 
states tend to have higher than average energy 
consumption per capita.  The states, such as 
California, Texas, New York, New England, 
New Jersey, that have little coal in their mix, 
high reliance on gas and nuclear power, and 
historical poor air quality (that made it hard to 
site new power plants with high air emissions) 
also tend to be the states that have had high 
electricity costs for more than two decades and 
restructured their electric industries to intro-
duce competition as a way to help lower prices. 

These regional differences mean that elec-
tricity prices tend to be a big deal politically 
and economically in some parts of the country 
if and when natural gas prices rise (as they did 
over the past few years); in other parts if and 
when the current set of nuclear plants operating 
today face operating challenges (as they have in 
Vermont and New York in recent years) or face 
license renewals; and in yet other regions when 
discussions turn toward the need for mitigating 
the emissions at existing coal plants.  Electricity 
policy making interests thus tend to be as 
much—if not more—about regional politics as 

about other factors (such as party politics and 
ideology).  All of these regions face challenges 
to modernize their power generation systems, 
and the nation faces the challenge of doing so 
in ways compatible with the economic prosper-
ity, energy security, and environmental sustain-
ability goals set out by the National Academy of 
Sciences.

Considering the Trade-offs and 
Opportunities: Coal, Nuclear and Natural 
Gas

On the supply side (and not discussing here 
the role of renewables), the game changers 
involve the ability to develop or otherwise gain 
access to approaches that produce electricity 
with lower greenhouse gas emissions, improve-
ments in the efficiency of power production 
and delivery, ability to safely produce power 
and handle its waste streams, and with less 
dependency of fuels that are highly vulnerable 
to disruptions in the supply chain.  Thus, devel-
oping and deploying a portfolio of advanced 
technologies with domestic or otherwise abun-
dant fuels is key.  

According to analyses recently prepared by 
the Electric Power Research Institute, if the 
U.S. were only able to exploit a “limited port-
folio” of electric options that limited carbon 
emissions but included neither new nuclear 
plants nor new coal plants with carbon capture 
and sequestration (CCS), the mix would end 
up relying heavily on natural gas and lead to 
more expensive electricity over the upcoming 
decades.  (Both the “full” and “limited” sce-
narios assume accelerated energy efficiency and 
renewable.)  Further, the analysis suggests that 
the more technological, policy and cost uncer-
tainty that exists in the next decade regard-
ing advanced nuclear and advanced coal with 
CCS, the more the nation’s investors will turn 
towards natural gas.

The National Academy’s 2009 study also 
concluded that the U.S. has “many promising 
options for obtaining new supplies of electricity 
and changing its supply mix during the next two 
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to three decades, especially if carbon capture 
and storage and evolutionary nuclear energy 
technologies can be deployed at required scales.  
However, the deployment of these new supply 
technologies is very likely to result in higher 
consumer prices for electricity.”  The study pres-

ents a wide range of future cost estimates for 
power supply technologies, thus leaving many 
uncertainties about likely investment choices in 
the actual market place.  The ranges of future 
“levelized cost* estimate” (in 2007 dollars) for 
coal, nuclear and natural gas technologies8 are:

Benchmark: Average Wholesale Cost 6 cents/kwh (in 2007)
Natural Gas Combined Cycle (“CC”**)—low gas price 4 to 7 cents/kwh
Coal (traditional technology) 5 to 9 cents/kwh
Nuclear 6 to 13 cents/kwh
Natural Gas CC with CCS—low gas price 7 to 10 cents/kwh
Coal with CCS 9 to 15 cents/kwh
Natural Gas CC—high gas price 10 to 16 cents/kwh
Natural Gas CC with CCS—high gas price 14 to 21 cents/kwh

* “Levelized cost” is a measure of the all-in cost to generate electricity, and includes the full life-cycle costs of permitting, 
financing, building, operating, fueling, and closing down a power plant, and reflects the average cost of producing a kwh of 
electricity over the life of the power plant. It does not include power delivery cost.

** “Combined cycle” is the most common modern gas-fired generating technology and includes one power generation cycle (a 
gas turbine) to produce power, and then uses the waste heat from that first cycle to produce steam which then produces power 
in a second cycle.

Compared to the average wholesale price of 
electricity (6 cents/kwh), most of these options 
would raise power production costs as they serve 
to modernize the system and help to lower emis-
sions from the power sector (especially relative 
to traditional coal technology).  The power 
production cost from new natural gas plants 
varies most widely, depending upon whether 
the price of natural gas itself is high or low.  
The actual costs of any of these technologies, 
of course, may be quite different from these 
estimates as a result of such things as unantici-
pated changes in construction costs, delays in 
technological deployment, scale-up costs for 
CCS, and changes in environmental require-
ments, among other things.  The cost ranges 
for individual technologies also overlap each 
other, thus making it difficult to project which 
technologies will be chosen by the marketplace.  
Further, the low-end cost estimates for many 
of the technologies assume the availability of 
government subsidies (e.g., loan guarantees 
for nuclear), and the ability to overcome still-

challenging siting, legal, technological, financ-
ing, resource base, delivery, and other issues.  
Further, water issues (e.g., for cooling coal and 
nuclear plants; relating to drilling for natural 
gas or mining coal) could become more impor-
tant for each of these technologies over time.

There are common policy considerations 
that affect all of these options.  Three, in par-
ticular, come to mind: (a) communications and 
education to prepare the American public for a 
future power system that will not be as cheap as 
it has been in the past; (b) legislative and regu-
latory mechanisms that incorporate a price sig-
nal on carbon and other greenhouse gas emis-
sions to reflect the costs of coal combustion that 
are currently being externalized under current 
policies; and (c) other policy tools (such as a 
technology-neutral clean energy or low-carbon 
energy portfolio standard) that create stronger 
support for the deployment of such technolo-
gies over time.  Some of the more critical issues 
for each technology are highlighted below.



Significant Issues for Coal— 
Looking Ahead

The enormous size of U.S. coal reserves 
provides an abundant energy resource for 
the future. Recent estimates (reported in the 
National Academy study) put the size of coal 
reserves at 200 times the current level of coal pro-
duction in the U.S.   Nearly half of the reserves 
are located in the Rockies (especially Montana, 
Wyoming. Colorado, and New Mexico); one-
third is in the Midwest (especially in Illinois and 
Ohio); and one-sixth is in Appalachia (espe-
cially in West Virginia, Kentucky, Pennsylvania, 
and Indiana).9  Traditionally, coal prices have 
remained low relative to other fossil fuels, and 
thus coal seems to offer a near irresistible ele-
ment of the nation’s power resource base.

 The wild card affecting the future of coal in 
the U.S. (and in other countries), however, is 
its role in a carbon-constrained economy.  In 
many ways its role depends on the timing and 
character of carbon controls and the timing 
and character of technological advances that 
would allow significant reliance on coal without 
significant greenhouse gas or other emissions.  
Until these issues are resolved, incremental 
investment in existing and new coal power 
plants will be controversial and contentious.  
Yet if coal is not part of the U.S. electric fuel 
mix in the future, it is hard to imagine how 
the transition to a carbon-constrained energy 
system will occur in a politically acceptable or 
economically sustainable way.

The National Academy report states that coal-
fired power plants with CCS “could provide as 
much as 1200 TWh [terrawatt-hour, equivalent 
to a billion kwh] from repowering and retrofit of 
existing plants and as much as 1800 TWh from 
new plants. In combination, the entire existing 
coal power fleet (which currently delivers about 
2000 TWh of electricity per year) could be 
replaced by CCS coal power by 2035.  However, 
successful commercial scale demonstrations of 
CCS technologies would be required during the 
coming decade to realize this potential.  In addi-
tion, it will be necessary to assess the full implica-
tions, including the environmental externalities, 

of any very large expansion in coal production 
and use. Given the projected costs of CCS, the 
widespread deployment of CCS technologies 
will likely require new governmental policies 
that provide a regulatory or CO2 price push. 
These deployments would reduce the environ-
mental impacts of electricity generation and 
thereby provide indirect economic benefits to 
consumers, though such benefits are difficult to 
quantify.”

The key policy challenges for coal with CCS 
are:  (a) technological advances made possible 
through research and development (R&D), 
with support for a broad range of CCS technolo-
gies that can be used on power plants (including 
existing coal plants) that do not use gasification, 
as well as support for scaling up coal gasification 
with CCS; (b) concerted efforts to address the 
long-term state and federal legal and regula-
tory issues associated with geological storage of 
carbon and with the pipeline infrastructure that 
will be needed to transport large volumes of cap-
tured CO2 to long-term storage sites; (c) devel-
opment of best practices in siting projects; (d) 
transition mechanisms for “coal country” that 
explore ways to induce investment in advanced 
coal at prices high enough to make it commer-
cially viable but with mitigation of the consumer 
rate shock that would inevitably undermine 
political support; and (e) some methods (e.g., a 
new “cash for clunkers” program) under state or 
federal regulatory arrangements that allow own-
ers of the oldest, least-efficient and most pollut-
ing plants to retire the plants, with a production 
tax credit for new investments that meet certain 
emissions performance targets.  

This last point is worth further amplifica-
tion:  Without creating “room” in the electric 
capacity outlook, deployment of new technolo-
gies will be constrained. Given the soft electric-
ity demand during the current recession and 
afterwards (given so much funding for energy 
efficiency measures), the relatively low price 
of natural gas, and the uncertain outlook for 
carbon controls, it is not realistic to expect sig-
nificant new investment in and permitting of 
new advanced coal-fired capacity.   Even during 
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the past decade when natural gas prices were 
high, the actual amount of new coal-fired gen-
erating capacity that was permitted, financed 
and constructed was much lower than the origi-
nal announcements of new coal plants would 
have suggested.  In spite of announcements 
for 37,000 MW of new plants (primarily the 
cheaper, pulverized coal plant technology) to 
be in place by the end of the decade, in the end, 
about 4,500 MW of new capacity was added up 
through 2008.  The reasons given for cancella-
tions and delays were policy uncertainty (espe-
cially regarding carbon legislation), strained 
project economics (as significant increases in 
construction inputs occurred before the end 
of the decade), and anti-coal campaigns that 
fought regulatory approvals of plants (over 
60 plants have been identified as having been 
stopped by opponents opposed to new conven-
tional coal-fired power plants).10 (During that 
same 1990s period, over 256,000 MW of new gas-
fired capacity was added, and over 31,000 MW 
of new wind capacity was put into operation).11  
Retiring some of the least efficient and most pol-
luting plants may provide “room” in the supply 
mix for new, cleaner power plant additions.

Significant Issues for Nuclear:  
Looking Ahead

Nuclear power—both the existing plants that 
use 1960s/1970s technology, and new plants 
using new more standardized reactor designs 
approved by the NRC—offers the promise of 
substantial base-load generation without carbon 
emissions or reliance on a fuel significantly 
subject to supply chain disruptions. The 2009 
National Academy report observed that nuclear 
plants “could provide an additional 160 TWh of 
electricity per year by 2020 and about 850 TWh 
by 2035 through the modification of current 
plants to increase power output (referred to as 
“uprating”) and through new-plant construc-
tion. These amounts would be in addition to 
the 800 TWh produced by currently operating 
plants and do not account for possible plant 
retirements….For the majority of these plants, 
license extensions for an additional 20 years (to 

allow for a total of 60 years of operation) have 
been approved or are being processed. …[I]t 
is possible that some plants will receive license 
extensions for up to an additional 20 years 
(to allow for a total of 80 years of operation), 
decreasing these potential supply losses.”

A seminal 2003 report by a team from the 
Massachusetts Institute of Technology identified 
four issues that must be addressed for a large 
expansion of nuclear power to succeed.  These 
issues are: (a) cost, since the cost of initial new 
plants will not be cost competitive in the near 
term; (b) safety, to ensure that even the lower-
risk, modern reactor designs meet “best practic-
es” in construction and operation are essential; 
(c) waste management, to address the volumes 
created by the current set of existing reactors, 
as well as those to be produced by any new reac-
tors; and (d) proliferation concerns, relying on 
an improved international safeguards regime 
that can adequately meet the security challenges 
of an expanded nuclear program. 

These issues still largely challenge the future 
of nuclear power.  On cost issues, the new 
plants are so expensive that a company actually 
deciding to build one could be placing a bet 
that could swamp the company’s balance sheet.  
While contracting and other cost containment 
approaches may help avoid the cost overruns 
experienced in the 1970s-1990s, the higher 
costs make it hard to convince regulators that 
these plants are the right options to pursue.  
This challenge is exacerbated by current soft 
demand, current economic and credit condi-
tions, and the policy uncertainty about climate 
change (which would increase the value of a 
non-carbon-emitting technology).  Many of the 
companies that have announced interest in 
licensing a plant are doing so in order to keep 
their options open, and have yet to fully commit 
financially to buy a turbine and build a reactor.  
The federal tools enacted in the 2005 Energy 
Policy Act (EPACT), which included loan guar-
antees and production tax credits for output 
from the first wave of nuclear plants, have been 
slow in implementation.  EPACT required that 
loan guarantees be issued in a way that assured 



that taxpayers were protected, which meant the 
program has required substantial due diligence 
so that loans were given only in situations where 
there is a reasonable probability that the loans 
will be repaid.  The DOE has just issued the 
first loan guarantee ($8.33 billion, out of a total 
authorization of $18.5 billion) for two new units 
at the Vogtle power plant in Georgia.12  

There are other challenges.  Recent opinion 
polls show that safety and proliferation issues are 
the focus of the public’s primary concerns:  they 
worry about radioactive releases and terrorist 
attacks.  On the regulatory side, the hoped-for 
streamlined process for NRC review of standard 
plant designs and site-specific license applica-
tions has met substantial practical problems 
as the agency has been asked to review filings 
that were less than complete, with continuing 
changes to the design parameters.  Of the more 
than two dozen new reactor applications filed 
at the NRC since 2007, at least nine have been 
cancelled or suspended indefinitely, and ten 
more have been delayed by one to five years.

The waste management issue continues to 
face substantial technical, legal and political 
hurdles.  After $13.5 billion spent over the years 
to study the Yucca Mountain site, the Obama 
Administration has just formally withdrawn the 
application to license it.  The Administration is 
going back to a drawing board and has set up a 
blue-ribbon panel to fashion a high-level wastes 
regime that can simultaneously address these 
nagging challenges.  In the meantime, spent 
nuclear fuel from the existing fleet of plants 
remains largely held in cooling ponds on the 
sites of the nation’s 100 reactors, and the $23 
billion in funds already collected from electric-
ity ratepayers is being held in a trust fund for 
future use.  The NRC has said that on-site stor-
age at nuclear facilities may occur for at least 100 
years.   The ability to address the waste issue is 
also an important consideration in keeping cur-
rent plant capacity in safe operating conditions.  
If currently operating plants do not receive a 
renewal of their operating license (for one or 
more reasons, such as NRC regulators’ safety 
concerns with regard to the aging equipment, 

or due to cost considerations by the owners, or 
due to state policy pressure to shut down the 
reactor), then the 100,000 MW of generating 
capacity currently in place would begin to taper 
off, with only 60,000 MW available as of 2020. 
And existing capacity is gone by 2035.

Significant Issues for Natural Gas for 
Power and Other Purposes:  Looking 
Ahead

Finally, the prospects for gas are relatively 
rosy, in part thanks to recent technological 
developments that have significantly increased 
the size of the reserves available in North 
America after many years in which production 
at many fields had been declining and the cost-
per-unit of gas output was rising.  Gaining access 
to shale gas resources has been a game changer 
in the U.S. resource base.   This, in turn, has led 
to projections of lower short-term and long-term 
prices for natural gas.  Those developments, 
combined with many years of development of 
long-distance pipeline expansions and termi-
nals for liquefied natural gas (LNG) deliveries 
(aided in part by regulatory changes introduced 
by EPACT),13  have yielded a positive outlook for 
gas for many years to come.  This is positive from 
the point of view of low-carbon emissions (since 
gas-fired power plants are relatively efficient 
power generation technologies, and since natu-
ral gas has half the carbon emissions of coal), 
energy security, and economic competitiveness. 

The National Academy introduced a word 
of caution, though, in light of the volatility that 
existed in global natural gas markets over the 
past decade:  “Natural gas generation of elec-
tricity could be expanded to meet a substantial 
portion of U.S. electricity demand—if there 
were no concerns about the behavior of world 
natural gas markets and prices and about fur-
ther increasing CO2 emissions and U.S. import 
dependence. In fact, lower capital cost and short-
er construction times favor natural gas over coal 
or nuclear power plants for new electric-power 
generation…But it is not clear whether natural 
gas supplies at competitive prices would be ade-
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quate to support substantially increased levels 
of electricity generation. The role of natural gas 
will likely depend on the demand for electricity, 
the magnitude of growth in domestic natural 
gas production, the demand for natural gas for 
other uses (e.g., as an industrial feedstock or for 
space heating), and controls on CO2 emissions.  
If growth in new domestic natural gas produc-
tion were sufficient to offset declines in produc-
tion from existing fields and could be sustained 
for extended periods, domestic resources could 
be used to support expanded electricity pro-
duction. If domestic supplies could not be 
increased, liquefied natural gas imports would 
be needed, thereby exposing the U.S. market to 
increased import dependence and to interna-
tional prices. Increased import dependence has 
important energy-security implications…”  It is 
worth remembering that Russia, a leading sup-
plier of natural gas, has shown a willingness to 
use gas supply as an economic and political tool 
in Europe in recent years.

The outlook thus is favorable.  From a 
policy point of view, several specific issues are 
relevant to the outlook for natural gas, in addi-
tion to those policies that support advanced, 
low-carbon technologies and fuel sources gen-
erally. For example, after the moratorium on 
drilling in the Outer Continental Shelf (OCS) 
ended in 2008, several parts of the OCS areas 
(such as areas in the Atlantic, the Southeast, 
and the eastern Gulf of Mexico) may be ripe 
for inclusion in the Interior Department’s 
long-term leasing plans, as long as the agency 
schedules leases, as proposed, based on inte-
grated resource potential, future energy needs, 
and environmental considerations (such as 
protection of marine sanctuaries).  Further, 
state interests may accommodate an expanded 
leasing program if states are able to retain the 
ability to “opt out” of OCS lease sales within 20 
miles of their shores and if states gain rights 
to share some of the revenues from leases off 
their shores.  Additionally, state and federal 
agencies should coordinate efforts to regulate 
extraction of gas from shale formations, as that 
development only occurs in ways that address 

fundamental concerns about the potential for 
groundwater contamination.

Conclusion
U.S. domestic energy resources—such as nat-

ural gas, nuclear energy, and coal—have great 
potential to meet Americans’ need for energy 
in the future.  None of the options, however, is 
without hurdles—technological progress, safety 
and security concerns, cost considerations, envi-
ronmental impacts, and others.  Policy initia-
tives can help overcome some of these—also at a 
cost, at least for some energy users—but a great 
deal of uncertainty remains in the marketplace. 
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Endnotes

1 National Academy of Sciences Committee on America’s 
Energy Future, “America’s Energy Future: Technology 
and Transformation,” page 25.

2 EIA, Form EIA-860 data (Annual Electric Generator 
Report, data available through 2008). 

3 EIA, Form EIA-860 data (Annual Electric Generator 
Report, data available through 2008).

4 Owners of coal-fired capacity by ownership shares 
of total coal power plant capacity are:  Southern 
Company (9%); American Electric Power (7.2%); Duke 
Energy (5.5%); Tennessee Valley Authority (5.2%); 
MidAmerican Energy (3.4%); Edison International 
(3.0%); Ameren (2.9%); Dominion (2.5%); Detroit 
Edison (2.4%); Progress Energy (2.4%); First Energy 
(2.3%); NRG Energy (2.2%); and Xcel Energy (1.9%).
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5 Owners of nuclear capacity by ownership shares of 
total nuclear capacity are:  Exelon (17%); Entergy 
(9%); Duke Energy (7%); Tennessee Valley Authority 
(7%); Dominion (6%); and FPL (6%).

 6 The other states in which coal makes up more than 
50% of the electric generation (as of 2008) are: Kansas 
(75%); Iowa (75%); New Mexico (73%); Delaware 
(70%); Nebraska (66%); Wisconsin (66%); Colorado 
(65%); Tennessee (63%); Georgia (63%); Montana 
(62%); North Carolina (61%); Michigan (61%); 
Minnesota (58%); Maryland (57%); Pennsylvania 
(53%); South Dakota (52%); and Alabama (51%).  
(Illinois, Oklahoma and Arkansas each had 48% power 
generation from coal, as well.) EIA, Form EIA-906 and 
EIA-920 Databases, http://www.eia.doe.gov/cneaf/
electricity/epm/epm_ex_bkis.html.

7 EIA, Form EIA-906 and EIA-920 Databases, http://
www.eia.doe.gov/cneaf/electricity/epm/epm_ex_
bkis.html. 

8 Levelized cost estimates for renewables were reported 
to be as follows:

 Baseload renewables: Biopower: 8 to 10 cents/kwh; 
Geothermal: 10 cents/kwh

 Non-dispatchable renewables: Wind (on-shore):  4 to 
10 cents/kwh; Wind (off-shore): 5 to 18 cents/kwh; 
Solar photovoltaic (“PV”): 14 to 30 cents/kwh; Solar 
(concentrating solar panels (“CSP”):  8 to 20 cents/kwh

9 The National Academy’s estimates are: West/Rockies 
(244 billion short tons, including Montana (119), 
Wyoming (63), Colorado (16), and New Mexico 
(12)); in the Midwest (145 billion short tons, includ-
ing Illinois (104), Ohio (23). And Texas (12)); and 
Appalachia (100 billion short tons, including West 
Virginia (33), Kentucky (30), Pennsylvania (27), and 
Indiana (9)).

10 EIA, Form 860 data; National Energy Technology 
Laboratory, “Tracking New Coal-Fired Power Plants,” 
January 8, 2010.

11 EIA, Form 860 data.

12 “Underscoring his Administration’s commitment to 
jumpstarting the nation’s nuclear power industry, 
President Obama today announced that the Department 
of Energy has offered conditional commitments for a 
total of $8.33 billion in loan guarantees for the con-
struction and operation of two new nuclear reactors at 
a plant in Burke, Georgia. The project is scheduled to 
be the first U.S. nuclear power plant to break ground 

in nearly three decades…. The two new 1,100 megawatt 
Westinghouse AP1000 nuclear reactors at the Alvin W. 
Vogtle Electric Generating Plant will supplement the 
two existing reactor units at the facility. According to 
industry projections, the project will create approxi-
mately 3,500 onsite construction jobs. Once the nuclear 
reactors become operational, the project will cre-
ate 800 permanent jobs. …Project sponsors include 
Georgia Power Company (GPC), Oglethorpe Power 
Corporation (OPC), the Municipal Electric Authority 
of Georgia (MEAG) and the City of Dalton, Georgia 
(Dalton). …The nuclear facility is eligible for loan 
guarantees because it achieves substantial environmen-
tal benefits by reducing greenhouse gases and other 
pollutants.  In addition, the Westinghouse AP1000 
reactor has incorporated numerous innovations result-
ing in significant operational, safety, and cost enhance-
ments. Georgia’s need for electricity is growing and is 
expected to increase by approximately 30 percent over 
the next 15 years. When the new nuclear reactors come 
on line, they will provide reliable, base-load electricity 
capable of serving about 550,000 residences or 1.4 mil-
lion people. Compared to a similar sized coal plant, the 
new Vogtle units will avoid significant greenhouse gas 
emissions each year: 16 million tons of carbon dioxide, 
3,900 tons of nitrogen oxides, and 5,500 tons of sulfur 
dioxide. As one part of the conditional loan guarantee 
deal, the U.S. Nuclear Regulatory Commission (NRC) 
must determine if the AP1000 fulfills the regulatory 
requirements for a construction and operating license.”  
DOE press release, February 16, 2010.  http://www.
energy.gov/news/8643.htm.

13 The nation’s capacity to import and gasify LNG has 
increased dramatically in the past decade.  As of 10 
years ago, the U.S. had three LNG terminals: three on 
the East Coast (in Everett, Massachusetts, at Cove Point, 
Maryland, and at Elba Island, Georgia), totaling 3.2 bil-
lion cubic feet a day (“bcfd”) of capacity.  Now there 
are 14 facilities in operation (including one in Eastern 
Canada and two in Mexico, both of which can serve the 
US market), for a total of 14.8 mcfd in the U.S. and 
17.5 mcfd in North America.  Several of the facilities 
are on the East Coast (another one off-shore of Boston; 
another at Cove Point), in the Gulf States (three in 
or off-shore of Louisiana; one off-shore of Texas); 
in Eastern Canada (St. Johns, New Brunswick); and 
two in Mexico (M. Altamira, Tamaulipas; and N. Baja 
California).   Additionally, 5 more facilities (in Texas, 
Mississippi, Georgia, and off-shore Massachusetts, and 
Manzanillo MX), are under construction, totaling an 
incremental addition of almost 5.0 mcfd. 
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For much of the last decade, the U.S. Congress 
and other governmental bodies have been grap-
pling with how best to tackle the scientifically, 
economically, and politically complex problem 
of climate change.  Greenhouse gas concentra-
tions (or GHGs, though we loosely use the term 
“carbon” here), due in significant part to fossil 
fuel emissions of carbon dioxide (CO2), are cur-
rently on pace to double or triple pre-industrial 
levels within this century without policy inter-
vention, threatening the earth’s climate system. 
This, together with concerns that a growing reli-
ance on fossil energy could threaten economic 
and political stability, has focused policy efforts 
on ways to “decarbonize” the energy economy.

Efforts to decarbonize the economy can 
take on either a philosophical or technological 
dimension.  As a matter of philosophy, societ-
ies could decide that population or economic 
growth should be curtailed to lessen impacts on 
natural systems.  The merits and shortcomings 
of such a view have been debated by philoso-
phers and ethicists, but that is well beyond the 
purpose of this paper.  As Mr. Blair states in 
the opening quote, nations typically are more 
interested in sustaining, rather than sacrificing 
economic growth and thus efforts in climate, 

energy, and other social problems ought to 
align themselves consistently with those goals.   

Technologically, there are two ways to decar-
bonize: (1) increase efficiency of energy and 
materials (e.g., improved industrial processes, 
vehicle fuel efficiency, insulating homes), and 
(2) reduce the carbon content of the energy 
and materials we deploy (e.g., develop renew-
able energy alternatives).  Government can 
make these things happen a number of ways: 
funding science and technology to develop 
efficient and low-carbon alternatives, building 
infrastructure that private capital may find dif-
ficult to invest in (e.g., the “smart grid”), pref-
erentially purchasing low-carbon goods from 
the private sector, mandating the deployment 
of technologies and behavior, or reorienting 
economic incentives by placing a price on car-
bon.  While prudential policy could include 
some combination of the above, putting a price 
on carbon has been the cornerstone of most 
recent efforts in the U.S. Congress and is the 
primary focus of this paper.

Pricing carbon—a market-based approach
Economists have long argued for the use of 

economic instruments, sometimes called “market-

Pricing Carbon and Other Options for Addressing the 
Economic Challenges of U.S. Climate Legislation
Brian C. Murray, Ph.D.
Director for Economic Analysis
Nicholas Institute for Environmental Policy Solutions
Duke University

The blunt truth about the politics of climate change is that no country will want to sacrifice its economy in 
order to meet this challenge, but all economies know that the only sensible long term way of developing is to 
do it on a sustainable basis.

Tony Blair
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based” approaches to control pollutants as an 
alternative to technology-proscriptive regula-
tion.  These instruments place a monetary value 
on the pollutant, creating a profit-loss incen-
tive to substitute to lower-emitting and energy 
efficient products and for technology change 
to low-carbon solutions.  The two market-based 
approaches most commonly proposed are a car-
bon tax and cap-and-trade.  

Carbon tax
With a carbon tax the government imposes 

a price on the quantity of GHGs emitted and 
retains the proceeds to use or redistribute.  The 
tax raises the cost of carbon-intensive actions 
and thereby motivates movement to low-carbon 
solutions.  But a carbon tax does not guarantee 
a specific emission result; emitters will continue 
to emit as long as the tax is cheaper than the 
cost of reducing an emissions unit.  As a result, 
there is concern that governments will not have 
sufficient information, or will face political 
resistance, to set the tax at a level that would 
effectively stabilize emissions and combat the 
underlying problem.  

Cap-and-Trade
Cap-and-trade controls the quantity of emis-

sions, distributes the fixed number of allow-
ances to emit to the regulated entities either for 
free (“grandfathered”) or through an auction, 
and allows regulated entities to trade these 
allowances in a market which ultimately deter-
mines the price of carbon.  The underlying goal 
is to set the cap at a level that science and eco-
nomics tells us is commensurate with the prob-
lem, ensure the desired emissions reductions 
are achieved, and allow the market to set the 
price.  In principle, by fixing emissions rather 
than allowing them to vary (as a tax does), a 
cap-and-trade program can provide more cer-
tain protection from environmental damage.  

The most significant climate policy proposals 
in the U.S. in the last decade, starting with the 
McCain-Lieberman Climate Stewardship Act of 
2003 (S.139), through the Waxman-Markey bill 

(HR 2454) passed by the House in summer, 
2009, are cap-and-trade bills that cover most 
sources of emissions in the economy, so cap-
and-trade will be the focus of this discussion.   
Before diving into the specifics of HR 2454 
and current Senate deliberations, I introduce 
the primary cost concerns that arise generally 
under a cap-and-trade climate policy.

Cost considerations
Market-based means such as cap-and-trade 

lower the cost of meeting an environmental 
goal, but there are costs nonetheless. It is fair 
to say that costs, or the perceptions thereof, 
present the most challenging hurdles to climate 
policy adoption.   Here is a brief review of the 
cost issues that arise.

Cost to the overall economy. This is a macro-
economic argument that capping carbon would 
profoundly affect the growth trajectory of the 
economy (GDP), total employment and stan-
dards of living. The presumption is that con-
straining how energy, which accounts for about 
6-8 percent of GDP, is produced through car-
bon constraints would reverberate through the 
economy in ways that would disrupt the primary 
engines of economic growth (monetary policy, 
fiscal policy, investment, innovation, work force 
participation, etc …).  

Disproportionate costs on certain sectors and 
regions.  Most studies of cap-and-trade propos-
als suggest that even fairly aggressive policies 
are not likely to significantly disrupt macroeco-
nomic growth.  However, using macroeconomic 
measures such as GDP as an evaluation metric 
can obscure important differences across sec-
tors and regions, especially those that are more 
reliant on fossil fuels.  Recent debate has high-
lighted the economic anxiety about the poten-
tial costs on regions reliant on energy-intensive 
industry and agriculture.   

Loss of global competitiveness.  Related to the 
last point, concerns have been raised about the 
impact of a carbon price on sectors of the econ-
omy that have relatively high energy reliance 
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and trade in world markets where some of the 
competition may not be subject to carbon caps 
or prices. There are concerns that this might 
undermine the competitiveness of these sectors 
and, to further the problem, simply shift emis-
sions to unregulated countries, a phenomenon 
known as “leakage.”  

Costs for low-income households.  Low-income 
households spend a larger portion of their 
income on energy and could thus be more-
exposed to carbon-price driven energy cost 
increases.1 Moreover, these households are less 
able to invest in ways to reduce energy con-
sumption such as insulation, energy-efficient 
appliances and vehicles that can help mitigate 
the cost burden. 

Carbon price uncertainty. Under cap-and-trade, 
the carbon price is determined by a largely 
fixed supply of allowances and a demand for 
allowances that will vary over time based on 
factors such as weather, energy market fluc-
tuations, and macroeconomic shocks.  This will 
cause allowance prices to fluctuate. Even if pro-
jected costs are low and seemingly manageable, 
too much price volatility could disrupt budgets 
and investment decisions.

The counterargument—costs are negative.    The 
argument that climate action more than pays its 
way has two dimensions. First, the economic 
studies of specific cap-and-trade proposals do 
not generally address the costs to the economy 
of inaction, costs such as loss of infrastructure 
from sea-level rise, reductions in agricultural 
productivity, increase in heat-related illnesses 
and death to name a few.  Many studies suggest 
that these costs could be quite considerable 
relative to the cost of action2 though this is not 
without debate.3  The second dimension argues 
that a carbon price will stimulate innovation 
and technological transformation to a more 
efficient economy that will more than pay for 
itself in terms of lower energy costs and other 
efficiencies.4  

Waxman-Markey Bill 
The American Clean Energy and Security 

Act of 2009 (HR 2454), introduced through the 
House Energy and Commerce Committee by 
Representatives Waxman (D-CA) and Markey 
(D-MA) is a cap-and-trade bill that covers the 
electricity, transportation, and industrial sec-
tors.  These sectors, collectively accounting for 
about 85 percent of U.S. emissions, are capped 
at 17 percent below 2005 levels by 2020 and 83 
percent below 2005 levels by 2050.  The cap is 
imposed by issuing allowances each year equal 
to the capped total. Initially most allowances 
are given away for free to regulated entities and 
for other directed purchases (e.g., low-income 
households, technology funds, deficit reduc-
tion), but over time a larger share is auctioned 
by the government.  HR 2454 has a number 
of key provisions to address cost concerns, as 
shown in Table 1. 

Economic analysis of HR 2454
Since its introduction in March 2009, through 

its passage in June and beyond, several econom-
ic studies of HR 2454 by government agencies, 
academics, businesses and nongovernmental 
organizations (NGOs) were conducted.  While 
results vary across these studies, the nature of 
the findings can be summarized as follows.   

Unlikely to cause macroeconomic disruption. 
Estimates suggest that HR2454 impacts are not 
likely to be large relative to other factors driving 
the economy—if done steadily over time with 
advancement of low-carbon technologies and 
offset availability.  EPA’s study of HR 2454, indi-
cated an annual cost of about $62/household 
in 2020, rising to an average cost of $117 per 
household in present value terms over the 2010-
2050 time period.5 The Energy Information 
Administration (EIA) study of the bill finds 
cumulative GDP impacts from 2012-2030 of 
0.2-0.9 percent of total GDP, with a central esti-
mate of 0.3 percent.6  Under any scenario, the 
economy is projected to grow steadily over time, 
with substantially higher economic output and 
consumption in the future than today.  
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Offsets are critical for containing costs.  The 
EPA and EIA studies show that, when freely 
available at the limits allowed in the legislation, 
offsets can account for a large share (roughly 
half) of total GHG abatement generated by 
the bill. Most of these offsets are from interna-
tional rather than domestic sources and most 
of the international offsets come from reduced 
emissions from deforestation and degradation 
(REDD).  If international offsets are limited 
either by changes to the legislation or sup-
ply availability, this would roughly double the 
allowance price.

The least-cost low carbon path for electric 
power draws on carbon capture and storage 
(CCS) from coal plants, nuclear power and 
renewables. Following this trajectory, the elec-
tric power sector is largely decarbonized by 
2050. If these alternatives are slow to material-
ize, this would drive up costs considerably.7   

Free allocations to trade-exposed industries can 
substantially mitigate impacts. At the request 
of several Senators from key manufacturing 
states, the Obama Administration conducted 
an analysis of how well the EITE provisions 
could remedy economic losses to EITE sectors.8  
Industries presumptively eligible for EITE sta-
tus are estimated to be 44 of the roughly 500 
manufacturing sub-sectors, accounting for 12 
percent of manufacturing output, 6 percent of 
industrial employment (0.5% of all non-farm 
employment) and about half of all manufac-
turing sector GHG emissions.  The report 
found that a carbon price of $20 per ton (in 
the neighborhood of core HR 2454 estimates) 
could raise production costs by about 2.5 per-
cent, reduce net exports by about the same 
amount, and cause 10 million tons of leakage 
to other countries (leakage means that emis-
sions shift to where the production increases 
elsewhere to pick up slack from decline in U.S. 
net exports, which would be about 0.2% of 
the cap).  However, the EITE provisions in the 
bill were found to counteract these effects on 
affected producers by giving most of their allow-
ances for free.   

U.S. agriculture can benefit from cap and trade.  
Agriculture is not capped under HR 2454 so it 
does not incur costs directly.  But energy is an 
important input to agricultural production in 
the U.S. and many agricultural interests are 
concerned about the impact of higher energy 
costs as a result of HR 2454.  Economic studies 
of the agricultural sector confirm that input 
costs rise, but that through a combination of 
changes in practices, higher output prices, 
higher demand for bioenergy, and revenues 
earned in the offset market, the gains to agri-
culture can outweigh the costs.9     

Rebates to low-income households can more 
than offset their costs.  Targeting payments to 
low-income households can more than make 
up for the costs that they incur.  EPA’s supple-
mental analysis of HR 2454 demonstrates that 
taking into consideration both the increase in 
costs of energy and other goods and the direct 
rebates, households in the lowest three deciles 
experience a net increase in economic welfare.

The strategic reserve of allowances provides a 
backstop to rein in allowance prices.  As indi-
cated in the previous section, HR 2454 sets aside 
allowances in account and introduces them to 
the market if prices evolve to unexpectedly high 
levels. Modeling performed with colleagues at 
the Nicholas Institute shows that the allowance 
reserve provisions should be sufficient to meet its 
intended cost containment objectives. However, 
as with many other cost aspects of the bill, this 
becomes more challenging without offsets being 
available and requires the steady development of 
low-carbon technologies over time.

Factors under consideration in the Senate  
HR 2454 passed by a vote of 219-212 in 

the House in summer 2009, and is now being 
taken up in the Senate.  Senators Kerry and 
Boxer introduced The Clean Energy Jobs and 
American Power Act of 2009 (S.1733) in the 
fall of 2009.  S.1733 essentially adopts the struc-
ture and scope of HR 2454, including the cost 
containment provisions outlined above, with 



some moderate changes to the timing of the 
cap, limits on offsets, and the size (and name) 
of the strategic allowance reserve.10  The EPA’s 
preliminary economic analysis estimates very 
similar economic impacts of S.1733 and HR 
2454, and thus we will not explore the minor 
differences here.

As of this writing (early March, 2010), much 
is up in the air with respect to Senate legisla-
tion.  Senators Kerry (D-MA), Graham (R-SC), 
and Lieberman (I-CT) are working across party 
lines to forge a legislative alternative that can 
attract a filibuster-proof 60 votes.  Cost concerns 
remain central to the political calculus. A num-
ber of key issues have emerged through winter 
2009-2010 that are being seriously considered in 
Senate deliberations including modification of 
the core features of the cap-and-trade program 
and alternative approaches that could either 
complement or substitute for cap-and-trade. 

Modification of cap-and-trade design  
The initial primary focus has been on how to 

modify the basic cap-and-trade template drawn 
by the House (HR 2454) and Senate (S.1733).  
Table 2 presents a number of design features 
that have been proposed for modification to 
address cost concerns.  I assess the features, 
their rationale and the implications for cost and 
environmental effectiveness. 

CLEAR Act

The most significant effort thus far to modify 
the design of the cap-and-trade program is the 
Carbon Limits and Energy for America’s Renewal 
(CLEAR) Act introduced by Senators Cantwell 
(D-WA) and Collins (R-ME).  CLEAR incorpo-
rates the first four modifications highlighted in 
Table 2.  

 • “cap-and-dividend” approach which auc-
tions all allowances to regulated entities 
and returns 75 percent of the proceeds 
directly back to households; 

• limits trading to capped entities only, with 
the expressed intent to avoid speculation 
and price manipulation by intermediaries;  

• does not allow the use of offsets for com-
pliance purposes, but does stipulate that 
some (unspecified) share of the auction 
proceeds will go for “offset-like activities;” 
and 

• establishes a hard price collar which guar-
antees a price floor in the auction at $7/
ton and a price ceiling of $21 by offering 
an unlimited number of allowances avail-
able at $21.

CLEAR’s authors advocate it as a simplified 
program focusing more on “cap” than “trade.”   
Clearly this is motivated by the havoc caused to 
the world economy by misunderstood deriva-
tive trading mechanisms and the sense that 
trading allows “Wall Street” to profit on “Main 
Street” businesses and households.  While other 
approaches such as HR 2454 couple more 
robust trading with more general market over-
sight provisions, CLEAR takes a more preemp-
tive approach by restricting trading to begin 
with.  A thorough review of CLEAR is beyond 
the scope of this paper, but Table 2 gives a 
sense of the economic implications and trad-
eoffs involved in some of its key features.  Some 
early economic modeling of CLEAR suggests 
that the combination of offset prohibition and 
price collar provisions could cause emissions to 
rise above the cap.11     

Sector-based phased approaches

Another approach currently being discussed 
is the idea of moving from one unified econ-
omy-wide cap-and-trade program to one that 
treats different sectors differently and possibly 
at different points in time.12  Most discussion 
has focused on the idea of starting with the util-
ity sector as the most ready to take on a cap for 
a combination of technological, economic, and 
political reasons.  The utility sector is already 
engaged in cap-and-trade through the Acid 
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Rain trading program for SO2 (sulfur dioxide) 
and NOx (nitrogen oxide) and for CO2 in 
the northeastern states through the Regional 
Greenhouse Gas Initiative (RGGI) and thus 
have requisite knowledge of how it works.  
Moreover, at least the first part of the low 
carbon technological pathway is a bit clearer 
in the electric power sector than it may be in 
other sectors via fuel-switching and the adop-
tion of renewable alternatives in response to a 
labyrinth of renewable portfolio requirements 
being established at the state level. 

The notion of phasing is that the other sec-
tors will follow in due course either folding into 
the cap-and-trade program or following another 
mechanism.  In HR 2454, the industrial sector is 
phased into the cap-and-trade program over the 
first five years, but other approaches (technol-
ogy standards) are possible. One way to bring in 
transportation that has been advocated by some 
companies in the petroleum industry includes a 
“linked fee” approach, which is somewhat of a 
hybrid between cap-and-trade and a carbon tax. 
The “linked fee” ties a fixed per-ton payment 
for the carbon content of transportation fuels 
to some periodic average of the carbon price 
from the cap-and-trade program for the other 
sectors. This prices carbon for transportation, 
but does not bring allowance demand from 
transportation directly into the carbon market, 
which means that transportation demand does 
not move up the carbon price. This lowers the 
burden, but also lowers the carbon price incen-
tive for reductions.

Incentives for nuclear power, clean coal, 
and oil-and-gas drilling 

Economic modeling of cap-and-trade options 
suggests that cost-effective emission reduction 
strategies include fuel-switching from coal to 
natural gas in the near term and movement 
from conventional fossil generation to “clean 
coal” technologies such as carbon, capture and 
storage (CCS) and nuclear power in the mid- to 
longer-term.  These options could require some 
government incentive to materialize in the form 

of upfront funding of CCS networks, loan guar-
antees and regulatory modification for nuclear 
power, and relaxation of restrictions on offshore 
oil and gas drilling.  President Obama implicitly 
referenced this type of support in and around 
his State of the Union address, in recognition of 
the need to bring together different factions in 
support of his climate and energy platform and 
to help the Senate forge an agreement on a cli-
mate and energy bill.  He has, however, argued 
that these programs should be complementary 
to a price on carbon, not a substitute for it.

Energy bill without cap-and-trade
In July 2009, the Energy and Natural 

Resources Committee under the leadership of 
Senator Bingaman (D-NM) passed the American 
Clean Energy Leadership Act of 2009 (S. 1462), 
a bill that includes a wide range of provisions 
to advance clean energy, enhance energy effi-
ciency, improve energy security, and inform 
the development of energy markets.  One of 
the goals of the legislation is to develop energy 
sources that significantly reduce GHG emis-
sions, and the introduction of a federal renew-
able electricity standard (RES) would certainly 
move that sector in that direction, but the bill 
itself does not include any direct cap, mandate, 
or pricing of GHG emissions. 

A key issue in Senate deliberations is whether 
an energy bill without a cap or price on carbon 
is sufficient to reduce GHGs to the levels need-
ed for U.S. contribution to global climate goals.  
The dominant mantra of climate policy efforts 
for the last decade has been “price carbon” in 
the belief that without a strong financial incen-
tive permeating through all economic deci-
sions affecting GHG emissions, transformative 
change cannot occur.  This argument has a bit 
of a chicken-and-egg feel to it. A carbon price 
can do little more than exert pain unless there 
are advanced technologies available to switch 
to.  But the incentive to develop and use those 
technologies is diminished without a carbon 
price.  Efficiency and technology mandates are 
in some ways a hedge against the possibility 
that either a price on carbon will not emerge 
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or that it will not be strong enough to induce 
the technical change.  Many feel that a prudent 
strategy would be to rely on a mix of technology 
funding, efficiency requirements and a price on 
carbon.

Concluding Thoughts
“… Lax  enforcement increasingly was justified  by 

the rapid  growth of foreign competition,  especially 
from Germany and America where the Industrial 
Revolution was now fully under way and where  
concern  about  smoke  was  just  beginning. Many 
industrialists in Britain no longer apologized for their 
pollution but instead boasted that smoke signified jobs 
and profits.”

Carlos Flick, from The Movement for Smoke 
Abatement in 19th-Century Britain13 

Things are much different, of course, in 21st 
century America than in 19th-century Britain, 
but the pitting of “jobs versus the environment” 
has withstood the test of time.  Despite wide-
spread recognition that smoke from factories 
and homes was a serious health problem and 
despite the widespread availability of furnace 
combustion technologies to curtail smoke, it 
took more than 100 years for the British to solve 
this pollution in any significant way.  The major 
difference between smoke in the 19th cen-
tury and GHGs now is the amount of time that 
each stays in the atmosphere.  Smoke or smog 
stay in the atmosphere for a matter of days or 
months, while GHGs reside in the atmosphere 
for hundreds of years. Britain could have saved 
thousands of premature deaths by solving its 
smoke problems earlier, but once Britain finally 
decided to do so, the effects were reversed 
relatively rapidly. But delaying GHG reductions 
means that atmospheric levels will continue to 
increase and remain elevated for some period 
of time, sustaining the environmental threat 
even after the technological change has taken 

place.  Clearly the timing of action is a critical 
issue.  The scientific community would argue 
that we do not have anywhere like 100 years to 
sort this out.  

 The wake of a deep recession is a difficult 
place to start a technological revolution, espe-
cially one to forestall a looming future threat. 
Times like these tend to freeze capital as inves-
tors lose confidence in the future.  Recent 
events have turned our attention back to les-
sons learned from the Great Depression in the 
1930s. That period did display a decline in inno-
vative activity as many investors and businesses 
played wait-and-see.  But there were important 
exceptions.  Companies such as DuPont devel-
oped pioneering new products, RCA expanded 
into new markets (television), and others such 
as Polaroid and Hewlett-Packard were essen-
tially high-tech start-ups seeded in the 1930s.14   

We should not ignore the damage caused and 
still remaining from the economic crisis of the 
last two years in looking for climate and energy 
policy solutions, but we should avoid tenden-
cies to use the recession as the primary factor 
driving what to do (or not to do) about climate 
change. Action should be driven by the long-
run fundamentals of the problem: reducing cli-
mate threats, increasing energy efficiency, and 
developing clean energy sources in a timely and 
economically sustainable way.  Ignoring these 
issues in the name of “getting our economic 
house in order” pushes the problem off into 
the future, where it is likely to become more 
expensive to fix and thereby threaten future 
prosperity.  But using a shotgun approach in an 
attempt to regulate or spend the economy back 
to health through a laundry list of climate and 
energy initiatives could be misguided as well 
unless care is taken to ensure each initiative 
supports the long-run fundamental goals and 
creates the proper incentives for reducing emis-
sions and enhancing technological innovation. 
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Table 1. Cost containment provisions under HR 2454 
 

Provision What it does 

Banking and 

borrowing 

Firms can hold allowances issued in one year for 
compliance in a later year or borrow a limited quantity 
of allowances from a future year for current use. This 
provides compliance flexibility, allowing firms to shift 
their abatement in better timing with their investment 
decisions.  
 

Offsets Firms in the capped sectors can use as a form of 
compliance offset credits generated by certified net 
GHG reductions in uncapped sectors of the economy, 
such as agriculture, forestry, landfills, and livestock, or 
in uncapped countries (e.g., reduced deforestation or 
renewable energy investments in developed countries).  
These reductions are often less expensive than capped 
sector reductions and thus can reduce the costs of 
achieving the targeted cap.  

Competitiveness/trade-

exposed industries   

The bill gives allowances for free to energy intensive 
trade exposed (EITE) sectors to alleviate competitive 
disadvantage.  Industries presumptively eligible for 
EITE status are based on energy intensity, GHG 
intensity, and trade intensity. 

Aid to low-income 

households 

The government auctions 15 percent of the allowances 
each year with proceeds to be used as a rebate for low-
income households.  
 

Allowance price 

containment 

The bill establishes a strategic carbon reserve which 
holds a fixed number of allowances in reserve and 
introduces them to the market if prices rise above a 
certain level (starting at $28/ton). The bill also provides 
a price floor of $10/ton by establishing that as a 
minimum floor price for government auctioned 
allowances.  
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Table 2. Cap-and-Trade Design Features: key proposed modification in Senate deliberations 

 
Feature Description Rationale Economic 

implications/tradeoffs 

Cap-and-

dividend 
Auction all the 
allowances to emitters, 
and redistribute all or 
most auction revenues 
directly back to 
households via a 
dividend or a tax cut.  

Transparent distribution of 
revenues to households 
focuses on correcting 
incentives (pricing carbon) 
rather than taxing  
households. 
 

Foregoes use of auction 
revenues to centrally fund low 
carbon technology and network 
initiatives.   Dividend could 
produce income transfers from 
more fossil-dependent regions to 
less  

Limit trading 

to regulated 

entities 

Allowance trading only 
among entities subject 
the cap (“first sellers”) 

Avoids profit and 
speculation by financial 
intermediaries 

Reducing participation reduces 
trading volume and could make 
market less efficient. 

No offsets Prohibit the use of 
certified offsets from 
uncapped sectors and 
countries to meet 
compliance obligations. 

Offsets are mistrusted by 
some as illusory and a 
means to send U.S. money 
overseas 

Potentially large increase in cost 
of program  by focusing all 
compliance on capped entities. 
Loss of revenue streams to 
domestic uncapped sources such 
as agriculture and forestry and 
foregoes flow of funds to stop 
deforestation  

Hard price 

collar 
Establishes a price 
ceiling by guaranteeing 
an unlimited number of 
allowances available at a 
maximum price and 
establishes a price floor 
by establishing a 
minimum price at which 
allowances can be 
auctioned 

Goes beyond current 
legislation’s strategic 
reserve, which limits 
quantity of allowances 
released to maintain price 
ceiling and thus may not 
guarantee the ceiling. This 
guarantees ceiling by 
issuing unlimited 
allowances. 

By guaranteeing  a price ceiling, 
it does not guarantee an 
emissions result.  Unless 
otherwise addressed, emissions 
are allowed to exceed the cap 
over time.  Current reserve 
approach enforces emission 
budget.  

Utilities first Start cap-and-trade first 
with electric utilities only 

Utilities already 
experienced with cap-and-
trade through SO2 and 
NOx trading programs and 
RGGI in Northeastern 
states.  Relatively small 
number of large stationary 
sources with well-defined 
low carbon options to 
contend with  

Emission reductions in electric 
power generally seen as the 
most cost-effective, but limits 
the opportunitity for cross-sector 
trading and efficiencies. Only 
addresses one-third of the 
emissions, so cannot solve long-
term problem on its own.  

Linked fee for 

transportation 
Transportation sector  
pays a fee on carbon 
content of fuels based on 
carbon price in the cap-
and-trade program 

Lower carbon price for 
transportation and  capped 
sectors reduces burden and 
may lower volatility   

Depending on how the cap is set 
and whether transportation is 
inside or outside the cap, could 
reduced strength of incentives 
for economywide reductions.  

 



Introduction
Transportation policies will necessarily be at 

the heart of addressing the twin, and related, 
issues of energy security and climate change.   
The transportation sector is the nation’s major 
user of petroleum and is almost totally depen-
dent—96 or 97 percent—on petroleum for 
its energy needs. Approximately two-thirds of 
the liquid petroleum used in the United States 
annually is used in transportation.  These cir-
cumstances, also, mean that transportation is 
a primary source of greenhouse gas (GHG) 
emissions. Approximately one-third of U.S. 
GHG emissions come from transportation, and 
it is the most rapidly growing source of carbon 
emissions.  

It is impossible to imagine that the United 
States will reduce the economy’s dependence 
on oil—with the attendant economic, environ-
mental, and national security risks that such 
dependence presents—without addressing the 
transportation sector.  In the past decade the 
almost total dependence of the transportation 
sector on petroleum has taken on greater urgen-
cy.  Most of the oil that powers the transporta-
tion sector comes from foreign sources, leading 
to the massive transfer of American resources 
to politically unstable regions of the world and 
sometimes to regimes, whose interests are antag-
onistic to those of the United States.  

Transportation’s dependence on oil also 
has significant economic effects.  Much of 
America’s trade deficit is attributable to the 

vast amount of oil imported into the country.  
Moreover, since oil is part of a global market, 
it is subject to substantial price volatility that 
introduces instability in the domestic economy 
and adds great uncertainty to investments in 
alternative energy sources for transportation. 

The effort to reduce oil use and to move 
toward de-carbonizing the transportation sec-
tor has for the last thirty or forty years depend-
ed largely on improving the fuel efficiency 
of mostly light-duty vehicles through federal 
regulation (the so-called CAFE regulations, 
administered by the National Highway Traffic 
Safety Administration (NHTSA) of the U.S. 
Department of Transportation (DOT)).  To 
date, these federal energy regulations have 
had little impact on significantly reducing the 
almost exclusive dependence of transportation 
on petroleum. 

Increasingly, there is recognition that, in 
addition to taking action to improve the effi-
ciency of transportation vehicles, federal policy 
should seek to encourage the use of alterna-
tive energy sources for transportation, such as 
electrification of the fleet, and to reduce the 
amount of transportation activity (that is, the 
number of petroleum-dependent vehicles and 
the miles that they travel).  These goals should 
be important elements of national transporta-
tion policies and investments. 

The urgency of transportation’s dependence 
on petroleum, and the resulting risks to the 
American economy, suggest that advancing 

Improving U.S. Energy Security Through  
Sound Transportation Policy

Emil H. Frankel, LL.B.
Director of Transportation Policy
Bipartisan Policy Center
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energy security considerations (with related 
benefits to reducing GHG emissions) should 
now become a central purpose and goal of 
transportation policies, programs, and invest-
ments.  The adoption of energy security, as a 
goal of national transportation policy, would 
go beyond the mitigation of the environmen-
tal impacts of transportation projects that has 
become increasingly required over the last 
twenty or thirty years.

Reauthorization of the federal surface trans-
portation programs, as well as the energy and 
climate change legislation that Congress may 
consider this year, afford opportunities to estab-
lish linkages between transportation programs 
and investments with energy and environment, 
as well as with economic, values. Currently, the 
highway, transit, and highway safety programs 
are operating under a series of short-term 
extensions.  These extensions, as well as the 
multi-year authorization bill that Congress will 
consider this year or next, create opportunities 
to put in place the “building blocks,” that is, the 
data, analytical tools, and pilot programs that 
will inform the Administration and Congress 
on the linkages between transportation, energy, 
and climate change.

Establishing the linkages between transporta-
tion policies and a set of national goals, includ-
ing energy security, can only occur, however, as 
part of a broad and fundamental programmatic 
reform.  U.S. transportation policy needs to be 
more performance-driven, more directly linked 
to a set of clearly articulated goals (including 
the integration of energy security and environ-
mental sustainability with transportation poli-
cies and programs), and more accountable for 
results.  While there is a clear need to increase 
substantially investment in America’s transpor-
tation infrastructure, greater investment should 
be “wiser” investment that brings economic, 
energy, and environmental benefits. 

Potential for Improving U.S. Energy 
Security and Reducing Greenhouse 
Gas Emissions by Reforming Federal 
Transportation Policy 

Over the last two decades national transpor-
tation policy has lost direction and a clear sense 
of purpose.  While investment in the nation’s 
transportation infrastructure must be substan-
tially increased, severe budget and fiscal con-
straints at all levels of government will almost 
certainly mean that public capital for invest-
ment in the transportation system is likely to be 
severely constrained for the immediate future.  
These circumstances highlight the importance 
of focusing on a clear set of national goals with 
federal funding provided to those state and 
local transportation programs that offer the 
greatest promise of enhancing energy secu-
rity and environmental sustainability, and of 
addressing other national purposes. 

The federal programmatic reforms that flow 
from an emphasis on goals, outcomes, per-
formance, and accountability and that will 
enhance the linkages between transportation 
investments, energy security, and environmen-
tal sustainability should rest on three essential 
elements:

First, greater coordination of federal policies 
and initiatives, related to energy security;

Second, a shift in the emphasis of federal 
grants from individual projects to compre-
hensive state, multi-state, regional, and local 
strategic programs that address a full range of 
national goals; and

Third, competition, flexibility, and innova-
tion at state and local levels, in addressing 
national purposes and values, including energy 
security and climate change.

Within DOT there has been little integration 
or coordination of the regulatory initiatives and 
responsibilities of NHTSA and the grant-making 
powers of DOT’s principal operating entities, 



the Federal Highway Administration (FHWA) 
and the Federal Transit Administration (FTA).   
Coordination has been even more tenuous 
between DOT and the U.S. Department of 
Energy (DOE), the principal source of money 
for research and development in fuel effi-
ciency and alternative energy for the trans-
portation sector, as well as between DOT and 
the Environmental Protection Administration 
(EPA), which exercises regulatory authority 
affecting transportation activity. 

Coordination of policy and programs at all 
levels of government must, however, go beyond 
these transportation and transportation-related 
activities, if America is to move beyond its cur-
rent dependence on petroleum.   While the 
dominance of the automobile and the con-
struction of highways and roads have enabled 
a pattern of low-density urban development 
to dominate the American landscape, with all 
of the related environmental impacts and the 
dependence on petroleum that flow from that 
“auto-mobility,” other national, state, and local 
policies have supported this development pat-
tern and may be as, or more, responsible for 
it.  These policies include the national commit-
ment to single-family home ownership through 
the easy availability of mortgage credit and the 
tax deductibility of mortgage interest, local land 
use regulations, and the dependence of local 
jurisdictions on property taxes.   Economically 
and socially, the United States has become cap-
tive to the petroleum that keeps the nation’s 
transportation system functioning.

Yet these issues are complicated.  The same 
public policies and investments that made the 
United States population ever more dependent 
upon oil have also provided the nation with 
extraordinary mobility and access and have 
established the foundation for America’s eco-
nomic growth and prosperity.  Since the bases 
of the dependence of America’s transportation 
system on petroleum are long-standing and 

inter-related, moving away from that depen-
dence will be a difficult and complicated pro-
cess.  How to do so will necessarily vary from 
place to place and must involve a range of 
complementary policies, programs, and invest-
ments.  While national goals (including reduc-
ing the nation’s dependence on petroleum) 
should be consistent and clear, federal policy 
should be permissive, allowing states and locali-
ties to shape the programs that successfully 
address established national purposes. 

DOT should be interested in the “what,” that 
is, in results and outcomes across the entire 
suite of national goals and metrics, and not in 
the “how.”

A significant portion of federal surface trans-
portation funding under a reformed program-
matic framework should promote competition 
among states and localities.  Competitive fed-
eral grants can encourage and reward innova-
tive strategic programs at the state and local 
levels that best address national goals, including 
(but not limited to) strong linkages between 
transportation investments and transportation-
related actions that reduce petroleum con-
sumption and GHG emissions.  Recipients of 
funds should be held accountable for achieving 
progress toward a suite of nationally established 
goals of economic growth, national connec-
tivity, metropolitan accessibility, safety and, 
importantly, energy security and environmental 
sustainability.  

As learned from the early experiments with 
the Transportation Investment Generating 
Economic Recovery (TIGER) and Urban 
Partnership programs, competition spurs inno-
vation.  National transportation policy should 
spur state and local recipients of federal funds 
to develop strategic and comprehensive pro-
grams to address the full range of issues that 
influence dependence on petroleum and do so 
in a manner that enhances economic growth, 
improves safety, and expands accessibility.  
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Additional or supplemental federal funding 
should be awarded to those state, regional, 
local, and metropolitan programs that dem-
onstrate progress toward reducing petroleum 
consumption and GHG emissions, even as they 
address the multiple and complementary  goals 
of economic growth, national connectivity, met-
ropolitan accessibility, safety, energy security 
and environmental sustainability.  At the state 
and local level, applicants and recipients of 
federal surface transportation funds should 
have broad flexibility and discretion, in shaping 
broad and inclusive strategic programs. 

Measures to Reduce Petroleum 
Dependence and to Influence Travel 
Demand

Measures specific to the transportation sec-
tor are more likely to lead to significant reduc-
tions in transportation’s dependence on petro-
leum and to influence travel behavior than are 
economy-wide carbon pricing measures, at least 
at the levels currently under discussion.   There 
is, indeed, some evidence that the use of petro-
leum for light-duty vehicles has leveled-off.  
While this may be a result, at least in part, of the 
Great Recession, of slower economic growth, 
and of high unemployment, much of this trend 
may be attributable, as well, to more rigorous 
fuel efficiency standards, to the increasing effi-
ciency of light-duty vehicles, and to changing 
vehicle purchasing patterns. 

However, in the short and intermediate term, 
depending on improved vehicle efficiency and 
the introduction of alternative fuels to achieve 
the goal of enhanced energy security cannot 
be the only solutions.  If American transporta-
tion is to reduce its almost total dependence on 
petroleum, there almost certainly will have to be 
some reduction in petroleum-dependent trans-
portation activity.  While there is much debate 
and little agreement among economists and 
transportation scholars about whether economic 
growth causes travel demand and vehicle miles 
traveled (VMT) to increase, or whether increas-
ing VMT is a precondition of economic growth, 

there clearly is a relationship between the two.  
Thus, if motorized transportation activity is to be 
reduced through public policies, such policies 
must be undertaken in a manner that protects 
economic growth and job access.  Striking this 
balance will depend, to a significant degree, on 
innovative, collaborative plans, projects, and 
investments at the state and local levels.

A reformed national transportation poli-
cy and programmatic structure, one that is 
“bottom-up,” can play an important role in 
reducing travel demand, while protecting eco-
nomic growth and other critical national values.  
The development and implementation of clear 
goals and of objective performance criteria 
and measurements can be used to choose 
among different investment options and to 
allocate funding to those programs, projects, 
and activities that promise the greatest benefits 
for energy security and economic growth.  Such 
a “bottom-up” approach has the potential to 
promote innovation and to incentivize actions 
and investments at the state and local levels 
that can achieve national energy security and 
climate change goals without being prescrip-
tive.  Moreover, an emphasis on comprehensive 
strategic programs, rather than on individual 
projects, allows trade-offs between investments, 
operations, and other financial and administra-
tive initiatives.

A model of this approach is that of California’s 
SB 375.  This legislation requires metropolitan 
regions to collaborate to reduce GHG emis-
sions through integrated transportation, land 
use, and housing planning.  Under SB 375, 
the California Air Resources Board (CARB) is 
responsible for developing regional GHG emis-
sion reduction targets, and regions are respon-
sible for developing sustainable strategies to 
meet the targets.  It is left to the public and 
private institutions in each metropolitan region 
to develop the specific plans, investments, and 
actions best suited to the particular region, in 
order to achieve the statute’s goals.

SB 375 is, also, the first statute in the United 
States that attempts to regulate GHG emissions, 
by addressing the connections between trans-



portation, land use, and those emissions.  This 
same approach, if linked to funding, would cre-
ate incentives for states and regions to develop 
their own strategic and unique programs to 
reduce petroleum dependency and to reduce 
GHG emissions.  As a practical matter, such 
programs will not be possible in the absence of 
significant institutional reform and collabora-
tion across modes, agencies, and jurisdictions, 
and if not through the integration of currently 
fragmented planning processes.

The Moving Cooler study (released by the 
Urban Land Institute in 2009) described a vari-
ety of measures that could impact travel behav-
ior and reduce VMT and sought to quantify 
the VMT reductions of each.  These included 
speed limit reductions and parking restrictions; 
parking taxes and congestion pricing; changes 
in driving behavior and the implementation of 
Intelligent Transportation Systems; changes in 
land use regulations; greater use of carpools and 
other transportation management measures; 
and investments in public transportation and in 
non-motorized transportation systems.  A recent 
EPA analysis (February 10, 2010, requested by 
Senator John Kerry) suggested that implemen-
tation of these measures could lead to an annual 
reduction in oil consumption in the transporta-
tion sector by 2030 of 26 percent from a 2009 
reference case; aggressive implementation of 
these measures could lead to a 42 percent annu-
al reduction in oil consumption in transporta-
tion by 2030 from the base case.

Whatever the specific oil consumption reduc-
tions that could be realized from each of these 
measures, both the Moving Cooler study and the 
EPA analysis suggest that the greatest returns 
would derive from “bundling” measures and 
from the synergistic effect of grouping policies.  
Similarly, there is evidence that vehicle effi-
ciency measures (whether they take the form 
of the CAFE regulations or vehicle limits on 
GHG emissions) would work most effectively to 
reduce oil consumption, when implemented in 
concert with pricing measures, and that pricing 
works best, when combined with a fuel efficien-
cy regulatory regime.  Combinations of poli-

cies can improve energy security and reduce 
carbon emissions from the transportation sec-
tor by efficiently balancing the most feasible 
oil reduction methods (Fullerton and Karney, 
Discussion Paper 2010-7, OECD/International 
Transportation Forum, February 2010).

In addition to the reductions in transpor-
tation-related oil consumption that will result 
from vehicle fuel efficiency and/or GHG emis-
sions regulations, the enactment of alternative 
fuel mandates, and research on alternative 
transportation fuels at the federal level, a sig-
nificant decline in oil consumption in the trans-
portation sector can result from state and local 
actions that enable such federal measures to be 
fully implemented and that can impact travel 
demand and activity.  National transportation 
policies can and should support and incentivize 
such actions at the state and local levels.

While DOT under such a policy framework 
should be permissive about the elements of 
competitive and innovative state and local pro-
grams, one can imagine that the programs that 
most successfully address a suite of national 
goals—economic and safety, as well as energy 
and environmental—are likely to include many 
similar elements.  Among these elements might 
be the following:

• Incentives and public investments that 
support the use of alternative-fueled and/
or more fuel efficient vehicles.

• Implementation of congestion, cordon, or 
congestion pricing.  In the words of the 
United Kingdom’s Eddington Report, it is 
critical to “get the prices right” in the trans-
portation sector.  Proper pricing for the 
use of the nation’s transportation system, 
particularly, of its underpriced highways 
and arterial roads, can be one of the most 
effective measures to integrate transporta-
tion, environment, and energy objectives.  
Accurate price signals, reflecting the true 
cost of transportation and incorporating 
such “externalities” as impacts on safety, 
congestion, and air and water resources 
into the price of using systems and facili-
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ties, can allow transportation consumers 
to make more informed choices about 
how and when to use the system, can have 
substantial effect on choices about home 
and vehicle purchases, and on commuting 
habits.

• Application of advanced information tech-
nologies in the management of transpor-
tation systems that can improve efficiency 
and productivity, increase “through-put,” 
smooth traffic flow and ease congestion, 
improve intermodal connections, and 
reduce both petroleum use and GHG 
emissions.

• Greater integration of land-use regula-
tions, transportation investments, and 
urban form.  The nexus between land 
use and transportation has always existed 
and has had enormous impacts on how 
urban areas have developed.  It should 
be a purpose of improved and integrated 
planning to maximize economic growth 
and prosperity, even as environmental 
impacts are mitigated and GHG emissions 
reduced.  Coordinating land-use regula-

tions and emission reduction initiatives 
across agencies and jurisdictions, through 
a collaborative process can enable simul-
taneous economic, environmental, and 
energy progress.

Conclusion
The conclusions and recommendations, con-

tained in this essay, relating to the relationship 
of transportation policy to energy security, 
reducing GHG emissions, and affecting trans-
portation demand, constitute a far-reaching 
reform agenda.  The difficulty of achieving 
support for, and implementing, this agenda 
cannot be underestimated.  However, the effort 
to bring about fundamental reform of U.S. 
transportation policy is justified by the multiple 
benefits that could be achieved in energy secu-
rity, environmental sustainability, and climate 
change and by the need to reintroduce into 
national transportation policy a sense of pur-
pose and a set of goals.  Transportation policy 
solutions will be at the core of addressing these 
broad and far-reaching challenges to America’s 
well-being.
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Is low-carbon growth possible in China and 
India?

The energy choices made by China and India 
will have a profound impact on climate change. 
These two nations are home to the world’s fast-
est growing economies and nearly 40 percent of 
the planet’s population. If they choose develop-
ment strategies that minimize energy waste, and 
increasingly use low carbon energy, then we will 
have a reasonable chance of managing climate 
change. If not, the effects will be runaway. Can 
China and India follow a low-carbon path? This 
paper considers their options and progress.  

Two examples of these countries tackling 
energy challenges through smart policy suggest 
they can achieve low-carbon growth:

1) China has become a global leader in 
renewable technology and deployment. 
China, the world’s largest producer and 
consumer of coal, still depends on fossil 
fuel for 70 percent of its primary energy. 
But the nation’s Renewable Energy Law is 
changing that. China has established the 
most aggressive clean energy standards in 
the world: a national 15 percent manda-
tory market share for renewables by 2020. 
The clean energy technologies catalyzed 
by the law could cut China’s global warm-
ing pollution by 310 million tons of CO2 

in 2020, displace 48 large coal-fired power 
plants, and drive a $30 billion market for 
wind power. Thanks to China’s Renewable 

Energy Law and associated targets, China 
ranks third in installed wind power capac-
ity and leads the world by far in installed 
solar thermal capacity. We expect to see 
much more in the years ahead. 

2) India is getting ahead of its rising curve 
of vehicle use. Less than one percent of 
Indians now own a car or light truck, but 
as the size of India’s middle class expands, 
so will the rates of vehicle ownership. 
Between 1999 and 2007, the number of 
new passenger vehicles on India’s roads 
tripled to 1.5 million; by 2020, the annual 
sales volume is expected to reach 4 million 
to 6 million. In response to the growing 
fleet, the Indian government has been 
developing its first fuel economy standards 
and a five-star labeling system. The vehicle 
efficiency standards will deliver significant 
benefits for local air quality and avoid 
more than 50 million tons of emissions—
the equivalent of removing 2.5 million 
four-wheeled vehicles from India’s roads. 
The new rules will also reduce India’s 
reliance on foreign oil by decreasing con-
sumption up to 20 percent. 

Key policies spur innovation, cut emis-
sions, and save money

In both of these cases, critical policies—
renewable portfolio standards in China and 
fuel economy standards in India—are pulling 

Energy Policies in China and India 
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large, complex economies off the business-
as-usual, high-carbon track and putting them 
at the vanguard of clean technologies. These 
essential policies, which also include building 
codes, appliance standards, and other effi-
ciency measures, not only cut emissions but 
also serve other vital needs. China and India are 
adopting low-carbon policies for many reasons. 
They intend to strengthen their energy security. 
They seek to be technology leaders. They want 
to own a large fraction of these huge, growing 
industries. And they have acute local pollu-
tion problems that need remedies. Both China 
and India also recognize that climate change 
will severely impact their nations. China is fac-
ing drought and desertification in the north, 
and flooding in the south. India relies on the 
Himalayan snowpack, a water source increas-
ingly at risk.

The key concept: low-carbon growth
An expanding body of research demonstrates 

that the low-carbon model of development can 
deliver numerous benefits—in economic devel-
opment, national security, and local pollution 
abatement. In short, China, India, and other 
developing nations can grow their economies 
and lift hundreds of millions of people out of 
poverty without putting ecosystems in peril.

China has made clear that its efforts to reduce 
emissions and invest in clean technologies are 
driven by an overlay of self-interest and a con-
cern—at the highest levels—about the threat 
of dangerous climate change. Most top officials 
understand the urgent need to improve energy 
security, reduce reliance on foreign sources of 
fossil fuels, and address the ubiquitous air pol-
lution that contributes to China’s high rate of 
respiratory disease. China, which is preparing 
to adopt its 12th Five-Year plan, has proposed 
aggressive energy efficiency standards and tar-
gets for renewable energy deployment. China’s 
challenges primarily lie in implementation, 
enforcement, and access to technology.

India’s per capita energy consumption is 
very low, as are its per capita emissions of 

greenhouse gases: 1.2 metric tons of CO2 per 
person each year, compared with the world 
average of 4.5 tons and a U.S. rate of almost 20 
tons. Nevertheless, India’s leaders are acutely 
conscious of the need for a secure and reliable 
energy system to grow the economy and achieve 
sustainable development. Cities plagued by 
electricity blackouts do not function well: facto-
ries miss production goals and produce defec-
tive goods; service organizations shut down; 
and civic facilities like schools and hospitals 
operate in limbo. Gasoline and diesel shortages 
can also cripple society. Freight is stranded and 
residents’ mobility is constrained. Confronted 
with these challenges, India is looking to enact 
sound policies that will allow it to meet the 
energy needs of a growing economy without 
suffering from blackouts, harmful pollution, 
and continued dependence on foreign oil. Not 
surprisingly, India is turning to energy efficien-
cy as a key strategy. Last year, India approved its 
National Action Plan on Climate Change and 
it has started turning the plan into a series of 
action-oriented “missions” with clear objectives. 

The experience in China, India, and else-
where illustrates that it is possible to decouple 
economic growth from carbon emissions. As 
shown in Figure 2, the carbon intensity of eco-
nomic activity varies widely among countries, 
and there is considerable room for improve-
ment in China, India, and other developing 
nations. Even within specific industries, energy 
efficiency varies dramatically across nations. 
The best cement plants, for example, emit a 
third less CO2 per ton of cement as the worst, 
according to the International Energy Agency. 

To achieve a low-carbon growth trajectory, 
China and India will need to improve the ener-
gy efficiency of all manner of industries, build-
ing, appliances, and vehicles; in many cases, the 
improvements either save money right away or 
pay for themselves in a few years. Unfortunately, 
the mitigation potential in a variety of sectors 
has yet to be realized because of some classic 
“principal-agent” problems. With buildings and 
appliances, for example, where many energy 
improvements would turn a profit, developers 



must pay extra up front to make buildings more 
efficient, yet it’s the occupants who reap the 
savings. Similarly, landlords have little incen-
tive to buy more efficient refrigerators and air 
conditioners if their renters foot the electric 
bill. But performance standards can capture the 
economic benefit and overcome this problem 
of misaligned incentives.

Appliance standards and utility reform are 
just two examples of policies that cost-effective-
ly deliver vast carbon savings and accelerate 
the deployment of low-carbon technologies. 
Advanced building codes cut energy consump-
tion in new buildings by 75 percent.  Fuel effi-
ciency standards for cars halve their gasoline 
consumption. Renewable portfolio standards 
compel electric utilities to provide ever-greater 
fractions of their electrons from renewable 
sources and create a vibrant market that drives 
down the cost of wind, solar, and other low-
carbon technologies. The attached chart, Which 
Policies Matter, summarizes the policies that mat-
ter most, best practices, and the efforts to date 
in China and India. 

China 

Overview

China’s central government has taken sig-
nificant steps toward a low-carbon future, and 
it has made energy efficiency and renewable 
energy central tenets of its national planning 
efforts. The country has developed strong pro-
grams in industrial energy efficiency, auto fuel 
efficiency, and renewable energy; it has reason-
able programs in building codes and appliance 
and equipment standards. However, China 
lags in restructuring its power sector, which is 
responsible for a large and still-growing share 
of its emissions due to a heavy reliance on coal. 

China’s central government is currently work-
ing on its 12th Five-Year Plan, covering the years 
2011-2015. Getting this plan right will drive bil-
lions of dollars of investment in clean technolo-
gies, just as the last five-year plan did. Early indi-
cations suggest the targets in the 12th Five-Year 

Plan will be very aggressive, which is evidence of 
China’s commitment to low-carbon growth. 

China’s leadership on energy and climate 
presents a paradox: its carbon emissions are 
growing substantially even as its government 
pursues the world’s most aggressive agenda for 
renewable energy, energy efficiency, and low-
carbon growth. China’s central government is 
concerned about global warming and commit-
ted to needed reforms in the power, industry, 
buildings, and transportation sectors. Its core 
policy challenge is largely about developing 
much-needed technical and regulatory capacity, 
and in effectively implementing existing rules.  

The greatest obstacle that Chinese officials 
face in achieving their goals on climate and 
energy is effective enforcement. The saying in 
China “the mountains are high, and Beijing 
is far away” deftly illustrates the political and 
policy gap that often exists between the central 
government and the far-flung provinces. But 
from a national policy perspective, there is little 
question that China is taking important steps to 
increase energy efficiency and curb emissions 
growth.

Power

China relies on coal for the bulk of its energy 
and is projected to more than double its use 
of coal to generate electricity by 2030 under 
business as usual, according to the Energy 
Information Administration. This challenge 
also provides significant opportunity. Chinese 
leaders are open to ideas of how to reduce 
greenhouse gas emissions. A substantial frac-
tion of the new coal plants (60 gigawatts so 
far) have been used to shut down older, less 
efficient plants. The government has also been 
developing a number of innovative, market-
based mechanisms that will promote the growth 
of renewable energy and deploy utility-scale 
investments in energy efficiency. In 2009, China 
more than tripled its investment in energy effi-
ciency to over $4.7 billion. 

One promising strategy is the “energy effi-
ciency power plant.” The idea is to bundle 
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efficiency investments into power-plant size 
“chunks” and demonstrate that efficiency is fast-
er, cleaner, and cheaper than constructing new 
generating stations. Just in Jiangsu Province, 
energy efficiency power plants could obviate 
the need to build 17 actual coal-fired generat-
ing stations, sparing the atmosphere 109 mil-
lion tons of CO2 annually—at a quarter of the 
cost of the avoided supply. China is also making 
efforts to use coal more efficiently. It has begun 
construction of its first integrated gasification 
combined cycle unit and several more are on 
the horizon.

Industry

Heavy industry, responsible for two-thirds of 
China’s total energy use, is a major cause of the 
nation’s air quality problems and rising emis-
sions. To improve industrial energy productiv-
ity, the Chinese government developed effi-
ciency agreements modeled after similar suc-
cessful projects in Europe. China’s 1,000 most 
energy-intensive enterprises consume one-third 
of the country’s energy (Figure 4), so the gov-
ernment focused on these major users, espe-
cially cement and steel. A successful pilot proj-
ect in Shandong Province served as the model 
for the government’s “Top-1,000 Enterprises 
Energy Efficiency Program.” Experts from the 
Netherlands and Lawrence Berkeley National 
Laboratory trained provincial officials, industry 
associations, and leaders of Shandong’s two 
largest steel companies. The two enterprises set 
aggressive targets, met them two years ahead of 
schedule—at a profit—and demonstrated that 
energy efficiency can lower factory costs while 
improving competitiveness. 

Buildings

China is on track to build a United States’ 
worth of buildings in the next 20 years, so it 
is essential for the country to develop more-
stringent building codes for new structures and 
improve compliance with existing codes. China 
currently has a mandatory building code that 
requires that all new buildings use 50 percent 

less energy than 1980 levels. Compliance with 
this code is a focal area for the Chinese govern-
ment. A more stringent code (65 percent ener-
gy savings over 1980 levels) could be included 
in the 12th Five-Year Plan. The government is 
also trying to realize an ambitious goal of ret-
rofitting 20 percent of all of China’s existing 
buildings for safety and efficiency in the next 
five years or so. 

Appliances

The China National Institute of 
Standardization has been running the standards 
and labels program for more than a decade and 
has covered a wide range of products and appli-
ances. Adoption of these standards has been a 
great success and led to tremendous energy sav-
ings. New standards for air conditioners, refrig-
erators, clothes washers, and TVs are expected 
to reduce CO2 emissions by about 120 million 
metric tons in 2020—a savings of 25 percent 
that will eliminate the need to build 14 large 
coal-fired power plants (Figure 5).

Vehicles, fuels, and transportation

Despite the current recession, car sales con-
tinue to increase rapidly in China. For the 
first six months of 2009, China’s vehicles sales 
exceeded U.S. sales, highlighting the critical 
importance of rapidly tightening fuel economy 
standards in China before car ownership rises 
even more. 

The good news is that China is playing a lead-
ership role among rapidly developing nations. 
China’s new fuel economy policy will save 1.1 
billion barrels of oil and reduce CO2 emissions 
by 444 million tons annually by 2030, accord-
ing to the China Sustainable Energy Program. 
These standards incorporate an important 
change in regulatory design to shift from per-
vehicle compliance to corporate average com-
pliance. Corporate average compliance affords 
greater flexibility and allows regulations to pro-
ceed more quickly and at lower cost, but it also 
requires strong penalties to be effective.   

In wealthy nations with mature infrastruc-
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ture, transportation patterns are largely set and 
any changes will be slow. But in fast-growing 
developing countries like China, we have a one-
time chance to build infrastructure that does 
not create massive dependence on private vehi-
cles. If the new cities look like Houston, there 
is little chance of making them green—ever. If 
they look like Copenhagen or Tokyo, they will 
have embedded structural efficiency.

China is initiating bus-rapid transit (BRT) 
projects in many cities and already accounts for 
about a quarter of the world’s BRT capacity. 
The recently opened Guangzhou BRT offers a 
good example of how city planners can make 
alternatives to private vehicles practical and 
affordable. In addition to its 23 kilometers of 
dedicated bus lanes, 37 routes, and 26 stations, 
Guangzhou’s BRT system is fully integrated 
with an existing, underground metro system. 

India 

Overview

In about two decades, India is expected 
to surpass China as the world’s most popu-
lous country and be home to some 1.5 bil-
lion people. India currently has low per-capita 
greenhouse gas emissions, but given its size 
and expected economic growth, India and its 
long-term carbon path will have a major influ-
ence on the planet’s climate. With 75 percent 
of its population living on less than $2 a day, 
India has set an ambitious target of eradicating 
poverty by 2031 through sustained economic 
growth of 8 to 10 percent per year. To achieve 
this goal, India’s Planning Commission has 
projected that India will need to boost its power 
generation dramatically, with coal serving as 
its most important energy source during this 
period (Figure 6).

To enhance its energy security, strengthen 
its overall economy, and respond to the chal-
lenge of global warming, India is putting in 
place a comprehensive National Action Plan 
on Climate Change that has a mix of both 
mitigation and adaptation measures. The plan 

consists of eight national missions, including 
targets for solar energy, energy efficiency, and 
sustainable cities. The National Action Plan 
has generated significant domestic momentum 
toward low-carbon growth and is a solid founda-
tion to build upon. States are also responding 
to the challenge, with Delhi recently releasing 
its own action plan on climate change and 
other states preparing similar strategies. 

The Prime Minister’s Council on Climate 
Change has already adopted the National 
Mission on Enhanced Energy Efficiency and 
the National Solar Mission, which aims to install 
22,000 megawatts by 2022. The energy effi-
ciency mission has spurred the creation of two 
funds to help channel investment into efficiency 
projects. One fund will provide back-to-back 
guarantees to banks making loans to reduce per-
ceived risks; the other, a venture capital fund, 
will support investment in the manufacturing 
of energy efficient products and the provision 
of energy efficiency services. The energy effi-
ciency mission has also led to the creation of an 
energy services company designed to provide 
efficiency services to local governments and pri-
vate ventures, both directly and through private 
companies via risk guarantees. Additionally, 
India is engaging other countries in collabora-
tive research, development, demonstration, and 
dissemination of clean technologies. 

Power
India’s utility sector, a mix of mostly public 

and a few private operators, does business in a 
challenging environment. Most cities face seri-
ous power shortages. Public utilities commis-
sions have very small staffs. And a substantial 
fraction of electricity is unmetered. But aware-
ness of energy efficiency through demand-side 
management is growing in India, with the heads 
of several state regulatory commissions already 
seeking technical support from the Lawrence 
Berkeley National Laboratory. Demand-side 
management has also been a policy goal for 
successive planning cycles in India. Still, the 
approach has not yet reached sufficient scale. 
This year’s budget proposal also includes some 
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landmark provisions, including a proposal to 
create a “National Clean Energy Fund” that 
would be funded through a new tax on coal 
use. The levy could generate annual revenues 
of around $600 million that would be invested 
in the renewable energy sector. 

Buildings
India’s construction industry, the 12th larg-

est in the world, is destined to rise higher 
in the rankings as India realizes its full eco-
nomic potential. Efforts are already underway 
to reduce the energy consumed in this criti-
cal sector. The Energy Conservation Building 
Code sets a minimum efficiency standard for 
commercial buildings in all of India’s climate 
zones. Such standards can reduce energy use in 
new buildings by 25 to 40 percent. Launched as 
a voluntary standard in 2007, the code is tran-
sitioning to a mandatory regime, but there are 
significant barriers, including a dearth of effi-
cient equipment and materials in local markets; 
a lack of equipment testing and certification; 
and insufficient awareness and tools among 
industry and building owners.    

Appliances
India’s Bureau of Energy Efficiency has devel-

oped a standards and labeling program for sev-
eral key domestic appliances and equipment. 
Comparative labels have been made mandatory 
for four products in 2010, while nine others 
will come under a voluntary system. These “star 
labels” cover the most common domestic prod-
ucts, including lights, ceiling fans, refrigerators, 
and pumps. This program could avoid the need 
to generate 3,000 megawatts of power by 2012 
and developing such standards for a whole 
range of appliances continues to be a high pri-
ority for the Bureau of Energy Efficiency.

Industry
A new industrial efficiency program, 

“Perform, Achieve and Trade,” will assign ener-
gy efficiency improvement targets to the coun-
try’s most energy-intensive industrial units. 

Currently, these units are only required to 
establish energy audit and management sys-
tems. Selected from the largest energy consum-
ers in the nine most energy-intensive industrial 
sectors, these units will be able to trade in ener-
gy savings certificates to meet their targets. The 
Bureau of Energy Efficiency has been tasked 
with designing the program, defining the tar-
gets, and mandating efficiency norms across all 
sectors. 

Vehicles, fuels, and transportation
While the current motorization rates in 

India are low, robust economic growth is likely 
to expand the market for vehicles several fold. 
The Bureau of Energy Efficiency has proposed 
an automobile labeling program and fuel 
economy rules that will achieve a 10 percent 
improvement in fuel consumption in Phase 1, 
followed by a 21 percent improvement in Phase 
2 (Figure 7). India remains focused on creat-
ing standards for light-duty passenger cars and 
motorized vehicles with two or three wheels. 
The mandatory standards are expected to start 
by 2011, but no work on heavy-duty standards 
has been proposed yet. 

Nearly 285 million Indians lived in cities in 
2001, and that number is projected to increase 
to 473 million by 2021. Unfortunately, many 
major metropolises, including Delhi, Mumbai, 
Kolkata, and Chennai, are caught up in the old 
pattern of expanding roads—which of course 
quickly fill to capacity. The real opportunity 
in India’s transport sector centers on medium-
sized cities that have minimal public transport 
and where motor vehicle use is rising but still 
possible to manage through robust transit and 
planning interventions. Nascent BRT programs 
in Ahmadabad, Indore, and Delhi can capture 
impressive carbon savings; these systems must 
grow in size and number.

According to some estimates, freight com-
prises roughly half the total energy consump-
tion of India’s transport sector. The rapid rise in 
the share of road freight is both less economical 
and more carbon intensive than most transpor-
tation options, such as rail or marine. Shifting 
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freight from road to rail is a negative-cost 
option, and construction of dedicated freight 
railway corridors and multi-modal logistics parks 
are already underway. Efforts like these could 
lead to substantial carbon mitigation.

Summing up the situation—and potential
China’s top political leaders have made a 

fundamental, unwavering commitment to ener-
gy efficiency and renewable energy. The chief 
questions about their ultimate progress:  

1) Will the provinces accept the national 
mandate, in whole or in part?

2) Will key technologies, such as carbon cap-
ture for new coal, come on line in time 
and at a low enough price to make a big 
difference?

3) Will the new cities of China—the equiva-
lent of two United States in the next 40 
years—grow in a pattern that reduces 
energy waste?

India is further back on a development path, 
both in economic and energy terms. Much 
of India’s growth has been driven by services 
industries, while China’s expansion has been 
more industrial-driven. There is a growing 
political commitment in India to energy effi-
ciency and renewables, but the economic and 
political policies are constrained by a compli-
cated, vibrant democracy, and by the sheer size 
of the challenge.

Both nations need to relentlessly pursue the 
low-carbon development path to overcome 
the massive system forces that will default to 
traditional, high-carbon patterns. If they per-
severe, the domestic benefits will be vast: lower 
energy bills, less air pollution, fewer blackouts, 
and stronger economies. But benefits will also 
accrue to other nations since there will be less 
greenhouse gas pollution and a less crowded 
carbon budget for any given emissions reduc-
tion goal. 

Copenhagen and beyond
How might these domestic Chinese and 

Indian conditions play into a global agree-
ment on carbon? Neither country will sign an 
agreement that significantly impinges on their 
sovereignty or undermines their efforts to pull 
people out of poverty. And both nations expect 
the United States to adopt a serious energy or 
climate policy as part of an ultimate agreement. 
These basic conditions are useful both in inter-
preting the events at Copenhagen and envision-
ing a path forward.  

Copenhagen’s failings are well known. No 
legal commitments were signed, and the UN 
process was exposed as dysfunctional, at a mini-
mum, and possibly fatally flawed. Still, the 15th 
Conference of Parties (COP 15) in Copenhagen 
achieved some important progress. The politi-
cal attention, with more than 100 heads of state 
attending, was unprecedented for such a meet-
ing. A large number of those leaders brought 
significant energy and climate commitments to 
the table. Indeed, it could be argued that the 
path to Copenhagen, wherein many nations 
scoured their own economies for cost-effective 
carbon abatement, was the biggest achievement 
of the summit. President Obama worked with 
the BASIC nations (Brazil, South Africa, China, 
India) to develop the “Copenhagen Accord,” 
which sets out a future framework for a bind-
ing agreement and included some impressive 
commitments to emissions reductions (e.g., 
China and Europe). In early March, China and 
India agreed to join the accord, but the BASIC 
nations are not willing to put that agreement 
into a binding treaty. Other positives emerging 
from Copenhagen:

• $30 billion pledge for mitigation and 
adaptation assistance for developing coun-
tries

• Substantial progress solving problems 
related to transparency and the account-
ing of commitments



• Significant headway in saving the world’s 
forests, though this will require intense 
work over the next coupe of years

COP 16 will be begin November 29, 2010, in 
Cancun, Mexico, with interim meetings already 
underway. Mexican President Felipe Calderon 
is very committed to COP 16 and U.S. leader-
ship will be crucial to any success. While the 
world’s attention to climate change has focused 
on reaching a global agreement, the experi-
ences in China, India, the United States, and 
elsewhere show that strong domestic policies 
will be the real key to promoting low-carbon 
energy sources, improving energy efficiency, 
and reducing greenhouse gas emissions.

Domestic energy policies will be up to sov-
ereign nations to enact and implement, but 
if they are strong, they can be recognized by 
the international community and incorporated 
into a global deal on climate. Low-carbon poli-
cies can form the backbone of “green-growth 
plans” that many nations are now adopting. 

These documents, also known as “low-carbon 
growth plans,” use sophisticated analysis to pin-
point where nations can find emissions mitiga-
tion, at what price, and with what consequences 
for their economy and society. 

Green-growth plans are primarily a tool for 
national use, in both developed and developing 
countries. Yet they can also play a critical role in 
a global climate agreement by increasing trans-
parency and trust among countries. Developed 
countries can show the developing world they 
are serious about reducing their own emissions 
and can deliver them domestically, while devel-
oping countries can use the plans to demon-
strate they are embarking on a structural transi-
tion, thereby facilitating financial commitments 
from developed nations. Green-growth plans 
could be embedded in a future international 
agreement by requiring all nations to prepare 
them, with poorer countries allowed much 
more time, and by having an independent tech-
nical body evaluate the plans of nations seeking 
international funding.   
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Figure 1

Per capita CO2 emissions, current and projected

Figure 2

CO2 emissions per dollar of output
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Figure 3

Comparison of energy statistics for China and the United States

Figure 4

Industrial energy use in China
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Figure 5

Emissions savings from Chinese appliance standards

Figure 6

Projected energy use in India
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Figure 7

Oil savings from India’s fuel economy standard
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The Prospects for Natural Gas, Coal, and Nuclear Power in America’s Energy Future 

Susan Tierney, Former Assistant Secretary of Energy    

 The United States today relies on fossil fuels, especially coal and natural gas, along with nuclear 
power for about 90% of electricity generation.  Even under the most optimistic scenarios for deploy-
ing low-carbon and renewable energy sources, the country will depend on conventional fuels for 
many years to come.  Each of these conventional fuels has merits and at the same time presents seri-
ous challenges.  Nuclear power provides about 20% of electricity and is the largest contributor of 
non-carbon generation, about 70%.  It is an expensive source subject to lengthy, often cumbersome 
permitting and siting processes.  Moreover, new rules are needed for interim storage until a perma-
nent solution can be engineered, and ramping up manufacture of key components will be necessary.  
Coal, which accounts for about 50% of U.S. electricity generation, is an abundant domestic resource 
with an established system of generation and distribution.  But it contains the highest carbon content 
of fossil fuels, as well as other pollutants, and thus presents a formidable challenge to reducing its 
share of carbon dioxide. Finding ways to burn coal more cleanly and capture and sequester carbon 
dioxide are major objectives.  New discoveries of natural gas, a fossil fuel with a lower carbon con-
tent than coal, could be a game-changer: it, too, is an abundant domestic resource.  But substantial 
amounts of water, mixed with chemicals, are needed to retrieve these deposits and thus concerns 
about water quality impacts have emerged.  More new generating facilities are needed if natural gas 
is to supply a greater share of electricity.

Discussion Questions 

• What is the profile of fuel sources for electricity generation in the United States?  What are the 
trends in electricity consumption and the role of efficiency in moderating the trend lines?

• What is the prospect for increasing the share of electricity provided by nuclear power?  

• What are the hurdles?  What measures might be helpful in overcoming these hurdles?

• What is the prospect for coal and for burning coal more cleanly?  What is the status of research 
and demonstration on carbon capture and sequestration?

• Why has natural gas emerged as a potentially new fuel for electricity generation?  How can this 
energy source be more fully exploited?  What are the hurdles?
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Containing Costs in a National Program to Reduce Carbon Dioxide Emissions 

Brian Murray, Duke University 

 Among the most critical concerns for U.S. policy makers in crafting a response to climate change are 
the economic impacts.  Some analysts suggest that conservation, greater efficiency in energy use, and 
over time deployment of new technologies will make carbon dioxide reductions and the transition to 
a low carbon energy economy a manageable proposition with minimal economic disruption.  Others 
strongly disagree. Critics warn that the combination of stringent near-term reduction targets and 
the lack of alternative energy sources available at commercial scale today will cause energy prices to 
skyrocket, hurting American households, small businesses, and energy intensive industries.  And they 
predict that millions of U.S. jobs, especially in those energy-intensive sectors, will be lost or out-sourced 
to countries that have a less stringent climate change program.  Critics worry, too, about raising produc-
tion costs, which would hamper the ability of U.S. companies to compete in global markets, hurting 
profitability.  To provide a level of comfort to policy makers at the start of a climate change program, 
various cost containment strategies have been advanced.  Among these are:  a time-limited safety valve 
or a price collar, which essentially would set a limit on the price range of emissions allowances under a 
cap and trade system; a reserve of allowances that could be auctioned under certain economic condi-
tions; banking and borrowing emission allowances for use in future years; and offsets via cost-effective 
investments in forest conservation and certain agricultural practices.  Lawmakers also are debating 
measures that might help limit job losses and ease the burden on energy intensive sectors, including 
border adjustment taxes, sectoral analyses of the potential for efficiency and technological innovation, 
and the award of free emission allowances to ease the transition burdens in these industries. 

Discussion Questions 

• What are the costs to reduce carbon dioxide emissions—to government, to industry and to con-
sumers?  Which economic sectors would be most severely affected, and why?

• Which cost-containment strategies appear most promising?  How do they compare?

• What is a safety valve?  A price-collar?  An allowance reserve?  Banking and borrowing emission 
allowances?

• What would the impact be on U.S. competitiveness?  Are specific measures being discussed as a 
way to ameliorate job losses and other economic impacts?  How would they work?  What are their 
benefits and limitations?  How would trade-related proposals or sanctions fare under agreements 
administered by the World Trade Organization?

• How can offsets—forest conservation and certain agricultural practices—be used to help achieve 
reasonably priced reductions in carbon dioxide emissions and other benefits?  What are the chal-
lenges in developing an effective program?

Improving U.S. Energy Security Through Sound Transportation Policy   

Emil Frankel, Bipartisan Policy Center  

 The U.S. transportation sector is almost completely dependent on oil, relying on it for 97% of its ener-
gy.  It accounts for 67% of the country’s oil consumption.  About 60% of oil must be imported from 
abroad, prompting concerns about U.S. energy security.  Most discussions of the link between energy 
security and transportation policy, however, focus on vehicle efficiency and fuels, two important issues, 
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but leave aside a third key element: those factors that generate demand for transportation in the first 
place.  The demand side of the transportation equation is a challenging one for federal policy makers 
since many contributing factors are tied to community development and land-use decisions, which 
are typically the prerogative of state and local governments. Though a range of federal policies and 
investments influence these development decisions—from housing, mortgage finance, and insurance 
programs to infrastructure investments, environmental quality, and others—perhaps none do more so 
than spending and planning related to surface transportation.  

Discussion Questions

• What are the trends in vehicle miles driven and the key factors that influence this trend line?

• What are the key federal policies, programs, and expenditures that influence the demand for 
surface transportation?  With what effects?

• What is the potential for improving U.S. energy security and reducing greenhouse gases by shift-
ing federal transportation policy?  What is realistically achievable?

• What are some of the most promising measures or strategies that might achieve demand reduc-
tions?  What are the economic implications?  What are the tradeoffs or costs?

The Roles of China and India in Addressing Climate Change:  Perspectives and Challenges 
for U.S. Policy  

Hal Harvey, Former member of the President’s Committee of Advisors on Science and Technology

 As U.S. policy makers consider legislation to address climate change, most are keeping one eye on 
China and India, two countries whose negotiating positions factor large in reaching an international 
climate agreement.  China recently surpassed the United States as the world’s top carbon dioxide 
emitter, though the country’s per-person emissions, like those of India, are only a fraction of the U.S. 
per capita contribution.  At the December 2009 Conference of the Parties in Copenhagen, neither 
China nor India was willing to commit to a hard cap on their carbon dioxide emissions, arguing 
that developed countries historically have been the cause of the problem and ought to make their 
commitments first.  Both countries also have a priority for rapid economic growth to reduce pov-
erty.  At the same time, each country has made serious commitments to ramp up renewable energy 
technologies, use energy more efficiently, and better protect domestic forests as a way of keeping 
carbon dioxide sequestered.  Notwithstanding these measures, U.S. policy makers worry that a bind-
ing commitment by the United States to reduce carbon dioxide emissions absent a firm mandate for 
China and India will disadvantage U.S. companies in global markets as foreign competitors without 
the mandate will have lower operating costs.  The result, legislators, workers, and others fear, could 
be large scale out-sourcing of U.S. jobs.  Constructively engaging China and India, thus, is central 
to achieving a workable international agreement and verifying implementation.  The Copenhagen 
negotiations, though maintaining some momentum in addressing the climate challenge, did not 
finally settle many critical questions, e.g., aiding developing countries in adapting to climate change, 
independent verification of emission reductions, the nature of a binding agreement with targets and 
timetables, the use of offsets through forest conservation, and more.  Thus, in 2010, the issue of how 
China and India are brought into an international agreement remains front and center for U. S. 
policy makers. 



Discussion Questions

• What are the energy use and greenhouse gas emission profiles for China and India?  What posi-
tions have they articulated regarding climate change?

• What steps have each of the countries taken to overhaul domestic energy supply and demand?

• What is each country looking for in the context of international climate negotiations? What provi-
sions might entice them to join an international agreement?

• Which issues with respect to China and India are of most concern to U.S. policy makers?  

• What do representatives of these two countries, so critical in the international negotiations, have 
to say to U.S. policy makers about their respective countries’ national interests and commitments 
and the prospects for an international agreement?
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