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Climate 2030 Blueprint Executive Summary
Building a Revitalized Clean Energy Economy
Reducing oil dependence. Strengthening energy security. Creating jobs. Tackling global
warming. Addressing air pollution. Improving our health. The United States has many
reasons to make the transition to a clean energy economy. What we need is a
comprehensive set of smart policies to jump-start this transition without delay and
maximize the benefits to our environment and economy. Climate 2030: A National
Blueprint for a Clean Energy Economy (“the Blueprint”) answers that need.
Recent rapid growth of the wind industry (developers have installed more wind power in
the United States in the last two years than in the previous 20) and strong sales growth of
hybrid vehicles show that the U.S. transformation to a clean energy economy is already
under way. However, these changes are still too gradual to address our urgent need to
reduce heat-trapping emissions to levels that are necessary to protect the well-being of
our citizens and the health of our environment.
Global warming stems from the release of carbon dioxide and other heat-trapping gases
into the atmosphere, primarily when we burn fossil fuels and clear forests. The problems
resulting from the ensuing carbon overload range from extreme heat, droughts, and
storms to acidifying oceans and rising sea levels. To help avoid the worst of these effects,
the United States must play a lead role and begin to cut its heat-trapping emissions
today—and aim for at least an 80 percent drop from 2005 levels by 2050.
Figure ES.1. The Sources of U.S. Heat-Trapping Emissions in 2005

The United States was responsible
for approximately 7,180 million
metric tons CO2 equivalent of
heat-trapping emissions in 2005,
the baseline year of our analysis.
Most of these emissions occur
when power plants burn coal or
natural gas and vehicles burn
gasoline or diesel. The
transportation, residential,
commercial, and industrial shares
represent direct emissions from
burning fuel, plus “upstream”
emissions from producing fuel at
refineries.
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The Climate 2030 Approach
This report analyzes the economic and technological feasibility of meeting stringent targets for
reducing global warming emissions, with a cap set at 26 percent below 2005 levels by 2020, and
56 percent below 2005 levels by 2030. Meeting this cap means the United States would limit total
emissions—the crucial measure for the climate—to 180,000 million metric tons carbon dioxide
equivalent (MMTCO2eq) from 2000 to 2030.*
The nation’s long-term carbon budget for 2000 to 2050—as defined in a previous UCS analysis
(Luers et al. 2007)—is 160,000 to 265,000 MMTCO2eq. The 2000–2030 carbon budget in our
analysis would put us on track to reach the mid-range of that long-term budget by 2050, if the
nation continues to cut emissions steeply.
To reach the 2020 and 2030 cap and carbon budget targets, the Blueprint proposes a
comprehensive policy approach (the “Blueprint policies”) that combines an economywide cap-andtrade program with complementary policies. This approach finds cost-effective ways to reduce
fossil fuel emissions throughout our economy— including in industry, buildings, electricity, and
transportation— and to store carbon through agricultural activities and forestry.
Our analysis relies primarily on a modified version of the U.S. Department of Energy’s National
Energy Modeling System (referred to as UCS-NEMS). We supplemented that model with an
analysis of the impact of greater energy efficiency in industry and buildings by the American
Council for an Energy Efficient Economy. We also worked with researchers at the University of
Tennessee to analyze the potential for crops and residues to provide biomass energy. We then
combined our model with those studies to capture the dynamic interplay between energy use,
energy prices, energy investments, and the economy while also considering competition for limited
resources and land.
Our analysis explores two main scenarios. The first— which we call the Reference case—assumes
no new climate, energy, or transportation policies beyond those already in place as of October
2008.** The second—the Blueprint case—examines an economywide cap-and-trade program, plus
a suite of complementary policies to boost energy efficiency and the use of renewable energy in
key economic sectors: industry, buildings, electricity, and transportation. Our analysis also
includes a third “sensitivity” scenario that strips out the policies targeted at those sectors, which we
refer to as the No Complementary Policies case.
Our analysis shows that the technologies and policies pursued under the Blueprint produce
dramatic changes in energy use and cuts in carbon emissions. The analysis also shows that
consumers and businesses reap significant net savings under the comprehensive Blueprint
approach, while the nation sees strong economic growth.
Notes:
*
This amount is equivalent to the emissions from nearly 1 billion of today’s U.S. cars and trucks over the same 30-year
period. The nation now has some 230 million cars and trucks, and more than 1 billion vehicles are on the road
worldwide. Given today’s trends, we can expect at least 2 billion vehicles by 2030 (Sperling and Gordon 2009).
**
Our analysis includes the tax credits and incentives for energy technologies included in the October 2008 Economic
Stimulus Package (H.R. 6049), as well as the transportation and energy policies in the 2007 Energy Independence and
Security Act. However, the timing of the February 2009 American Recovery and Reinvestment Act did not allow us to
incorporate its significant additional incentives.
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The Blueprint Cuts Carbon Emissions and Saves Money
Blueprint policies lower U.S. heat-trapping emissions to meet a cap set at 26 percent
below 2005 levels in 2020, and 56 percent below 2005 levels in 2030 (see Figure ES.2).
The actual year-by-year emissions reductions differ from the levels set in the cap because
firms have the flexibility to over-comply with the cap in early years, bank allowances,
and then use them to meet the cap requirements in later years.
To meet the cap, the cumulative actual emissions must equal the cumulative tons of
emissions set by the cap. In 2030, we achieve this goal.
Figure ES.2. Net Cuts in Global Warming Emissions under the Climate 2030 Blueprint

Along our current path (the Reference case) emissions continue to rise. The Blueprint policies achieve the
cap by constraining cumulative emissions to 180,000 MMTCO2eq between 2000 and 2030.
(See “Approach” Box).

The nation achieves these deep cuts in carbon emissions while saving consumers and
businesses $465 billion annually by 2030. The Blueprint also builds $1.7 trillion in net
cumulative savings between 2010 and 2030. 1
Blueprint policies stimulate significant consumer, business, and government investment
in new technologies and measures by 2030. The resulting savings on energy bills from
reductions in electricity and fuel use more than offset the costs of these additional
investments. The result is net annual savings for households, vehicle owners, businesses,
and industries of $255 billion by 2030. 2
1

Unless otherwise noted, all amounts are in 2006 dollars, and cumulative figures are discounted using a 7
percent real discount rate.
2
Net savings include both energy bills (the direct cost of energy such as diesel, electricity, gasoline, and
natural gas) and the cost of purchasing more efficient energy-consuming products such as appliances and
vehicles. The cost of carbon allowances passed through to consumers and businesses is also included in
their energy bills.
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We included an additional $8 billion in government-related costs to administer and
implement the policies. However, auctioning carbon allowances will generate $219
billion in revenues that is invested back into the economy. 3 This brings annual Blueprint
savings up to $465 billion by 2030. 4
Under the Blueprint, every region of the country stands to save billions (see Figure
ES.3). Households and businesses—even in coal-dependent regions—will share in these
savings.

Figure ES.3. Net Consumer and Business Savings
(by Census Region in 2030, in 2006 dollars)

Consumers and businesses in every region of
the country save billions of dollars under the
Blueprint. Household numbers do not include
business savings.

3

We could not model a targeted way of recycling these revenues. The preferred approach would be to
target revenues from auctions of carbon allowances toward investments in energy efficiency, renewable
energy, and protection for tropical forests, as well as transition assistance to consumers, workers, and
businesses in moving to a clean energy economy. However, limitations in the NEMS model prevented us
from directing auction revenues to specific uses. Instead, we could only recycle revenues in a general way
to consumers and businesses.
4
Values may not sum properly due to rounding.
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The Blueprint keeps carbon prices low. Under the Blueprint, the price of carbon
allowances starts at about $18 per ton of CO2 in 2011, and then rises to $34 in 2020, and
to $70 in 2030 (all in 2006 dollars). Those prices are well within the range that other
analyses find, despite our stricter cap on economywide emissions.
In addition, the Blueprint achieves much larger cuts in carbon emissions within the
capped sectors because of the tighter limits that we set on “offsets” 5 and because of our
more realistic assumptions about the cost-effectiveness of investments in energy
efficiency and renewable energy technologies.
The economy grows by at least 81 percent by 2030 under the Blueprint. U.S. gross
domestic product (GDP) expands by 81 percent between 2005 and 2030 under our
approach—virtually the same as in the Reference case, which shows the U.S. economy
growing by 84 percent. In fact, our model predicts that the Blueprint will slow economic
growth by less than 1.5 percent in 2030—equivalent to only 10 months of economic
growth over the 25-year period. 6
The Blueprint also shows practically the same employment trends as the Reference case.
In fact, nonfarm employment is slightly higher under the Blueprint than in the Reference
case (170 million jobs versus 169.4 million in 2030).
We should note that there are significant limitations in the way NEMS accounts for the
GDP and employment effects of the Blueprint policies. NEMS does not fully consider the
economic growth that would arise from investments in clean technology, or from the
spending of the money consumers and businesses saved on energy due to these
investments. And the Reference case does not include the costs of global warming itself.
The Blueprint cuts the annual household cost of energy and transportation by $900
in 2030. The average U.S. household would see net savings on electricity, natural gas,
and oil of $320 per year compared with the Reference case, after paying for investments
in new energy efficiency and low-carbon technologies.
Transportation expenses for the average household would fall by about $580 per year in
2030. Those savings take into account the higher costs of cleaner cars and trucks, new
fees used to fund more public transit, and declining use of gasoline.
Businesses save nearly $130 billion in energy-related expenses annually by 2030 under
the Blueprint. Neither the energy nor the transportation savings account for the revenue

5

In a cap-and-trade system, rather than cutting their emissions directly, capped companies can “offset”
them by paying uncapped third parties to reduce their emissions instead. The cap-and-trade program we
modeled includes offsets from storing carbon in domestic soils and vegetation—set at a maximum of 10
percent of the emissions cap, to encourage “decarbonization” of the capped sectors—and from investing in
reductions in other countries, mainly from preserving tropical forests, set at a maximum of 5 percent of the
emissions cap.
6
This means that under the Blueprint the economy reaches the same level of economic growth in October
2030 as the Reference case reaches in January 2030.
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from auctioning carbon allowances that will be invested back into the economy, lowering
consumer and business costs (or increasing consumer and business savings) even further.

The Blueprint Changes the Energy We Use
Blueprint policies reduce projected U.S. energy use by one-third by 2030. Significant
increases in energy efficiency across the economy and reductions in car and truck travel
drive down energy demand and carbon emissions.
Carbon-free electricity and low-carbon fuels together make up more than one-third
of the remaining U.S. energy use by 2030. A significant portion of U.S. reductions in
carbon emissions in 2030 comes from a 25 percent increase in the use of renewable
energy from wind, solar, geothermal, and bioenergy under the Blueprint. Carbon
emissions are also kept low because the use of nuclear energy and hydropower—which
do not directly produce carbon emissions —remain nearly the same as in the Reference
case.
The Blueprint reduces U.S. dependence on oil and oil imports. By 2030, the Blueprint
cuts the use of oil and other petroleum products by 6 million barrels per day, compared
with 2005. That is as much oil as the nation now imports from the 12 members of OPEC
(the Organization of Petroleum Exporting Countries). Those reductions will help drop
imports to less than 45 percent of the nation’s oil needs, and cut projected expenditures
on those imports by more than $85 billion in 2030, or more than $160,000 per minute.

Smart Energy and Transportation Policies Are Essential for the
Greatest Savings
Many of the Blueprint’s complementary policies have a proven track record at state and
federal levels. These policies include emission standards for vehicles and fuels, energy
efficiency standards for appliances, buildings, and industry, and renewable energy
standards for electricity (see box). The Blueprint also relies on innovative policies to
reduce the number of miles people travel in their cars and trucks.
These policies are essential to delivering significant consumer and business savings under
the Blueprint. Our No Complementary Policies case shows that if we remove these
policies from the Blueprint, consumers and businesses will save much less money. 7
Excluding the complementary policies we recommend for the energy and transportation
sectors would reduce net cumulative consumer and business savings through 2030 from a
total of $1.7 trillion to $0.6 trillion (see Figure ES.4).
Our No Complementary Policies case also shows that excluding the policies we
recommend for the energy and transportation sectors will double the price of carbon
allowances.
7

Some or all of the economic benefits of the complementary policies could also occur if policy makers effectively use
the revenues from auctioning carbon allowances to fund the technologies and measures included in these policies. Our
study did not address that approach.

Climate 2030 Blueprint, Union of Concerned Scientists

xiv

Climate 2030 Blueprint Policies
Climate Policies
• Economywide cap-and-trade program with:
• Auctioning of all carbon allowances
• Recycling of auction revenues to consumers and businesses*
• Limits on carbon “offsets” to encourage “decarbonization” of the capped sectors
• Flexibility for capped businesses to over-comply with the cap and bank excess
carbon allowances for future use
Industry and Buildings Policies
• An energy efficiency resource standard requiring retail electricity and natural gas
providers to meet efficiency targets
• Minimum federal energy efficiency standards for specific appliances and
equipment
• Advanced energy codes and technologies for buildings
• Programs that encourage more efficient industrial processes
• Wider reliance on efficient systems that provide both heat and power
• R&D on energy efficiency
Electricity Policies
• A renewable electricity standard for retail electricity providers
• R&D on renewable energy
• Use of advanced coal technology, with a carbon-capture-and-storage
demonstration program
Transportation Policies
• Standards that limit carbon emissions from vehicles
• Standards that require the use of low-carbon fuels
• Requirements for deployment of advanced vehicle technology
• Smart-growth policies that encourage mixed-use development, with more public
transit
• Smart-growth policies that tie federal highway funding to more efficient
transportation systems
• Pay-as-you-drive insurance and other per-mile user fees
*see footnote 3
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Figure ES.4. Net Cumulative Savings (2010–2030)

The 2010-2030 net cumulative savings to consumers and businesses are $1.7 trillion under the Blueprint
case. Under the No Complementary Policies case, which strips out all the energy and transportation
policies, these savings are $0.6 trillion.

Where the Blueprint Cuts Emissions and Saves Money
Five sectors of the U.S. economy account for the majority of the nation’s heat-trapping
emissions: electricity, transportation, buildings (commercial and residential), industry,
and land use. Blueprint policies ensure that each of these sectors contributes to the drop
in the nation’s net carbon emissions.
The electricity sector—with help from efficiency improvements in industry and
buildings—leads the way by providing more than half (57 percent) of the needed cuts in
heat-trapping emissions by 2030. Transportation delivers the next-largest cut (16
percent). Carbon offsets provide 11 percent of the overall cuts in carbon emissions by
2030. Reduced emissions of heat-trapping gases other than carbon dioxide (non-CO2
emissions) deliver another 7 percent of the cuts. Savings in direct fuel use in the
residential, commercial, and industrial sectors are the final pieces, contributing 3 percent,
2 percent, and 4 percent, respectively, of the reductions in emissions (see Figure ES.5).
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Figure ES.5. The Source of Cuts in Global Warming Emissions in 2030
(Blueprint case vs. Reference case)

The electricity sector leads the way in emissions reductions, but the Blueprint ensures that all sectors
contribute. Emissions cuts in the electricity sector include reductions in demand from energy efficiency
in the residential, commercial, and industrial sectors.

National savings on annual energy bills (the money consumers save on their monthly
electricity bills or gasoline costs, for example) total $414 billion in 2030. As noted, these
savings more than cover the costs of carbon allowances that utilities and fuel providers
pass through to households and businesses in higher energy prices. The incremental costs
of energy investments (expenditures on energy-consuming products such as homes,
appliances, and vehicles) reach $160 billion. The result is net annual savings of $255
billion for households and businesses in 2030.
Table ES.1. Annual Consumer and Business Savings (in billions of 2006 dollars)

Energy bill savings include the costs of renewable electricity, carbon capture and storage, and renewable
fuels that are passed on to consumers and businesses on their energy bills. Energy investments costs include
the cost of more efficient appliances and buildings, cleaner cars and trucks, and a more efficient
transportation system. Note: Values may not sum properly because of rounding.
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Households and businesses that rely on the transportation sector see nearly half of the net
annual savings ($119 billion) in 2030. However, Blueprint policies ensure that consumers
and businesses throughout the economy save money on energy expenses. Lower
electricity costs for industrial, commercial, and residential customers are responsible for
$118 billion in net annual savings (see Figure ES.6).
Figure ES.6. The Source of Savings in 2030
(Blueprint case vs. Reference case)

Consumers and businesses see $255 billion in net annual savings in 2030 under the Blueprint (in 2006
dollars). Consumers and businesses in the transportation sector reap the largest share. Residential,
commercial, and industrial consumers each gain just under 20 percent of the net savings, with nearly 90
percent of that amount—or $118 billion—stemming from lower electricity costs.

The Blueprint Cuts Emissions in Each Sector
Blueprint policies dramatically reduce carbon emissions from power plants. Under
the Blueprint, carbon emissions from power plants are 84 percent below 2005 levels by
2030. Sulfur dioxide (SO2), nitrogen oxides (NOx), and mercury pollution from power
plants are also significantly lower, improving air and water quality and providing
important public health benefits.
Most of these cuts in emissions come from reducing the use of coal to produce electricity
through greater use of energy efficiency and renewable energy technologies. For
example, energy efficiency measures—such as advanced buildings and industrial
processes—and high-efficiency appliances, lighting, and motors reduce demand for
electricity by 35 percent below the Reference case by 2030. The use of efficient
combined-heat-and-power systems that rely on natural gas in the commercial and
industrial sectors more than triples over current levels, providing 16 percent of U.S.
electricity by 2030. And largely because of a national renewable electricity standard,
wind, solar, geothermal, and bioenergy provide 40 percent of the remaining electricity.
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Hydropower and nuclear power continue to play important roles, generating slightly more
carbon-free electricity in 2030 than they do today. Efforts to capture and store carbon
from advanced coal plants, and new advanced nuclear plants, play a minor role, as our
analysis shows they will not be economically competitive with investments in energy
efficiency and many renewable technologies. However, carbon capture and storage and
advanced nuclear power could play a more significant role both before and after 2030 if
their costs decline faster than expected, or if the nation does not pursue the vigorous
energy efficiency and renewable energy policies and investments we recommend.
Industry and buildings cut fuel use through greater energy efficiency. By 2030, a
drop in direct fuel used in industry and buildings accounts for 9 percent of the cuts in
carbon emissions from non-electricity sources under the Blueprint.
Transportation gets cleaner, smarter, and more efficient. Under the Blueprint, carbon
emissions from cars and light trucks are 40 percent below 2005 levels by 2030. Global
warming emissions from freight trucks hold steady despite a more than 80 percent growth
in the nation’s economy. However, carbon emissions from airplanes continue to grow
nearly unchecked, pointing to the need for specific policies targeting that sector. Overall,
carbon emissions from the transportation sector fall 19 percent below 2005 levels by
2030— and more than 30 percent below the Reference case.
Much of the improvement in this sector comes from greater vehicle efficiency and the use
of the lowest-carbon fuels, such as ethanol made from plant cellulose. Measures to
encourage more efficient travel options—such as per-mile insurance and congestion fees,
and more emphasis on compact development linked to transit— also provide significant
reductions. Renewable electricity use in advanced vehicles such as plug-in hybrids begins
to grow significantly by 2030.
These advances represent the second half of an investment in a cleaner transportation
system that began with the 2007 Energy Independence and Security Act. 8 These
investments provide immediate benefits and will be essential to dramatically cutting
carbon emissions from the transportation sector by 2050.

Blueprint Cuts Are Conservative and Practical
The Blueprint includes only technologies that are commercially available today, or that
will very likely be available within the next two decades. Our analysis excludes many
promising technologies, or assumes they will play only a modest role by 2030. We also
did not analyze the full potential for storing more carbon in U.S. agricultural soils and
forests, although studies show that such storage could be significant.
8

Because our Reference case includes the policies in the 2007 legislation, the Blueprint’s 30 percent
reduction from that case in 2030 represents benefits beyond those delivered from the fuel economy
standards and renewable fuel standard in the act. If our Reference case did not include the provisions in the
act, Blueprint transportation policies would deliver nearly a 40 percent reduction compared with the
Reference case.
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Our estimates of cuts in carbon emissions are therefore conservative. More aggressive
policies and larger investments in clean technologies could produce even deeper U.S.
reductions.
Beyond the Climate 2030 Blueprint—Technologies for Our Future
Our analysis did not include several renewable energy and transportation sector technologies
that are at an early stage of development, but offer promise. These include:
•
•
•
•
•
•
•
•
•
•

Thin film solar
Biopower with carbon capture and storage
Advanced geothermal energy
Wave and tidal power
Renewable energy heating and cooling
Advanced storage and smart grid technologies
Dramatic expansion of all-electric cars and trucks
High-speed electric rail
Expanded public transit-oriented development
Breakthroughs in third-generation biofuels

Recommendations: Building Blocks for a Clean Energy Future
Given the significant savings under the Blueprint, building a clean energy economy not
only makes sense for our health and well-being and the future of our planet, but is clearly
also good for our economy. However, the nation will only realize the benefits of the
Climate 2030 Blueprint if we quickly put the critical policies in place—some as soon as
2010. All these policies are achievable, but near-term action is essential.
An important first step is science-based legislation that would enable the nation to cut
heat-trapping emissions by at least 35 percent below 2005 levels by 2020, 9 and at least 80
percent by 2050. Such legislation would include a well-designed cap-and- trade program
that guarantees the needed emission cuts and does not include loopholes, such as “safety
valves” that prevent the free functioning of the carbon market.
Equally important, policy makers should require greater energy efficiency and the use of
renewable energy in industry, buildings, and electricity. Policy makers should also
require and provide incentives for cleaner cars, trucks, and fuels and better alternatives to
car and truck travel.

9

Note that this recommendation encompasses more possibilities for reducing emissions than we were able
to model in UCS-NEMS. For example, investments in reducing emissions from tropical deforestation could
help meet this 2020 target. The Blueprint reductions can and should be supplemented by these and other
sources of emissions reductions.
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U.S. climate policy must also have an international dimension. That dimension should
include funding the preservation of tropical forests, sharing energy efficiency and
renewable energy technologies with developing nations, and helping those nations adapt
to the unavoidable effects of climate change.

Impact of the Blueprint Policies in 2020
A central insight from the Blueprint analysis is that the nation has many opportunities for
making cost-effective cuts in carbon emissions in the next 10 years (through 2020). Our
analysis shows that firms subject to the cap on emissions find it cost-effective to cut emissions
more than required—and to bank carbon allowances for future years. Energy efficiency,
renewable energy, reduced vehicle travel, and carbon offsets all contribute to these significant
near-term reductions.
By 2020, we find that the United States can:
• Achieve, and go beyond, the cap requirement of a 26 percent reduction in emissions below
2005 levels, at a net annual savings of $243 billion to consumers and businesses. The
reductions in excess of the cap are banked by firms for their use in later years to comply
with the cap and lower costs.
• Reduce annual energy use by 17 percent compared with the Reference case levels.
• Cut the use of oil and other petroleum products by 3.4 million barrels per day compared
with 2005, reducing imports to 50 percent of our needs.
• Reduce annual electricity generation by almost 20 percent compared with the Reference
case while producing 10 percent of the remaining electricity with combined heat and
power and 20 percent with renewable energy sources, such as wind, solar, geothermal, and
bioenergy.
• Rely on complementary policies to deliver cost effective energy efficiency, conservation,
and renewable energy solutions. Excluding those energy and transportation sector policies
from the Blueprint would reduce net cumulative consumer savings through 2020 from
$795 billion to $602 billion.

Conclusion
We are at a crossroads. The Reference case shows that we are on a path of rising energy
use and heat-trapping emissions. We are already seeing significant impacts from this
carbon overload, such as rising temperatures and sea levels and extreme weather events.
If such emissions continue to climb at their current rate, we could reach climate “tipping
points” and face irreversible changes to our planet.
In 2007 the Intergovernmental Panel on Climate Change (IPC) found it “unequivocal”
that the Earth’s climate is warming, and that human activities are the primary cause
(IPCC 2007). The IPCC report concludes that unchecked global warming will only create
more adverse impacts on food production, public health, and species survival.
The climate will not wait for us. More recent studies have shown that the measured
impacts—such as rising sea levels and shrinking summer sea ice in the Arctic—are
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occurring more quickly, and often more intensely, than IPC projections (Rosenzweig et
al. 2008; Rahmstorf et al. 2007; Stroeve et al. 2007).
The most expensive thing we can do is nothing. One study also estimates that if climate
trends continue, the total cost of global warming in the United States could be as high as
3.6 percent of GDP by 2100 (Ackerman and Stanton 2008).
The Climate 2030 Blueprint demonstrates that we can choose to cut our carbon emissions
while maintaining robust economic growth and achieving significant energy-related
savings. While the Blueprint policies are not the only path forward, a near-term
comprehensive suite of climate, energy, and transportation policies is essential if we are
to curb global warming in an economically sound fashion. These near-term policies are
also only the beginning of the journey toward achieving a clean energy economy. The
nation can and must expand these and other policies beyond 2030 to ensure that we meet
the mid-century reductions in emissions that scientists deem necessary to avoid the worst
consequences of global warming.
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Chapter 1
A Vision of a Clean Energy Economy and a ClimateFriendly Future
The writing is on the wall: the United States needs to shift away from using fossil fuels
and build its economy with clean sources of energy. Many factors are driving the nation
in this direction, from the need to reduce our dependence on foreign oil and head off the
most devastating impacts of global warming, to calls for government investment in
technologies that will spur American innovation and entrepreneurship, create jobs, and
keep the United States globally competitive.
The growing threat of global warming makes this transition urgent. Global warming is
caused primarily by a buildup in the atmosphere of heat-trapping emissions from human
activities such as burning fossil fuels and clearing forests. Oceans, forests, and land can
absorb some of this carbon, but not as fast as humanity is creating it.
U.S. heat-trapping emissions have grown nearly 17 percent since 1990, with most of this
increase the result of growth in CO2 emissions from fossil fuel use in the electricity and
transportation sectors. To keep the world from warming another 2 degrees F above
today’s levels 10 —the level at which far more serious consequences become inevitable—
the United States and other industrialized countries will have to cut emissions by at least
80 percent from 2005 levels by 2050, even with swift and deep reductions by developing
countries (Gupta et al. 2007; Luers et al. 2007).
We can and must accomplish this transition to a clean energy economy alongside a strong
and growing U.S. economy. Climate 2030: A National Blueprint for a Clean Energy
Economy assesses the economic and technological feasibility of meeting stringent nearterm (2020) and medium-term (2030) targets for cutting global warming emissions. We
analyze U.S. energy use and trends—as well as energy technologies, policy initiatives,
and sources of U.S. emissions—to develop a well-reasoned, thoroughly researched, and
comprehensive blueprint for action the United States can take to meet these targets costeffectively.

1.1 The Climate 2030 Approach
Our analysis uses a modified version of the U.S. Department of Energy’s National
Energy Modeling System (NEMS) and supplemental analyses to conduct a
comprehensive assessment of a package of climate and energy policies across multiple
sectors of the economy between now and 2030. The NEMS model allows us to capture
the dynamic interplay between energy use, energy prices, energy investments, the
environment, and the economy, as well as the competition for limited resources under
different policy scenarios.
10

The Earth has already warmed by about 1.4º F, or 0.8º C, above the levels that existed before about 1850.
An average temperature increase of 2º F above today’s level is the same as a 3.6º F or 2º C increase above
pre-industrial levels.
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Modeled solutions include more efficient buildings, industries, and vehicles; wider use
of renewable energy; and more investment in research, development, and deployment of
low-carbon technologies in the electricity sector. Our model also included a cap-andtrade program that sets declining limits on emissions of carbon dioxide and other heattrapping gases, and that makes polluters pay for “allowances” to release such emissions.
A cap-and-trade program can include a provision that allows capped companies to
“offset” a portion of their emissions rather than cutting them directly, by paying
uncapped third parties to reduce their emissions or increase carbon storage instead. In
our model, a provision for a limited amount of such offsets leads to more storage of
carbon in agriculture lands and forests. (Apart from allowing for a limited number of
offsets, we were unable to fully analyze the potential for storing carbon in forests and on
farmland, although several studies indicate that the potential for such storage is
significant [CBO 2007; Murray et al. 2005]).
Figure1.1. The Sources of U.S. Heat-Trapping Emissions in 2005

The United States was responsible for approximately 7,180 million metric tons CO2 equivalent of heattrapping emissions in 2005, the baseline year of our analysis. Most of these emissions occur when power
plants burn coal or natural gas and vehicles burn gasoline or diesel. The transportation, residential,
commercial, and industrial shares represent direct emissions from burning fuel, plus “upstream” emissions
from producing fuel at refineries.

Chapter 2 explains our modeling approach and major assumptions. The next four
chapters then explore our major solutions in depth. Chapter 3 explains the need for an
economywide price on carbon as a key driver of emissions cuts. Chapters 4–6 examine
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the major sectors responsible for most U.S. global warming emissions: industry, and
buildings, electricity, and transportation. These chapters analyze the potential savings in
energy and emissions from solutions that are commercially available today, or that will
very likely be available within the next two decades. The chapters also identify the
challenges these solutions face in reaching widespread deployment and the policy
approaches that can help overcome those challenges. (Those chapters also describe the
key assumptions underlying our analysis.)
Chapter 7 presents the overall results of our analysis, while Chapter 8 provides
recommendations to policy makers and other decision-makers. (Our report also includes
technical appendices, to allow readers to delve more deeply into our methods,
assumptions, and results.)

1.2 Building on Previous Studies
Our analysis builds on earlier analyses of clean energy technologies and policies by
university researchers, UCS, and other national nonprofit organizations over the past 15
years (Clean Energy Blueprint 2001; Energy Innovations 1997; and America’s Energy
Choices 1992).
Some of these reports have found that a diverse mix of energy efficiency, renewable
energy, and other low-carbon technologies have the potential to significantly reduce heattrapping emissions (e.g., Greenpeace International and the European Renewable Energy
Council 2009, McKinsey & Company 2009, Flavin 2008, Google 2008, ASES 2007,
Pacala and Socolow 2004). However, this report takes the analysis further by analyzing
the costs and benefits of achieving the reductions—as well as some of the trade-offs and
competition among different technologies and sectors. This report also focuses on the
policy options that will enable the nation to cost-effectively meet the near-term and midterm climate targets critical to avoiding the worst consequences of climate change.
Government agencies and university researchers have also conducted economic analyses
of proposed U.S. cap-and-trade legislation (such as ACCF and NAM 2008; Banks 2008;
EIA 2008; EPA 2008a; and Paltsev et al. 2007), and have analyzed the costs and benefits
of implementing low-carbon technologies in specific economic sectors (such as APS
2008; EIA 2007; and EPRI 2007). However, this report again provides a more complete
approach by evaluating the impact of implementing a cap-and-trade program and a full
set of complementary energy policies and low-carbon technologies across all major
sectors of the economy.
This suite of policies and technologies focuses primarily on sharply reducing U.S.
emissions, with limited provisions for offsets from carbon storage in domestic lands and
forests and in tropical forests. The resulting recommendations do not include every step
the United States must take to address climate change. However, they establish a clear
blueprint for U.S. leadership on this critical global challenge.
Addressing climate change will clearly require the participation and cooperation of both
developed and developing countries. Under such a global partnership, the United States
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and other industrialized nations will help developing nations avoid fossil fuel–intensive
economic development and preserve carbon-storing tropical forests. The partnership will
also require developed countries to fund strategies to help developing countries adapt to
unavoidable climate changes. 11 Such international engagement will allow U.S companies
to be at the vanguard of developing and supplying clean technologies for a global
marketplace.
Although this international dimension of U.S climate policies is essential, it is beyond the
scope of this report.

1.3 Clean Energy Economy: A Solution for Many Challenges
The nation must enlist many technologies and policies if we are to meet our energy needs
while addressing global warming. We propose a broad array of practical solutions to
achieve our climate goals at low cost. As this report shows, many of our solutions deliver
not only cost-effective cuts in global warming emissions but also consumer and business
savings and other social benefits.
For example, energy efficiency technologies and measures can save households and
businesses significant amounts of money. Many strategies for reducing emissions also
create jobs and inject capital into the economy, while others enhance air quality, energy
security, public health, international trade, and agricultural production, and help make
ecosystems more resilient.
While our analysis considered most of the technologies now available to combat climate
change, we focused on those that reduce emissions at the least cost, and with the fewest
risks to our health and safety and the environment.

11

Because global warming emissions have already accumulated in the atmosphere, the planet will undergo
a certain amount of climate change regardless of future efforts to lower emissions.
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Box 1.1 Causes and Effects of Global Warming
In 2007 the Intergovernmental Panel on Climate Change released a report finding that it is
“unequivocal” that the Earth’s climate is warming, and that the planet is already feeling the
effects (IPCC 2007). The primary cause of global warming is clear: burning fossil fuels such as
coal, oil, and gas as we generate electricity, drive our cars, and heat our homes releases carbon
dioxide and other gases that blanket the earth and trap heat. Deforestation is another major
source of such emissions. To dramatically curb global warming, we will have to dramatically
reduce those emissions.
Today the atmospheric concentration of two important heat-trapping gases—carbon dioxide and
methane—“exceeds by far the natural range over the last 800,000 years,” according to two key
reports (Loulergue et al. 2008; Luthi et al. 2008). In fact, while the atmospheric concentration of
heat-trapping gases was around 280 parts per million of CO2 before 1850, it is now around 386
parts per million, and rising by almost 2 parts per million per year (Tans 2009).
As a result, the global average temperature is now 1.4 degrees Fahrenheit (0.8 degree Celsius)
above pre-industrial temperatures. And the accumulation of heat-trapping gases already released
ensures that the planet will warm about another 1 degree F (0.6 degree C) (Hansen et al. 2005;
Meehl et al. 2005; Wigley 2005). If humanity fails to substantially reduce global emissions, the
IPCC projects global average temperature increases of as much as 11.5 degrees F (6.4 degrees
C) by the end of the century (IPCC 2007a). Such changes will likely lead to wide-ranging
consequences that exceed humanity’s ability to cope, including rising sea levels, widespread
drought, and disruption of agriculture and global food supplies (IPCC 2007b).
Since the 2007 IPCC report, other studies have shown that climate impacts are occurring at a
faster pace—and are often more intense—than IPCC projections (Rosenzweig et al. 2008;
Rahmstorf et al. 2007; Stroeve et al. 2007). For example, the observed rates of both sea level
rise and summer Arctic sea ice decline are higher than the IPCC anticipated in its projections.

1.4 Setting a Target for U.S. Emissions
Most climate experts agree that the world must keep average temperatures from rising
another 2 degrees F above today’s levels (or 2 degrees C above pre-industrial levels) to
avoid some of the most damaging effects of global warming (UCS 2008; Climate Change
Research Centre 2007). Some scientists now argue that even that level is too high
(Hansen et al. 2008).
In 2001 the Intergovernmental Panel on Climate Change (IPCC) identified several
reasons for concern regarding the world’s growing vulnerability as global temperatures
rise (Smith, Schellnhuber, and Qadar Mirza 2001). The arresting visual representation of
this information has come to be known as the “burning embers diagram” (see Figure 1.2,
left). Smith et al. (2009) drew on a 2007 IPCC report and subsequent peer-reviewed
studies to update this diagram (see Figure 1.2, right).
The 2009 version highlights the much greater risk of severe impacts from rising average
global temperatures than peer-reviewed studies indicated only a few years ago. The
considerable evidence summarized in these figures reveals that a rise in global average
Climate 2030 Blueprint, Union of Concerned Scientists
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temperature of more than 2 degrees F above where we are today (or 2 degrees C above
pre-industrial levels) would put many natural and human systems at grave risk.
Figure 1.2. The Risks of Climate Change: The “Burning Embers” Diagram

Source: Smith et al. 2009.
The risks of harmful effects from global warming rise with its magnitude. This figure shows that even a 2degree C change in global temperature poses significant risks. The left-hand panel is based on the 2001 Third
Assessment Report (TAR) of the Intergovernmental Panel on Climate Change. The right-hand panel is an
updated version from 2009.

In 2007 UCS analyzed what the United States would have to do to help keep global
temperatures from rising more than 2 degrees C above pre-industrial temperatures (Luers
et al. 2007). Others studies noted that humanity has about a 50-50 chance of keeping to
this temperature target if it stabilizes atmospheric concentrations of global warming
emissions at no more than 450 parts per million of CO2 equivalent 12 by the end of this
century (Meinshausen et al. 2006). The UCS analysis therefore proposed this
concentration as a maximum allowable target.
Because carbon dioxide—the primary heat-trapping gas—remains in the atmosphere for a
long time, setting a target concentration also requires setting a limit for total cumulative
emissions. Recent studies have shown that cumulative global emissions must not exceed
12

Parts per million CO2eq—a measurement that expresses the concentration of all heat-trapping gases in
terms of CO2.
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about 1,700 gigatons of CO2 equivalent 13 from 2000 to 2050, to keep atmospheric
concentrations below 450 parts per million of CO2 equivalent (van Vuuren et al. 2007;
Baer and Mastrandrea 2006; Meinshausen et al. 2006).
The 2007 UCS analysis showed that the U.S. share of this budget would range from 160
to 265 gigatons CO2 equivalent during this period, even if other nations—both
industrialized and developing—acted aggressively to reduce their emissions. 14 The
United States now emits about 7.1 gigatons CO2 equivalent per year, and that amount is
expected to continue to rise unless the nation establishes sound climate and energy
policies. In fact, to stay within its “carbon budget,” the United States would have to
reduce its emissions by at least 80 percent below 2005 levels by 2050 (Luers et al. 2007).

1.5 2020 Targets: The Importance of Near-Term Goals
This long-term U.S. goal for reducing emissions reflects the fact that we need to plan
decades in advance to limit our emissions and the severity of their consequences, because
heat-trapping gases linger and accumulate over very long periods. Setting short-term and
interim targets for 2020 and 2030 is therefore critical—both to ensure that we can meet
our long-term goals, and to provide the incentives and certainty that will spur firms to
invest in clean energy technologies instead of locking us into high-carbon choices.
The 2007 IPCC report did not recommend specific short-term goals for cutting emissions.
However, it did analyze a number of studies to determine an appropriate range of
reductions for industrialized nations, to help keep global average temperatures within the
2 degrees C target. The IPCC set this range at 25–40 percent below 1990 levels by 2020
(or 35–48 percent below 2005 levels).
One study published a year later suggested that U.S. reductions of 15–25 percent below
1990 levels by 2020 (or 27–35 percent below 2005 levels)—combined with efforts by
other industrialized countries and support for developing countries to keep their
emissions substantially below baseline levels—could keep global average temperatures
within the 2 degrees C target (den Elzen et al. 2008). This analysis accepted the political
reality that the United States must be allowed to start from higher baseline emissions, and
set much more aggressive targets for Europe, Canada, and Russia to enable the world to
remain below the maximum temperature. 15
Another analysis, the Greenhouse Development Rights framework, considers each
country’s historical responsibility and current capacity to act. That framework assigns the
United States responsibility for financing emissions cuts equal to 60 percent of its 1990
13

.Gigatons CO2eq is a measure of the amount of any greenhouse gas – including CO2 and non-CO2 gases –
based on its global warming potential compared with that of CO2. This measure also takes into account the
amount of time each gas lingers in the atmosphere. 1 GTCO2eq equals 1,000 Million metric tons CO2eq
14
The analysts developed the range for cumulative U.S. emissions by comparing the U.S. gross domestic
product, population, and current emissions with those of other industrialized nations. The upper end of the
range implies heroic cuts in emissions by developing countries. The prudent U.S. approach would be to
stay within the mid-range of this carbon budget.
15
Having not ratified the Kyoto Treaty, the United States has experienced a steady rise in emissions since
1990.
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emission levels (or 66 percent of 2005 levels) by 2020. Some 20 percent of those cuts
would come from domestic sources, and 40 percent from efforts by other countries to
reduce their emissions, funded by the United States (Baer et al. 2008).
Scientific studies alone cannot provide a specific short-term goal for cutting U.S.
emissions. However, the urgency of the scientific evidence should compel the United
States to set a 2020 goal that preserves our future ability to make even more aggressive
reductions as we learn more about what will be necessary to stave off the worst climate
impacts. We therefore recommend that the United States reduce its global warming
emissions at least 35 percent below 2005 levels (or 25 percent below 1990 levels) by
2020, primarily through domestic action.

Box 1.2. Success Story: Reinventing Pittsburgh as a Green City
In the late 1860s, as hundreds of factories belched thick black smoke over
Pittsburgh, author James Parton dubbed it “hell with the lid off” (Parton 1868).
By the 1970s, as the city’s industrial economy faltered, Pittsburgh’s leaders made
“green” buildings part of their revitalization plan. A few decades later, Pittsburgh
was named the tenth-cleanest city in the world (Malone 2007).
Today Pittsburgh is a leader in green buildings, and has turned its abandoned
industrial sites, known as brownfields, into assets through extensive
redevelopment. Pittsburgh has shown that building green can reduce energy
demand, curb global warming emissions, save consumers money on utility bills,
and stimulate a green economy.
Pittsburgh’s David L. Lawrence Convention Center, for example, built on a
former brownfield site, is the world’s first Gold LEED-certified convention
center. 16 Natural daylight provides three-fourths of the lighting for the center’s
exhibition space, and it has reduced the use of potable water by three-fourths.
Sensor-controlled lights, natural ventilation and other efficiency measures cut
energy use by 35 percent—saving the building’s owners an estimated $500,000
each year (DLCC 2009; SEA 2008).
Built on an abandoned rail yard, the PNC Firstside Center is the nation’s largest
Silver LEED–certified commercial building. It uses about 30 percent less energy
than a traditional design, and is located near public transportation (EERE 2009).
“When we see energy costs going up … as much as 20 percent, we think it
[energy efficiency] makes fiscal sense for shareholders, employees, and the
communities we do business [with],” says Gary Saulson of PNC corporate real
estate (The Pittsburgh Channel 2008).
As of July 2008, Pittsburgh had at least 24 LEED-certified buildings, ranking it
fifth among U.S. cities (USGBC 2008). Spurred by an initial investment from
private foundations such as the Heinz Endowments and Richard King Mellon
16

The Leadership in Energy and Environmental Design (LEED) and federal EnergyStar standards provide
a framework and strategies for reducing the environmental impact of new and existing buildings, and can
apply to a range of building sizes and uses.
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Foundation, Pittsburgh officials are now actively encouraging such efforts. In
2007, for example, the City Council adopted incentives that allow green
buildings to be 20 percent taller than others in their zoning districts (City of
Pittsburgh 2007). The city also created the Mayor’s Green Initiative Trust Fund
in 2008 with money saved through bulk power purchases (City of Pittsburgh
2008). The fund’s mandate includes the launch of a Green Council to oversee
Pittsburgh’s five-year plan for green initiatives.
Investing in a green economy does more than save energy: it also attracts
businesses and creates jobs. The Pittsburgh region expects to see 76,000 jobs
related to renewable energy during the next two decades (Global Insight
2008).That trend has already begun with the recent announcement that
EverPower Wind Holdings was opening an office in the city (Schooley 2008),
and with the startup of two solar manufacturing companies (Plextronics 2009;
Solar Power Industries 2009).
Cities and towns play an important role in encouraging more energy-efficient
buildings. Stringent energy efficiency standards for buildings, zoning incentives,
and tax rebates can encourage a clean economy. Support for targeted education
and training for engineers, architects, builders, and other skilled tradespeople will
ensure that the local workforce can meet growing demand for employees
knowledgeable about green building.
When Pittsburgh’s future seemed bleak, architect Frank Lloyd Wright was asked how to
improve the city. His answer: “Abandon it!”(University of Pittsburgh 2009). Yet
Pittsburgh has shown that a “green” vision, political ingenuity and persistence, and the
support of private institutions can revitalize a region’s economy, reduce global warming
emissions, and provide a stewardship model for the nation.
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Chapter 2
Our Approach
The Climate 2030 Blueprint provides a path for reducing U.S. heat-trapping emissions
through 2030, based on scientific findings about the long-term cuts in emissions
necessary to avoid the worst consequences of global warming (see Chapter 1). The longterm goals of that path are:
•
•

To reduce annual U.S. emissions by at least 80 percent from 2005 levels by 2050.
To constrain cumulative U.S. emissions to the mid-range of a 2000–2050 U.S.
“carbon budget” of 165–260 gigatons CO2 equivalent.

The Blueprint shows how to achieve near-term and medium-term cuts in emissions
through 2030 consistent with those long-term goals.
To produce the Blueprint, we considered how to curb global warming emissions from
most major sources, including electricity, industry, buildings, and transportation, as well
as some opportunities for storing carbon in U.S. forests and agricultural lands. This
chapter describes how we evaluated the costs and benefits of various technologies and
policies for moving along that path.

2.1 Our Model
To analyze potential cuts in U.S. emissions, we relied primarily on a modified version of
the National Energy Modeling System (NEMS), developed by the Energy Information
Administration (EIA), an independent division of the U.S. Department of Energy (DOE).
NEMS is a comprehensive model that forecasts U.S. energy use and emissions from the
electricity, transportation, industrial, and buildings (residential and commercial) sectors.
The model works by applying a variety of assumptions about technological progress and
household and business behavior. It then selects the technologies that can best enable the
nation to meet its projected energy needs, given the assumed constraints.
The EIA uses NEMS each year to forecast U.S. energy production, demand, imports,
prices, and expenditures—as well as carbon emissions—through 2030. The resulting
report, known as the Annual Energy Outlook (AEO), includes a reference case based on
policies in place at the time, and several “sensitivity” cases based on changes to key
assumptions. The EIA also receives numerous requests from Congress to use NEMS to
assess the effects of proposed climate and energy legislation.
Our approach is similar, in that we used a modified version of NEMS to create a forecast
under existing policy conditions, which we call our Reference case. We then applied new
climate, energy, and transportation policies to evaluate their impact in cutting heattrapping emissions, which we call our Blueprint case.
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We call our modified model UCS-NEMS (see Appendices A–G for more on how we
modified the model). We supplemented UCS-NEMS with separate analyses of the
potential for making industry and buildings more efficient, and of the biomass resources
potentially available to produce electricity and liquid fuel for transportation.

2.2

The Reference Case

We began our analysis with the version of NEMS used to produce Annual Energy
Outlook 2008 (EIA 2008a). The Reference case in that version of the model includes the
EIA’s estimates of the effects of the 2007 Energy Independence and Security Act. That
law will deliver significant cuts in carbon emissions from the transportation sector by
increasing fuel economy standards for cars and light trucks, and by creating a renewable
fuel standard with low-carbon requirement for most biofuels.
To establish our Reference case, we applied a variety of modifications and updates to the
AEO 2008 version of the NEMS model. For example, we modified its assumptions about
the costs and performance of several energy and transportation technologies, based on
data from actual projects, information from more recent studies, and input from experts.
We also used the EIA’s assumptions from its AEO 2008 High Price case, which assumes
higher energy prices and commodity costs. These values are more in line with the
reference case forecast in AEO 2009, released in April 2009 (EIA 2009).
We further updated the model to include tax credits for renewable and conventional
energy technologies in the Economic Stimulus Package signed into law in October 2008,
new state renewable electricity standards, and the existing $18.5 billion nuclear loan
guarantee program. However, our Reference case does not include the tax credits and
incentives in the American Recovery and Reinvestment Act of 2009. (See Chapter 7 for
the results of the Reference case, and the appendices for more information on these and
other modifications.)

2.3

The Climate 2030 Blueprint Case

We then developed a Blueprint case to examine the impact of bundling a cap-and-trade
program with a range of complementary energy and transportation policies. We chose
policies that other analyses—and real-life experience—have shown are effective in
surmounting market barriers to deploying technologies that would lower energy bills and
the costs of a cap-and-trade program for households and businesses (see Box 2.1). These
policies stimulate improvements in energy efficiency and more widespread use of
renewable energy in the industry and buildings and electricity sectors, along with cleaner
cars and trucks, better transportation choices, and low-carbon fuels in the transportation
sector.
We relied on an analysis by the American Council for an Energy-Efficient Economy
(ACEEE) to calculate the energy and cost savings that result from the efficiency
improvements in industry and buildings. 17 UCS-NEMS modeled the energy savings as
drops in electricity demand and direct fuel use in industry and buildings.
17

ACEEE conducted this analysis on our behalf. See Appendix C for more details
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The Blueprint case also included at least eight large-scale carbon-capture-and-storage
(CCS) demonstration projects with advanced coal plants—consistent with the
recommendation in the UCS report Coal Power in a Warming World (Freese, Clemmer,
and Nogee 2008). Such projects can help address the technical, regulatory, and
commercialization challenges of large-scale CCS technology.
The Blueprint case also accounted for existing incentives to develop and build advanced
coal and nuclear plants. These include tax credits for both technologies as well as a range
of risk-shifting and regulatory subsidies for nuclear plants, such as loan guarantees,
insurance against licensing delays, and limits on liability.
After running the model with these modifications, we then used it to produce a
“sensitivity” case—which we called the No Complementary Policies case—that stripped
out the Blueprint’s complementary energy and transportation policies.
Box 2.1 Understanding Market Barriers to Climate Solutions
Many studies have documented market barriers to the development and use of cost-effective
energy efficiency, conservation, and renewable energy solutions (see Chapters 4–6).
One major market failure is that energy prices do not include all the environmental, health,
and national security costs of burning fossil fuels—which greater reliance on energy
efficiency, conservation and renewable energy would avoid.
A second major market failure is “risk aversion”: the reluctance of households and businesses
to invest in climate solutions that have high up-front costs but long-term financial benefits.
A third major market failure is “split incentives” between building owners and renters.
Owners do not make efficiency improvements because they do not pay the utility bills.
Renters will not make the up-front investment because they are unlikely to occupy the
building for long. These split incentives also exist between home developers and purchasers,
and in other parts of the economy.
Other market barriers include:
• lack of information and expertise on solutions to global warming;
• lack of capital needed for upfront investments in global warming solutions; and
• lack of a core infrastructure and manufacturing capacity to support increased use of
renewable energy, energy efficiency, advanced vehicle technologies, and expanded
mass transit.
Specific policies targeted at increasing energy efficiency, conservation, and renewable energy,
such as those in the Climate 2030 Blueprint, can directly address these market failures and
barriers. Such policies can reduce consumers’ overall costs more than energy price signals—
such as those resulting from a cap-and-trade program—alone.

2.4

The Blueprint Cap on Global Warming Emissions

A key input in the Blueprint and sensitivity cases was a trajectory for cuts in heattrapping emissions under a cap-and-trade program beginning in 2011. We defined the
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U.S. cap on such emissions as a reduction of 26 percent below 2005 levels by 2020, and a
drop of 56 percent below 2005 levels by 2030 (see Figure 2.1). 18
The cumulative U.S. emissions defined by the cap—in tons of CO2 equivalent—were
direct inputs to the NEMS model (see Table 3.1 for annual values). The model then chose
the most cost-effective way to comply with the cap within the constraints we imposed.
Complementary policies in various sectors of the economy help deliver the cuts set by the
cap more cost-effectively—they do not reduce emissions further.
Although our modeling horizon is 2030, Figure 2.1 extends the trajectory of cuts in
emissions to 2050, to show that the United States will have to continue to reduce its
emissions after 2030. Cuts in emissions called for by the cap accelerate each year through
2030, as the ability to manufacture and deploy low-carbon technologies grows over time.
The cap continues to tighten after 2030, but at a reduced annual rate.
Other scenarios could be designed to meet the same criteria—or even show more
aggressive cuts in heat-trapping emissions.
Figure 2.1: U.S. Emissions Cuts under the Blueprint Cap

U.S. Global Warming Emissions
(MMTCO2eq)

8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000
0
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Note: MMT CO2eq = million metric tons of CO2 equivalent.
For the years 2005 to 2010, this trajectory reflects the reference case. For the years 2011 to 2030, we
modeled the impact of a cap on cumulative emissions. The trajectory beyond 2030 simply continues the
deep reductions needed to stay within a long-term carbon budget, though we did not actually model what
would happen from 2030 to 2050.

In our approach, we allowed capped firms to bank and withdraw carbon allowances
(permits to emit one ton of carbon). That is, if it is cost-effective to do so, firms can
choose to overcomply with the cap and bank the excess allowances for use in later years
to lower emissions and costs. The result is an actual trajectory for emissions that differs
18

This differs from the recommendation in Chapter 1, which encompasses more possibilities for cutting
emissions than UCS-NEMS could model, such as curbs on tropical deforestation.

Climate 2030 Blueprint, Union of Concerned Scientists

14

from the trajectory specified by the inputs. 19 We assumed that the bank has no
allowances left by 2030: that is, that there is a zero terminal bank balance. That means
firms are exactly in compliance with the cap at that point.
Other studies have assumed that banks do have allowances remaining at the end of the
modeling period. If the nation needs deeper cuts in emissions beyond the modeling
horizon, such banked allowances could help capped firms meet their cap in those years.
For example, the EIA modeling of the cap-and-trade system in the proposed 2008
Lieberman-Warner Climate Security Act assumed an ending balance of 5 billion metric
tons of CO2 (EIA 2008). While valid, that choice is somewhat arbitrary. To accurately
assess the “right” terminal bank balance, we would need precise information on the
availability and cost-effectiveness of technologies for reducing emissions after 2030. In
light of these uncertainties, our choice of a zero balance allows us to test the feasibility
and cost-effectiveness of efforts to exactly meet the cap. However, other scenarios
deserve exploration.

2.5

The Blueprint Analysis of Energy Efficiency

As noted, the Blueprint includes a supplemental analysis by the American Council for an
Energy-Efficient Economy that accounts for the savings in energy and costs of nine
policies and programs aimed at making industry and buildings more energy efficient.
We used the resulting national energy savings to reduce electricity demand and direct
fossil fuel use in each economic sector each year. The model then distributed the energy
savings across different regions of the country. In the residential sector, the model also
distributed energy savings proportionally across different end-use categories, such as
space heating and water heating. The model then determined the impact of the energy
savings on electricity generation, the amount of fossil fuel used to produce electricity,
carbon dioxide emissions, energy prices, and energy bills.
Finally, the Blueprint subtracted the investment and policy costs resulting from the
efficiency analysis from savings on energy bills to determine the net savings on energy
bills for consumers and businesses. (For more information, see Appendix C.)

2.6

The Blueprint Analysis of the Biomass Supply Curve

The Blueprint also relied on a separate analysis of the amount of biomass from plant
cellulose that is potentially available for use in producing electricity and liquid fuel for
transportation at different prices. Marie Walsh, an agricultural economist with the
University of Tennessee, and formerly of Oak Ridge National Laboratory (ORNL),
conducted this analysis.

19

While the model ran without constraining borrowing, the results show only banking and withdrawing.
That is, the model shows no negative bank balances in any given year. This is actually the preferred policy
approach because it prevents the capped sectors from delaying technological change, and also prevents the
buildup of unsustainable levels of borrowing.
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Walsh and her colleagues at ORNL developed the original supply curves used by the EIA
for each of the main biomass feedstocks: energy crops (switchgrass), agricultural residues
(corn stover and wheat straw), forestry residues, urban wood waste, and mill residues.
The EIA model included a supply curve for each biomass feedstock for each year through
2030, and for 13 U.S. regions. The model added the data from those curves to get a total
biomass supply curve for each region, and for the nation as a whole. 20
Walsh and her colleagues at the University of Tennessee updated the supply curves for
energy crops, agricultural residues, and corn for the EIA’s 2007 analysis. That analysis
assumed that the nation would enact policies requiring 25 percent of the electricity and
energy used for transportation to come from renewable sources by 2025 (EIA 2007). The
report based the supply curves on new runs of an economic forecasting model for
agriculture called POLYSYS. Starting with a 2006 baseline forecast by the U.S.
Department of Agriculture, the POLYSIS model projected the tonnage of all major crops
and calculates changes in land use, based on the price of biomass and corn in each of 305
agricultural statistical districts.
We used those supply curves, with one exception. We reduced the amount of biomass
available from energy crops by 50 percent, to account for potential indirect land-use
effects that would increase carbon emissions. Such effects occur when energy crops are
grown on lands that could otherwise be used to grow food crops. That shift drives up the
price of food crops and spurs the conversion of forests and other lands to cropland in the
United States and other countries.

2.7

The Bottom Line

We chose policies for our modeling exercise with great potential to deliver critical
science-based cuts in emissions cost-effectively, without other harmful consequences.
We have tried to make all our assumptions transparent, so others can evaluate them on
their merits. Other assumptions and combinations of technologies and policies are also
possible. Analysts who investigate those alternatives should do so in a similarly
transparent manner.
The rest of this chapter summarizes our major technology and policy assumptions, for
quick reference. Chapters 3-6 explore these assumptions in more detail and with more
context, while the appendices provide additional information. Chapter 7 presents the
results of our analysis.

20

The supply curve for corn is separate from that for cellulosic biomass. However, some sources of
cellulosic biomass can be grown on land that could otherwise be used to grow corn, creating competition
for land that can drive up the price of corn crops. UCS-NEMS does not capture this impact.
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2.8

Summary of Blueprint Assumptions

2.8.1. Key Assumptions for the Cap-and-Trade Program
We used UCS-NEMS to model a cap-and-trade program broadly in keeping with the design
criteria outlined in Chapter 3, except when constrained by specific limitations in the model.
We made the following assumptions (see Appendix B for more details):
• The United States places a cap on global warming emissions starting in 2011. This cap
declines to 26 percent below 2005 levels by 2020, and 56 percent below 2005 levels
by 2030. The cap ensures that the nation is on track to stay within a mid-range carbon
budget—that is, cumulative emissions—of 160–265 gigatons CO2 equivalent from
2000 to 2050 (see Table 3.1).
• The sectors of the economy covered by the cap include electricity generation,
transportation, and the industrial, commercial, and residential sectors. Household
emissions from sources other than electricity are not covered.
• The cap covers emissions of all major heat-trapping gases, including CO2 from energy
production and use; CO2 from cement and lime production; methane (CH4) from
landfills, coal mining, natural gas and oil systems, stationary and mobile combustion,
and livestock; nitrous oxide (N2O) from agriculture, stationary and mobile
combustion, industrial sources, and waste management; and hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6).
• Capped firms can rely on carbon “offsets” to satisfy up to 15 percent of their
allowances obligations. That is, rather than cutting their emissions directly, capped
companies can offset them by paying uncapped third parties to reduce their emissions
or increase carbon storage. We divided the allowable offsets between domestic (a
maximum of 10 percent of the cap) and international (a maximum of 5 percent of the
cap).
• The federal government auctions all allowances for firms to emit carbon. However,
UCS-NEMS did not allow us to channel the revenues from such auctions to
investments in energy efficiency and renewable energy, or to households and
businesses that may be disproportionately affected by the cap-and-trade system. We
therefore simply assumed that all the proceeds from the allowance auctions would be
recycled back into the economy in a general way.
• The Blueprint cap-and-trade system does not include a “safety valve”—that is, an
upper limit on the price of carbon. Nor does it impose an auction reserve price, which
would set a minimum price for allowances.
• Firms can bank and borrow allowances to emit carbon. We assumed that no
allowances would remain in that bank in 2030. That is, the capped firms together
exactly meet the target for emissions by that year.
UCS-NEMS did not allow us to model U.S. links to international cap-and-trade programs to
reduce heat-trapping emissions. We were also unable to model any “leakage” of emissions:
that is, undercounting of emissions stemming from imports and exports of energy-intensive
goods.
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2.8.2. Key Assumptions for Energy Efficiency
Key Policies for Improving the Energy Efficiency of Industry and Buildings
Total Savings
in 2030
(in End-Use
Quads)

Total Cost in 2030
(in Billions of
2006 Dollars)
Program

Investment

Appliance and equipment standards: The federal
government upgrades energy efficiency standards or
establishes new ones for 15 types of appliances and
equipment over the next several years.

1.8

0.50

11.45

Energy efficiency resource standard (EERS): Federal
standards rise steadily to 20 percent for electricity and
10 percent for natural gas by 2030.

3.7

1.63

16.26

Building energy codes: New codes cut energy use in new
residential and commercial buildings 15 percent
annually until 2020, and 20 percent annually from 2021
to 2030.

1.2

2.12

14.19

Advanced buildings: An aggressive program ramps up
and results in an additional 15 percent drop in energy
use in new residential and commercial buildings by
2023 (beyond minimum building codes), with savings
continuing at that level through 2030.

1.1

3.96

21.78

Research and development: Annual R&D investments
reach $4.6 billion in 2030, and stimulate additional
private-sector investments that reach $18.5 billion that
year. These investments result in a 4.4 percent
reduction in U.S. energy use by 2030.

1.8

4.65

18.50

Combined heat and power (CHP): A range of barrierremoving policies and annual investments in federal
and state CHP programs lead to about 88,000
megawatts of new capacity by 2030—an average
annual addition of 4,000 megawatts.

0.6

0.06

27.57

Industrial energy efficiency: Expanded federal programs,
combined with local programs that support plant-level
efforts, reduce industrial fuel use 10 percent (beyond
that achieved by EERS and CHP) by 2030.

1.7

0.36

2.58

Rural energy efficiency: The federal government expands
its Farm Bill Section 9006 technical assistance grants.

0.01

0.003

0.02

Petroleum feedstocks: Wider use of recycled feedstocks
cuts industrial use of petroleum feedstocks 20 percent
by 2030.

0.3

0.02

0.15

TOTAL

12.1

13.40

113.55
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2.8.3. Key Assumptions for Electricity
Key Assumptions for Technologies Used to Produce Electricity
•

Escalation of construction costs. We included recent increases in construction and
commodity costs for all technologies, based on data from actual projects, input from
experts, and power plant cost indices. We assumed that the costs of all technologies
continue to rise 2.5 percent per year (after accounting for inflation) until 2015.

•

Wind. We included land-based, offshore, and small wind technologies. We based our
capital costs on a large sample of actual projects from a database at Lawrence Berkeley
National Laboratory (LBNL). We used an analysis from the National Renewable Energy
Laboratory (NREL), conducted for the EIA, to develop regional wind supply curves that
include added costs for siting, transmitting, and integrating wind power as its use grows.
We also assumed increases in wind capacity factors (a measure of power production) and
a 10 percent reduction in capital costs by 2030 from technological learning, based on
assumptions from a report from the DOE on producing 20 percent of U.S. electricity from
wind power by 2030 (EERE 2008).

•

Solar. We assumed expanded use of concentrating solar power (CSP) and distributed
(small-scale) and utility-scale photovoltaics through 2020, based on actual proposals. We
also assumed faster learning for solar photovoltaics, to match the EIA’s assumptions for
other emerging technologies. We assumed that the amount of heat that CSP can store to
produce electricity during periods of high demand rises over time.

•

Bioenergy. Key technologies included burning biomass along with coal in existing coal
plants, dedicated biomass gasification plants, the use of biomass to produce combined heat
and power in the industrial sector, and the use of methane gas from landfills.

•

Geothermal. We included a supply curve for hydrothermal and enhanced geothermal
systems in the West, developed by the NREL and other experts. This supply curve
incorporates recent increases in the costs of exploring potential sites, drilling, and building
geothermal power plants.

•

Hydropower. We assumed incremental amounts of hydropower from upgrades and new
capacity at existing dams, and counted both new sources of power as contributing to a
national standard for renewable electricity.

•

Carbon capture and storage. We included this as an option for advanced coal gasification
and natural gas combined-cycle plants, with costs and performance based on recent
studies and proposed projects.

•

Nuclear. We assumed that existing plants are relicensed and continue to operate through
their 20-year license extension, and that they are then retired, as the EIA also assumes. We
based assumptions on the costs and performance of new advanced plants primarily on
recent project proposals and studies.

•

Transmission. We included the costs of new capacity for transmitting electricity for all
renewable, fossil, and nuclear technologies. We also added costs for the growing amounts
of wind power, based on the NREL analysis conducted for the EIA.

(See Appendix D for more details.)
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Key Assumptions for Electricity Policies
Policies in the Reference Case
• State renewable electricity standards. These specify the amount of electricity that
power suppliers must obtain from renewable energy sources. We replaced the EIA’s
estimate with our own projections for state standards through 2030. We applied those
projections to the 28 states—plus Washington, DC—with such standards as of
November 2008.
•

Tax credits. We included the tax credit extensions for renewable energy and advanced
fossil fuel technologies that were part of the Economic Stimulus Package (H.R. 6049)
passed by Congress in October 2008.

•

Nuclear loan guarantees. We assumed that the $18.5 billion in loan guarantees spur
the construction of four new nuclear plants with 4,400 megawatts of capacity by 2020,
based on applications received by the U.S. Department of Energy in October 2008.

Additional Policies in the Blueprint
• Efficiency. Policies to increase energy efficiency in buildings and industry (see
Chapter 4) reduce electricity demand 35 percent by 2030, compared with the
Reference case.
•

Combined heat and power (CHP). Policies and incentives to increase the use of
natural gas combined-heat-and-power systems in industry and commercial buildings
(see Chapter 4) enable this technology to provide 16 percent of U.S. electricity
generation by 2030.

•

National renewable electricity standard. This standard requires retail electricity
providers to obtain 40 percent of remaining electricity demand (after reductions for
efficiency improvements and CHP) from renewable energy (wind, solar, geothermal,
bioenergy, and incremental hydropower) by 2030.

•

Coal with carbon capture and storage demonstration program (CCS). This new
federal program provides $9 billion to cover the incremental costs of adding CCS at
eight new full-scale advanced coal plants—known as integrated gasification
combined-cycle plants, which turn coal into gas—from 2013 to 2016 in several
regions.
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2.8.4. Key Assumptions for the Transportation Sector
Fuel Economy Potential and Costs Used in the Climate 2030 Blueprint
Cars and
Light-Duty
Trucks

MediumDuty
Trucks

HeavyDuty
Trucks

2005 Baseline Fuel Economy (mi/gallon gasoline eq)
26
8.6
6
2020 Fuel Economy for New Vehicles (mi/gallon gasoline eq)
42
11
8
2020 Incremental Cost vs. 2005 (2006 dollars)
$2,900
$6,000
$14,500
2030 Fuel Economy for New Vehicles (mi/gallon gasoline eq)
55
16
9.5
2030 Incremental Cost vs. 2005 (2006 dollars)
$5,200
$14,900
$40,500
Notes: These potentials and costs are based on assumptions in the AEO 2008 NEMS high technology case,
as modified by the authors, and modeling runs of UCS-NEMS. The values in our Blueprint case model runs
may not match these levels because of limitations in the model. See Appendix E for details.
Standards for Vehicle Global Warming Emissions
Cars and
Light-Duty
Trucks

MediumDuty
Trucks

HeavyDuty
Trucks

2005 Baseline Global Warming Emissions (g/mi CO2 eq)1
372
1,038
1,489
Fuel Economy (mi/gallon gasoline eq)
24
8.6
6
Non-CO2 Emissions Estimate (g/mi CO2 eq)
2
5
8
2020 Standard for Global Warming Emissions1
198
777
1,072
(g/mi CO2 eq)
Fuel Economy (mi/gallon gasoline eq)
42
11
8
CO2 Emissions with Current Gasoline (g/mi CO2 eq)2
212
808
1,111
Non-CO2 Emissions Estimate (g/mi CO2 eq)3
2
5
8
Credit for Improved A/C (g/mi CO2 eq)4
-8
-8
-8
Credit for Low-Carbon Fuel Standard (g/mi CO2 eq)5
-7
-28
-39
1
2030 Standard for Global Warming Emissions
139
497
842
(g/mi CO2 eq)
Fuel Economy (mi/gallon gasoline eq)
55
16
9.5
CO2 Emissions with Current Gasoline (g/mi CO2 eq)2
163
552
935
Non-CO2 Emissions Estimate (g/mi CO2 eq)3
2
5
8
Credit for Improved A/C (g/mi CO2 eq)4
-8
-8
-8
Credit for Low-Carbon Fuel Standard (g/mi CO2 eq)5
-18
-53
-94
Note: Values may not sum properly because of rounding.
1
We calculated global warming emissions as the sum of CO2 and non-CO2 emissions from today’s
gasoline, minus cuts in emissions from the use of better air conditioning and low-carbon fuels.
2
In converting fuel economy into CO2 equivalent, we assumed 8.887 grams of CO2 per gallon of today’s
gasoline burned.
3
We scaled up estimates of non-CO2 heat-trapping emissions for medium- and heavy-duty trucks from
those for light-duty vehicles based on relative fuel consumption. We expect to update these numbers as
more accurate data become available. These estimates do not include black carbon.
4
Note that 8 grams per mile is a conservative estimate for cars and light trucks based on Bedsworth 2004
and CARB 2008. We have no data for medium- and heavy-duty vehicles. However, given that they have
larger air conditioning systems (and thus greater potential for absolute savings) but travel farther (reducing
the per-mile benefit), we used 8 grams per mile as a rough value pending more information.
5
All fuels achieve the average low-carbon standard in Table 6.4.
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A Look at Cellulosic Ethanol in 2030
Resource, Yield and Potential
Costs
Biomass Resources Available for
Fixed Production Costs
280
$0.128
Transportation
(in 2006 dollars
(million tons)
per gallon)
Ethanol Yield
Non-Feedstock Variable Costs (in
110
$0.17
(billion gallons)
2006 dollars per gallon)
Maximum Biofuel Potential
Initial Capital Cost
(billion gallons
30
(in 2006 dollars per gallon
$1.99
ethanol equivalent)
of capacity)
Note: In our Blueprint analysis, actual production of cellulosic ethanol may be lower, as it competes with
biomass-to-liquids technology for access to biomass resources. However, the total volume of low-carbon
biofuels will be similar.

Potential of Advanced Vehicles and Fuels
2020

2030

Low-Carbon Fuel Standard: Reduction in Carbon
3.5%
10%
Intensity for All Transportation Fuels vs. 20051
Sales of Advanced Light-Duty Vehicles Spurred
2%
20%
by Regulations2
1
This standard would require a reduction in lifecycle grams of CO2 equivalent per BTU of all fuel used for
transportation, including cars and light trucks, medium- and heavy-duty vehicles, rail, air, shipping, and
other miscellaneous uses. If the standard is restricted to highway vehicles (cars, light trucks, and mediumand heavy-duty vehicles), the figure for 2020 would be 4.5 percent, and that for 2030 would be 14 percent.
2
This represents the fraction of light-duty vehicles that are plug-in hybrids, or pure battery and fuel cell
vehicles delivering equivalent benefits.

Climate 2030 Blueprint, Union of Concerned Scientists

22

Potential for Reducing Vehicle Miles Traveled
2020

2030

Assumed Policy Impact: Reduction in Annual
Growth in Vehicle Miles Traveled (VMT)1
Light-Duty Vehicles2
Trucks3

Reduce growth in VMT from baseline of
1.4% per year to 0.9% per year
Reduce VMT by 0.1% per year, on top of all
other policy effects

Policies and Costs for Light-Duty Vehicles
Ramp up transit funding to reach
$21 billion per year by 2030

Transit3
Pay as You Drive
Highway User Fee 1:
Maintain Existing Funding Levels5
Highway User Fee 2:
Congestion Mitigation Fee Used to Fund Transit4

$0.005 per mile

$0.011 per mile

$0.004

$0.006

Total User Fees

$0.009 per mile

$0.017 per mile

Pay-as-You-Drive (PAYD) Insurance5
Federal Funding for PAYD Pilot Programs
Tax Credit for PAYD Electronics
Smart Growth6

$0.07 per mile
$0.07 per mile
$3 million per year for 5 years
$100 million per year for 5 years
$0.00
$0.00

Policies and Costs for Heavy-Duty Vehicles
$0.00
$0.00
Switch from Truck to Rail7
NEMS is unable to model the full suite of policies needed to address vehicle travel. Instead, we inserted
the total reductions in vehicle miles traveled that could result from such policies into UCS-NEMS.
2
For the potential to reduce VMT from light-duty vehicles, we relied primarily on a recent analysis by
Cambridge Systematics (Cowart 2008), which found that growth in light-duty VMT could be reduced to
0.9 percent per year.
3
To evaluate the potential to reduce VMT from freight trucks, we assumed that policies can shift 2.5
percent of truck VMT to rail, based on potential highlighted in AASHTO 2007 and IWG 2000. This
represents about a 0.1 percent annual reduction in freight truck travel. Actual freight truck travel will fall
further as the economy shifts owing to other policies, such as a cap-and-trade program and reduced oil use
from higher vehicle efficiency.
4
The congestion mitigation fee provides this funding, so we did not count it as a cost above that fee.
5
Blueprint policies do not include these fees as a cost, because the Reference case would also need to raise
the highway funding to pay for repair of existing roads, and would include the cost of insurance. Actual
insurance costs would probably drop, because people would drive less under the Blueprint.
6
Smart-growth policies could actually reduce costs, so we assumed that they are cost neutral.
7
Switching from truck to rail will likely entail some costs, but evaluating them was beyond the scope of
our study.
1
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Key Assumptions for Transportation Technology
•

Cars and light trucks. We based the cost and performance of technology for improving the
fuel economy of cars and light trucks on the NEMS advanced technology case. That case is
slightly more pessimistic than UCS estimates, but it is more optimistic and includes more
technology options than estimates by the National Research Council (NRC 2002).

•

Medium- and heavy-duty truck technology. We based the cost and performance of these
vehicles on the NEMS advanced technology case. However, we modified the cost and
performance of hybrids, and technologies to improve vehicle and trailer aerodynamics, based
on discussions with the authors of a forthcoming report on the fuel-economy potential of
heavy-duty vehicles (Cooper et al. forthcoming).

•

Vehicle air conditioning. We based the cost and performance of improved air conditioning on
information from the California Air Resources Board (CARB 2008), and on a UCS research
report (Bedsworth 2004). The latter assumed that manufacturers switch to HFC-152a, though a
switch to HFO1234yf could provide even greater reductions in heat-trapping emissions.

•

Biofuels. Key technologies include ethanol from plant cellulose and biomass-to-liquid
gasification technology. We initially based the costs for both on the NEMS High Commodity
Cost case. However, we then reduced the cost of cellulosic ethanol by 38 percent, based on
data from the NREL. Biomass resources include crop residues and dedicated energy crops
such as switchgrass. We excluded forest, urban, and mill residues because of limitations in the
NEMS model. We also excluded 50 percent of crop-based resources, to reflect sustainability
criteria and minimize indirect effects on land use.

•

Refineries. We assumed a 10 percent increase in refinery efficiency, based on an assessment of
existing potential by analysts from the LBNL.

•

Advanced vehicles. The portfolio of potential advanced vehicles includes plug-in hybrids,
battery-electric vehicles, and fuel cell vehicles. We used plug-ins as the sole technology for
ease of modeling, rather than applying a performance-based requirement for advanced
vehicles. However, other technologies with equal performance could substitute. We drew
information on the cost and performance of plug-ins from research at MIT (Bandivadekar et
al. 2008).

•

Transit. We based the costs of doubling the amount of public transit nationwide on estimates
from the American Association of State Highway and Transportation Officials (AASHTO).

•

Pay as you drive. We based the driver response to pay-per-mile policies on studies from
Cambridge Systematics (Cowart 2008) and the Brookings Institution (Bordoff and Noel 2008).
We used the analysis from the Brookings Institution to determine the costs of GPS-based
odometer tracking.
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Chapter 3
Putting a Price on Global Warming Emissions
We know that global warming poses a grave risk to our planet and our very way of life.
As Chapter 1 pointed out, to avoid some of the worst consequences, we must keep the
global average temperature from rising more than 2 degrees F from today's levels. To
meet this goal, the United States will have to cut its emissions by at least 80 percent from
2005 levels by 2050, and keep its cumulative emissions from 2000 to 2050 at 160–265
gigatons CO2 equivalent (Luers et al. 2007).
A well-designed economywide cap-and-trade program that sets a declining limit on heattrapping emissions while charging polluters for their emissions is a lynchpin of a
comprehensive approach to addressing global warming. The nation will also need to
pursue other measures, including sector-based policies that promote energy efficiency,
the use of renewable energy, and better transportation and fuels (see Chapters 4–6).
Investments in reducing emissions in other nations are also essential, such as funding for
protection of tropical forests and deployment of clean technology in developing
countries.

3.1

How a Well-Designed Cap-and-Trade Program Works

One primary goal of a cap-and-trade program is to put a price on heat-trapping emissions
and require polluters to pay for their pollution. Such a system will encourage the entire
economy to look for cost-effective ways to reduce these emissions, and help usher in the
clean technologies and innovation essential to making the transition to a carbon-free
economy.
The “cap” refers to the strict, declining limit on economywide heat-trapping emissions
that the nation must set to help avoid the worst effects of global warming. Federal
legislation should establish this cap, but it should also be adjustable over time to reflect
the latest scientific information.
Under the program, regulated companies (the emitters) would have to purchase permits—
also called allowances—for all their heat-trapping emissions. The total number of
allowances issued would match the level of emissions allowed under the cap. Allowances
would be made available through regularly-held auctions.
With this basic framework, a cap-and-trade program creates a market for emission
allowances and spurs companies to curtail their emissions by financially rewarding more
climate-friendly practices. For example, power producers may choose to shift from fossilfuel intensive sources of electricity such as coal to renewable sources such as wind and
solar energy. Entrepreneurs who develop and sell new low-carbon technologies, such as
improved solar panels or techniques for storing carbon in soils and trees, will also see a
robust market for their products and respond accordingly. Households and businesses
may also respond, by, for example, purchasing more efficient appliances or equipment, to
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reduce their energy costs. Together these actions will help the nation achieve the targeted
cuts in emissions at the lowest cost.
In the jargon of economics, the “price signal”—that is, the price of the allowances, as set
through the auction—helps correct (or “internalize”) a market failure (or “externality”)
that has allowed companies to make production and investment decisions, and
households to make consumption choices, without accounting for the societal costs of the
resulting pollution. In the words of Sir Nicholas Stern, author of the 2006 Stern Review of
the Economics of Climate Change, “Climate Change is the greatest market failure the
world has ever seen.” A well-designed cap-and-trade program can help address this
market failure in a cost-effective way that benefits the overall society.
An alternative approach to putting a price on emissions is a carbon tax. In theory, a
carbon tax and a cap-and-trade program have equivalent effects. (One sets a fixed price
that then determines the quantity of emissions, while the other sets a fixed quantity of
emissions that determines their price.)
However, the one fundamental problem with a tax it that it is impossible to know ahead
of time what level the tax should be to produce the cuts in emissions we need. Policy
makers would also be unlikely to continuously adjust the tax to meet a specific target for
emissions. The price of allowances in a cap-and-trade program adjusts automatically, in
contrast, to account for changing market conditions 21 , but always ensuring the necessary
emissions cuts are achieved.
A cap-and-trade program may have greater merit as a practical matter of policy. Both
approaches could also coexist. For example, policy makers could impose a carbon tax on
sectors that are hard to include under a cap. However, it is critical that a well-designed
market instrument be put in place without delay, to jump-start our transition to a clean
energy economy.

3.2

A Tried-and-Tested Approach

The United States pioneered the cap-and-trade approach—to control emissions of sulfur
dioxide (SO2), a major component of acid rain, which acidifies lakes and forests and
poses threats to public health. These emissions are primarily a by-product of burning coal
to produce electricity.
The Acid Rain Program, which created an SO2 trading system, was part of the Clean Air
Act amendments of 1990. 22 The program required owners of coal-burning power plants
to reduce their SO2 emissions 50 percent from 1980 to 2010. 23 The Acid Rain Progress
21

For example, current prices of allowances under the European Union’s cap-and-trade program are low
because the recession has reduced demand for energy, and the thus the need for allowances (see Box 3.2).
22
The Acid Rain Program also limited emissions of nitrous oxide (NOx), another contributor to acid rain.
The program achieved these cuts through more traditional regulatory means.
23
However, as scientists have tracked the impact of the remaining SO2 emissions on our nation’s lakes and
forests, they now realize that further reductions will be needed. In other words, regulators may have to
lower the cap to account for new scientific information.

Climate 2030 Blueprint, Union of Concerned Scientists

26

Report from the U.S. Environmental Protection Agency (EPA) shows that the nation
reached this goal in 2007—three years before the statutory deadline—and at only onefourth the estimated cost (EPA 2007). 24 The report estimated that the public health
benefits of the program exceeded its costs by more than 40:1.
Drawing on this experience, Europe, Australia, and New Zealand—as well as several
U.S. states and regions—have committed to or already implemented cap-and-trade
programs for heat-trapping emissions. As this approach becomes the international market
tool of choice, the United States must place an even higher priority on developing a
sound economywide cap-and-trade program, and ultimately link that program with those
created by other nations. (See Box 3.2 for lessons from existing and proposed cap-andtrade programs.)

3.3

Design for Success

A successful cap-and-trade program must be designed well from the outset. Several
critical features will help make it robust, transparent, fair, and effective:
•

Setting a stringent, declining cap on heat-trapping emissions, with firm nearterm and long-term goals and a tight budget for cumulative emissions. As
noted, the United States must reduce its heat-trapping emissions by at least 80
percent below 2005 levels by 2050, to avoid the worst effects of global warming.
Delay in taking action will require much sharper cuts later, which would likely be
more difficult and costly.
To start the nation on the path to the 2050 target, climate policies should require
at least a 35 percent drop from 2005 levels by 2020, primarily from U.S. sources,
and also from investments in cutting emissions in other countries. Thus the capand-trade program should set a cap on U.S. emissions to match this level of
ambition. Because our understanding of climate science advances continuously,
the program should also require regular reviews of the latest information, and
include a mechanism for adjusting the target for emissions if needed.
However, these percentage reductions do not tell the whole story, because heattrapping emissions accumulate and persist in the atmosphere for long periods of
time (more than 200 years, in the case of CO2). Thus the critical metric of success
of a cap-and-trade program is a stringent budget for cumulative carbon emissions.
Chapter 1 suggests a U.S. budget of 165–260 gigatons CO2 equivalent from 2000
to 2050. Of this amount, the nation will already have emitted about 78 gigatons by
2010, at today’s rate of about 7.1 gigatons a year.

24

A primary reason for these lower compliance costs was the switch to low-sulfur coal from Wyoming—
made cheaper by the deregulation of railroad freight. Other reasons include more output from nuclear
power plants as a result of higher “capacity factors” (the ability to run at full capacity during more hours of
the year); a decline in natural gas prices, coupled with efficiency improvements in natural gas combinedcycle plants, which led to greater reliance on those plants; and technological innovations that led to lowercost, better-performing scrubbers, which reduce sulfur emissions (by 90 percent or more).
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•

Including as many economic sectors as possible under the cap. The cap should
cover all major sources of emissions—either directly or indirectly—to ensure that
the needed economywide reductions occur, and to spur all sectors to adapt their
production and investments in response to the price of emissions. A cap-and-trade
program should also provide incentives for sources that may remain uncapped
(such as the agriculture and forestry sectors) to reduce their emissions, by using
the proceeds from auctioning allowances to set standards and fund programs.

•

Including all major heat-trapping emissions. To exert the greatest impact, the
cap should apply to all major heat-trapping emissions, including—but not limited
to—carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O),
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride
(SF6).

•

Auctioning all allowances rather than giving them away free to emitters, and
using the revenues to advance the public good. An auction would be the most
efficient and equitable way to distribute allowances to release emissions. While
firms would bear the regulatory burden of purchasing the allowances, they would
not necessarily pay the final costs. Most companies would pass on these costs to
consumers, regardless of whether the program auctioned the allowances or gave
them away.
Once carbon emissions are capped, allowances become a valuable commodity.
Giving them away for free would most likely result in windfall profits for
companies without producing any benefit for consumers. 25 Instead, the
government should auction the allowances and use the revenues for productive
purposes—an approach known as “revenue recycling.” The government could
direct some of these revenues to consumers, to offset the costs that companies
pass through to them. Recent studies by the Congressional Budget Office (CBO
2007a) and Dinan and Rogers (2002) have documented the economic benefits of
an allowance auction with revenue recycling.
Auction revenues from a stringent cap-and-trade program will total hundreds of
billions of dollars per year. The government can invest these funds in measures
that promote cuts in emissions, such as clean, renewable energy technologies,
energy efficiency, and efforts to protect forests in developing countries.
Government should also invest the funds in measures that help consumers and
communities transition to a low-carbon economy. These measures include rebates
for low-income families, transition assistance to workers who are
disproportionately affected by the program, and help for communities and
ecosystems in adapting to the unavoidable effects of global warming.

•

25

Excluding loopholes that undermine the program. A cap-and-trade program
should not include a “safety valve” that short-circuits the market by setting a
maximum price on allowances—above which an unlimited number would

This is a critical lesson from experience with the European Union’s cap-and-trade program (see Box 3.2).
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become available. This approach would distort the market, undermine the nation’s
ability to fulfill its goals for cutting emissions, and reduce the incentive for
companies to invest in developing and using clean technologies.
•

Limiting “offsets.” Rather than reducing their own emissions or buying
allowances, regulated companies may purchase“offsets” by paying parties or
countries not subject to the cap to reduce their emissions. For example, a power
producer could offset its emissions by paying an unregulated landfill owner to
capture methane emissions.
If these offsets are cheaper than efforts to cut emissions directly, they can help
polluters lower the costs of complying with a cap. Offsets also allow unregulated
entities and countries to contribute to the global effort to reduce heat-trapping
emissions.
However, by helping major emitting sectors of the economy postpone cuts in their
own emissions, offsets could delay the much-needed technological transformation
and innovations in those capped sectors. That, in turn, would jeopardize the capand-trade program’s long-term goals, and perhaps raise its long-term costs.
Ensuring that offsets meet stringent criteria—such as that they are real, verifiable,
quantifiable, additional (that is, beyond any that would have occurred without the
program), permanent, and enforceable—may also require considerable resources.
The nation may find cheaper and more efficient ways to spur cuts in
emissions from sectors that are not easy to cap. These could include direct
mandates (such as performance or technology standards), financial
incentives funded by auction revenues, subsidies, and loan guarantees.
An effective cap-and-trade program should therefore limit the number of
offsets that capped companies can rely on. Any offsets that the program
does allow should meet strict quality standards, and it should include a
strong institutional framework for monitoring and enforcing those
standards. The total number of offsets allowed must relate directly to the
stringency of the cap. For example, regulators could mandate that
companies could use offsets to meet only a small percentage of their
required cuts in emissions.

•

Allowing banking and borrowing. Banking would allow firms to exceed their
required cuts in emissions in early years and store up credits for use in later years.
Borrowing would allow firms to emit more global warming pollution early if they
commit to making sharper cuts in emissions later.
Banking allows firms to choose which technologies to invest in and make other
investment decisions over a longer timeframe, and thus greatly reduces the
volatility of the price of emission allowances. Unrestricted banking will spur early
cuts in emissions, which are important for safeguarding the climate.
However, as with offsets, early borrowing at unsustainable levels can lead capped
sectors to postpone cuts in emissions, and can undermine the program’s overall
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goals. Policy makers should therefore limit the amount of borrowing firms can do,
such as by imposing a three-year “true-up” period, so borrowing cannot get out of
hand.
•

Creating strong institutions. A cap-and-trade program requires a strong
institutional framework to function well. The EPA—the agency that would
oversee the program—will play a critical role in ensuring that it achieves its goals.
The EPA will have to work closely with scientists, policy makers, and the
authority that will oversee the market for trading allowances.
That authority, in turn, will have to guard against “gaming” or other illegal
activities that interfere with the proper functioning of allowance auctions. It will
also have to oversee any secondary markets for trading allowances that will
develop as capped firms and other parties (including brokers and investors) trade
allowances.
The EPA must have enough resources to ensure that regulated companies comply
with their requirements, and that they face appropriate penalties if they do not.
The agency will also have to strictly monitor and enforce standards for offsets.
Meanwhile a trustworthy fiduciary entity must oversee the disbursement of
revenues from the sale of allowances, to ensure that they go to the appropriate
recipients for the appropriate purposes. Congress or the EPA will also have to
choose an authority to manage links between a domestic cap-and-trade program
and international carbon markets.
Finally, a robust, high-quality cap-and-trade program needs excellent baseline
data on emissions, and the ability to track them over time.

•

Linking with similar programs. Linking a U.S. cap-and-trade regime with welldesigned cap-and-trade programs in other regions can provide important
economic advantages, such as enabling capped companies to find the lowest-cost
sources of reductions over a wider geographic area. Such links would require that
the regimes be compatible, especially with regard to the stringency of the cuts in
emissions they require and other key program standards.

Climate 2030 Blueprint, Union of Concerned Scientists

30

Box 3.1: Climate 2030 Blueprint Modeling Assumptions: Cap-and-Trade Program
We used UCS-NEMS to model a cap-and-trade program broadly in keeping with the design
criteria outlined in Chapter 3, except when constrained by specific limitations in the model.
We made the following assumptions (see Appendix B for more details):
• The United States places a cap on global warming emissions starting in 2011. This
cap declines to 26 percent below 2005 levels by 2020, and 56 percent below 2005
levels by 2030. The cap ensures that the nation is on track to stay within a mid-range
carbon budget—that is, cumulative emissions—of 160–265 gigatons CO2 equivalent
from 2000 to 2050 (see Table 3.1).
• The sectors of the economy covered by the cap include electricity generation,
transportation, and the industrial, commercial, and residential sectors. Household
emissions from sources other than electricity are not covered.
• The cap covers emissions of all major heat-trapping gases, including CO2 from energy
production and use; CO2 from cement and lime production; methane (CH4) from
landfills, coal mining, natural gas and oil systems, stationary and mobile combustion,
and livestock; nitrous oxide (N2O) from agriculture, stationary and mobile
combustion, industrial sources, and waste management; and hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6).
• Capped firms can rely on carbon “offsets” to satisfy up to 15 percent of their
allowances obligations. That is, rather than cutting their emissions directly, capped
companies can offset them by paying uncapped third parties to reduce their emissions
or increase carbon storage. We divided the allowable offsets between domestic (a
maximum of 10 percent of the cap) and international (a maximum of 5 percent of the
cap).
• The federal government auctions all allowances for firms to emit carbon. However,
UCS-NEMS did not allow us to channel the revenues from such auctions to
investments in energy efficiency and renewable energy, or to households and
businesses that may be disproportionately affected by the cap-and-trade system. We
therefore simply assumed that all the proceeds from the allowance auctions would be
recycled back into the economy in a general way.
• The Blueprint cap-and-trade system does not include a “safety valve”—that is, an
upper limit on the price of carbon. Nor does it impose an auction reserve price, which
would set a minimum price for allowances.
• Firms can bank and borrow allowances to emit carbon. We assumed that no
allowances would remain in that bank in 2030. That is, the capped firms together
exactly meet the target for emissions by that year.
UCS-NEMS did not allow us to model U.S. links to international cap-and-trade programs to
reduce heat-trapping emissions. We were also unable to model any “leakage” of emissions:
that is, undercounting of emissions stemming from imports and exports of energy-intensive
goods.

Climate 2030 Blueprint, Union of Concerned Scientists

31

Table 3.1. Yearly Caps on U.S. Global Warming Emissions under the Climate 2030
Blueprint
YEAR

EMISSIONS CAP (MMTCO2eq)

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

7,150
6,501
6,418
6,325
6,221
6,103
5,973
5,830
5,672
5,501
5,317
5,121
4,914
4,699
4,476
4,249
4,021
3,793
3,570
3,353
3,145

Note: MMT CO2eq = million metric tons CO2 equivalent. The table summarizes year-by-year caps on
emissions that were inputs into UCS-NEMS, as key components of the Blueprint cap-and-trade program.
The program would begin in 2011.

The NEMS model looks for the most cost-effective way of meeting the cumulative goal
for emissions (in tons) over the entire modeling period of 2011 to 2030, taking into
account banking and borrowing of allowances. This means that the actual year-by-year
emissions that are shown in the model results (the “actual emissions trajectory”) may
differ considerably from the inputs (the “cap emissions trajectory”). However, the
cumulative emissions over the modeling period will remain the same for both trajectories,
which is the important metric for the climate. (See Chapter 7 and Appendix B for more
information on our results.)

3.4

A Cap-and-Trade Policy Alone Is Not Sufficient

A cap-and-trade program would address the failure of the market to account for harm to
the climate. However, it cannot overcome all the barriers to the development and use of
technologies and other measures that are essential to creating a true low-carbon economy.
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The nation must implement parallel policies alongside a cap-and-trade program, to ensure
development and deployment of the full range of energy efficiency and clean energy
technologies. These policies—outlined in Chapters 4, 5, and 6—include requiring utilities
to generate a higher percentage of their electricity from renewable sources, requiring
automakers to increase the fuel economy of their vehicles, stronger energy efficiency
standards, incentives for investments in low-carbon technologies, and policies that
encourage smart growth, among others.
The results of our analysis provide clear evidence that a comprehensive approach that
includes these parallel policies would save households and businesses money by lowering
their electricity and gasoline bills, reduce the price of allowances, and help cut heattrapping emissions.
Finally, a program targeted at reducing such emissions may not, by itself, address other
types of local and regional air pollution. We will therefore continue to need strong
policies to curb those emissions.

Box 3.2. How It Works: Cap and Trade
Existing cap-and-trade programs provide important lessons about the need for robust
design features. A brief review of real-world experience will illustrate two of these
lessons. First, a cap must be tight enough to achieve significant cuts in emissions.
Second, the method regulators select for distributing emission allowances to firms is
critical, and auctioning is gaining favor as the preferred approach.
Cap and Trade in Practice
The European Union’s Emission Trading Scheme (EU ETS) is the first cap-and-trade
program for reducing heat-trapping emissions, and is designed to help European
nations meet their commitments to the Kyoto Protocol. This program includes 27
countries and all large industrial facilities, including those that generate electricity,
refine petroleum, and produce iron, steel, cement, glass, and paper.
The first phase of the EU ETS—from 2005 to 2007—drew criticism for not
achieving substantial cuts in emissions, and for giving firms windfall profits by
distributing carbon allowances for free. These criticisms are valid. However, the EU
viewed Phase 1 as a trial learning period. The extent to which Phase 2—which runs
from 2008 to 2012—helps Europe fulfill its Kyoto commitments will be a better test
of the program.
Phase 1 allowed countries to auction up to only 5 percent of allowances—and only
Denmark chose to auction that amount. The result was billions of dollars in windfall
profits for electricity producers. Phase 2 allows slightly more auctioning, which is
expected to occur.
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The rules for Phase 3—which extends from 2012 to 2020—were published in
December 2008, and unfortunately they are not as ambitious as expected, given the
EU’s stated commitment to tackling global warming. This phase targets a 20 percent
reduction in emissions from 1990 levels by 2020; climate experts had hoped for 30
percent. Even this target is considerably watered down because of the large amount
of offsets allowed from outside the capped region. Auctioning of allowances is still
not likely to play a major role. This experience reinforces the fact that the United
States would be much more likely to win stronger commitments from the EU and
elsewhere if it fulfilled its responsibility to lead on climate policy.
The Regional Greenhouse Gas Initiative (RGGI) is a cap-and-trade program that
covers a single sector—electricity generation—in 10 northeastern and mid-Atlantic
states. The program aims to achieve a 10 percent reduction in emissions from power
plants by 2018.
The program’s most notable aspect is that states unanimously chose auctioning to
distribute the vast majority of emission allowances. Six of the ten states will auction
nearly 100 percent of their allowances. The auctions of the other four states include
fairly small portions of fixed-price sales or direct allocations.
The program's initial three-year compliance period begins in 2009, but the first
multistate auctions occurred on September 25 and December 17, 2008. The first
auction, which included allowances from only six states, raised $38.5 million, while
the second raised $106.5 million. States and electric utilities will invest the vast
majority of those funds in energy efficiency and renewable technologies, with an
emphasis on reducing demand for fossil fuel–based electricity and saving consumers
money.
The RGGI auction includes a reserve price, to ensure that CO2 emissions will always
carry a minimum cost, and that the auctions will yield a minimum amount of revenue
for these important programs. Some analysts fear that the states may have set the cap
too high, because emissions have not grown at the rate expected when the cap was
set in 2005. However, there is a possibility that the states could revisit the cap.
Cap and Trade on the Horizon
The Western Climate Initiative (WCI)—which includes seven western states and four
Canadian provinces—has established a regional target for reducing heat-trapping
emissions of 15 percent below 2005 levels by 2020. WCI’s main focus is developing
a regional cap-and-trade program. The WCI also requires participants to implement
California’s Clean Car Standard, and recommends other policies and best practices
that states and provinces can adopt to achieve regional goals for cutting emissions.
The first phase of WCI development culminated on September 23, 2008, with the
release of its Design Recommendations. These sketch out a very broad cap-and-trade
program that would cover 85–90 percent of all heat-trapping emissions from
participating states and provinces. The only parts of the economy that would remain
uncapped are agriculture, forestry, and waste management. However, some sectors,
such as transportation fuels, would be brought in at the start of the second
compliance period, in 2015.
California is the largest single entity in the WCI, and it has the most detailed action plan of
any state in the nation. In 2006 the legislature passed, and Governor Schwarzenegger signed,
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a law to reduce emissions economywide. The California Air Resources Board has created a
blueprint for achieving the required reductions. The plan includes a strong set of sectorspecific policies forecast to provide about 80 percent of the needed reductions, as well as a
broad cap-and-trade program linking to the WCI. The California and WCI cap-and-trade
programs are scheduled to go into effect in 2012.
Another nascent regional effort is occurring in the Midwest. On November 15, 2007, the
governors of Illinois, Iowa, Kansas, Michigan, Minnesota, and Wisconsin, as well as the
premier of the Canadian province of Manitoba, signed the Midwestern Regional Greenhouse
Gas Reduction Accord. Participants agreed to establish regional targets for reducing global
warming emissions, including a long-term target of 60–80 percent below today’s levels, and
to develop a multisector cap-and-trade system to help meet the targets.
Participants will also establish a system for tracking global warming emissions, and
implement other policies to help reduce them. The governors of Indiana, Ohio, and South
Dakota joined the agreement as observers. The regional accord for reducing such emissions is
the first in the Midwest.
The governors and premier assembled an Advisory Group of more than 40 stakeholders to
advise them, and their final recommendations are due in May 2009. As now conceived, the
cap would take effect January 1, 2012.
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Chapter 4
Where We Work, Live and Play:
Technology for Highly Efficient Industry and Buildings
The energy used to power, heat, and cool our homes, businesses, and industries is the
single largest contributor to global warming in the United States. Nearly three-quarters of
all U.S. energy consumption—and two-thirds of all U.S. carbon emissions—come from
those sectors. Fortunately, our industries and buildings are also where some of the most
significant and readily available global warming solutions can be found. And no solution
is more important to a comprehensive strategy for cutting emissions than energy
efficiency.
Energy efficiency technologies allow us to use less energy to get the same—or higher—
level of production, service, and comfort. We can still light a room, keep produce fresh,
and use a high-speed computer, but we can do it with less energy. Energy efficiency is an
appealing strategy because it can yield quick, significant, and sustained energy savings,
which typically provide substantial long-term economic returns for consumers and
businesses. But technology cannot do it alone. Creating a highly energy-efficient
economy also requires policies and programs to help overcome significant, entrenched
barriers, and to help businesses and consumers make wise decisions and find ways to
eliminate wasteful and unnecessary uses of energy.
Our analysis relied on a supplemental analysis by the American Council for an EnergyEfficient Economy (ACEEE) of the costs and energy savings resulting from policies and
programs aimed at spurring the use of energy-efficient technologies in the residential,
commercial, and industrial sectors. We used the energy savings resulting from the
ACEEE analysis to reduce electricity and fossil fuel use in UCS-NEMS. The model then
determined the effects of the cuts in energy use on electricity generation, fossil fuel used
to produce electricity, carbon dioxide emissions, energy prices, and energy bills resulting
from those policies. 26
This chapter explores some of the key energy-efficient technologies and innovations that
will have the greatest effect in reducing heat-trapping emissions during the coming
decades. The chapter then examines the potential for deploying these technologies on a
large scale, their associated costs and savings, key challenges and barriers to reaching
their full potential, and the suite of policies that the Blueprint supports to help drive their
use.

4.1 Energy Efficiency Opportunities in Industry
The industrial sector is an essential component of the U.S. economy, producing millions
of different products for consumers each year. That production currently uses a
tremendous amount of energy. Industry is responsible for about one-third of all U.S.
26

See Appendix C for more information on the analysis by ACEEE.
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energy consumption—more than any other sector of the economy—and is also America’s
second-largest consumer of coal, primarily in the steel, chemicals, and pulp and paper
industries. As a result, industry is responsible for more than one-quarter of total U.S. CO2
emissions, including those from the electricity that industry uses (EIA 2009).
Industry is also a highly diverse sector, with processes, equipment, and energy demands
across and within various arenas varying widely (Shipley and Elliot 2006). Petroleum
refining, chemicals, and primary metals, for example, account for more than 60 percent
of all energy consumption in the industrial sector. Other industries—such as computers,
electronics, appliances, and textiles—are far less energy intensive (EIA 2005). Many of
the opportunities for boosting energy efficiency are therefore industry- and site-specific.
Achieving our national goals for reducing emissions, then, requires identifying and
capitalizing on both industry-wide and site-specific opportunities to deploy energyefficient technologies and practices.
Numerous studies show an abundance of cost-effective energy efficiency solutions across
all industries (Creyts et al. 2007; Nadel, Shipley, and Elliott 2004; IWG 2000). Some of
the best opportunities include replacing existing equipment, pursuing innovations in more
efficient processes and production technologies, using combined-heat-and-power
systems, and relying on recycled petroleum feedstocks.
4.1.1. Equipment Replacement
The electric motor accounts for more than two-thirds of all industrial consumption of
electricity (EIA 2008a). Investing in more efficient motors has historically provided
significant gains in industrial efficiency—but many opportunities for upgrading today’s
equipment remain. Improving how companies maintain and coordinate their in-house
motor systems can also save energy (Shipley and Elliott 2006). Retrofits to compressedair systems, heating, ventilating, and air conditioning systems, furnaces, ovens, boilers,
and lighting can provide further efficiency gains (Ehrhardt-Martinez and Laitner 2008).
4.1.2. Innovation in Industrial Processes
Some of the best options for boosting energy efficiency involve integrating new
technologies into industrial processes. Advanced sensors, wireless networks, and
computerized controls optimize energy use while also providing other benefits, such as
higher productivity, greater quality assurance, and reduced waste of materials and other
inputs (Ondrey 2004). Companies can also reap significant savings by redesigning entire
processes to make them more efficient.
4.1.3. Combined-Heat-and-Power Systems
Combined heat and power (CHP) is a well-established but underused technology that
entails generating electricity and heat from a single fuel source—dramatically increasing
energy efficiency. By recovering and reusing the waste heat from producing electricity,
CHP systems can achieve efficiencies of up to 80 percent, compared with about 33
percent for the average fossil-fueled power plant.
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Continued advances in CHP and other thermal systems—such as even more effective
recovery of waste heat, and the use of such systems for cooling and drying—stand to
contribute significant energy savings and cuts in carbon emissions by 2030. Much of the
remaining potential lies in industries that have traditionally used CHP, including pulp and
paper, chemical, food, primary metals, and petroleum refining. However, industries such
as textiles, rubber and plastics, and metal fabrication have considerable untapped
potential for using smaller CHP systems (EIA 2008a; EIA 2000).
4.1.4. Recycled Petroleum Feedstocks
Sources of energy not only power industry but also serve as an ingredient—or
feedstock—in manufacturing processes. The largest use of petroleum in the
manufacturing sector, for example, is as a feedstock in the production of chemicals and
plastics. Natural gas, meanwhile, is a key feedstock in the production of fertilizers.
Improved techniques and processes that replace virgin petroleum with high-quality
recycled or alternative feedstocks are poised to play an important role in reducing carbon
emissions.

4.2 Energy Efficiency Opportunities in Residential and Commercial
Buildings
The energy used in the buildings where we live, work, shop, meet, and play contributes
significantly to our carbon emissions. The residential and commercial sectors account for
21 percent and 18 percent, respectively, of total U.S. energy use as well as CO2
emissions, including emissions from electricity used in buildings (EIA 2009). Both
sectors use energy primarily to heat and cool spaces, heat water, provide lighting, and run
refrigerators and other appliances and electronics (See Figure 4.1). A wealth of readily
available solutions for each use could reduce consumption and carbon emissions without
sacrificing comfort or quality.
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Figure 4.1. Residential and Commercial Energy Use
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4.2.1. Heating and Cooling
Heating and cooling accounts for nearly half of the average energy consumed in homes—
in the form of electricity, gas, and oil—and 43 percent of that used in commercial
buildings. Leaks in the average building envelope mean that up to 30 percent of this
energy is lost (EERE 2006).
To keep more heat in during winter and more heat out during summer, existing and new
structures can be outfitted with better and more appropriate insulation in walls, ceilings,
and basements and around ductwork. Highly efficient windows with multiple panes, lowemissive glass, and insulated frames can also reduce heating and cooling energy use by
20–30 percent (EERE 2006). Radiant barriers—a layer of reflective material in a roof that
prevents heat transfer—can also moderate seasonal temperature exchanges in attic
spaces, while lighter-colored rooftops can reduce unwanted solar heat gain in warmer
climates.
Next to buttoning up a building’s envelope, the use of highly efficient equipment can
have the biggest impact on reducing carbon emissions from heating and cooling. Owners
can easily install ultra-high-efficiency boilers, furnaces, and air conditioners already
available in new buildings, or in existing structures when equipment wears out. Because
most equipment is typically built to last 15 to 25 years, the most efficient models can
provide significant long-term energy savings.
Most heating systems use natural gas, oil, or electricity as an energy source, but several
existing and emerging sources offer greater efficiency. For example, geothermal (groundsource) heat pumps use the constant temperature below ground to provide heating or
cooling with much less energy. Air-source heat pumps, which use the difference in
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outdoor and indoor air temperatures for cooling and heating, are also effective in more
moderate climates. Micro-combined-heat-and-power systems are also an emerging option
that can allow commercial buildings and homes to get the most out of their fuel use.
Similar to larger systems, micro-CHP meets heating and even cooling needs with the
waste heat from on-site electricity generators powered, for instance, by natural gas.
Several other solutions from simple to high-tech can also help save energy and cut carbon
emissions from heating and cooling. Ceiling fans can significantly reduce the need for air
conditioning, and programmable thermostats (which can even be controlled remotely)
can reduce energy use by 5–15 percent. Passive solar designs can minimize energy use
and increase the comfort of new buildings by considering the sun’s location at various
times of year. For example, large south-facing windows with good overhangs can let
winter sun in and keep summer sun out. Well-placed trees can also help shade buildings
from the high summer sun and protect them from winter winds.
4.2.2. Water Heating
Water heating offers strong opportunities for cutting carbon emissions, as it accounts for
about 20 percent of energy used in residential buildings, and 8 percent of energy used in
commercial buildings (EIA 2008b; EIA 2005). High-efficiency water heaters that are
available today use 10–50 percent less energy than standard models, and new advances
are expected to offer further gains (EPA 2008b).
On-demand or “tankless” water heaters, which heat water only when it is needed, reduce
energy consumption by 10–15 percent by avoiding “standby” losses (Amann, Wilson, and
Ackerly 2007). Innovations in gas-condensing water heaters—which capture and use
warm combustion gases to heat water further, before releasing the gases to the
outdoors—can reduce the amount of energy used to heat water by as much as 30 percent
(EPA 2008b).
Fuel choice is also important for curbing carbon emissions. Natural gas–fired water
heaters are far more efficient than those powered by oil or electricity, if we account for
the inefficiencies that occur producing the electricity. However, solar water heaters offer
the greatest cuts in carbon emissions. Innovations in the design of such systems have
improved their efficiency, significantly reduced their cost, and allowed their use in most
climates.
4.2.3. Lighting
Lighting accounts for about 10 percent of an average home’s energy use, and more than
20 percent of the energy used in the commercial sector (EIA 2008b; Amann, Wilson, and
Ackerly 2007). Large-scale changes to the lighting industry now under way will deliver
significant cuts in energy use and carbon emissions.
A provision in the Energy Independence and Security Act of 2007 (EISA) requires light
bulbs to be 30 percent more energy efficient starting in 2012, with further reductions
mandated by 2020. These new standards will effectively phase out traditional
incandescent bulbs. 27 Their replacements will be compact fluorescent light bulbs (CFLs),
27

Our Reference case included the lighting efficiency standard and other provisions in EISA.
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light-emitting diodes (LEDs), and advanced incandescent lamps that use halogen
capsules with infrared reflective coatings now in development. EISA’s provision for
efficient light bulbs is projected to reduce annual U.S. carbon emissions by 28.5 million
metric tons by 2030 (ACEEE 2007).
Gas discharge lamps—such as metal halide and sodium vapor—which pass electricity
through gases to produce light, are two to three times more efficient than CFLs, and thus
save even more energy. These lamps are typically used in office buildings and retail
outlets because of their large size. However, technological advances are broadening their
application to smaller-scale residential uses.
Of course, lighting uses the least amount of energy when it is turned off. Building designs
that maximize natural light from the sun (known as daylighting) through the use of
windows, skylights, and glass partitions can significantly reduce energy use in both
residential and commercial settings. Sensors that adjust lamp output based on ambient
lighting conditions, and automatically turn off lights in empty rooms, can also help cut
global warming emissions.
4.2.4. Appliances and Electronics
Large appliances such as refrigerators, washing machines, and dishwashers account for
about 20 percent of household energy use. Electronics comprise a smaller but growing
share of electricity demand—primarily because of the rapid growth of larger television
screens, faster computers, video games, and handheld devices such as cell phones and
MP3 players. 28 Manufacturers have made great strides to enable many of these products
to run on less power. For example, innovations in motors, compressors, and heat
exchangers, as well as better insulation, have made today’s refrigerators three times more
efficient than their 1970s counterparts (Nadel et al. 2006).
High-efficiency models of most appliances and electronics are available today. The
models highlighted by the U.S. Environmental Protection Agency’s Energy Star program
typically offer energy savings of 20 percent or more. Electronics manufacturers are also
continuing to research and design equipment, appliances, and gadgets that are more
energy efficient. These rely on ever-smaller microprocessors for computers, organic
LEDs (which use a thin film made from organic compounds) for lighting large-screen
TVs, and micro–hydrogen fuel cells to replace lithium-ion batteries.
4.2.5. On-Site Generation of Clean Electricity
Homes and businesses can also reduce carbon emissions by using clean and renewable
resources to generate electricity right on site. Solar electric systems (known as
photovoltaics, or PV) are an option for any building with good access to the sun.
Advances in technology are also opening up new opportunities to integrate PV into
buildings directly—in place of shingles, façades, skylights, or windows. Small-scale wind
systems may also be an effective option for generating carbon-free electricity on site,
28

The appreciable amount of energy used by many household electronics when not in operation is another
opportunity. These standby energy losses—also known as “vampire” or “phantom” losses—add up to some
65 billion kilowatt-hours of electricity per year, or about 5 percent of residential electricity use. See
www.ucsusa.org/publications/greentips/energy-vampires.html.
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particularly in rural areas. 29

4.3 Potential for Greater Efficiency
Energy efficiency has already been working hard and providing significant dividends to
the U.S. economy for nearly four decades. A recent study found that energy-efficient
technologies and practices have actually met three-quarters of all new demand for energy
services since 1970 (See Figure 4.2). Over that same period, the energy intensity of the
U.S. economy—that is, energy consumption per dollar of economic input—has fallen by
more than half, largely because of improved efficiency (Ehrhardt-Martinez and Laitner
2008). Yet despite these important successes, energy efficiency is an underused resource
in the United States. A massive reservoir of potential energy efficiency remains untapped,
ready to contribute to the challenge of reducing our carbon emissions.
Figure 4.2. Efficiency Helps Meet U.S. Energy Demand
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Table 4.1. Energy Efficiency Potential
(Percent Reduction in Energy Use, by Sector)
Residential
Commercial
Industrial

Total, All Sectors

Electricity
22–40%
17–46%
18–35%
18–36%

Natural Gas
46–69%
16–29%
NA
38–47%

Source: Nadel, Shipley, and Elliot 2004.
Note: These reductions represent technical potential. Real-world
barriers may prevent these sectors from reaching the full potential.

29

Chapter 5 and Appendix D describe renewable energy technologies in greater detail.
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Research into the potential of energy efficiency typically considers only measures that are
or may become cost-effective, rather than the full—or “technical”—potential. A recent
meta-analysis of 11 studies at the state and national level found that the technical
potential for reducing energy use from efficiency measures is 18–36 percent for
electricity, and 38–47 percent for natural gas (see Table 4.1) (Nadel, Shipley, and Elliot
2004).
The greatest potential for reducing the use of electricity through energy efficiency lies in
the commercial and residential sectors. For natural gas, the potential for energy efficiency
is greatest in the residential sector, specifically in space and water heating.
The nation also has a wealth of untapped potential for using new combined-heat-andpower systems to boost energy efficiency. The industrial sector has installed about 26,000
megawatts of CHP capacity, which now supply about 7.5 percent of all U.S. electricity
use. This capacity is dominated by large systems—those that produce more than 20
megawatts—in the pulp and paper, chemical, food, primary metals, and petroleum
refining industries (EIA 2008a).
The total technical potential of CHP at industrial facilities today is estimated at 132,000
megawatts (EIA 2000). The commercial sector—including hospitals, schools,
universities, hotels, and large office buildings—also has tremendous opportunities to
deploy CHP systems. The total technical potential of CHP in this sector is some 77,000
megawatts (EIA 2000).

4.4 Costs of Improving Energy Efficiency
Understanding the technical potential of energy efficiency can offer an upper bound on
the role it can play in helping to reduce global warming emissions. However, the
solutions that prove the most economical are the most likely to be developed.
Technologies and practices that improve energy efficiency tend to be more cost-effective
than other global warming solutions—which is why efficiency must be the cornerstone of
any comprehensive strategy for cutting carbon emissions.
Over time, reductions in energy use more than offset the initial costs of most efficiency
solutions—so they often provide significant long-term economic benefits. By reinvesting
some of the money saved on energy bills, the nation can afford to invest in other critical
global warming solutions that may be more expensive.
For example, a 2007 analysis by McKinsey & Company found that measures and
technologies that provide positive economic returns could provide nearly 40 percent of
the cuts in carbon emissions required by their mid-range case. Of these cost-effective
solutions, nearly 60 percent stem directly from energy efficiency gains in industry and
buildings. McKinsey’s mid-range case projects that making buildings and industry more
efficient could reduce U.S. demand for electricity 24 percent by 2030. That, in turn, could
provide one-third of the needed reductions in CO2 emissions, at an average weighted net
savings of $42 per ton of CO2 equivalent (in 2005 dollars) (Creyts et al. 2007).
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Our analysis of policies to promote energy efficiency shows that they can reduce total
U.S. energy consumption by 29 percent (12 quadrillion BTUs, or quads) by 2030—or an
average of 1.3 percent per year. We assumed that the annual costs of those policies would
reach $7.5 billion in 2020, and rise to $13.4 billion in 2030. Those costs include
expenditures related to developing and administering programs, research and
development, and incentives to encourage households and businesses to boost energy
efficiency. Those expenditures, in turn, stimulate $64.3 billion in new spending for more
energy-efficient technologies and measures in 2020, and $113.6 billion in 2030. (See
Table 4.3 for a breakdown of policy and investment costs.) The levelized cost of these
investments in energy efficiency would be about $12.62 per million BTUs. 30
Other recent studies also suggest that energy efficiency could cost-effectively reduce U.S.
energy use 25–30 percent over the next 20 to 25 years, or 1–1.5 percent per year
(Ehrhardt-Martinez and Laitner 2008; ASES 2007; Nadel, Shipley, and Elliott 2004;
IWG 2000).
Leading state energy efficiency programs have already achieved such annual cuts in
energy use. For example, energy efficiency programs in Vermont reduced electricity use
by more than 1.7 percent in 2007, and have averaged cuts of more than 1.1 percent since
2003 (Efficiency Vermont
Figure 4.3. The Energy Savings and Costs of
2007). California has also
Efficiency Programs
seen aggressive reductions:
per capita electricity use has
remained constant in that
state since the mid-1970s,
while rising nearly 50
percent in the country as a
whole (CEC 2007). 31
During California’s energy
crisis in 2001, about onethird of the 6 percent drop in
electricity use came from
investments in energyefficient technologies
(Global Energy Partners
2003). 32
Source: Hurley et al. 2008

Reducing energy use a
minimum of 1 percent per
year is consistent with key commitments by leading states. California, Connecticut, and
Michigan all require annual savings in electricity use of 1 percent. Other states and
30

The levelized cost is the annualized cost of the total efficiency investment divided by the total savings.
While California’s steady per capita electricity use likely stems from a range of factors, its early energy
efficiency policies were a major factor in enabling the state to meet growth in energy demand with greater
efficiency (Sudarshan and Sweeney 2008).
32
The remainder resulted from aggressive conservation measures.
31
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regions have adopted even higher requirements, including Minnesota (1.5 percent),
Maryland (~2 percent), Illinois (2 percent starting in 2015), Ohio (2 percent starting in
2019), and the Midwestern Greenhouse Gas Reduction Accord (2 percent). 33
A recent review of 14 utilities, groups of utilities, and state efficiency programs found
that the cost of measures for making electricity use more efficient ranged from about 1.5
cents to nearly 7 cents per kilowatt-hour saved, with a median of 3 cents per kilowatthour (Hurley et al. 2008). That analysis also uncovered a correlation between the cost of
reducing energy use and the size of the program. That is, energy savings are cheaper
when a program itself achieves greater efficiency (Hurley et al. 2008).
This finding suggests that an aggressive, comprehensive plan to boost energy efficiency
nationwide could benefit from economies of scale as well as more effective coordination
(Hurley et al. 2008). Indeed, while cuts in energy use from some mature efficiency
technologies might decline with more widespread use, our analysis assumes that any
diminishing returns would be more than offset by economies of scale and the introduction
and growth of newer technologies.

4.5 Key Challenges for Improving Energy Efficiency
Despite clear economic and environmental advantages, energy efficiency still faces many
market, financial, and regulatory barriers to achieving its full potential. One of the
steepest market barriers is the “split incentive” (Prindle et al. 2007). That is, builders of
new homes and businesses have a strong motivation to keep construction costs low, and
little incentive to optimize a building’s efficiency, as buyers will be the ones paying for
energy use. Landlords are similarly less interested in investing in energy efficiency when
tenants reap most of the benefits (Ehrhardt-Martinez and Laitner 2008).
Lack of information among energy consumers is another common challenge. They may
not be aware of, or simply underestimate, the impact of the efficiency of their
purchases—whether a handheld gadget, major appliance, or even a house—on energy
use. Such information is often not readily available, and consumers may not have the
time, ability, or inclination to do the required research. And at companies and large
institutions, maintenance staff or other employees who lack complete information—or
who place a higher priority on keeping capital costs low than on overall costs—often
make purchasing decisions (Nadel et al. 2006).
Higher-efficiency products also typically have higher up-front costs than their
counterparts. Homeowners and businesses may lack the capital or financing to make
larger initial investments. And publicly traded corporations focused on showing profits to
shareholders are often unwilling to make investments in energy efficiency that do not
produce significant near-term returns.

33

The Midwestern Greenhouse Gas Accord is a regional agreement by governors of six states (Iowa,
Illinois, Kansas, Michigan, Minnesota, and Wisconsin) and the premier of Manitoba to reduce emissions to
combat climate change. For more information, see Box 3.2.
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Particular technologies or approaches to energy efficiency face additional barriers.
Despite the clear economic advantages of CHP, for example, significant regulatory and
market barriers that discourage power producers other than utilities are preventing it from
achieving its full potential. For example, developers of CHP projects seeking to connect
with the electricity grid often face discriminatory pricing and technical hurdles by
uncooperative utilities (see Brooks, Elswick, and Elliott 2006). High-quality recycled
materials that could replace petroleum feedstocks in industry also face market barriers,
such as lack of knowledge among manufacturers of how to process those resources.
Cutting carbon emissions swiftly and deeply, meanwhile, will require making existing
buildings more energy efficient. New technologies and advanced building designs are
usually easier to introduce into new construction. Yet more than 113 million singlefamily, multi-family, and mobile homes already exist, and commercial buildings have
more than 75 billion square feet of floor space (EIA 2009). The vast majority of these
buildings will still be in use in 2030, and most will still be standing even in 2050. The
nation will need to mount a concerted and coordinated effort—supported by effective
public policies—to improve the energy efficiency of these structures.

4.6 Key Policies for Improving Energy Efficiency
As part of its analysis, the American Council for an Energy-Efficient Economy evaluated
the costs and energy reductions of a suite of policies designed to remove key obstacles to
maximizing the impact of energy efficiency (see Table 4.2). These policies build on the
most effective approaches by leading states and the federal government.
Table 4.2. Energy Savings in Buildings and Industry from Blueprint Policies
Blueprint Policies

Appliance and Equipment Standards
Energy Efficiency Resource Standard
Energy Efficiency Codes for Buildings
Advanced-Buildings Program
R&D on Energy Efficiency
Combined-Heat-and-Power Systems2
Energy-Efficient Industrial Processes
Enhanced Rural Energy Efficiency
Use of Recycled Petroleum Feedstocks
Total

Electricity Savings
(billions of kilowatthours)
2020
2030
104
193
390
652
131
223
69
168
18
200
264
453
51
100
3
3
—
—
1,030
1,992

Total Energy Savings1
(quadrillion BTUs)
2020
1.01
2.17
0.76
0.46
0.17
0.34
0.89
0.01
0.16
5.97

2030
1.75
3.68
1.25
1.06
1.76
0.58
1.73
0.01
0.26
12.08

Notes:
1
Total energy savings include reductions in the use of electricity as well as other sources of energy.
2
Total energy savings for combined heat and power include more widespread use of natural gas in the commercial and
industrial sectors, equal to 0.56 quadrillion BTUs in 2020 and 0.97 quadrillion BTUs in 2030.
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4.6.1. Energy Efficiency Standards for Appliances and Equipment
Appliance and equipment standards save energy by requiring that various new products
achieve minimum levels of efficiency by a certain date. As higher-efficiency products
gradually enter the market, they replace older, less-efficient models while still offering
consumers a full range of options. Such standards help overcome market barriers to more
efficient products, such as lack of awareness among consumers, split incentives between
developers and buyers, and landlords and tenants, and limited availability of such
products.
Efficiency standards have been one of the federal government’s most successful
strategies for reducing energy consumption in homes and businesses since their inception
in 1987. For example, the annual amount of energy saved primarily due to efficiency
standards for appliances and equipment reached 1.2 quadrillion BTUs (1.3 percent of
total energy use) in 2000. By 2020, annual energy savings from today’s efficiency
standards are projected to grow to 4.9 quads (4.0 percent)—equivalent to the total energy
used by some 27 million homes (Nadel et al. 2006).
The Blueprint assumes that the federal government establishes new or upgraded
efficiency standards for 15 types of appliances and equipment—including incandescent
lamps, electric motors, refrigerators, and clothes washers—over the next several years.
4.6.2. Energy Efficiency Resource Standard
The energy efficiency resource standard (EERS) is emerging as an effective way to
promote investment in energy-efficient technologies. Similar to a renewable electricity
standard, an EERS is a market-based policy that requires utilities to meet specific annual
targets for reducing the use of electricity and natural gas (Nadel 2006). Besides spurring
significant cuts in the use of both electricity and natural gas, an EERS can reduce excess
demands on the capacity of the grid used to transmit electricity. Some 18 states as well as
countries such as France, Italy, and the United Kingdom have adopted such a standard.
The Blueprint assumes that the federal government sets an EERS that applies to the use
of both electricity and natural gas. The electricity target would reduce demand for power
by 0.25–1 percent each year, to achieve a total reduction of 10 percent by 2020 and 20
percent by 2030. The natural gas target would eventually reach 0.5 percent annually,
reducing use of that energy source by a total of 5 percent by 2020 and 10 percent by
2030. 34 Those targets are consistent with standards in leading states such as Minnesota
and Illinois, which sometimes set even stricter targets (Nadel 2007).
4.6.3. Energy Efficiency Codes for Buildings
Energy codes for buildings require that all new residential and commercial construction
meets minimum criteria for energy efficiency. Adopting more stringent energy codes
over time ensures that builders deploy the most cost-effective technologies and best
practices in all new construction.

34

The EERS does not include any contributions from combined-heat-and-power systems or recycled
petroleum feedstocks. This chapter addresses those contributions separately.
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The Blueprint assumes that efficiency codes reduce energy use 15 percent in new
residential and commercial construction through 2020, and 20 percent from 2020 to 2030.
Those cuts in energy use modestly improve on today’s building codes, and are well
within the goals recently established by the American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE), the American Institute of Architects (AIA),
and DOE.
4.6.4. Advanced-Buildings Program
New homes and businesses can save even more energy beyond the cuts prompted by
enhanced building codes, if architects design new structures directly for energy
efficiency. An advanced-buildings program combines training and technical assistance on
new design and construction techniques for architects, engineers, and builders with
educational outreach to purchasers on the benefits of energy efficiency. National efforts
such as the Environmental Protection Agency’s Energy Star program, the U.S. Green
Building Council’s Leadership in Energy and Environmental Design (LEED) program,
and the New Building Institute’s Core Performance program encourage builders to
incorporate sustainable practices into their construction and help educate consumers.
The Blueprint assumes that a targeted advanced-buildings program gradually ramps up to
achieve a 15 percent reduction in energy use by new residential and commercial
buildings by 2023, with savings continuing at that level through 2030. This potential is
consistent with those considered in other analyses (Elliott et al. 2007a; Sachs et al. 2004).
4.6.5. R&D on Energy Efficiency
Existing knowledge of energy efficiency can lead us far down the path to critical cuts in
carbon emissions. However, the scale of the global warming crisis requires us to develop
new technologies and practices over the coming decades. Investment in research and
development is therefore essential to identifying and commercializing these approaches.
Federal R&D programs have a long history of advancing the performance and lowering
the cost of emerging energy-efficient technologies. These programs are also a sound
investment of taxpayer dollars, given that the lifetime economic benefits of such
technologies typically far exceed their initial cost. 35
The Blueprint bases cuts in energy use stemming from federal R&D programs on a study
of potential reductions in Florida by ACEEE (Elliott et al. 2007b). We scaled up those
savings to the national level, and assumed that a concerted national effort could double
them. As a result of that investment, U.S. energy use falls 4.4 percent by 2030—
accounting for about 15 percent of all reductions in energy use from greater efficiency,
including CHP.
We also assumed that the nation would need to spend $80 on R&D (in 2005 dollars over
a five-year period) to develop a technology that eventually saves 1 million BTUs of
energy when it first enters the market, based on estimates from a 1997 report by the
President’s Committee of Advisors on Science and Technology (PCAST 1997). As a
35

See, for example, PCAST 1997.
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result, the Blueprint projects that a federal R&D program would cost nearly $1.8 billion
annually in 2020, and more than $4.6 billion annually in 2030. This funding spurs $2.0
billion in private-sector investments in 2020, growing to $18.5 billion in 2030.
4.6.6. Combined-Heat-and-Power Systems
The nation will have to take several steps to reduce the barriers to widespread adoption of
CHP. These include establishing:
• Consistent national standards for permitting and connecting CHP systems to the
local power grid.
• Equitable interconnection fees, and tariffs for standby, supplemental, and buyback power, to help overcome discriminatory pricing practices.
• Uniform tax treatment to level the playing field for all CHP systems regardless of
their size or use, and to help reduce their initial capital costs.
The Blueprint also includes annual spending on federal and state CHP programs, such as
the successful DOE/EPA CHP Regional Application Centers, which spur the use of CHP
through education, coordination, and direct project support, such as site assessments and
feasibility studies (Brooks, Elswick, and Elliott 2006). Under the Blueprint, the annual,
amortized cost of such programs reaches $48 million in 2020, and $59 million in 2030.
The Blueprint assumes that these policies and investments produce 88,000 megawatts of
new CHP capacity by 2030—or an average of 4,000 megawatts each year—representing
nearly half of that technology’s technical potential. This rate is consistent with increases
this decade in states with effective CHP policies, such as Texas. In that state, CHP
accounted for more than 21 percent of electric power generation in 2005—a 29 percent
increase over 1999 levels (Elliott et al. 2007a).
4.6.7. Energy-Efficient Industrial Processes
Every aspect of the industrial sector has significant potential for low-cost improvements
in energy efficiency. The key is to optimize the efficiency of the processes used in each
industry and at each site (Shipley and Elliott 2006).
Programs that help facilities identify such opportunities and develop strategies for
implementing them—such as the DOE’s Industrial Assessment Centers and its Save
Energy Now program—can enable industry to fulfill this potential. The Blueprint
assumes that these and similar efforts will expand, and that local programs will support
plant-level efforts.
These programs lead to a 10 percent reduction in the amount of fuel used in industry (not
otherwise affected by the energy efficiency resource standard or CHP policies) by 2030.
This target is consistent with the cost-effective cuts identified by the DOE, after
evaluating more than 13,000 in-plant assessments conducted since 1980 (Shipley and
Elliott 2006).
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4.6.8. Enhanced Rural Energy Efficiency
Robust programs to improve the efficiency of energy use in agriculture emerged in the
1970s, in response to rising energy costs on this energy-intensive sector of the
economy. 36 The federal government abandoned many of those efforts in the early 1990s,
when the price of electricity dropped and many states deregulated electricity markets.
Only with the Farm Security and Rural Investment Act of 2002, known as the Farm Bill,
did rural energy efficiency programs begin to reappear (Brown, Elliott, and Nadel 2005).
The Blueprint assumes that Section 9006 of the Farm Bill would continue. That section
mandates annual grants of $35 million—including more than 40,000 individual grants—
to provide technical assistance to farmers, to encourage them to rely on renewable energy
and improve their energy efficiency. Under the Blueprint, such programs would enable
farmers to cut their energy use10–30 percent.
4.6.9. Use of Recycled Petroleum Feedstocks
The Blueprint builds on existing mandates for recycling plastics and other petrochemical
products, and also assumes that research on using recycled materials in industrial
processes would expand. The result is that the use of petroleum in industrial feedstocks
drops by a total of 12 percent by 2020, and 20 percent by 2030. These cuts are consistent
with the impact of mandated plastic-recycling efforts in Germany (Elliott, Langer, and
Nadel 2006).

4.7 The Bottom Line
Energy efficiency is the quickest, most cost-effective strategy for delivering significant
and sustained cuts in carbon emissions. Innovative technologies and commonsense
measures are available now, and can transform how our industries and buildings use
energy over the next two decades (see Table 4.3). However, the nation needs to
implement a suite of policies that builds on leading experiences at the state and federal
level, to remove key barriers and stimulate investment. Once implemented, these policies
can reduce total U.S. energy consumption by 29 percent by 2030 while providing
significant cost savings to consumers.

36

Because energy expenses account for up to 10 percent of a farm’s budget, changes in energy costs can
significantly affect the viability of operations in this low-profit-margin sector (Brown, Elliot, and Nadel
2005).
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Table 4.3. Key Policies for Improving the Energy Efficiency of Industry and Buildings
Total Savings
in 2030
(in End-Use
Quads)

Total Cost in 2030
(in Billions of
2006 Dollars)
Program

Investment

Appliance and equipment standards: The federal
government upgrades energy efficiency standards or
establishes new ones for 15 types of appliances and
equipment over the next several years.

1.8

0.50

11.45

Energy efficiency resource standard (EERS): Federal
standards rise steadily to 20 percent for electricity and
10 percent for natural gas by 2030.

3.7

1.63

16.26

Building energy codes: New codes cut energy use in new
residential and commercial buildings 15 percent
annually until 2020, and 20 percent annually from 2021
to 2030.

1.2

2.12

14.19

Advanced buildings: An aggressive program ramps up
and results in an additional 15 percent drop in energy
use in new residential and commercial buildings by
2023 (beyond minimum building codes), with savings
continuing at that level through 2030.

1.1

3.96

21.78

Research and development: Annual R&D investments
reach $4.6 billion in 2030, and stimulate additional
private-sector investments that reach $18.5 billion that
year. These investments result in a 4.4 percent
reduction in U.S. energy use by 2030.

1.8

4.65

18.50

Combined heat and power (CHP): A range of barrierremoving policies and annual investments in federal
and state CHP programs lead to about 88,000
megawatts of new capacity by 2030—an average
annual addition of 4,000 megawatts.

0.6

0.06

27.57

Industrial energy efficiency: Expanded federal programs,
combined with local programs that support plant-level
efforts, reduce industrial fuel use 10 percent (beyond
that achieved by EERS and CHP) by 2030.

1.7

0.36

2.58

Rural energy efficiency: The federal government expands
its Farm Bill Section 9006 technical assistance grants.

0.01

0.003

0.02

Petroleum feedstocks: Wider use of recycled feedstocks
cuts industrial use of petroleum feedstocks 20 percent
by 2030.

0.3

0.02

0.15

TOTAL

12.1

13.40

113.55
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Box 4.1. Success Story: The Two-Fer—How Midwesterners Are Saving
Money while Cutting Carbon Emissions
In every region of the country, people are seeing the advantages of improving
energy efficiency in residential buildings. Single-family homes, apartment
buildings, and even entire neighborhoods can be built new or renovated to boost
energy efficiency—saving families money while reducing heat-trapping
emissions.
Cleveland may, at first blush, seem an unlikely place to find green homes. The
post-industrial city suffers from severe winters, residential flight, and industrial
decline. By adding Cleveland to the emerging midwestern “Green Belt”—a
reference to the region’s moniker as the Rust Belt—the city’s residents,
businesses, and government see an opportunity to attract new industries and
reverse population decline.
Artfully mixed with historic housing, the new energy-efficient homes in
Cleveland’s EcoVillage add to the diversity of Detroit-Shoreway—a
neighborhood of mostly renting families, with a few young professionals and
empty nesters. Believing that a stable neighborhood is a socioeconomically
mixed one (Hansen 2008), EcoVillage designers worked with the community to
integrate these new homes into the fabric of the neighborhood (Metcalf 2008).
The 20 new village townhouses and two single-family homes sold for close to
median market prices. Five “green” cottages will soon be available to residents
making less than 80 percent of Cleveland’s median income (Dawson 2008). All
the homes are equipped with energy-efficient appliances, double-pane windows,
extra insulation, and high-performance heating, cooling, and air conditioning
systems, to reduce energy use and utility bills.
Some units take advantage of passive solar heating through south-facing
windows, and were built with framing that leaves space for more insulation
(Metcalf 2008). Four of the townhouses also have photovoltaic panels on their
garages, supplying a substantial percentage of each home’s electricity needs.
Reports Mandy Metcalf, former EcoVillage project director, “A couple of the
homeowners that have the panels were getting negative energy bills, actually
getting credits on their energy bills” (Metcalf 2008).
Thanks to these simple construction techniques and the use of energy-efficient
products—which are available around the country for competitive prices—
heating bills for residents of EcoVillage are drastically lower than those for
residents of standard housing. For example, heating costs for one of the threebedroom green cottages are projected to be only $432 per year—less than half
the amount a typical midwestern household expected to spend during the 2008–
2009 winter (Cuyahoga Land Trust 2008; EIA 2008c). 37

37

The Energy Information Agency projected that the average midwestern household would spend $1,056–
1,175 on heat during the winter of 2008–2009. That range reflects the different prices of heating fuels. The
cost of heating with electricity was expected to be $1,056, while the cost of heating with propane was
projected to be $1,941. The cost of heating with natural gas and oil fell within this range (EIA 2008c).

Climate 2030 Blueprint, Union of Concerned Scientists

53

The renovation of Viking Terrace, an income-based rental complex in rural
Minnesota, is another green housing success story. With funding from the city
and federal governments, nonprofit organizations, and low-income housing tax
credits, the Southwest Minnesota Housing Partnership renovated 60 dilapidated
apartments into energy-efficient, clean, safe, and affordable housing. The
apartments are now equipped with Energy Star appliances and windows,
improved insulation, water-conserving appliances and fixtures, a new ventilation
system, and a metal gable roof (Minnesota Green Communities n.d.). 38
Renovators also installed a high-efficiency geothermal heating and cooling
system—the project manager’s proudest, and largest, investment (Lopez 2008).
The partnership expects this system to pay for itself through energy savings in
just a decade, and tenants say they love it (Lobel 2007).
With these installations, the partnership expects to cut household energy and
water use by 40 percent (Buntjer 2007)—a significant decrease in the harsh
Minnesota climate. Today all 60 apartments are happily occupied, and 15
families are on the waitlist. Four of the apartments are affordable to families
earning 30 percent of area median income, while 47 are affordable to families
earning 50 percent of area median (Minnesota Green Communities n.d.)—a
strong testament to the desirability and economic benefits of green renovations.

Box 4.2. Success Story: Three Companies Find Efficiency a Profitable
Business Strategy
Regardless of size, location, or product, all companies agree: reducing global
warming emissions must be a profitable business strategy. Here is how three
companies accomplished that task.
DuPont
Inspired by scientific consensus on the urgency and magnitude of the threat from
global warming, chemical manufacturing company DuPont cut its worldwide
heat-trapping emissions 72 percent below 1990 levels in just 10 years (Hoffman
2006). The company achieved those drastic reductions first by capturing and
destroying its most abundant global warming emissions (DuPont 2008).
The company then turned its attention to making its industrial processes and
instrumentation more efficient, and to installing combined-heat-and-power
systems (CHP) at a number of sites (Hoffman 2006). These energy-saving
techniques paid off: DuPont’s energy use fell 7 percent from 1990 to 2006, even
while production expanded 30 percent, saving the company $2 billion (Hoffman
2006).
38

Pumping, distributing, treating, and heating water takes energy. Running a standard hot water faucet for 5
minutes requires about as much energy as keeping a 60-watt light bulb lit for 14 hours (City of Chicago
2008), and water heating alone accounts for 13–17 percent of a typical household's utility bill (EERE
2009a).
By reflecting light and heat back into the air rather than absorbing and transferring it to the house below,
as traditional black roofs do, metal roofs can substantially reduce the energy required to cool houses.
According to the Energy Star program, qualified reflective roofing can lower surface temperatures by up to
100 degrees F, and reduce peak cooling demand by 10–15 percent (Energy Star 2009).
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SC Johnson and Son
As a charter member of the EPA’s Climate Leader’s Initiative, SC Johnson and
Son set an initial goal of reducing its domestic global warming emissions by 8
percent. Far surpassing that goal, the company achieved a 17 percent reduction
(EPA 2009), and now reports that it has already met its 2011 goals (SC Johnson
& Son 2008).
The company credits its success to changes in the way it obtains its energy.
Starting in Racine, Wisconsin, with its largest manufacturing facility—and
largest carbon emitter—the company now uses landfill methane and natural gas
to power a CHP plant that provides all the facility’s electricity, and more than
half the steam for its processes (EPA 2009). Saving the company millions of
dollars annually on energy bills, the CHP plant will pay for itself in less than
seven years (EPA 2009). The plant has also reduced the facility’s global warming
emissions by 52,000 tons per year (CSR 2007). 39
Harbec Plastics
Near the shores of Lake Ontario in upstate New York, Harbec Plastics, a small,
local company, is using a similar business strategy to achieve the same success.
Facing rising energy costs and frequent power outages, president and CEO Bob
Bechtold decided to invest in new systems that would reduce his company’s
dependence on an unreliable electricity grid while cutting carbon emissions.
Bechtold first replaced the equipment at the core of his business with newer,
more efficient machines. To provide reliable power for this equipment, Bechtold
next installed a CHP system that more than handles the plant’s electricity
demand, and supplies heat and air conditioning at no extra cost (Bechtold
2008a). Both the energy-efficient machines and the CHP system required an upfront investment that the company recouped in two to three years through
substantially lower energy bills (Bechtold 2008a).
Finally, Bechtold erected a wind turbine onsite to harness the steady wind
blowing off the lake. Producing 10 percent of the plant’s total electricity needs,
the turbine saves the company $40,000 a year, and allows Bechtold to forecast a
substantial portion of his energy bill far into the future (Bechtold 2008a).
These efforts have reduced Harbec’s global warming emissions by more than
3,077 tons per year, and put the company on track to be carbon neutral by 2016
(Bechtold 2008b). The cuts in energy use have also improved the company’s
bottom line: Harbec Plastics has exceeded its profit projections for the past three
years despite failing to meet its sales projections (Bechtold 2008b).
These success stories show that up-front investments in energy-saving and
energy-producing technologies not only provide significant cost benefits but also
reduce heat-trapping emissions. Harbec Plastics, SC Johnson and Son, and
DuPont are but three examples of the many companies that have found cutting
such emissions compatible with a sound and profitable business strategy.
39

This is equivalent to taking 7,700 cars off the road, calculated using an average of 6.75 tons of CO2
emitted per car per year.
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Chapter 5
Flipping the Switch to Cleaner Electricity
Electricity is an essential part of our daily lives and vital to our economy. It helps us light
and cool our homes, refrigerate and cook our food, and wash and dry our clothes.
Electricity also powers our offices, schools, hospitals, and factories. In fact, we have
come to take its convenience for granted. We expect it to be there when we flip a
switch—and at an affordable price.
Yet most people do not have a good understanding of where their electricity comes from,
or of the impact of our reliance on fossil fuels on our climate, environment, public health,
and public safety—and their significant hidden costs to our economy (see Figure 5.1).
The United States could greatly reduce
its reliance on fossil fuels to generate
electricity by moving to renewable
resources such as wind, solar,
geothermal, bioenergy, and
hydropower. These homegrown
energy sources are available in
significant quantities across America,
and we can deploy them quickly. They
are also increasingly cost-effective in
producing electricity, and they create
jobs while reducing pollution.

Figure 5.1 Sources of U.S. Electricity (2007)

As Chapter 4 noted, the nation has
tremendous potential to reduce
electricity use by improving the energy
efficiency of our buildings and
industries. However, expanding the
use of renewable energy and other
low-carbon technologies to generate electricity is also critical if we are to avoid the most
dangerous effects of global warming.
The electricity sector was responsible for more than 40 percent of U.S. carbon dioxide
emissions in 2007. Those emissions from power plants have grown by more than 33
percent since 1990—faster than heat-trapping emissions in any other sector of the
economy, including transportation. And coal-burning power plants are the single largest
source of carbon emissions, representing about one-third of the U.S. total—more than
those from all our cars, SUVs, trucks, trains, and ships combined (EIA 2008d).
This chapter describes the current status and future prospects for using renewable energy
and other low-carbon technologies to provide a growing share of the nation’s electricity
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needs. The chapter highlights key challenges to achieving widespread use of these
technologies, and the public policies that can help us fulfill that goal.

5.1 Electricity from Renewable Energy Technologies
Diverse sources of renewable energy have the technical potential to provide all the
electricity the nation needs many times over. Estimates of this potential consider the
availability of strong winds, sunny skies, plant residues, heat from the earth, and fastmoving water throughout the United States, while accounting for some environmental
and economic limits. However, such estimates do not consider conflicts over land use, the
higher short-term costs of those resources, constraints on ramping up their use such as
limits on transmission capacity, barriers to public acceptance, and other hurdles. Those
factors will limit how quickly and to what extent the nation taps the full potential of
renewable resources to produce electricity.
Several renewable energy technologies are available for widespread deployment today, or
are projected to become commercially ready in the next two decades. In fact, in 2007
developers installed more than 8,600 megawatts of capacity for generating electricity
from renewable sources (excluding conventional hydroelectric power)—topping new
capacity from fossil fuels for the first time (EIA 2009a). And developers installed even
more capacity to produce electricity from renewable sources in 2008. This section
describes this recent progress as well as future prospects for the most promising
renewable energy technologies.
5.1.1. Types of Renewable Technologies
Wind Power
Wind turbines convert the force of moving air into electricity. Like an airplane, the wind
turns the blades using lift. Most modern wind turbines have three blades rotating around
a horizontal axis. Smaller wind turbines used by homes, farms, and businesses range in
size from a few hundred watts to 100 kilowatts or more. Larger wind turbines used for
utility-scale generation range in size from about 500 kilowatts to more than 3 megawatts,
have blades up to 52 meters long, and are mounted on towers up to 100 meters high.
Wind power is the one of the most rapidly growing sources of electricity in the world—
having increased by about 30 percent per year, on average, over the past decade (GWEC
2008). Developers installed more wind power over the past two years than in the
previous twenty. In 2008 the United States surpassed Germany to become the global
leader in installed wind capacity, followed by Spain, India, and China. U.S. wind
capacity grew by a record 5,250 megawatts in 2007, and 8,545 megawatts in 2008. This
represented 42 percent of all new capacity for generating electricity in the country
(AWEA 2009a).
At the end of 2008, the United States had more than 25,000 megawatts of wind power
capacity in 36 states (see Figure 5.2). Texas (7,100 megawatts) and Iowa (2,800
megawatts) have surpassed California (2,500 megawatts) to become the national leaders,
followed by Minnesota, Washington, Colorado, and Oregon, which have more than 1,000
megawatts each (AWEA 2009b).
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Figure. 5.2 Installed Wind Power Capacity (2008)

Wind power has been one of the bright spots in the struggling U.S. economy. According
to the American Wind Energy Association, the industry now employs about 85,000
people, and added 35,000 new jobs last year alone. Developers invested some $27 billion
in U.S. wind power over the past two years—much in agricultural and other rural areas.
U.S. manufacturing of wind turbines and their components has also greatly expanded,
with more than 70 new facilities opening, growing, or announced in 2007 and 2008. The
industry estimates that these new facilities will create 13,000 high-paying jobs, and
increase the share of domestically made components from about 30 percent in 2005 to 50
percent in 2008 (AWEA 2009b).
Other countries and several U.S. states are already relying on wind power to provide
significant percentages of their electricity needs. In 2007, for example, wind power
supplied more than 20 percent of electricity in Denmark, 12 percent in Spain, 9 percent in
Portugal, 8 percent in Ireland, and 7 percent in Germany (Wiser and Bolinger 2008).
Wind also provided an estimated 7.5 percent of electricity generated in state in Minnesota
and Iowa; 4–6 percent in Colorado, South Dakota, Oregon, and New Mexico; and 2–4
percent in 13 other states (Wiser and Bolinger 2008). Many of these states have
committed to producing up to 25 percent of their electricity from wind and other
renewable energy sources.
A comprehensive study by the U.S. Department of Energy (EERE 2008) found that wind
power has the technical potential to provide more than 10 times today’s U.S. electricity
needs (see Table 5.1). That study also showed that expanding wind power from providing
a little more than 1 percent of U.S. electricity in 2007 to 20 percent by 2030 is feasible,
and would not affect the reliability of the nation’s power supply. Achieving that target
would require developing nearly 300,000 megawatts of new wind capacity, including
50,000 megawatts of offshore wind.

Climate 2030 Blueprint, Union of Concerned Scientists

59

Table 5.1. Technical Potential for Producing U.S. Electricity from Renewable
Sources
Electric
Generating
Capacity (GW)

Generation
(billion kWh)

Percent of
2007
Electricity Use

8,000
2,000
3,000
13,000

24,528
7,008
11,826
43,362

591%
169%
285%
1044%

1,000
6,877
7,877

1,752
16,266
18,018

42%
392%
434%

Bioenergy
Energy Crops
Agricultural Residues
Forest Residues
Urban Residues
Landfill Gas
Subtotal

83
114
33
15
2.6
248

584
801
231
104
19
1,739

14%
19%
6%
3%
0.4%
42%

Geothermal
Hydrothermal
Enhanced Geothermal Systems
Co-Produced with Oil and Gas
Subtotal

33
518
44
595

260
4,084
347
4,691

6%
98%
8%
113%

Hydropower
Existing Conventional
New Conventional
Wave
Hydrokinetic (tidal/in-stream)
Subtotal

77
62
90
53
283

259
218
260
140
888

6%
5%
6%
3%
21%

Total

22,000

68,659

1653%

Resource
Wind
Land-Based
Shallow Offshore
Deep Offshore
Subtotal
Solar
Distributed Photovoltaics
Concentrating Solar Power
Subtotal

Sources: See Appendix D.
Note: GW = gigawatts; kWh = kilowatt-hours.
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The DOE study found that, by 2030, that level of wind power would:
• create more than 500,000 new U.S. jobs;
• displace 50 percent of the natural gas used to produce electricity, and reduce the use
of coal by 18 percent, restraining rising fuel prices and stabilizing electricity rates.
• reduce global warming emissions from power plants by 825 million metric tons (20
percent);
• reduce water use in the sector by 8 percent, saving 4 trillion gallons; and
• cost 2 percent more than investing in new coal and natural gas plants—or 50 cents per
month per household—including transmission costs but not federal incentives or any
value for reducing carbon emissions.
Growing interest in wind power is evident in the fact that at the end of 2007, developers
of more than 225,000 megawatts of wind power capacity were seeking to connect with
the transmission grid in 11 regions (Wiser and Bolinger 2008). This represents nine
times the nation’s installed wind capacity, roughly half of all generating capacity in
transmission queues, and twice as much capacity as natural gas, the next-largest resource.
Although many of these projects may not be built, many are in the planning phase.
While developers have so far sited all U.S. wind projects on land, they have shown
considerable interest in developing offshore wind. At the end of 2007, seven U.S. states
had seen active proposals for installing nearly 1,700 megawatts of offshore wind power
(see Table 5.2). Developers are proposing to build most of these facilities off the Atlantic
coast in the Northeast, close to population centers, where power is most needed.
However, projects are also being considered off the Southeast and Texas coasts, and in
the Great Lakes (Wiser and Bolinger 2008).
Solar Power
Our analysis included two main technologies
for using solar power to supply electricity:
photovoltaics (PV), and concentrating solar
power (CSP). Both have been used to
generate electricity for decades, though recent
technological improvements and strong policy
incentives have dramatically accelerated their
growth. In 2007, global PV installations
expanded by 62 percent from the previous
year (Solarbuzz 2008). And after two decades
of very little activity, the CSP market is also
quickly gaining steam.

Table 5.2. Proposed U.S. Offshore
Wind Projects (2007)

State
Massachusetts
New Jersey
Delaware
New York
Texas
Ohio
Rhode Island
Georgia
Total

Proposed
Capacity
(megawatts)
783
350
200
160
150
20
20
10
1,693

Photovoltaics, or solar cells, use
semiconducting materials to convert direct
Source: Wiser and Bolinger 2008.
sunlight to electricity. Most PV cells are
Note: The 450 megawatt project in Delaware
was reduced to 200 megawatt and a 20
made with silicon, the same material used to
megawatt in Rhode Island was added.
manufacture computer chips, although
manufacturers are using new materials to make some PV cells. PV cells are often used in
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rooftop solar energy systems, and to power remote, off-grid applications. However,
power producers have also recently shown interest in developing multi-megawatt PV
projects that would connect to the transmission grid.
CSP typically works by concentrating direct sunlight on a fluid-filled receiver. This
heated fluid then drives a turbine to produce electricity. CSP is most often used in large,
utility-scale plants that are far from urban areas yet connected to the transmission grid.
Most existing CSP plants rely on curved (parabolic) mirrors to focus solar radiation.
However, a number of companies are developing large CSP plants that use “power
towers” to collect solar energy from ground-mounted heliostats—or slightly curved
mirrors—and concentrate solar radiation on distributed receivers.
The technical potential of U.S. solar power is huge. PV panels installed on less than 1
percent of the U.S. land area could generate the equivalent of the country’s entire annual
electricity needs, as could CSP plants covering a 100-square-mile area.
The southwestern United States—with its arid deserts and minimal cloud cover—is home
to some of the world’s best solar resources. The National Renewable Energy Laboratory
(NREL) estimates that CSP has the potential to generate 7,000 gigawatts of electricity in
the Southwest—after screening
Figure 5.3. The Potential of Concentrating Solar Power
out urban centers, national
parks, other protected areas,
and lands with slopes greater
than 1 percent (SETP 2007).
This potential is roughly 10
times the nation’s entire
current capacity to generate
electricity. The NREL also
identified optimal locations for
200 gigawatts of CSP, taking
into account proximity to
existing transmission lines, and
estimated that the nation could
build as much as 80 gigawatts
of CSP capacity by 2030 (see
Figure 5.3).
Although the United States lags behind other countries in tapping CSP, the industry is
poised for significant growth because of new state and federal policies. In the Economic
Stimulus Package of October 2008 Congress extended the 30 percent investment tax
credit for solar energy projects for eight years. Several states have also adopted
renewable electricity standards and financial incentives to expand the share of solar in
their electricity mix. And several utilities have signed contracts to develop both
distributed and large-scale solar projects. For example, utilities in California and Arizona
have contracted for enough new CSP projects to more than triple existing global capacity.
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The U.S. solar energy industry employs more than 80,000 people and created more than
15,000 jobs in the last two years. One recent study estimates that the industry will create
440,000 permanent jobs and spur $325 billion in private investment by 2016, given the
federal investment tax credit (Navigant 2008).
Geothermal Energy
Geothermal energy—heat from the earth—can be used to heat and cool buildings
directly, or to produce electricity in power plants. Almost all existing geothermal power
plants use hot water and steam from hydrothermal reservoirs in the earth’s crust to drive
electric generators. These plants rely on holes drilled into the rock to more effectively
capture the hot water and steam. Much like power plants that run on coal and natural gas,
geothermal plants can supply electricity around the clock.
More than 8,900 megawatts of geothermal capacity in 24 countries now produce enough
electricity to meet the annual needs of nearly 12 million typical U.S. households (GEA
2008a). Geothermal plants produce 25 percent or more of the electricity produced in the
Philippines, Iceland, and El Salvador. The United States has more geothermal capacity
than any other country, with nearly 3,000 megawatts in seven western states. About twothirds of this capacity is in California, where 43 geothermal plants provide nearly 5
percent of the state’s electricity (CEC 2008).
While geothermal now provides only 0.4 percent of U.S. electricity, it has the potential to
play a much larger role—thereby reducing carbon emissions and moving the nation
toward a cleaner, more sustainable energy system. In its first comprehensive assessment
in more than 30 years, the U.S. Geological Survey (USGS) estimated that conventional
hydrothermal sources on private and accessible public lands across 13 western states have
the potential capacity to produce 8,000–73,000 megawatts, with a mean estimate of
33,000 megawatts (Williams et al. 2008). State and federal policies are likely to spur
developers to tap some of this potential in the next few years. The Geothermal Energy
Association estimates that 103 projects now under development in the West could
provide up to 3,960 megawatts of new capacity (GEA 2008b).
While most near-term capacity will likely come from hydrothermal sources, the USGS
study also found that enhanced geothermal systems (EGS) could provide another
345,100–727,900 megawatts of capacity, with a mean estimate of 517,800 megwatts (see
Table 5.1). That means that this resource could supply nearly all of today’s U.S.
electricity needs (Williams et al. 2008).
EGS entails engineering hydrothermal reservoirs in hot rocks that are typically at greater
depths below the earth’s surface than conventional sources. Developers do this by drilling
production wells and pumping high-pressure water through the rocks to break them up.
The plants then pump more water through the broken hot rocks, where it heats up, returns
to the surface as steam, and powers turbines to generate electricity (see Figure 5.4).
Finally, the water is returned to the reservoir through injection wells to complete the
circulation loop. Plants that use a closed-loop binary cycle release no fluids or heat-
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trapping emissions other
than water vapor, which
may be used for cooling
(EERE 2008a).
The DOE, several
universities, the geothermal
industry, and venture
capital firms are
collaborating on research
and demonstration projects
to harness the potential of
EGS. Google.org is playing
an especially active role in
promoting the technology
(Google 2008). Australia,
France, Germany, and
Japan also have R&D
programs to make EGS
commercially viable.

Figure 5.4. How Enhanced Geothermal Systems Work

Source: EERE 2008a.

One of the goals of these efforts is to expand the economically recoverable resource to
depths approaching those used in oil and gas drilling. Depths of 6 kilometers (19,685
feet) have enough heat to make geothermal energy viable in many more areas (see Figure
5.5). The oil and gas industry has already successfully drilled to such depths. Shell Oil
holds the record, having drilled to a depth of more than 10 kilometers (33,200 feet) in the
Gulf of Mexico in January 2004 (GEA 2008c).
The Blueprint analysis includes both hydrothermal and EGS technologies.
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Figure 5.5. Goethermal Potential
(Estimated Earth Temperature (in degrees C) at Depths of 6 Kilometers)

Source: Blackwell and Richards 2006

Biopower
Biomass is the oldest source of renewable energy, coming into use when our ancestors
learned the secret of fire. Humans have been burning biomass to make heat, steam, and
electricity ever since.
The Blueprint analysis considers a wide variety of bioenergy resources. These include
lower-cost biomass residues from forests, crops, urban areas, the forest products industry,
and landfill gas, which is mostly methane from decomposing organic matter. The
analysis also includes crops grown primarily for use in producing energy, such as fastgrowing poplars and switchgrass (a native prairie grass). The availability and quantity of
these resources varies from region to region based on many factors, including climate,
soils, geography, and population. (For more information, see Appendix G.)
The Blueprint includes three main approaches to large-scale production of electricity
from biomass: dedicated biomass power plants, which run solely on biomass; coal plants
that burn biomass along with coal; and the use of biomass to produce both electricity and
steam—also known as combined heat and power, or CHP—in the forest products and
biofuels industries. Our analysis also includes electricity production from landfill gas,
which is a fairly limited resource in the United States. According to the U.S.
Environmental Protection Agency (EPA), 469 landfill gas-to-electricity projects with
1,440 megawatts of capacity are now operating, while another 520 landfills with 1,200
megawatts of potential capacity could be developed (EPA 2008d).
In the short term, co-firing of biomass with coal, CHP, and landfill gas are likely to be the
most cost-effective uses of biomass to generate power. However, dedicated biomass
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gasification plants—a technology that is similar to advanced coal gasification plants (see
below)—could make a contribution in the next two decades.
Biomass supplied more than 50 percent of U.S. electricity generated from renewable
sources other than hydro in 2007. More than 10,000 megawatts of biomass capacity
produced about 1.3 percent of the nation’s electricity that year. Biomass also provides 20
percent of total CHP capacity in the industrial sector—nearly all in the forest products
industry (EIA 2008e).
The growth of biopower will depend on the availability of resources, land-use and
harvesting practices, and the amount of biomass used to make fuel for transportation and
other uses. Analysts have produced widely varying estimates of the potential for
electricity from biomass.
For example, a 2005 DOE study found that the nation has the technical potential to
produce more than a billion tons of biomass for energy use (Perlack et al. 2005). If all of
that was used to produce electricity, it could supply more than 40 percent of today’s
electricity needs (2007) (see Table 5.1).
In a study of implementing a
25 percent renewable
electricity standard by 2025,
the Energy Information
Agency (EIA) assumed that
598 million tons of biomass
would be available, and that
it could supply 12 percent of
the nation’s electricity needs
by 2025 (EIA 2007). In
another study, the NREL
estimated that more than 423
million metric tons of
biomass would be available
each year (see Figure 5.6)
(ASES 2007).

Figure 5.6. Bioenergy Potential

Source: Milbrandt 2005; NREL 2005

In our analysis, we assumed
that only 367 million tons of biomass would be available to produce both electricity and
biofuels. That conservative estimate accounts for potential land-use conflicts, and tries to
ensure the sustainable production and use of the biomass.
To minimize the impact of growing energy crops on land now used to grow food crops,
we excluded 50 percent of the switchgrass supply assumed by the EIA. That allows for
most switchgrass to grow on pasture and marginal agricultural lands—and also provides
much greater cuts in carbon emissions (for more details, see Appendix G). The potential
contribution of biomass to electricity production in our analysis is therefore just one-third
of that identified in the DOE study, and 60 percent of that in the EIA study.
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Hydropower
Harnessing the kinetic energy in moving water is one of the oldest ways to generate
electricity. The most common approach is to dam free-flowing rivers and then use gravity
to force the water through turbines to produce electricity.
The United States produced about 6 percent of its electricity supply from conventional
hydropower sources in 2007. While environmental concerns limit the potential for new
projects, the nation can expand its conventional hydropower by adding and upgrading
turbines at existing facilities, and by adding turbines to dams that do not now generate
power, with minimal environment impact.
The Blueprint case estimates that such incremental hydro projects have the potential to
produce about 5 percent of today’s U.S. electricity needs. Our analysis does not include
new technologies that can harness the kinetic energy from currents in undammed rivers,
tides, oceans, and constructed waterways, because the NEMS model does not represent
those resources. Those technologies have the potential to supply more than 140
gigawatts of new capacity, and thus could provide 9 percent of the nation’s current
electricity use (Dixon and Bedard 2007).
5.1.2. The Vast Potential of Electricity from Renewable Sources
The major renewable energy technologies (wind, solar, geothermal, bioenergy, and
hydropower) together have the technical potential to generate more than 16 times the
amount of electricity the nation now needs (see Table 5.1). In fact, wind, solar, and
geothermal each have the potential to meet today’s electricity needs. Of course,
economic, physical, and other limitations mean that the nation will not tap all this
potential.
Still, several recent studies have shown that renewable energy can provide a significant
share of future electricity needs, even after accounting for many of these factors. For
example, analysts from the American Solar Energy Society (ASES)—working with
experts at the NREL—projected that the United States could obtain virtually all the cuts
in carbon emissions it needs by 2030 by aggressively pursuing both energy efficiency and
electricity from renewable energy (ASES 2007). After accounting for efficiency
improvements, the study found that a diverse mix of renewable energy technologies
could provide about 50 percent of the remaining U.S. electricity needs by 2030.
A follow-up analysis found that the savings on energy bills from energy efficiency would
more than offset the estimated $30 billion that renewable energy would cost under this
scenario. The result would be net savings of more than $80 billion per year (Kutscher
2008). That study might well have underestimated the resulting cuts in heat-trapping
emissions, because it did not consider all the options for producing electricity from
renewable sources, or technologies for storing electricity other than solar thermal.
More than 20 comprehensive analyses over the past decade have found that using
renewable sources to provide up to 25 percent of U.S. electricity needs is both achievable
and affordable (Nogee, Deyette, and Clemmer 2007). For example, a 2009 Union of
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Concerned Scientists study—using the same modified version of the EIA’s NEMS model
that we used for the Blueprint—found that a national renewable electricity standard of 25
percent by 2025 would lower electricity and natural gas bills in all 50 states, by reducing
demand for fossil fuels and increasing competition among power producers (UCS 2009).
Cumulative national savings to consumers and businesses would total $95 billion by
2030.
A 2009 EIA study arrived at similar conclusions, despite using more pessimistic
assumptions about the viability of renewable energy technologies. That study projected
that a renewable electricity standard of 25 percent by 2025 would lower consumer natural
gas bills slightly—offsetting slightly higher electricity bills (EIA 2009b). By 2030, the
impact on consumers’ cumulative electricity and natural gas bills under two different
scenarios would range from a small cost of $8.4 billion (0.2 percent) to a slight savings of
$2.5 billion (0.1 percent). Similarly, a 2007 EIA study of a 25 percent by 2025 renewable
electricity standard found $2 billion in cumulative savings on combined electricity and
natural gas bills through 2030 (EIA 2007).
These studies have also shown that renewable energy can make a significant contribution
to U.S. electricity needs while maintaining the reliability of the nation’s electricity
supply. The EIA and UCS analyses project that renewable technologies that operate
around the clock—such as biomass, geothermal, landfill gas, and incremental
hydroelectric plants—would generate 33–66 percent of the nation’s electricity under a
national renewable electricity standard.
Regional systems for transmitting electricity could easily integrate the remaining power
produced from wind and solar at very modest cost, and without storing the power. Studies
by U.S. and European utilities have found that reliance on wind energy for as much as 25
percent of electricity needs would add no more than $5 per megawatt-hour—or less than
10 percent—in grid integration costs to the wholesale cost of wind (Holttinen et al. 2007).
5.1.3. Costs of Producing Electricity from Renewable Sources
An analysis by the NREL shows that the costs of wind, solar, and geothermal
technologies fell by 50–90 percent between 1980 and 2005 (see Figure 5.7). The main
drivers of these drops are advances in technology, and growing volumes and economies
of scale in manufacturing, building, and operating these plants—spurred by government
policies and funding for R&D.
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Figure 5.7. Declining Cost of Renewable Electricity
(levelized cost of electricity, in cents per kilowatt-hour)

Source: NREL Energy Analysis Office. See www.nrel.gov/analysis/docs/cost_curves_2005.ppt.
Note: COE = cost of electricity. The levelized cost of electricity includes the annualized costs of capital and
operation and maintenance. These graphs reflect historical trends, not precise data on annual costs.

Despite these important gains, the costs of most renewable and conventional energy
technologies rose over the past few years. Figure 5.7 does not reflect these increases,
which are primarily due to the escalating costs of materials, labor, and fuel, the weak
dollar, and bottlenecks in the supply chain.
The recent economic downturn and corresponding declines in the price of fuel and
materials—combined with a significant increase in U.S. manufacturing of renewable
energy technologies (primarily wind and solar)—is already reversing these trends. The
NREL and many other experts project that the costs of renewable energy will follow the
historic trend because of continued growth in the industry and advances in the
technology. Stable, long-term national policies that help eliminate market barriers and
encourage growth of renewable energy will likely accelerate these declining costs.
Under these conditions—along with a national policy that puts a price on carbon
emissions—renewable energy technologies will become increasingly cost-effective
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compared with new coal, natural gas, and nuclear power plants. In fact, some renewable
technologies, such as wind and geothermal at sites with high-quality resources, are
competitive with new coal and natural gas plants without incentives or a price on carbon
emissions (see Figure 5.8).
Advanced coal and natural gas plants with carbon capture and storage, and advanced
nuclear plants, in contrast (see below), are more expensive than conventional coal and
natural gas plants and many renewable energy technologies, even when a cost of $40 per
ton of carbon emissions is included. These technologies will need to drop significantly in
cost to become competitive with other options for producing electricity.
The costs of emerging renewable technologies, such as solar PV, concentrating solar
thermal, and offshore wind, are projected to decline significantly over time because wind
and solar are modular and can be mass-produced to drive down costs. Advanced fossil
and nuclear plants are large scale, and thus likely to see more modest cost reductions
through more standardized designs and engineering.
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Figure 5.8. Cost of Electricity from Various Sources (2015)

(levelized cost of electricity, in dollars per megawatt-hour)
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Notes: PC = pulverized coal; IGCC = integrated gasification combined cycle; CCS = carbon capture and storage;
NGCC = natural gas combined cycle. The levelized cost of electricity includes the annualized cost of capital, operation
and maintenance, and fuel costs from the Reference case. It also includes a CO2 price of $40/ton for illustrative
purposes (where applicable). It does not include the cost of transmitting power or integrating facilities into the grid, or
cost reductions from tax credits and other incentives for renewable and conventional technologies reflected in the
model. See Appendix D for more details on technology cost assumptions and Appendix A for more details on fuel
prices.
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Box 5.1. Technologies on the Horizon: Renewable Energy
Our analysis did not include several renewable energy technologies that are at an early stage of
development, but that offer promise over the longer-term (after 2030). Our analysis also did not include
some technologies that could make a contribution over the next two decades, but that our model was
unable to adequately represent. These technologies include:
Solar: Thin-film PV cells offer promising new applications for solar energy, such as in roof tiles and
building facades. While such cells are less costly to produce than semiconductor-grade crystalline-silicon
wafers, they typically have much lower efficiencies. Still, venture capitalists had invested more than $600
million in thin-film PV by 2008, and the technology is projected to account for 25 percent of the PV
market and $26 billion in sales by 2013 (Miller 2008).
Researchers and several companies are also exploring the use of solar nanotechnology: thin films of
microscopic particles and tiny semiconducting crystals that release conducting electrons after absorbing
light. Nanotechnology could revolutionize the solar industry by making solar cells cheaper, more efficient,
lighter, and easier to install.
Biopower: Biomass gasification with carbon capture and storage (CCS) is a promising technology that
could reduce the net amount of carbon in the atmosphere. If grown and used sustainably, biomass absorbs
CO2 from the atmosphere, which could then be captured during the gasification process and sequestered in
geologic formations.
Several companies are also working on using algae to produce energy, and to store—or sequester—
carbon. One company has completed a demonstration project using algae to sequester flue gases from a
coal power plant, and is considering recycling the biomass into the host facility for use as a fuel.
Geothermal: An MIT study estimated that the United States has the potential to develop 44,000
megawatts of geothermal capacity by 2050 by co-producing electricity, oil, and natural gas at oil and gas
fields—primarily in the Southeast and southern Plains states (Tester et al. 2006). The study projects that
such advanced geothermal systems could supply 10 percent of U.S. baseload electricity by that year, given
R&D and deployment over the next 10 years.
Hydrokinetic: New technologies that harness the hydrokinetic energy in currents in undammed rivers,
tides, oceans, and constructed waterways could provide more than 140 gigawatts of new electrical
capacity—enough to power more than 67 million U.S. homes (Dixon and Bedard 2007).
Renewable energy technologies for heating and cooling: These technologies are commercially available
today but supply only 2–3 percent of worldwide demand. Mature technologies include solar, biomass, and
geothermal heating and cooling systems. Use of these technologies is growing rapidly in the European
Union, where strong policies promoting renewal energy are helping to offset higher up-front costs (IEA
2007).
Advanced storage: These technologies would allow renewable but variable energy sources—such as
wind, solar, and hydrokinetic energy—to meet electricity needs around the clock. The most promising
storage options now seeing targeted R&D include compressed air storage, reversible-flow batteries,
thermal storage, and pumped hydro. These technologies could bring many benefits to operators of
electricity grids, including greater stability of power, better management of peak demand and transmission
capacity, and higher–quality power (Peters and O’Malley 2008).
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5.1.4. Key Challenges for Producing Electricity from Renewable Sources
Siting
Renewable energy technologies allow the nation to avoid or greatly reduce many of the
environmental and public health effects from mining and transporting fuels and
producing electricity from fossil fuels and nuclear power. However, despite these
important benefits, care must be taken in siting renewable energy projects to minimize
potential environmental impacts.
For example, while studies show that wind power usually results in far fewer bird deaths
than other causes, a few wind projects have seen significant numbers of birds and bats
colliding with the turbines (Erickson et al. 2001). Siting geothermal, large-scale solar,
and offshore wind, wave, and tidal projects can also be challenging because many of the
best sites are on federally controlled lands and seas, and often require both federal and
state approval. Obtaining the required approvals and leases can often take several years,
which can deter investors.
Efforts are under way to minimize these impacts as the industry expands, through careful
planning, site selection, research, and monitoring. Efforts are also under way to
streamline the approval process and improve cooperation between local, state, and federal
agencies while ensuring responsible development.
Ensuring the Sustainability of Bioenergy and Wise Land Use
When grown and used sustainably, biomass produces almost no net carbon emissions. If
biopower used some form of carbon capture and storage (CCS), the technology could
actually lower the concentration of carbon in the atmosphere. However, unsustainable
biomass harvesting practices can alter the amount of carbon stored and released by soils
and trees, and the production of biomass can sometimes require the use of fossil fuels.
The overall impact on global warming emissions of generating electricity from biomass
depends on the type of biomass, the method of producing and delivering it, the energy
source being displaced, and alternative uses for the resource.
It’s also important to consider potential carbon emissions created by changes in land use.
Some forms of biomass—such as native perennials grown on land that would not be used
for food, and biomass from waste products such as agricultural residues—do not change
the way we use our land, and can therefore significantly reduce global warming
emissions. However, changing the way we use land to produce biomass for energy may
indirectly affect land use in other countries. For example, turning forested land that is
high in stored carbon into cropland to compensate for shrinking cropland in the United
States may mean that biomass creates more carbon emissions than it prevents.
Expanding the Transmission Grid
Lack of capacity to transmit renewable electricity from remote areas to urban areas is
another key challenge. While most renewable energy technologies can be deployed
quickly, obtaining approvals to site new transmission lines and actually building them
typically takes several years. While new transmission lines are often controversial, the
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public is beginning to show a greater willingness to accept them if they are carrying
power from clean renewable sources instead of high-carbon fossil fuels and nuclear
power.
Fragmented jurisdiction over the existing transmission system allows any single state to
effectively veto the construction of new multistate transmission lines by refusing to grant
the needed permits. Federal land-use agencies also lack a consistent policy for siting
transmission lines. To address those challenges, the nation needs a new federal siting
authority to integrate state and regional processes for approving new transmission lines,
and to help plan for and integrate new renewable resources and distributed power plants
into the grid, while taking into account options for managing demand. Such an authority
should also allocate costs fairly among all users of the transmission system, and ensure
the protection of sensitive environmental and cultural resources.
Several renewable energy technologies could share transmission lines. In fact,
combining bioenergy, geothermal, landfill gas, and hydro projects—which provide
baseload power—with wind and solar projects, which provide varying amounts of power,
can allow more cost-effective use of new transmission lines and upgrades. State,
regional, and national agencies are now considering how to increase the capacity of the
grid to transmit power from “renewable energy zones” to areas of high demand, to
capture some of these benefits. In the future, technologies for storing electricity, creating
a smart grid, and forecasting wind resources will further improve the use of transmission
lines and help integrate wind and solar projects into the grid.
5.1.5. Key Policies for Increasing Electricity from Renewable Sources
We examined a package of market-oriented policies needed to overcome the market
barriers that now limit growth of renewable energy, to spur investment by consumers and
the power producers. This package included both standards and incentives, as no single
policy can address the range of market barriers faced by renewable energy technologies
that are at different stages of development.
Renewable Electricity Standard
The renewable electricity standard (RES)—also known as a renewable portfolio
standard—has emerged as a popular and effective tool for reducing market barriers and
stimulating new markets for renewable energy (UCS 2007). The RES is a flexible,
market-based policy that requires electricity providers to gradually increase the amount
of renewable energy in the power they supply. By using a system of tradable credits for
compliance, the RES encourages competition among all renewable energy sources,
rewarding the least-cost technologies and creating an incentive to drive down costs.
As of January 2009, 28 states and the District of Columbia have adopted an RES. 40 Our
Reference case include the renewable energy that has resulted from these policies.
The Blueprint includes a national RES that begins at 4 percent of projected electricity
sales in 2010, and ramps up gradually to 40 percent in 2030—after accounting for the
40

For detailed information on state renewable electricity standards, see http://www.ucsusa.org/res.
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cuts in demand for electricity resulting from improvements in energy efficiency. This
represents about 25 percent of electricity sales in the Reference case in 2030, not
including energy efficiency. The ramp-up rate of 1–1.5 percent of electricity sales
annually in the Reference case (without efficiency) is consistent with standards in leading
states such as Illinois, Minnesota, New Jersey, and Oregon, as well as the stronger
national RES proposals. 41
The Blueprint also assumed that:
• all U.S. electricity providers must meet the targets;
• eligible technologies include biomass, geothermal, incremental or new capacity at
existing hydroelectric facilities, landfill gas, solar, and wind; and
• providers can use existing renewable energy sources, except existing hydro, to meet
the targets.
Tax Credits
Production and investment tax credits help defray the typically higher up-front costs of
renewable energy technologies. Such credits also help level the playing field with fossil
and nuclear technologies, which have historically received much higher tax subsidies
(Goldberg 2000; Sissine 1994).
Both the Reference case and the Blueprint case include the extension and expansion of
tax credits for renewable energy technologies that were part of the 2008 Economic
Stimulus Package. That legislation includes a one-year extension (through 2009) of the
production tax credit for wind; a two-year extension (through 2010) of the production tax
credit for geothermal, solar, biomass, landfill gas, and certain hydro facilities; and an
eight-year extension (through 2016) of the 30 percent investment tax credit for solar and
small wind systems. Our analysis did not include the tax credits and incentives from the
American Recovery and Reinvestment Act of 2009, because it was enacted after we had
completed our modeling.
Other Renewable Energy Policies
We also recommend several other policies to help commercialize a broad range of
renewable energy technologies. While our analysis did not explicitly model those
policies, we assumed that they would help facilitate the development of the technologies
that the analysis did include, as well as help providers meet the national renewable
electricity targets. These policies include:
Greening our Transmission System
Experts agree that deploying enough renewable energy resources to achieve strong
targets for cutting carbon emissions will be impossible unless the nation dramatically
modernizes and expands the grid for transmitting electricity. Addressing this problem
quickly will require reforming the management and operation of the grid, creating new
mechanisms for financing and recovering the costs of an expanded grid, and creating
41

Rep. Markey (D-MA) and Rep. Platts (R-PA) have introduced a national RES of 25 percent by 2025 in
the House, while Sen. Udall (D-CO), Sen. Udall (D-NM), and Sen. Klobuchar (D-MN) have introduced
similar proposals in the Senate. President Obama also supported a 25 percent RES during his campaign.
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processes for siting new transmission lines. These measures will help producers of
electricity generated from carbon-free renewable resources connect to the grid. Coupled
with these efforts must be initiatives that encourage energy efficiency, demand-side
management, and smart grid improvements, while discouraging access to new lines from
high-carbon emitters.
Our analysis assumed that new national policies will facilitate new transmission lines and
upgrades of existing lines to enable power producers to meet national renewable
electricity targets. While we did not explicitly model these policies, we did include the
costs of building new transmission lines for new renewable, fossil-fueled, and nuclear
power plants, and we allocated those costs to all electricity users based on EIA
assumptions. The Blueprint analysis also included the costs of siting and connecting
wind projects, and transmitting the power they produce, as the use of wind grows, based
on an analysis by the NREL for the EIA.
More Funding for R&D
More funding for research and development is essential for commercializing electricity
based on renewable energy, as well as other low-carbon technologies. R&D drives
innovation and performance gains while helping to lower the cost of emerging
technologies. Our analysis assumed that federal R&D funding for renewable energy
would double over a five-year period.
Net Metering
Net metering allows consumers who generate their own electricity from renewable
technologies—such as a rooftop solar panel or a small wind turbine—to feed excess
power back into the electricity system and spin their meter backward. Forty-one states
and the District of Columbia now have net metering requirements. Adopting this policy
at the national level would encourage the development of small wind, solar, biomass, and
geothermal systems for producing electricity.
Feed-In (or Fixed-Price) Tariffs
Feed-in tariffs provide a specific, guaranteed price for electricity from renewable energy
sources—typically over a 10–20-year period. European countries such as Germany have
long had such tariffs, and they are gaining momentum among the states, primarily to
promote small-scale and community-owned power projects. State feed-in tariffs targeted
at smaller, higher-cost emerging technologies and locally owned projects would
complement renewable electricity standards, as those tend to benefit larger, lower-cost
projects and technologies that are closer to commercialization.
Financial Incentives
Financial incentives such as rebates, grants, and loans can stimulate investment and help
bring renewable energy technologies to market. Funding for such programs can come
from various state sources, such as renewable energy funds, and federal sources such as
clean renewable energy bonds (CREBS), which Congress recently extended through
2009 in the Economic Stimulus Package.
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5.2 Electricity from Fossil Fuels with Carbon Capture and Storage
While renewable energy technologies have the technical potential to produce all the
nation’s electricity and eliminate carbon emissions from that sector, the country must
address many challenges to realize that potential. Given the uncertainties in our ability to
surmount those market barriers, and to guarantee advances in renewable technologies and
reductions in their cost, the nation may need other low-carbon approaches to avoid the
most dangerous effects of global warming.
Carbon capture and storage (CCS) is an emerging technology that could allow electricity
producers to capture carbon dioxide from power plants and pump it into underground
formations, where it would ideally remain safely stored over the very long term (see
Figure 5.9). This approach is being investigated today primarily to reduce carbon
emissions from coal-fired power plants. However, it could also be used to prevent
emissions from natural gas–fired power plants or other industrial facilities that release a
significant stream of carbon dioxide. And facilities that burn or gasify biomass could
actually provide carbon-negative power—that is, they could store carbon dioxide recently
removed from the atmosphere through the photosynthesis of the plants they use as fuel—
if they relied on CCS.
Figure 5.9. How Carbon Capture and Storage Works

Carbon capture and storage (CCS) technology would allow the CO2 from coal-fired power plants to be
captured and injected into geologic formations such as depleted oil and gas reservoirs, unmineable coal
seams, or saline acquifers. No coal-fired power plants currently employ this technology, but several
commercial scale demonstration projects have been announced around the world.
Source: Alberta Geological Survey, available at http://www.ags.gov.ab.ca/co2_h2s/means_of_storage.html
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5.2.1. Types of CCS Technologies
One CCS technology is pre-combustion capture, which can be used with integrated
gasification combined-cycle (IGCC) coal plants. IGCC plants heat the coal to create a
synthetic gas, or syngas. The syngas fuels a combustion turbine used to generate
electricity, and the waste heat from that process creates additional power via a steam
turbine. Converting the coal into a gas allows operators to remove CO2 before
combustion, when it is in a more concentrated and pressurized form.
IGCC is a relatively new technology: only four plants now operate worldwide, although
developers have announced several others. Interest in IGCC is strong because it is seen as
more amenable to carbon capture than traditional coal plants, though none of the IGCC
coal plants now operating employ CCS.
Another capture technology under development is post-combustion capture, which would
be used with traditional coal plants. Collecting CO2 after combustion is more challenging
because the gas is more diluted, requiring greater energy to collect and compress it. One
way to collect the CO2 is with amine scrubbers, now used to capture CO2 in much smaller
industrial applications. Another approach, called oxy-fueling, would fuel a coal plant
with oxygen rather than background air, yielding a purer stream of CO2 after combustion.
Oxy-fueling is in an earlier stage of investigation than the other capture methods.
Our analysis included only pre-combustion carbon capture in new coal IGCC and natural
gas combined-cycle plants, because NEMS currently does not have the capacity to model
post-combustion capture technologies.
Both pre- and post-combustion technologies are expected to capture 85–95 percent of a
coal plant’s carbon emissions. When factoring in the fuel used to power the CO2 capture
process, though, the actual rate of carbon emissions avoided per unit of electricity is
expected to fall to 80–90 percent (IPCC 2005).
Researchers are investigating underground storage of CO2—often called sequestration—
in several projects around the world. Options for storing the CO2 include pumping it into
depleted oil or gas fields, coal seams that cannot be mined, and deep saline aquifers.
Detailed analyses of CCS have concluded that long-term geologic storage of CO2 is
technically feasible, though careful site selection is critical (MIT 2007; IPCC 2005).
While many components of CCS are in use in other, usually smaller, applications and
pilot projects, there have not yet been any commercial-scale, fully integrated projects
demonstrating CCS at coal-fired power plants. Developers have announced several such
projects, including in the United States, though most are seeking more government
funding before moving forward.
5.2.2. Potential of Carbon Capture and Storage
Some 500 coal plants provided half the nation’s electricity in 2007—and produced about
one-third of all U.S. carbon emissions. A typical new coal plant averages about 600
megawatts in size. The DOE estimates that geologic formations in North America have
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the capacity to store hundreds of years’ worth of U.S. carbon emissions, based on today’s
rate. However, some areas are far from suitable storage formations (NETL 2006)
Computer models cited by the Intergovernmental Panel on Climate Change indicate that
CCS could eventually contribute 15–54 percent of the cuts in carbon emissions needed by
2100. Recent government studies of proposed U.S. climate legislation also show largescale development of advanced coal plants with CCS before 2030 (EIA 2008; EPA
2008a). Studies further show that CCS deployment could significantly lower the cost of
stabilizing concentrations of heat-trapping gases in the atmosphere (Creyts et al. 2007;
EPRI 2007; MIT 2007; IPCC 2005).
However, all these studies use optimistic assumptions about capital costs, ramp-up rates,
and the ability to scale up the enormous infrastructure needed to transport, store, and
monitor the emissions. Government studies also include generous incentives for CCS in
proposed federal legislation, which tip the balance toward CCS versus other technologies.
Studies that do not include these incentives, and that use more reasonable assumptions
about capital costs and ramp-up rates, show advanced coal with CCS making a much
smaller contribution by 2030 (e.g., EPRI 2008).
5.2.3. Costs of Carbon Capture and Storage
The DOE estimates that adding post-combustion capture (using amine scrubbing) to a
traditional coal plant would increase the cost of electricity 81–85 percent. Adding precombustion capture to an IGCC plant would raise the cost of electricity 32–40 percent,
but the underlying IGCC plant costs more than a traditional coal plant. These estimates
suggest that IGCC plants with pre-combustion CCS would cost somewhat less than
traditional plants with post-combustion CCS. However, MIT analysts contend that it is
too soon to know which technology would cost less (MIT 2007; NETL 2007).
The higher cost of energy in these approaches reflects both the higher capital costs of
adding CCS and the resulting losses in the plant’s output. Post-combustion capture is
particularly energy intensive: amine scrubbing is expected to reduce a plant’s power
output by a quarter or more, even if engineers integrate CCS into the plant’s original
design. If CCS is added as a retrofit, the energy penalty and higher cost of energy would
be much greater.
Because no one has yet built a coal-fired power plant with CCS, estimates of the
technology’s performance and cost are more uncertain than those of other approaches to
cutting global warming emissions.
5.2.4. Key Challenges for Carbon Capture and Storage
CCS faces many challenges. For the technology to play a major role in reducing heattrapping emissions, the nation would need an enormous new infrastructure to capture,
process, transport (usually by pipeline), and store large quantities of CO2. For example,
if 60 percent of the CO2 now released by U.S. coal plants were captured and stored, the
volume would equal that of all U.S. oil consumption (MIT 2007).
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Environmental concerns linked to CCS include the risk that CO2 will leak back into the
atmosphere. Slow leaks would contribute to global warming, while fast leaks could pose
a local danger, as high concentrations of CO2 are fatal. Another concern is that CO2
could migrate in unexpected ways, picking up toxic components underground and
contaminating freshwater aquifers. The risk of leakage and migration rises in the
presence of abandoned oil and gas wells, which can provide conduits for the CO2.
Reducing these risks will require careful site selection and long-term monitoring, which
in turn will require the development and enforcement of rigorous regulations. Long-term
liability questions must also be answered.
CCS added to coal plants will also do nothing to reduce the serious environmental and
social costs of mining and transporting coal. Indeed, coal plants with CCS will require
more coal per megawatt-hour of electricity they produce than plants without it, given that
the capture process consumes energy. And while some of the other air pollutants from
today’s coal plants would likely decline if they were redesigned to employ CCS, other
environmental effects such as water use could increase or stay the same.
One unique environmental benefit of CCS is its potential to be paired with biomass to
produce electricity that actually reduces atmospheric concentrations—not just
emissions—of carbon. As plants grow, they absorb CO2 from the atmosphere. The CCS
process—used at a facility that gasifies or burns biomass—would then turn the
atmospheric carbon captured by the plants into geologic carbon. Such carbon-negative
energy facilities could play an important role in fighting global warming in the decades
ahead.
5.2.5. Key Policies for Carbon Capture and Storage
In Coal Power in a Warming World: A Sensible Transition to Cleaner Energy Options,
UCS analysts conclude that CCS has enough potential to play a significant role in
reducing carbon emissions to warrant further investigation and investment, despite its
many challenges (Freese, Clemmer, and Nogee 2008). The nation needs to reduce the
one-third of U.S. carbon emissions that come from coal-based electricity, and to stop
building new coal plants without CCS technology. UCS therefore supports federal
funding for 5 to 10 demonstration projects of various types, to help determine the
technology’s true costs and effectiveness.
The Blueprint reflects this financial support by assuming that the nation would build
eight new IGCC plants with CCS, funded by a small portion of the revenues from
auctioning carbon allowances under a cap-and-trade program. The analysis assumes that
all the CCS projects would be new IGCC plants because NEMS does not have the ability
to model other types of CCS projects.
Both the Reference and Blueprint cases also include the 30 percent investment tax credit
for advanced coal and CCS projects, up to a maximum of $2.55 billion, in the October
2008 Emergency Economic Stabilization Act. That legislation also provides an incentive
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of $10–20 per ton of CO2 for the use of CCS in enhanced oil recovery and in other
geologic formations.
Because it includes an economy-wide cap-and-trade program that puts a price on carbon
emissions, the Blueprint provides an incentive to reduce emissions from existing coal
plants and develop new plants with CCS. While not explicitly modeled in our analysis, a
CO2 performance standard would prevent the construction of new coal plants unless and
until they can employ CCS in their original design. As Coal Power in a Warming World
also notes, the nation needs new statutes and stronger regulations to reduce the
environmental and social costs of coal use—from mining through waste disposal—that
will accompany any funding or other policy support for CCS.

5.3 Electricity from Advanced Nuclear Plants
A nuclear power plant generates electricity by splitting uranium atoms in a controlled
fission process. The fission reaction creates heat, which is used to make steam, which
turns a turbine, as in most other electricity plants. Two types of reactors—boiling water
reactors (BWRs) and pressurized water reactors (PWRs)—are in use in the United States
today (UCS 2003).
Nuclear power plants could play a role in reducing global warming emissions, because
they emit almost no carbon when they operate. Other parts of the nuclear fuel cycle emit
carbon dioxide, especially today’s uranium enrichment processes, which rely on coalfired power plants and inefficient technology. However, some studies have found those
emissions to be roughly comparable to those from manufacturing and installing wind
power and hydropower facilities (UCS 2003).
The United States now obtains about 20 percent of its electricity from 104 nuclear power
plants (EIA 2008). Thanks to better operating performance, the “capacity factor” of U.S.
nuclear reactors rose from 56 percent in 1980 to 91.5 percent in 2007 (EIA 2008).
However, U.S. utilities ordered no new nuclear plants after 1978, and canceled all plants
ordered after 1973. Other countries have continued to build nuclear plants, although at a
much slower rate than during the peak years of the 1970s and 1980s.
The Nuclear Regulatory Commission (NRC) is in the process of extending the licenses
for most, if not all, U.S. plants now operating—from an original 40-year period to 60
years. Almost all these plants would have to be retired and decommissioned between
2030 and 2050, unless the NRC extends their licenses again. However, the economic and
technical feasibility of doing so has not been established.
5.3.1. Types of Advanced Nuclear Technologies
Fourteen companies have submitted applications to the NRC to build and operate 26
plants at 17 sites, although no utility has actually ordered a new plant yet. 42 These
42

AmerenUE recently announced that it has canceled plans to build the proposed Callaway 2
reactor in Missouri.
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applications reference five plant designs—of which the NRC has certified only two. And
one of those, the AP1000, has undergone significant design changes since it was certified
The five designs offer evolutionary improvements on existing plants: they are somewhat
simpler, relying more on “passive” safety systems and less on pumps and valves. The
industry and the NRC had hoped that these upgrades—along with a streamlined licensing
process and greater standardization—would improve the safety of nuclear power plants
and reduce their costs. However, the goals of standardization has so far proved elusive
and the licensing process has not yet been fully tested.
Of all the new reactor designs under serious consideration for use in the United States,
only one—the Evolutionary Power Reactor (EPR)—appears to have the potential to be
significantly safer and more secure than existing reactors, provided that it is built to the
stricter safety standards required by France and Germany. However, because the EPR
design does not feature the same safety shortcuts as the passive designs, including the
AP1000, Standard & Poor’s rated it as the most risky with regard to capital costs.
Several companies are also working on much smaller plants in the 10–150-megawatt
range, compared with 1,000–1,600 megawatts for traditional designs. By making modular
units and siting them underground, these companies hope to rely on mass production to
achieve economies of scale and improve safety and security. However, no power
companies have submitted such designs to the NRC for licensing, so we cannot yet
evaluate the companies’ claims.
Other new designs in research and development—known as Generation IV designs—aim
to achieve major leaps in safety and cost. However, a significant number of engineering
problems remain to be solved, so we cannot yet evaluate the claims for Generation IV
plants either. In fact, they are not expected to be ready for deployment before 2030.
Because the Blueprint analysis examined costs and benefits through 2030 only, we did
not include these advanced designs.
5.3.2. Potential of Advanced Nuclear Power
According to the International Atomic Energy Agency, the world has enough uranium
supplies to fuel the existing 400 nuclear plants for more than 100 years, and to expand
that fleet by 38–80 percent by 2030 (IAEA 2008). Some proponents argue that
reprocessing used nuclear fuel to extract plutonium could create a virtually unlimited
supply of fuel for use in “fast breeder” reactors. However, reprocessing is many times
more expensive than the traditional “once-through” fuel cycle. Reprocessing also greatly
increases the risk that weapons-usable nuclear materials will be diverted—as well as the
volume of radioactive wastes requiring disposal (UCS 2007a). While uneconomical
today, some scientists believe that seawater could eventually supply virtually unlimited
quantities of uranium at lower cost than fuel made from reprocessing (Garwin 2001).
Nuclear power could therefore, in theory, contribute to a climate-friendly future. A recent
EIA analysis of the impact of climate legislation projected as much as 268 gigawatts of
new nuclear capacity by 2030—supplying 58 percent of total U.S. demand, and a
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significant share of the needed cuts in carbon emissions (EIA 2008). However, the EIA
assumed very outdated and low “overnight” construction costs of $2,475 per kilowatt (in
2006 dollars)—well below current industry estimates. (Overnight costs do not include
financing or escalating costs during construction.) The industry also faces significant
constraints to deploying new nuclear plants that rapidly, and to that extent (see below).
5.3.3. Costs of Advanced Nuclear Power
The cost of electricity from nuclear power plants is largely driven by the cost of
constructing them. The fuel and operating costs of existing nuclear plants are generally
lower than those of other conventional technologies for producing electricity. However,
very high construction costs—stemming from long construction periods and associated
financing costs—have been the economic Achilles heel of the nuclear industry.
During the 1970s and 1980s, with cost overruns averaging more than 200 percent,
utilities abandoned more than half of the planned nuclear fleet during construction. And
the plants they did complete usually led to significant increases in electricity rates. The
total losses to ratepayers, taxpayers and shareholders stemming from cost overruns,
canceled plants, and stranded costs well exceed $300 billion in today’s dollars (Schlissel,
Mullet, and Alvarez 2009).
Reliably projecting construction costs for new U.S. nuclear plants is impossible, because
the nation has no recent experience to draw upon. Recent experience with reactors under
construction in Europe, however—along with recent trends in the overall cost of
commodities and construction—show the same vulnerability to cost escalation that
plagued the last generation of nuclear plants. Only three years after its 2005
groundbreaking, for example, the Olkiluoto plant in Finland was reportedly three years
behind schedule, with cost overruns topping 50 percent. The project has encountered
numerous quality problems, and the principals are in arbitration over responsibility for
the overruns (The Guardian 2009).
Construction costs have risen over the past five years for all technologies used to produce
electricity—but most dramatically for nuclear plants—as shown in Figure 5.10 (CERA
2008). For example, in November 2008, Duke Energy revised its estimate of overnight
construction costs for two nuclear units proposed for Cherokee County, South Carolina,
to $5,000 per kilowatt. Several other analysts and developers of nuclear plants have
estimated a range of $3,800–5,500 per kilowatt. Utilities applying for loan guarantees in
November 2008 estimated that the costs of their proposed 21 plants—including cost
escalation and the cost of financing—would total $188 billion, an average of $9 billion
per plant, or more than $6,700 per kilowatt.
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Figure 5.10. Nuclear Power Plant Construction Costs Rising Faster than Other
Technologies

Source: Cambridge Energy Research Associates (CERA) 2008.

Our analysis assumed that overnight capital costs for new nuclear plants would initially
average $4,400 per kilowatt for those with a 2016 in-service date, not including financing
costs. The NEMS model calculates the cost with financing to be $6,900 per kilowatt,
which is close to the average estimates available when we finalized assumptions for our
model. Our figure is lower because we assumed that industry learning would reduce costs
by nearly 7 percent by 2030—or half the rate projected by the EIA based on international
experience.
France and South Korea have achieved higher learning rates largely because of
standardization: one company builds one plant design over and over. In the fractured U.S.
industry, with 17 companies proposing to build 26 units based on five different designs
(with more on the horizon), high learning rates are optimistic. Indeed, the U.S. nuclear
industry saw construction costs rise steadily through almost the entire last generation of
plants (EIA 1986), making any future cost reductions through learning very uncertain.
Continued cost escalation would be more consistent with the U.S. experience.
5.3.4. Key Challenges for Advanced Nuclear Power
Nuclear technologies pose a number of unique and complex challenges. An expansion of
nuclear power would increase the risks to human safety and security (UCS 2007a). These
include a release of radiation because of a power plant meltdown or terrorist attack. If
proposals for reprocessing nuclear waste move forward, the detonation of a nuclear
weapon made with materials from a civilian nuclear power system could produce massive
civilian deaths. Such an incident would obviously also threaten the viability of nuclear
power.
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After 50 years of nuclear power, a mix of technical and political challenges has meant
that no country has yet licensed a long-term nuclear waste repository. The proposed
Yucca Mountain site in the United States has been plagued with technical, managerial,
and political problems (GAO 2006), and the Obama administration announced in early
2009 that it would no longer pursue it as a permanent repository. While nuclear waste can
be stored safely in hardened concrete casks onsite or in a central repository in the short
run, successfully licensing long-term storage is a critical challenge for the industry to see
substantial growth.
Nuclear plants also require enormous volumes of water for cooling. In both Europe and
the United States, nuclear plants have had to reduce power output or shut down during
some drought periods (GAO 2006). Water requirements—especially as global warming
leads to more drought conditions in some regions—could limit the expansion of nuclear
power.
Nuclear power is sometimes touted as a “domestic” energy resource, although the United
States imports about 80 percent of its nuclear fuel. These imports come primarily from
stable and friendly countries: Canada, Australia, and South Africa. However, nuclear
power will displace little if any imported oil from less stable and potentially less friendly
regions, because the United States produces very little electricity from oil today.
Furthermore, overseas corporations such as AREVA, a French-based company, and
Mitsubishi Heavy Industries, which is based in Japan, will make most major components
for nuclear plants.
Siting and permitting nuclear facilities present other significant challenges. While many
surveys have shown growing public acceptance of nuclear power during the last few
years, people still generally rank it lower than all other sources of electricity except
perhaps coal. The NRC has significantly streamlined its process for licensing nuclear
power plants to limit opportunities for interest groups to challenge them, but this process
has yet to be tested.
While nuclear plants may make a significant long-term contribution to reducing U.S.
carbon emissions, they are unlikely to do so before at least 2030. Beyond the challenges
just noted, the nation would have to rebuild its civilian nuclear infrastructure, which has
been in decline for two to three decades.
For example, nuclear engineering programs in the United States have declined by half
since the mid-1970s, and only 80 companies are qualified to produce nuclear-grade
materials, down from 400 two decades ago. Most important, only two manufacturing
facilities in the world are capable of making heavy components for nuclear plants, such
as reactor pressure vessels—although AREVA announced its intention to build a vessel
in Virginia with Northrop Grumman Corp.
As a result, the Organization for Economic Co-operation and Development has estimated
that the industry can produce an average of only 12 plants per year worldwide until about
2030, rising to 54 plants per year from 2030 to 2050 (OECD 2008). Although the United
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States represents about one-quarter of global energy use and carbon emissions, it is
unlikely that developers would install more than a few U.S. plants per year—3 or 4 of
12—before 2030. 43
Scaling up the nuclear industry to make a long-term contribution along the lines
suggested by MIT analysts—1,000 to 1,500 new 1,000-megawatt plants worldwide, with
300 in the United States—would require the construction of 11 to 22 new enrichment
facilities, as well as a new Yucca Mountain–sized waste repository somewhere in the
world every four years (MIT 2003, The Keystone Center 2007). These facilities would
pose great challenges for preventing proliferation of radioactive materials that could be
used for weapons—as well as for siting those facilities. However, given the pressing need
for cuts in carbon emissions of 80 percent or more by mid-century, the nuclear power
option should not be off the table. Instead, it should receive R&D funding aimed at
resolving these critical challenges.
The industry hopes to make a number of advanced reactor designs—referred to as
Generation IV—available sometime after 2025 to 2030. These designs aim to achieve
much higher safety levels and lower costs. The industry faces numerous challenges in
meeting those goals, however, and we cannot meaningfully evaluate the prospects that it
will do so at this time (UCS 2007a). In any case, such reactors are not expected to be
commercially available until after the time period we analyzed.
5.3.5. Key Policies for Advanced Nuclear Power
Both the Reference and Blueprint cases include existing incentives and policy support for
the next generation of nuclear power plants. For example, both cases include the existing
production tax credit of 1.8 cents per kilowatt-hour (adjusted annually for inflation) for
new nuclear plants that begin operation by 2020. The credit is available for the first eight
years of operation, and is limited to $125 million per gigawatt of capacity annually, up to
6 gigawatts of total new capacity. However, if more than 6 gigawatts are under
construction by January 1, 2014, those plants can share in the credits.
Both the Reference and Blueprint cases also include up to $18.5 billion in incentives
available through the DOE’s current loan guarantee program. In October 2008, the DOE
received applications from 17 companies to build 21 new reactors at 14 nuclear plants.
Those projects—which would provide a total of 28,800 megawatts of capacity—would
qualify for $122 billion in loan guarantees. Because not enough funding is available for
all the projects, and because the details of each one are unavailable, we simply assumed
that the loan guarantees will spur the development of 4,400 megawatts of new nuclear
capacity by 2030 ($18.5 divided by $122 billion times 28,800 megawatts).
The Blueprint’s economywide cap-and-trade policy would provide an additional
incentive to build new nuclear plants rather than coal and natural gas plants, because
owners of the latter would have to buy allowances to emit carbon. The Blueprint case
does not assume any additional policy support for advanced nuclear plants.
43

Installing more than that amount in the United States could actually worsen global warming, by diverting
reactors from countries such as China that use more coal and have higher rates of carbon emissions.
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Box 5.2. Key Assumptions for Technologies Used to Produce Electricity
•

Escalation of construction costs. We included recent increases in construction and
commodity costs for all technologies, based on data from actual projects, input from
experts, and power plant cost indices. We assumed that the costs of all technologies
continue to rise 2.5 percent per year (after accounting for inflation) until 2015.

•

Wind. We included land-based, offshore, and small wind technologies. We based our
capital costs on a large sample of actual projects from a database at Lawrence Berkeley
National Laboratory (LBNL). We used an analysis from the National Renewable Energy
Laboratory (NREL), conducted for the EIA, to develop regional wind supply curves that
include added costs for siting, transmitting, and integrating wind power as its use grows.
We also assumed increases in wind capacity factors (a measure of power production) and
a 10 percent reduction in capital costs by 2030 from technological learning, based on
assumptions from a report from the DOE on producing 20 percent of U.S. electricity from
wind power by 2030 (EERE 2008).

•

Solar. We assumed expanded use of concentrating solar power (CSP) and distributed
(small-scale) and utility-scale photovoltaics through 2020, based on actual proposals. We
also assumed faster learning for solar photovoltaics, to match the EIA’s assumptions for
other emerging technologies. We assumed that the amount of heat that CSP can store to
produce electricity during periods of high demand rises over time.

•

Bioenergy. Key technologies included burning biomass along with coal in existing coal
plants, dedicated biomass gasification plants, the use of biomass to produce combined heat
and power in the industrial sector, and the use of methane gas from landfills.

•

Geothermal. We included a supply curve for hydrothermal and enhanced geothermal
systems in the West, developed by the NREL and other experts. This supply curve
incorporates recent increases in the costs of exploring potential sites, drilling, and building
geothermal power plants.

•

Hydropower. We assumed incremental amounts of hydropower from upgrades and new
capacity at existing dams, and counted both new sources of power as contributing to a
national standard for renewable electricity.

•

Carbon capture and storage. We included this as an option for advanced coal gasification
and natural gas combined-cycle plants, with costs and performance based on recent
studies and proposed projects.

•

Nuclear. We assumed that existing plants are relicensed and continue to operate through
their 20-year license extension, and that they are then retired, as the EIA also assumes. We
based assumptions on the costs and performance of new advanced plants primarily on
recent project proposals and studies.

•

Transmission. We included the costs of new capacity for transmitting electricity for all
renewable, fossil, and nuclear technologies. We also added costs for the growing amounts
of wind power, based on the NREL analysis conducted for the EIA.

(See Appendix D for more details.)
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Box 5.3. Key Assumptions for Electricity Policies
Policies in the Reference Case
• State renewable electricity standards. These specify the amount of electricity that
power suppliers must obtain from renewable energy sources. We replaced the EIA’s
estimate with our own projections for state standards through 2030. We applied those
projections to the 28 states—plus Washington, DC—with such standards as of
November 2008.
•

Tax credits. We included the tax credit extensions for renewable energy and advanced
fossil fuel technologies that were part of the Economic Stimulus Package (H.R. 6049)
passed by Congress in October 2008.

•

Nuclear loan guarantees. We assumed that the $18.5 billion in loan guarantees spur
the construction of four new nuclear plants with 4,400 megawatts of capacity by 2020,
based on applications received by the U.S. Department of Energy in October 2008.

Additional Policies in the Blueprint
• Efficiency. Policies to increase energy efficiency in buildings and industry (see
Chapter 4) reduce electricity demand 35 percent by 2030, compared with the
Reference case.
•

Combined heat and power (CHP). Policies and incentives to increase the use of
natural gas combined-heat-and-power systems in industry and commercial buildings
(see Chapter 4) enable this technology to provide 16 percent of U.S. electricity
generation by 2030.

•

National renewable electricity standard. This standard requires retail electricity
providers to obtain 40 percent of remaining electricity demand (after reductions for
efficiency improvements and CHP) from renewable energy (wind, solar, geothermal,
bioenergy, and incremental hydropower) by 2030.

•

Coal with carbon capture and storage demonstration program (CCS). This new
federal program provides $9 billion to cover the incremental costs of adding CCS at
eight new full-scale advanced coal plants—known as integrated gasification
combined-cycle plants, which turn coal into gas—from 2013 to 2016 in several
regions.
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Box 5.4. Success Story: The Little Country That Could
Children’s tales don’t often figure in grownup discussions of energy policy, but
Denmark’s progress in tapping wind energy is reminiscent of The Little Engine
That Could.
Denmark’s story begins in 1973, the year OPEC (the Organization of Petroleum
Exporting Countries) embargoed oil exports, creating debilitating shortages and
skyrocketing prices. At that time Denmark relied on oil to produce 80 percent of
its electricity. For the next few years that country, much like the United States
and other developed nations, invested in energy efficiency and alternative energy
to prevent such a situation from occurring again.
When oil prices plummeted in the 1980s, however, the Danish and U.S.
governments responded very differently. The United States stopped developing
approaches to reducing its dependence on oil, but the Danish government
continued to encourage the development of new energy sources and nascent
technologies. Denmark reaps the benefits today as a net exporter of energy—a
high percentage of which is carbon-free.
Denmark relied on a suite of policies to transform its economy into a much
leaner, greener, and more secure one. Although it expanded development of
conventional fuels off its coasts, Denmark focused principally on reducing
demand for electricity and heat. The country stepped up its energy efficiency by
insulating existing buildings, enacting stringent codes for new buildings and
appliances, and relying on highly efficient combined-heat-and-power plants to
provide both electricity and heat. The primary power plant serving Copenhagen,
for example, boasts an efficiency of more than 90 percent, compared with an
average efficiency rate of 33 percent for a typical U.S. coal plant (Freese,
Clemmer, and Nogee 2008).
Denmark fostered renewable energy as well, and today renewables supply 27
percent of the country’s electricity—most of it from wind (Ministry of Climate
and Energy 2008). With fewer than 70 wind turbines in 1980, the nation now has
more than 5,000 providing 3,135 megawatts of capacity—enough to power more
than 1.6 million typical American households (DWEA 2009).
Consistent, long-term policies encouraging the development of wind energy
helped Denmark become a global leader. The government spurred investment in
wind power by providing incentives that covered 30 percent of the costs of
installing turbines until 1990. Denmark also required utilities to buy wind power
at a fixed price until 1999. Although at that point the country required customers
to pay any added costs of wind power, the government mandated that utilities
provide 10-year fixed-rate contracts for wind developers, which helped them
secure investment financing. Wind power also benefited from priority access to
the electricity grid (GAO 2006).
This energy transformation helped Denmark expand its economy while reducing
carbon emissions. Domestic investment in wind has made Denmark a global
leader in turbine manufacturing. Vestas and Siemens Wind Power dominate
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global wind sales, and the industry accounts for roughly 20,000 jobs in
Denmark—and 4 percent of its industrial production. While the economy has
grown by roughly 75 percent in 25 years, energy consumption has remained
stable, and the country has cut its carbon emissions in half since 1980 (Danish
Energy Agency 2008; Ministry of Climate and Energy 2008).
Although Denmark is obviously much smaller than the United States, and its
energy needs are much lower, the Danes have proved beyond a doubt that
national foresightedness and perseverance—combined with smart policies and
industrial innovation—can produce an extraordinary shift in a country’s energy
profile. The United States could learn much from the example of “the little
country that could”—and did!

Box 5.5. Success Story: Surprises in the Desert
Deserts have long been imagined as hot and desolate landscapes—but their
reputations have been burnished recently. Deserts are now more likely to be
appreciated as unique and often surprisingly diverse environments.
Approximately 40 miles southeast of Las Vegas, the desert does indeed hold a
most surprising find—a power plant generating electricity from the sun.
When most people think of solar energy, images of photovoltaic panels on
rooftops come to mind. But there is another kind: concentrated solar power,
which uses mirrors to collect and transform the heat of the sun into steam, which
spins a generator. CSP’s relatively simple approach enables it to produce
renewable electricity on a scale comparable to conventional coal and natural gas
plants.
The third-largest solar power plant in the world—and the largest CSP plant in the
United States—was built outside Boulder City, Nevada, in June 2007. The
Nevada Solar One plant uses 760 long, tubular mirrors (or parabolic troughs) to
concentrate the sun’s energy on solar receivers. 44 The receivers heat a mineral oil
fluid to 734 degrees F, which turns water into steam, which powers a turbine to
generate electricity. The solar receivers track the sun’s movement, allowing the
facility to produce electricity during all the hours the sun is brightest.
The solar fields themselves occupy an area roughly the size of 200 football fields.
The plant’s maximum capacity is 75 megawatts, and it generates about 134
million kilowatt-hours of electricity each year—enough to power the lights,
appliances, and electronics in 14,000 average U.S. homes. This near-zero-carbon
electricity reduces global warming emissions by an amount equivalent to taking
20,000 cars off the road each year.
CSP is now sparking a lot of attention. Interest is especially high in the desert
Southwest, which contains large open spaces and some of the world’s best solar
resources. This area is also close to some of the country’s largest and fastest44

The Nevada plant is owned by ACCIONA Solar Power, a subsidiary of ACCIONA Energy.
Headquartered in Madrid, Spain, this energy company develops and manages renewable energy plants and
infrastructure projects throughout the world.
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growing population centers. As of July 2008, the federal Bureau of Land
Management had received 125 applications to develop large-scale solar facilities
on public lands (EIA 2008). In California alone, developers have proposed more
than 3,500 megawatts of CSP projects, which are now under regulatory review
(CEC 2008a).
Another piece of good news is that the construction of CSP plants creates good
jobs. Estimates suggest that every 100 megawatts of installed CSP capacity
creates 455 temporary construction jobs (Stoddard, Abiecunas, and O’Connell
2006). The Nevada One facility, for example, provided over 800 construction
jobs for about 17 months, and now permanently employs approximately 30
people (ACCIONA 2009).
As with any renewable energy technology, CSP must be built in an
environmentally responsible manner. Because many CSP projects are sited in
desert areas, developers must avoid disrupting the natural habitats of unique
desert plants and animals, and minimize the water used for cooling. But if careful
policies guide environmentally responsible CSP development, our deserts may
continue to be surprising places—where catclaw acacia and solar power plants
alike delight the occasional visitor
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Chapter 6
You Can Get There from Here: Transportation
America’s transportation system is intricately woven into our daily lives. The most
obvious examples are the light-duty vehicles (cars, SUVs, pickups, and minivans) we use
to get to work, do errands, or visit family and friends. We rely on trucks, trains, and ships
to move goods as well, and on garbage trucks to haul our waste. We also spend a lot of
time on airplanes, while some people use public transit, walk, or bike.
All this travel and shipping add up when it comes to global warming. The production
and use of fuel for transportation in the United States is directly responsible for more than
2 billion metric tons of carbon dioxide and other heat-trapping emissions annually. 45 That
puts the U.S. transportation system second to power plants as a contributor to the nation’s
global warming emissions—producing about 30 percent of the total, and more than onethird (36 percent) of all carbon dioxide emissions.
The biggest transportation sources of heat-trapping emissions are light-duty vehicles,
which account for more than 60 percent of transportation’s total, and about one-fifth of
the nation’s total (see Figure 6.1). Next in line are medium- and heavy-duty vehicles at
18 percent, followed by air at 10 percent, and then shipping, rail, military, and other uses.
Figure 6.1. The Sources of Transportation Heat-Trapping Emissions (2005)
Freight
Trucks
and
Buses
18%
Aircraft
10%
Ships
4%
Rail
2%

LightDuty
Vehicles
61%

Misc
3%

Military
2%

Data Source: EIA 2008.

The impact of these vehicles also adds up when it comes to America’s addiction to oil.
Transportation depends on petroleum for 98 percent of its fuel, and accounts for more
than two-thirds of all petroleum products used in the United States (CTA 2008). In 2007,
with average gasoline prices at more than $2.75 per gallon, Americans spent more than
$575 billion on transportation fuels such as gasoline, diesel, and jet fuel (EIA 2008a).

45

That is more than the amount produced from burning fossil fuels in all sectors in every nation except
China and the United States (Marland, Boden, and Andres 2008).
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Much of the oil used to make those fuels is imported, so transportation demand shipped
nearly $200 billion out of our economy and into the hands of oil-exporting nations (EIA
2008a).
The impact of transportation’s near-exclusive use of petroleum products goes beyond
carbon emissions and the cost of fuel. The past 40 years have brought five significant
spikes in oil prices—every one soon followed by an economic recession (CTA 2008).
Although analysts have tied the most recent recession to problems with the housing and
credit markets, spiking oil and gasoline prices likely also had a significant impact, given
these historical trends.
Three Key Ingredients for a More Stable Transportation System
The transportation sector is so large that no single solution will cut global warming
emissions as much as we need, and end our oil addiction. But the lack of a silver bullet
does not mean there are no solutions. It simply means we need to take advantage of a
variety of options to address these challenges.
The easiest way to think of this opportunity is to break it into three parts:
•
•
•

Tapping technology to improve the efficiency of vehicles and their air
conditioning systems.
Shifting away from oil toward cleaner alternatives.
Providing smarter transportation options to cut down on the number of miles we
spend stuck in traffic in our cars.

As with a table or a stool, strengthening these three legs can provide both a stable climate
and secure energy future.

6.1. Driving Change: Technologies to Improve Fuel Efficiency and Air
Conditioning
Only 15–20 percent of the energy in our fuel tanks actually goes to propelling today’s
cars and light trucks down the road. Most is effectively thrown away because of
inefficiencies in the engine and transmission systems, or is wasted when we are stuck at a
traffic light with the engine running or in stop-and-go traffic. Some of this energy also
powers air conditioning, fans, lights, and the growing use of onboard electronics. Of the
fuel that is not simply wasted, most is needed to push air out of the way, keep tires
rolling, and speed up the 1.5 to 3 tons of metal, plastic, and glass in our car and trucks.
That, in a nutshell, is why new cars and light trucks sold in 2005 averaged only about 25
miles per gallon on government tests and about 20 mpg on the road—about the same as
they did two decades ago (OTAQ 2008). As a result, the average new vehicle is
responsible for nearly one and a quarter pound of carbon dioxide and other heat-trapping
emissions for every mile it is driven (one pound from the tailpipe, and another quarterpounder from making and delivering the fuel) (ANL 2008). The average auto—driven
about 11,500 miles annually—is responsible for about 6.8 metric tons of global warming
emissions every year.
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The bigger trucks used to ship goods and haul garbage waste less fuel because they tend
to have more efficient engines and transmissions. However, these vehicles carry a lot
more weight, and their boxy shapes mean they must push much more air out of the way.
Bigger trucks also use heavy-duty tires, which also waste more energy when they roll.
As a result, medium-duty trucks, such as those used to deliver packages, average 8–8.5
mpg per gallon of gasoline equivalent, while the heaviest trucks, such as 18-wheelers,
average only about 6 mpg of gasoline equivalent (EIA 2008a). This low fuel economy
means that medium-duty trucks are responsible for about 3 pounds of global warming
emissions per mile, while heavy-duty trucks release about 4 pounds per mile (ANL
2008).
The typical medium-duty truck also travels about 11,500 miles annually, so it is
responsible for more than 15 metric tons of global warming emissions each year. With
more annual mileage (about 36,000 miles) and lower fuel economy, the average heavyduty vehicle is responsible for more than 65 metric tons of carbon dioxide and other heattrapping emissions each year. And cross-country 18-wheelers put on 130,000 miles
annually, so they average more than 240 metric tons of global warming emissions each
year.
6.1.1. Potential and Costs of Vehicle Technologies
Efficient Choices in the Showrooms
For decades the automotive industry has been developing technologies that can safely and
economically help consumers get more miles to the gallon while driving cars, minivans,
pickups, and SUVs of all shapes and sizes. These off-the-shelf technologies include
turbocharged direct-injection gasoline engines, high-efficiency automatic-manual
transmissions, engines that shut off instead of wasting fuel while idling, improved
aerodynamics, and better tires, among many others. More advanced vehicles, such as
hybrids, can push fuel economy even further (see Figure 6.2).
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Miles per Gallon

Figure 6.2. Fuel Economy Potential for Cars, Minivans, SUVs, and Pick-ups
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While the average vehicle in 2005 reached only 25 miles per gallon on government tests, tapping into offthe-shelf technologies already in the hands of automakers could boost the fuel economy of our cars and
light trucks to 38 mpg. Adding hybrid electric vehicle technology on top of that could bring our fleet to
more than 50 mpg. These values all assume a mix of 54 percent cars and 46 percent light trucks, which may
change over time.

These technologies will deliver vehicles with the same safety, utility, and performance
consumers enjoy today (Gordon et al. 2007; Friedman, Nash, and Ditlow 2003). Other
technologies, such as high-strength steel and aluminum and unibody construction, can
boost fuel economy while actually making highways safer (Gordon et al. 2007; Friedman,
Nash, and Ditlow 2003).
Automakers are already including many of these technologies on vehicles individually
(see Appendix F for examples). But not until they are packaged together can they deliver
a substantial boost in fuel economy.
A variety of studies have looked at this potential and the associated costs (Kliesch 2008).
For example, a 2002 study from the National Academies of Science pointed to a potential
for passenger vehicles to average about 37 mpg, at a cost of about $3,000. However, this
study did not include the potential benefits of using high-strength steel to reduce the
weight of vehicles (NRC 2002).
A more recent MIT study points to the potential for these conventional technologies to
deliver a fleet of new cars and trucks that achieves 42–48 mpg while offering today’s size
and acceleration. These vehicles would cost about $2,200–2,950 more than today’s
average vehicle (Bandivadekar et al. 2008).
A recent UCS study showed that a similar package of technologies could bring the fleet
of new cars and trucks to about 38 mpg, at an extra cost of $1,700 (Kliesch 2008). That
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report found that even at fuel prices of just $2.50 per gallon—a conservative estimate,
given that the 2008 Annual Energy Outlook predicts notably higher fuel prices—owners
would save almost $5,100 on gasoline over the average vehicle’s lifetime, for a net
savings of almost $3,400. 46 In other words, consumers would save thousands of dollars
while cutting carbon emissions by more than one-third.
Advanced technologies such as hybrid-electric drive trains hold even greater promise. In
such a hybrid, an electric motor and a battery pack work together to provide supplemental
power to the vehicle, which allows it to use a smaller engine that operates more
efficiently. The electric motor/battery combination also allows the engine to shut off at
stoplights, rather than wasting fuel while idling. Hybrids also employ “regenerative
braking,” which recovers some of the energy normally lost in braking and feeds it back
into the battery. These technologies work together to improve fuel economy while
maintaining vehicle performance.
The MIT study says that such hybrids have the potential to reach more than 70 mpg for
about $5,100 more than the cost of today’s conventional vehicles. The 2008 UCS
analysis points to a more modest 55 mpg for advanced hybrids, at a cost of about $4,400
more than today’s conventional vehicles. At a conservative $2.50 per gallon, owners of
these vehicles would therefore save nearly $8,100 on fuel, or about $3,700 above the cost
of the technology—while cutting carbon emissions in half.
Improving Air Conditioning to Cut Heat-Trapping Emissions
While fuel combustion in vehicles produces a host of heat-trapping emissions—including
carbon dioxide, nitrous oxide (N2O), unburned hydrocarbons (HC), and methane (CH4)—
burning fuel is not the only way cars and light trucks produce heat-trapping emissions.
The air conditioning systems they use to keep drivers cool leak refrigerant and require
extra power.
While the amount of refrigerant that vehicles leak is small compared with the amount of
carbon they emit, the heat-trapping impact of today’s refrigerants is more than 1,400
times that of carbon dioxide. Replacing those refrigerants with alternatives such as HFC152a, which is only 120 times as powerful as carbon dioxide in trapping heat—and taking
steps to reduce leaks and improve the efficiency of the air conditioning system—can cut
global warming emissions by about 8 grams per mile. And the newer refrigerant system
would cost just $50 per vehicle (Hill 2003).
Scientists are continuing to develop new refrigerants. The refrigerant HFO1234yf, for
example, has a remarkably low heat-trapping potential of just four times that of carbon
dioxide. And that refrigerant still allows compressors in air conditioners to operate
efficiently (SAE 2008).

46

That figure assumes that a vehicle’s real-world fuel economy is 20 percent lower than achieved on
federal tests. It also assumes that the owner drives the vehicle 15,600 miles during the first year, declining
by 4.5 percent per year (as an approximation of data from CTA 2008d on the decline in vehicle mileage
with age), and a 7 percent discount rate. For more on modeled cost assumptions, see Table 6.1 and
Appendix E.
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Boosting the Efficiency of Medium-Duty and Heavy-Duty Vehicles
Long-distance, heavy-duty tractor-trailers are the largest consumers of fuel in the truck
category. According to the U.S. Census Bureau’s Vehicle and In-Use Survey Microdata,
the average new tractor-trailer travels 130,000 miles per year while consuming more than
20,000 gallons of diesel (U.S. Census Bureau 2002).
Using technology available today, owners can improve the fuel efficiency of these trucks
by more than 10 percent by purchasing equipment to make trailers and tractors more
aerodynamic, and by choosing fuel-efficient tires. The resulting savings in fuel costs—
after accounting for the cost of the upgrades—can top $20,000 over the life of a truck
(Anair 2008). However, despite these savings, the trucking industry has been slow to
adopt many of these technologies.
What’s more, studies from Argonne National Laboratory and the Department of Energy
(DOE) show that better engines and transmissions—plus advanced aerodynamics, better
tires, and weight reduction—could improve the fuel efficiency of heavy-duty trucks by
about 60 percent, at a cost of about $40,000 (Cooper et al. forthcoming; Vyas, Saricks,
and Stodolsky 2003). That would raise the gasoline-equivalent fuel economy of the
average heavy-duty truck from 6 miles per gallon today to more than 9.5 mpg—and
reduce global warming emissions per truck by more than 36 percent (see Table. 6.1).
For a typical medium-duty truck, hybridization alone—by adding a battery and an
electric motor or a hydraulic motor and storage system—could improve fuel economy 40
percent. 47 That improvement could save 1,000 gallons of fuel per vehicle each year, with
the more advanced systems paying for themselves in as little as four years. 48
By 2030, the average medium-duty truck with a combination of conventional and hybrid
technologies could raise its fuel economy by more than 80 percent, at a cost of about
$15,000. 49 That would boost the gasoline-equivalent fuel economy from an average of
8.6 mpg to about 16 mpg, and reduce carbon emissions per truck by 44 percent.

47

Performance of these vehicles varies based on how and where they are used, with some estimates
showing a 100 percent improvement in fuel economy for use in urban stop-and-go driving (An et al. 2000).
Under typical driving conditions, analysts at Argonne National Laboratory estimate that hybrids would
improve the fuel economy of such vehicles 40–71 percent (Vyas, Saricks, and Stodolsky 2003).
48
This figure is based on 30,000 annual miles driven, a 40 percent improvement in fuel economy, an
incremental cost of $10,000, a fuel price of $2.50 per gallon, and a 7 percent discount rate.
49
This figure is based on improvements in conventional and hybrid technologies described in Vyas,
Saricks, and Stodolsky 2003. Even greater improvements may be available, as indicated by the goal of the
DOE’s 21st Century Truck program: to improve the fuel efficiency of medium-duty (Class 6) trucks by a
factor of three (DOE 2000).
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Table 6.1. Fuel Economy Potential and Costs Used in the Climate 2030 Blueprint
Cars and
Light-Duty
Trucks

MediumDuty
Trucks

HeavyDuty
Trucks

2005 Baseline Fuel Economy (mi/gallon gasoline eq)
26
8.6
6
2020 Fuel Economy for New Vehicles (mi/gallon gasoline eq)
42
11
8
2020 Incremental Cost vs. 2005 (2006 dollars)
$2,900
$6,000
$14,500
2030 Fuel Economy for New Vehicles (mi/gallon gasoline eq)
55
16
9.5
2030 Incremental Cost vs. 2005 (2006 dollars)
$5,200
$14,900
$40,500
Notes: These potentials and costs are based on assumptions in the AEO 2008 NEMS high technology case,
as modified by the authors, and modeling runs of UCS-NEMS. The values in our Blueprint case model runs
may not match these levels because of limitations in the model. See Appendix E for details.

Trains, Ships, and Planes
Trucks are not the only mode of freight transport that can benefit from improvements in
efficiency. Better vehicle and engine technology for rail, ship, and air—along with more
efficient use of these modes—can also deliver cuts in emissions between now and 2030.
Trains and ships can take advantage of engine improvements similar to those for heavyduty trucks, and can also reduce engine idling. 50 Improvements aimed at maximizing
loads and optimizing routes can deliver even more gains (Stodolsky 2002).
Passenger aircraft can save fuel by using lighter-weight materials and improved engine
technology. And efforts to ensure that planes fly full can provide immediate benefits
from existing aircraft. These incremental improvements can boost efficiency in rail, ship,
and air by 10–15 percent. Shifting freight from one mode to another and tapping
alternative fuels (see below) can also reduce emissions from freight transportation.
6.1.2. Key Challenges for New Vehicle Technologies
All the technologies and other options for travel and shipping in this chapter point to a
2030 where consumers and companies can do their part to cut heat-trapping emissions
while also reducing America’s oil addiction and saving money. But if past is prologue,
the needed changes simply won’t happen on their own. Each of the technologies and
other options faces barriers to becoming mainstream.
One barrier has been low gas prices. Between 1990 and 2003, annual average gasoline
prices ranged from about $1 to $1.50 per gallon (EIA 2009c). The average vehicle
achieved only about 25 mpg on government tests, as automakers devoted new technology
to boosting vehicle size and power instead of fuel economy (OTAQ 2008).
Gasoline would have to rise to $5–10 per gallon just to encourage consumers to purchase
vehicles that reach about 40 mpg, according to estimates of people’s responses to price. 51

50

Hybrid tugboats and switcher locomotives designed to reduce or eliminate idling are two examples of
where these technologies are already gaining traction.
51
This figure assumes that the long-run price elasticity of demand for lower fuel intensity (fewer gallons
per mile) ranges from 0.2 to 0.4 (based on Brons et al. 2006; Small and Van Dender 2006; Espey 2004;
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And the upper end of that range may be the most realistic. A recent study indicates that
consumers are becoming less responsive to gas prices as household incomes rise (Small
and Van Dender 2006).
A second, related, barrier is that consumers appear to be averse to risk. Purchasing a
vehicle with higher fuel economy means making an investment today that will yield
benefits in fuel savings over time. Yet consumers lack information on future fuel prices,
and are unsure about how long they will own the vehicle and other factors—and that
creates uncertainty about whether their investment in fuel economy will pay off. Recent
research indicates that the result is a market failure: consumers choose lower fuel
economy than makes sense given costs and benefits (Greene, German, and Delucchi
2009). That is, consumers are sensitive to sticker prices, placing a greater emphasis on
upfront costs despite potential longer-term benefits.
A final barrier has been a lack of options for consumers. They have historically had to
shift to smaller or less powerful vehicles if they wanted much better fuel economy. Only
with the recent introduction of hybrids have consumers been able to choose a vehicle
with better fuel economy that also has the size and acceleration of the vehicle they
already own.
Other automakers were caught off guard by the success of the Prius when Toyota first
introduced it in Japan in 1997 and in the United States in 2000, when gas prices were still
quite low (Sperling and Gordon 2009). It is difficult for consumers to show demand for a
product with high fuel economy if it is not on the market. 52
6.1.3. Key Policies for Putting Better Vehicle Technology to Work
If the main barrier to better fuel economy and fewer global warming emissions is simply
low gas prices, then the policy solution could be to raise those prices. But as the previous
section showed, gas prices might have to rise to $10 per gallon to encourage consumers
to move just to 40-mpg vehicles. Even higher gas prices would be needed to spur a wider
move to the better fuel economy offered by hybrids. That suggests another barrier to the
use of technologies to improve fuel economy: the political difficulty of creating policies
that will raise gas prices enough to deliver the benefits of those technologies.
That political barrier does not mean we should abandon attempts to create policies to
influence gas prices. Instead, it means that we cannot rely on them on exclusively.
Indeed, accurately pricing gasoline is essential to capture the costs of smog, global
warming, U.S. military presence in the Middle East, and other externalities that gas prices
do not now reflect.
An economywide cap-and-trade policy that includes transportation fuels will gradually
add $0.45–0.90 per gallon to the price of gasoline as the price of carbon emissions rises
Goodwin, Dargay, and Hanly 2004; Dahl 1993). The figure also assumes fixed household income. Note
that consumers would purchase fewer vehicles and drive less because of the higher prices.
52
This resembles the experience with airbags. Automakers fought a federal requirement that they install
airbags, but now compete based on the number onboard in response to consumer interest in safety.
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to $50–$100 per metric ton. Such a policy will provide modest cuts in carbon emissions
by spurring people to reduce the number of miles they drive and encouraging automakers
to increase fuel economy somewhat. Such a policy will also help internalize the costs of
the impact of gasoline consumption on our climate. However, that policy alone will not
deliver the full potential benefits of better technologies for both conventional and hybrid
vehicles. 53
Instead, policies that require or reward better vehicle performance—whether higher fuel
economy or lower carbon emissions—can deliver on this potential and overcome all three
barriers. As Greene, German, and Delucchi (2009) note, such policies remove or reduce
the uncertainty associated with the benefits of more efficient vehicles. Such policies also
guarantee that consumers will be able to choose higher-fuel-economy or lower-polluting
vehicles in all types and sizes, not just small cars.
The federal government has relied on performance-based standards for about 40 years to
reduce smog-forming and toxic pollution from cars and trucks (such as grams per mile
for Tier 1 and Tier 2 vehicles). Such standards have cut these pollutants by well over 90
percent compared with emissions from cars and trucks in the 1960s. Federal performance
standards have also cut gasoline use in cars and trucks.
The federal government created the corporate average fuel economy (CAFE) standards
more than 30 years ago, to boost the fuel economy of cars and trucks in response to an oil
embargo. If car companies do not meet those standards, they are subject to a fine. 54 Had
these standards not been around, and had consumers been stuck with the same fuel
economy choices from the 1970s—when vehicles averaged about 15 mpg on government
tests, versus about 25 mpg in 2007—they would have needed to purchase another 40
billion gallons of gasoline in 2007, at a cost of more than $100 billion. 55
While CAFE standards are clearly saving consumers money today, they have been nearly
stagnant for the past 20 years. That changed at the end of 2007, when Congress required
that America’s cars and trucks average at least 35 mpg by 2020. 56
An alternative to CAFE standards is to target heat-trapping emissions from cars and
trucks directly. Such standards can tap a broader set of solutions than fuel economy,

53

This analysis assumes base gas prices of $2.50–3.50 per gallon. Adding even $0.90 per gallon would not
raise the price enough to exhaust conventional technology, let alone hybrids, based on elasticity values for
gasoline demand of 0.2–0.4.
54
The fine is $5.50 per 0.1 mpg below the standard, multiplied by the manufacturer’s sales volume (40
CFR 32912).
55
This figure is based on 2.67 trillion miles traveled in cars and trucks in 2007, gasoline at an average of
$2.843 per gallon (EIA 2009d), a rebound effect of 10 percent, and estimated on-road fuel economies of
13.1 mpg (OTAQ 2008) versus 20.2 mpg (EIA 2008a).
56
As required by the 2007 Energy Independence and Security Act, online at
http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_bills&docid=f:h6enr.txt.pdf. Our
Baseline case includes this policy, which delivers significant cuts in carbon emissions. Reductions in
emissions from the transportation sector under the Blueprint are therefore notably lower than they would
otherwise be.
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including better air conditioning systems and fuels, while also saving consumers money
and cutting the use of gasoline.
California and 14 other states have already adopted standards requiring new cars and
trucks to cut global warming emissions by about 30 percent in 2016, and California is
considering stronger standards for 2020. 57 These state standards represent a more
aggressive attempt to address global warming emissions, but they still fall short of the
potential for the technologies outlined earlier in this chapter. As of 2009, the U.S.
Environmental Protection Agency (EPA) was also considering adopting standards on
global warming emissions for cars and trucks nationwide (see Box 6.1).
Box 6.1. The Advantages of Regulating Vehicle Emissions versus Fuel Economy
Today the National Highway Traffic Safety Administration (NHTSA) regulates the fuel
economy of vehicles through its CAFE (corporate average fuel economy) standards, but
those do not directly cap heat-trapping emissions from vehicles. Having the
Environmental Protection Agency (EPA) regulate carbon emissions directly would offer
several advantages:
•

The EPA can set long-term standards, while NHTSA can set standards for only five
years at a time. This limits NHTSA to technologies that are available today, and robs
automakers of the regulatory certainty that would help them direct their long-term
investments.

•

The EPA can consider the potential of all technologies to reduce the emissions of
vehicles and fuels, while the law forbids NHTSA from accounting for the impact of
alternative fuels on fuel economy standards.

•

An EPA-based standard for global warming emissions would guarantee a shift away
from oil, one of the most carbon-intensive fuels on the market. NHTSA’s fuel
economy standards, in contrast, do not guarantee cuts in carbon emissions, because
the agency must use complicated formulas that reward displacement of oil alone. For
example, NHTSA assumes that natural gas will reduce the use of petroleum-based
fuels by more than 80 percent. However, such a substitution would reduce carbon
emissions by only about 15 percent. NHTSA’s process also overstates the impact on
oil consumption and carbon emissions of a shift to diesel by at least 10 percent.

•

The EPA would regulate global warming gases beyond CO2, such as the refrigerants
used in vehicle air conditioning systems, as well as nitrous oxide and methane.
NHTSA’s regulations ignore those emissions.

57

Under the Clean Air Act, California can adopt its own vehicle standards. Other states must choose
between California’s standards or those of the federal government. However, the latter has yet to regulate
global warming emissions from vehicles. California’s proposed stronger standards would reduce heattrapping emissions from vehicles by more than 40 percent, according to estimates. For more information,
see Tables 4 and 6 at http://www.climatechange.ca.gov/publications/arb/ARB-1000-2008-012/ARB-10002008-012.PDF.
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If we are to reap the benefits of technologies that are available now—including lowcarbon fuel (see below)—national standards would have to require new cars and light
trucks to average no more than 200 grams of global warming emissions per mile in 2020,
and no more than 140 grams per mile in 2030 (see Table 6.2). 58
The 2020 level is based on enabling conventional passenger vehicles to achieve 38 mpg,
and spurring hybrids to account for 25 percent of the car and light-truck market. The
combination would produce an average fuel economy for passenger vehicles of 42 mpg.
The 2020 level also assumes that all automakers would install better air conditioning,
which would cut 8 grams per mile by 2015, and that the federal government would create
a 3.5 percent low-carbon fuel standard (see below). The 2020 standard also accounts for
the fact that today’s vehicles emit about 1.9 grams per mile of heat-trapping gases other
than carbon dioxide.
The 2030 standard is based on near-complete market penetration of hybrids, 20 percent
penetration of plug-ins (see below), full adoption of air conditioning improvements, a 10
percent low-carbon fuel standard, and the same 1.9 grams per mile in other heat-trapping
emissions. 59

58

Under this approach, automakers would receive credit for selling vehicles that use ethanol, hydrogen, or
electricity, if they reduce global warming emissions from the production and delivery of the fuel.
59
The factors used for air conditioning and non-CO2 emissions for the 2020 and 2030 standards are
consistent with those used by the California Air Resources Board (CARB 2008), and are conservative in
the case of air conditioning, given that newer refrigerants with very low potential for trapping heat are
likely to enter the market soon.
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Table 6.2. Standards for Vehicle Global Warming Emissions
Cars and
Light-Duty
Trucks

MediumDuty
Trucks

HeavyDuty
Trucks

372
24
2

1,038
8.6
5

1,489
6
8

198

777

1,072

42
212
2
-8
-7

11
808
5
-8
-28

8
1,111
8
-8
-39

139

497

842

55
163
2
-8
-18

16
552
5
-8
-53

9.5
935
8
-8
-94

2005 Baseline Global Warming Emissions (g/mi CO2 eq)1
Fuel Economy (mi/gallon gasoline eq)
Non-CO2 Emissions Estimate (g/mi CO2 eq)
2020 Standard for Global Warming Emissions1
(g/mi CO2 eq)
Fuel Economy (mi/gallon gasoline eq)
CO2 Emissions with Current Gasoline (g/mi CO2 eq)2
Non-CO2 Emissions Estimate (g/mi CO2 eq)3
Credit for Improved A/C (g/mi CO2 eq)4
Credit for Low-Carbon Fuel Standard (g/mi CO2 eq)5
2030 Standard for Global Warming Emissions1
(g/mi CO2 eq)
Fuel Economy (mi/gallon gasoline eq)
CO2 Emissions with Current Gasoline (g/mi CO2 eq)2
Non-CO2 Emissions Estimate (g/mi CO2 eq)3
Credit for Improved A/C (g/mi CO2 eq)4
Credit for Low-Carbon Fuel Standard (g/mi CO2 eq)5
Note: Values may not sum properly because of rounding.
1

We calculated global warming emissions as the sum of CO2 and non-CO2 emissions from today’s
gasoline, minus cuts in emissions from the use of better air conditioning and low-carbon fuels.
2
In converting fuel economy into CO2 equivalent, we assumed 8.887 grams of CO2 per gallon of today’s
gasoline burned.
3
We scaled up estimates of non-CO2 heat-trapping emissions for medium- and heavy-duty trucks from
those for light-duty vehicles based on relative fuel consumption. We expect to update these numbers as
more accurate data become available. These estimates do not include black carbon.
4
Note that 8 grams per mile is a conservative estimate for cars and light trucks based on Bedsworth 2004
and CARB 2008. We have no data for medium- and heavy-duty vehicles. However, given that they have
larger air conditioning systems (and thus greater potential for absolute savings) but travel farther (reducing
the per-mile benefit), we used 8 grams per mile as a rough value pending more information.
5
All fuels achieve the average low-carbon standard in Table 6.4.

States and the EPA can establish similar standards to reduce emissions from mediumand heavy-duty vehicles. Those standards would have to account for the many different
uses of such vehicles, as well as the numerous manufacturers of engines, truck chasses,
and trailers (Lowell and Balon 2009). 60

60

The EPA can regulate carbon emissions for medium- and heavy-duty vehicles under the Clean Air Act.
The Energy Independence and Security Act of 2007 authorized the National Highway Traffic Safety
Administration to establish fuel economy standards for medium- and heavy-duty vehicles, based on a
National Academy of Sciences study now under way. Japan established fuel efficiency standards for
heavy-duty vehicles in 2005.
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Today’s medium-duty vehicles produce more than 1 kilogram of global warming
emissions per mile, not counting upstream emissions. Based on the vehicle technologies
noted above and the potential for cleaner fuels, state and federal standards should allow
such vehicles to release no more than 780 grams of heat-trapping emissions per mile in
2020, and no more than 500 grams per mile in 2030—representing cuts of 25 percent and
50 percent, respectively.
For heavy-duty vehicles, standards should be no more than 1,075 grams per mile in 2020,
and no more than 840 grams per mile in 2030. Those standards would cut carbon
emissions more than 25 percent and 40 percent, compared with today’s emissions of
about 1,500 grams per mile.
These standards assume full adoption of available technology for improving fuel
economy by 2030, and 3.5 percent and 10 percent low-carbon fuel standards for 2020 and
2030. The standards also assume that better air conditioning systems in medium- and
heavy-duty trucks would reduce emissions 8 grams per mile, though we lack data on
actual values. (The air conditioning systems in these vehicles are larger, so their
emissions are higher than those from cars and light trucks. However, medium- and
heavy-duty vehicles also travel more miles per year, so we assume that the per-mile
emissions from all the vehicles are about the same.)
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Box 6.2. Promising Policies the Blueprint Case Did Not Include
Feebates and the California Clean Car Discount. Besides vehicle performance standards, a
system of financial carrots and sticks can encourage automakers to make better vehicles, and
consumers to purchase them. Feebates create surcharges on vehicles with more heat-trapping
emissions, and use the proceeds to pay for rebates on cleaner vehicles. California is
considering adopting such a system. A 2007 study indicates that that approach could
encourage greater use of technology to cut carbon emissions while saving consumers money
(McManus 2007).
Air, rail, marine, and off-road standards. Limits on global warming emissions can also
apply to planes, trains, ships, and off-road vehicles—all of which can benefit from
technologies to improve efficiency, including even hybridization in some cases, and can tap
into cleaner fuels and improved air conditioning systems.
The aviation sector is responsible for 10 percent of heat-trapping emissions from
transportation, so regulators should not ignore it. And construction and other off-road
equipment present an important opportunity for further emission cuts, as that equipment uses
about 7 percent of all diesel fuel.
Without such policies, however, baseline improvements are still likely. The efficiency of rail
transport (ton miles per BTU) is likely to rise by a modest 10 percent between 2005 and 2030,
marine transport (ton miles per BTU) by 12 percent, and passenger aircraft (passenger miles
per gallon) by 16 percent.
Lower speed limits. When cars and trucks travel at highway speeds, they use a lot of fuel to
overcome aerodynamic drag. Lowering maximum speeds can save fuel and reduce carbon
emissions.
For example, reducing vehicle speeds from 70 to 65 mph could cut highway fuel use and
carbon emissions by 8–10 percent per mile (CTA 2008). A forthcoming study by the North
East States Center for a Clean Air Future similarly finds that lowering the maximum speed of
a tractor-trailer on a typical long-haul trip to 60 miles per hour could reduce carbon emissions
by 4 percent. Such a vehicle can require 5–10 percent more fuel traveling at 70 mph than at 65
(DOE 2000).
Freight transport standards. California is considering a suite of regulatory and voluntary
measures aimed at reducing carbon emissions from the use of planes, trains, and ships to
transport freight. Those measures could cut emissions from the movement of goods by 3.5
million metric tons of carbon dioxide equivalent by 2020—a 20 percent reduction.
Efforts that could help meet that goal include reducing the speeds of ocean-going vessels,
connecting docked ships to the electricity grid, using better hull and propeller maintenance
practices, reducing idling of cargo-handling equipment and relying on electricity to power it,
setting energy efficiency standards for refrigerated trailers and containers, and using zeroemission rail technologies (CARB 2008a).
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6.2. Smart Fill Ups: Switching to Low-Carbon Fuel
Americans use the equivalent of nearly 220 billion gallons of gasoline every year (EIA
2008a). Cars and light trucks use the largest portion of that amount: 62 percent, or 140
billion gallons. Medium-duty and heavy-duty trucks are next, at 18 percent, followed by
airplanes at 10 percent. Rail, shipping, military, and other uses account for the last 10
percent (see Figure 6.3).
Figure 6.3. Petroleum Use in Transportation (2005)
218 Billion Gallons Gasoline Equivalent

Cars and
Light
Trucks
62%

Medium/
Heavy
Trucks
18%
Aircraft
10%
Rail and
Ships
7%
Other
3%

Data Source: EIA 2008.

Even if the nation takes aggressive measures to increase the efficiency of vehicles and
reduce the number of miles we travel, we will still need the equivalent of about 200
billion gallons of gasoline by 2030 as the population and economy continue to grow. If
transportation is to do its part in cutting U.S. carbon emissions by close to 60 percent by
2030, we cannot continue to fill up almost exclusively on petroleum products as we do
today.
To reach that deep cuts while continuing to strengthen our economy, we must tap into
transportation fuels that do not release significant amounts of carbon. Biofuels (fuels
produced from plants), electricity, and hydrogen all have the potential—if produced in a
sustainable manner and without significant impacts on land use—to both cut carbon
emissions from transportation and curb our country's dependence on oil.
6.2.1. Potential and Costs of Low-Carbon Fuel
Biofuels for Today and Tomorrow
You probably already use biofuels when you drive your car. To cut down on smog or
substitute for gasoline, fuel makers now blend ethanol—an alcohol—into gasoline, where
it accounts for 4–5 percent of what Americans buy (EIA 2008a). 61
As noted, biofuels are made from plants: ethanol is made from corn or sugarcane, for
example, and biodiesel from vegetable oil. Existing vehicles can use small amounts of

61

Ethanol is blended at 6–7 percent to cut down on smog, but is not used everywhere year-round.
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ethanol and biodiesel, but must be modified to use larger amounts. 62 However, enabling
cars to use up to 85 percent ethanol (E85) adds only $50–100 to their price (DOT, DOE,
and EPA 2002).
New technologies nearing commercialization will create fuel based on other types of
plant material, such as wood, grass, and waste products from agriculture, forestry, and
landfills. Some of these technologies can be used to make biofuels that are even more
compatible with gasoline and diesel engines, potentially requiring no engine
modifications at all.
Because the carbon in biofuels comes from plants rather than fossil fuels, they could
theoretically provide carbon-free transportation—if regrown crops absorbed the CO2
emitted from tailpipes. However, the true picture is not that simple. To get a complete
understanding of the carbon and other heat-trapping emissions from fuel, we need to look
at its full lifecycle, which includes all the emissions caused directly or indirectly by its
production, distribution, and use.
For ethanol based on corn, that means accounting for the fertilizer and pesticide used to
grow it, the energy used to convert the corn to fuel, the tractors, trains, and tanker trucks
used to move the fuel around, and finally the emissions from vehicles’ tailpipes. We also
need to account for heat-trapping emissions from indirect effects, such as the expansion
of agricultural production to produce more biofuels and the resulting changes in land use.
When we add up all of these sources of emissions, today’s generation of biofuels—which
are made from food crops, especially corn and soybeans—offer little opportunity to
reduce carbon emissions, and may even increase them (Fargione et al. 2008; Searchinger
et al. 2008; UCS 2008a).
To deliver biofuels that can provide significant cuts in carbon emissions, the industry is
moving to second-generation technologies. Cellulosic biofuels, for example, are produced
from the materials that compose the cell walls of all plant matter. That means corn-cobs
and corn stalks, grasses, wheat straw, and sawdust can all be used to make fuel. A
closely related technology called biomass to liquids (BTL) can be used to make a
replacement for diesel fuel from plants, wood, or even the carbon-containing portion of
municipal garbage, such as lawn clippings and used plastic.
These next-generation biofuels could cut carbon emissions from transportation by 60–80
percent or more (ANL 2008). However, these cuts rely on using waste products, grasses,
or other crops grown on land that does not directly or indirectly displace food crops.
These restrictions mean that the amount of low-carbon biofuels we can make from
domestic resources is significantly less than some analysts estimate (Perlack et al. 2005;
Greene et al. 2004).
Further, some of those resources will be used in power plants to generate cleaner
electricity. Based on the domestic potential given land-use restrictions and other
exclusions outlined in Chapter 2, the transportation sector could tap about 280 million
62

Ethanol blended with gasoline up to 10 percent is sold as E10, or gasohol. Biodiesel can be blended up to
5 percent under today’s warranties, although some vehicles use blends of up to 20 percent.
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tons of biomass for conversion into biofuel. 63 At a conversion rate of 110 gallons of
ethanol per ton of biomass, we estimate that the ethanol equivalent of about 30 billion
gallons of low-carbon biofuels could available in 2030—enough to displace about 20
billion gallons of gasoline (see Table 6.3). 64
Biofuels have historically been more expensive than gasoline. However, the next
generation of biofuels has the potential to be cost-competitive with gasoline prices of
$2.70–3.00 per gallon (Anden et al. 2002), and some studies point to the potential for
even lower costs (ASES 2007; Greene et al. 2004).
Biofuel makers can achieve cost-competitiveness through greater efficiency, lower
production costs, and “biorefinery” approaches, which combine ethanol production with
the production of electricity, heat, and animal feed. Such technologies can lead to true
low-carbon biofuels that can deliver dramatic cuts in carbon emissions while allowing
consumers to at least break even and possibly even save money compared with future gas
prices.
Table 6.3. A Look at Cellulosic Ethanol in 2030
Resource, Yield and Potential
Costs
Biomass Resources Available for
Fixed Production Costs
280
$0.128
Transportation
(in 2006 dollars
(million tons)
per gallon)
Ethanol Yield
Non-Feedstock Variable Costs
110
$0.17
(billion gallons)
(in 2006 dollars per gallon)
Maximum Biofuel Potential
Initial Capital Cost
(billion gallons
30
(in 2006 dollars per gallon
$1.99
ethanol equivalent)
of capacity)
Note: In our Blueprint analysis, actual production of cellulosic ethanol may be lower, as it competes with
biomass-to-liquids technology for access to biomass resources. However, the total volume of low-carbon
biofuels will be similar.

An Electrifying Transportation Future
There is a lot of excitement today about the potential for drivers to not only own a hybrid
vehicle but to plug it in and recharge the battery pack from the electricity grid. Such
“plug-in” hybrids would have the fuel efficiency and range of a conventional hybrid, but
would rely on a larger battery pack to tap into electricity as another potentially lowcarbon fuel.
The next step after plug-ins is to get rid of the engine and have an all-electric vehicle,
which would require an even bigger battery pack. If based on most battery technologies
available today, such a vehicle would give up a significant amount of range. However,
63

This is the combination of 158 million tons of agricultural residues and 121 million tons of biofuel crops
grown without inducing direct or indirect changes in land use.
64
The 110 gallons of ethanol per ton of biomass is based on information in ASES 2007 (90 gallons per ton)
and Greene et al. 2004 (100–126 gallons per ton). Ethanol and gasoline equivalents are used for
convenience, and because the federal renewable fuel standard uses ethanol equivalence. The actual volume
of the biofuel will vary with the density of the product.
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the electric power train in such a vehicle is more than four times as efficient as that in a
conventional vehicle, and about two times as efficient as that of a hybrid.
Electric vehicles have not advanced past small-scale commercialization because of high
battery costs, short lifetimes, and limited range. Advances in battery technology—such as
lithium ion batteries similar to those used to run laptops—have brought battery-electric
vehicles closer to commercial reality. However, plug-in hybrids are more likely to reach
sales in the millions first (Kalhammer et al. 2007).
General Motors, Toyota, and Ford have all announced plans to put early-model plug-ins
into small-scale production between 2010 and 2012, and companies that convert
conventional hybrids into plug-ins are already making a few available (Ford Motor
Company 2009; Toyota Motor Sales 2009; GM 2008). GM has noted that its first plug-in
will be a car that can travel about 40 miles on the battery alone, and that it will cost
around $40,000 in small volumes—about a $20,000 premium over the cost of a
conventional car (Gonzales 2008). Toyota and Ford are targeting plug-ins with smaller
all-electric ranges.
Given the variety of possible plug-in configurations, and their potential for an all-electric
range of 5–10 miles to 40 miles or more, the Blueprint analysis assumes that the average
plug-in will have an all-electric range of about 30 miles. That would allow the average
driver to satisfy about half of his or her driving needs using electricity alone (Komatsu et
al. 2008; Santini and Vyas 2008; Tate, Harpster, and Savagian 2008; EPRI 2007a).
Based on recent studies, we expect a typical plug-in with an all-electric range of about 30
miles to cost about $8,650 more than today’s conventional vehicles, when sold at high
volume—or about $4,250 more than hybrids (Bandivadekar et al. 2008; Duvall 2002). If
a driver can satisfy half of his or her driving on electricity at $0.10 per kilowatt-hour
(equivalent to about $3.60 per gallon of gasoline), and gasoline is $2.50 per gallon, that
driver will save more than $9,500 on fuel over the vehicle’s lifetime compared with
today’s conventional vehicles, for a net lifetime savings of $850. 65
As with biofuels, we must count all the emissions released during the lifecycle of fuels
used for plug-ins. For electricity, that means going back to the power plant. As a result,
cuts in emissions from such vehicles can vary significantly, depending on where the
electricity comes from. Given the average mix of fuels now used to produce electricity, a
good plug-in will cut carbon emissions by about 55 percent compared with today’s
vehicles—if half the vehicle’s miles come from the battery (ANL 2008). If the battery is
recharged from a 2030 grid with 70–80 percent lower carbon emissions, the vehicle’s
emissions would be at least 70 percent lower than today.
65

While electricity is more expensive in this case, driving on electricity alone is much more efficient, so
costs are lower per mile. In this plug-in example, electricity costs $0.033 per mile, while gasoline costs
$0.057 per mile. The analysis assumes that the plug-in uses 0.33 kilowatt-hour per mile when operating on
battery electricity. The analysis also assumes that the federal test fuel economy is 55 miles per gallon when
the vehicle runs as a conventional hybrid, but that on-road fuel economy is 20 percent lower. The analysis
also assumes that the vehicle is driven 15,600 miles during the first year, declining at 4.5 percent per year,
and a 7 percent discount rate. For more on modeled cost assumptions, see Table 6.1 and Appendix E.
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Significant uncertainties remain as to how quickly plug-ins will be ready to enter the
market, and how quickly that market will grow. The first mass-market hybrid, the Prius,
introduced in 1997, accounted for about 2 percent of the U.S. market in 2007, 10 years
later (Ward’s Auto Data n.d.). If we assume that plug-ins—which Toyota and GM expect
to introduce in 2010— parallel the significant success of conventional hybrids, they could
reach 2 percent of the U.S. market by 2020. From there, a 25 percent average annual
growth rate would have plug-ins capturing 20 percent of the market by 2030, given the
proper incentives.
Hoping for Hydrogen Transportation
The excitement expressed today about plug-ins belonged to hydrogen fuel cells about
three to five years ago. Like batteries, fuel cells provide electricity, but instead of storing
it directly, a fuel cell generates it from hydrogen and air. That enables fuel cell vehicles—
unlike battery-electric vehicles—to have driving ranges that approach those of today’s
vehicles. For example, the Honda Clarify FCX fuel cell vehicle is rated as having a range
of 280 miles (American Honda Motor Company 2009).
Hydrogen fuel cells lost some of their luster when the technology did not deliver as
quickly as automakers had hoped (much like battery-electric vehicles in the early 1990s).
Despite that, automakers have made significant progress in lowering the costs of fuel
cells and increasing their durability, and they could see small-scale production as early as
2015 if given enough support (NRC 2008; Kalhammer et al. 2007).
The incremental cost of fuel cell vehicles is quite high today, but could come down
significantly over time. Reports from the National Research Council and MIT indicate
that the incremental cost of fuel cells produced in large volumes can be similar to the
costs we have presented for plug-ins (Bandivadekar et al. 2008; NRC 2008). The MIT
study shows that the carbon benefits will be similar as well.
As with plug-ins, many uncertainties remain around the future of mass-market fuel cell
vehicles. The National Research Council study suggests that sales could account for
slightly more than 20 percent of the market by 2030.
Cleaner Gasoline and Diesel
While alternatives to petroleum fuels have clear potential, we will undoubtedly be using
gasoline and diesel for decades to come. Given that, the nation also needs to reduce the
emissions associated with those fuels by improving the efficiency of refineries.
In 2000, the petroleum industry created a technological vision that pointed to the
potential for a 10 percent improvement in refinery efficiency by 2020 (API 2000). A
2005 study from Lawrence Berkeley National Laboratory suggested paths to improve the
efficiency of refineries across the country by 10–20 percent that would also cut costs
(Worrel and Galitsky 2005). Based on today’s efficiency levels for refineries of about 90
percent (Wang 2008), a 10–20 percent improvement in efficiency would lead to a 1–2
percent reduction in carbon emissions from gasoline.
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Avoiding Dirty Fuels
While new low-carbon alternatives can reduce global warming emissions from fuel, new
high-carbon fuels can easily wipe out these hard-won gains. Development of oil shale,
tar sands, heavy crudes, and coal-to-liquid (CTL) fuels can all substantially increase the
upstream emissions associated with gasoline and diesel fuels.
The lifecycle carbon emissions from liquid transportation fuel made from coal are double
those of conventional petroleum (Bartis et al. 2008). In fact, displacing a gallon of
petroleum fuel with a gallon of CTL more than cancels out the benefits of displacing a
gallon of gasoline with low-carbon biofuel or electricity.
Emissions from crude oil recovered from tar sands and oil shale are also much higher
than those from conventional crude—and would mean that we would backslide on our
path to cleaner alternatives to oil. Projections that these sources could produce more than
6 million barrels a day by 2035 (Task Force on Strategic Unconventional Fuels 2006)
suggest that avoiding these dirty fuels is just as important as developing better
alternatives, to ensure steady progress in cleaning up our fuel supply.
All of the Above
The reality is that no one can predict which of the lower-carbon fuels will win out. In
fact, the most likely outcome is a mix of different options. Electricity and hydrogen are
not well-suited for use in planes, ships, or big trucks, but will work well for cars and light
trucks, and for some medium-duty trucks that operate mostly on city streets. Biofuels will
work well in all parts of the transportation sector, but are a more limited resource if they
are to remain truly low-carbon, so we might best use them where neither electricity or
hydrogen work best (such as in airplanes).
Further complicating matters, the next 10 years will probably see some trial and error,
wherein every sector tries all the low-carbon options. Based on that competition, plugins, fuel cell vehicles, and battery-electric vehicles could all emerge successful. If so,
these electric-drive vehicles could account for one-third or even more of the market by
2030. 66
On the other hand, given that putting the maximum feasible number of fuel cell vehicles
on the road over the next decade will cost about $50 billion, success for all these options
may be difficult. Still, together they should be able to account for the 20 percent of the
car and light-truck market, as the National Research Council noted was possible for fuel
cell vehicles alone (NRC 2008).
To supply the energy that transportation needs, the nation will have to tap renewable
electricity, clean hydrogen, and low-carbon biofuels while avoiding fuels from tar sands,
oil shale, and coal. However, these cleaner resources will not appear overnight—nor will
the vehicles that use them.

66

California has a different mix of vehicles and sources of electricity. However, an analysis by the
California Energy Commission shows that plug-in, battery, and fuel cell vehicles together could capture
about 33 percent of the state’s market in 2030 (Bemis 2008).
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6.2.2. Key Challenges for Low-Carbon Fuel
Making progress on producing new fuels for transportation has proved even more
challenging than boosting vehicle efficiency—highlighted by the fact that oil and other
petroleum products still account for 98 percent of fuel used for transportation. This hard
road exists because new fuels face three barriers: technological, infrastructure-related,
and behavioral.
Technology and Cost Hurdles
Whether the option is low-carbon biofuels, renewable electricity, or clean hydrogen, a
transition to new fuels has stalled because either the fuel or the vehicle faces
technological barriers to becoming widely available at a reasonable cost.
While creating vehicles that can run on biofuels is not a challenge, making the fuel at a
competitive cost is. Producing cellulosic biofuels requires special enzymes that break
down the walls of the plant cells. These enzymes are expensive today—both because they
are still in development and because they are made on such a small scale. More research
and development is needed to lower the cost, and demonstration programs are essential to
start scaling up production to bring down costs. Similarly, the technology exists for
biomass-to-liquid fuel, but demonstration projects are needed to scale up production to
help bring down costs.
Unlike biofuels, making renewable electricity itself is less of a challenge. As Chapter 3
shows, electricity from wind can be cost-competitive with electricity from natural gas.
Instead, the technological challenge of using electricity as a transportation fuel comes
from the vehicle. Researchers have been trying for decades to develop batteries that are
both durable and cost-effective, and several companies are working hard to reach this
milestone. However, as evidenced by the projected $40,000 price tag for GM’s plug-in
hybrid, more R&D is needed to cross the finish line.
As noted, the costs of plug-ins are expected to come down, making them less expensive
to own than today’s conventional vehicles. However, tomorrow’s plug-ins won’t be
competing against today’s cars. Instead, they will be competing against conventional
hybrids with fuel economy as high as 55 miles per gallon.
A plug-in will cost an additional $2,800 over its lifetime compared with such a vehicle,
assuming gasoline at $2.50 per gallon for half of all mileage, and electricity at $0.10 per
kilowatt-hour for the other half. For the average plug-in owner to break even with the
average hybrid owner, gasoline would have to reach $4.50 per gallon (or $3.50 per gallon
for an owner with short commutes who can take advantage of all-electric operation threequarters of the time). The high upfront cost of plug-ins—combined with the fact that they
pay for themselves only at higher gas prices or for owners with short commutes—poses a
significant challenge.
Hydrogen, on the other hand, faces challenges in making both the fuel and the vehicles.
Fuel cell vehicles require more R&D to lower costs, because of their extensive use of
platinum and the cost of on-board storage of hydrogen. And although hydrogen can be
produced cost-effectively from natural gas, further research is needed to cost-effectively
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produce hydrogen from renewable electricity or directly from sunlight. Hydrogen can
also be produced from coal, but making that an effective low-carbon option requires
unproven technology, such as carbon capture and storage.
Infrastructure Barriers
A network of charging and alternative fueling stations is essential to the market success
of low-carbon fuels and the vehicles that use them. As the number of vehicles that can
run on low-carbon fuels grows, the infrastructure must grow as well.
Many biofuels, especially ethanol, require their own corrosion-resistant pumps and
storage tanks at fueling stations, though regulations have already required such changes.
Many of the nation’s more than 160,000 gas stations already carry ethanol that has been
blended into gasoline at low levels. However, fewer than 2,000 stations carry E85, a
mixture of 85 percent ethanol blended with gasoline, which will be needed if ethanol is to
grow to more than 10 percent of U.S. fuel use (EERE 2009c). Further, ethanol cannot be
shipped in existing pipelines because of the risk of water contamination. Other biofuels
will have to replace ethanol, or dedicated pipelines may be needed to supply larger
amounts of biofuels.
Because plug-ins can operate on gasoline alone and have smaller battery packs than
battery-electric vehicles, they will not require an extensive high-power charging
infrastructure. Most overnight charging can occur at homes or businesses. However,
such charging will require added equipment. A report from the U.S. Department of
Energy (DOE) puts the cost of adding charging capabilities to a home at less than $900
(Morrow, Karner, and Francfort 2008).
Initially, battery-electric vehicles will be used by fleet operators or in urban locations,
and will not require public charging stations. The cost of a charging system for such
vehicles is higher than for plug-ins because quickly recharging the large battery pack
requires more power. The DOE estimates that the cost of a residential charger is about
$2,200 (Morrow, Karner, and Francfort 2008). If battery technology advances to a point
where long-range electric vehicles do reach the market, the nation will need a public
charging network.
As the numbers of plug-ins and battery-electric vehicles rise and they are integrated into
the electricity grid, added costs and benefits will emerge. If large numbers of these
vehicles increase electricity demand beyond today’s levels, they will require investments
by utilities and power producers.
The electricity grid will also need to tap into more renewable sources of power, or the
environmental benefits of electric-drive vehicles will be limited. Standardized charging
equipment and protocols, limits on charging during peak hours, and charging costs that
vary with the time of day will also be critical to realizing benefits from widespread
adoption of plug-ins or battery-electric vehicles.
Fuel cell vehicles will require the largest investment in infrastructure, because of the need
to expand both the production and distribution of hydrogen. The National Research
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Council estimates that an aggressive goal of putting more than 60 million fuel cell
vehicles on the road will require an investment of $8 billion from 2008 to 2023, and as
much as $140 billion through 2035 (NRC 2008).
Regardless of the technology, widespread growth of clean vehicles will require both
significant and intelligent investments in infrastructure.
Corporate and Consumer Behavior
Ensuring that the technologies for clean transportation fuels and vehicles work and that
their costs are reasonable will probably still not be enough. The conventional gasoline car
has been around for more than 100 years and is embedded in our way of life. Shifting to
alternatives will require changes in the way we refuel our vehicles and changes in the
vehicles themselves. For companies to invest in those changes, they need to believe that
people will embrace them. But people will not do so unless they believe that the
alternatives are viable.
The problem gets even worse when we consider petroleum prices. When they are low, the
existing fuel supply industry resists competition, and consumers and the auto industry are
less interested in alternatives. When petroleum prices are high, steering the fuel supply
industry away from enormous short-term profits toward long-term alternatives will
remain a challenge—just when consumers and the auto industry are most interested in
those alternatives. And whether petroleum prices are high or low, almost everyone seems
to resist fuel-pricing policies that support a shift to alternatives, despite their potential.
All these challenges create a chicken-and-egg problem that can doom even cost-effective
fuels.
6.2.3. Key Policies for Moving to Low-Carbon Alternatives
Making Them Available at the Pump
One approach is to put performance-based standards in place to make sure that lowcarbon alternatives become available. The 2007 energy bill passed by Congress included
the first federal policy requiring fewer heat-trapping emissions from the full lifecycle of a
fuel—including harvesting, production, delivery, and use, as well as direct and indirect
emissions from clearing land for crops. This provision—the renewable fuel standard
(RFS)—requires fuel providers to buy 36 billion gallons of biofuels by 2022, and sets
low-carbon performance standards for at least 21 billion of those gallons. However,
because the RFS does not regulate emissions from gasoline, biofuel production already in
place, or other fuels, it covers only about 10 percent of the transportation fuel market. A
more comprehensive approach—a low-carbon fuel standard that covers all transportation
fuels—can protect and build on the benefits of the RFS.
A low-carbon fuel standard supports innovation in transportation fuels while ensuring
that they contribute to both energy and climate security. Under such a standard, suppliers
must reduce emissions from the fuels they sell on an average per-unit-of-energy (or
energy intensity) basis. They can meet this requirement by blending low-carbon biofuels,
such as cellulosic ethanol, into a fuel, or by improving refinery efficiency. Suppliers can
also sell clean hydrogen or renewable electricity, or purchase credits from those that do.
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A low-carbon fuel standard requires providers to account for emissions from high-carbon
alternatives—such as liquid coal, which has double the carbon emissions of gasoline—by
either avoiding them or offsetting them with cleaner fuels.
Based on the potential to produce about 30 billion gallons of low-carbon biofuels, the
nation should be able to reduce carbon emissions from all transportation fuels by 8
percent by 2030. A reasonable goal of a 10 percent improvement in refinery efficiency
can add another 1 percent cut in emissions. And if plug-in hybrids or other electricitybased vehicles account for 20 percent of sales of new vehicles, and use electricity with
70–80 percent fewer carbon emissions than today (see below), such vehicles should cut
the carbon intensity of fuels by another 1–1.5 percent.
All told, those technologies could cut carbon emissions from transportation fuels by
about 3.5 percent in 2020, and 10 percent in 2030 (see Table 6.4). 67 California—which is
leading the nation with a low-carbon fuel standard that aims to reduce emissions from
transportation fuels by 10 percent by 2020—would play a key role in fulfilling such a
national standard (CARB 2009). California consumes 11–12 percent of the nation’s
transportation fuel, so its requirement would cut the nation’s carbon emissions from such
fuel by about 1.2 percent in 2020, partly through importing biomass and low-carbon fuels
from other parts of the country (EIA 2009e).
Table 6.4. Potential of Advanced Vehicles and Fuels
2020

2030

Low-Carbon Fuel Standard: Reduction in Carbon
3.5%
10%
Intensity for All Transportation Fuels vs. 20051
Sales of Advanced Light-Duty Vehicles Spurred
2%
20%
by Regulations2
1
This standard would require a reduction in lifecycle grams of CO2 equivalent per BTU of all fuel used for
transportation, including cars and light trucks, medium- and heavy-duty vehicles, rail, air, shipping, and
other miscellaneous uses. If the standard is restricted to highway vehicles (cars, light trucks, and mediumand heavy-duty vehicles), the figure for 2020 would be 4.5 percent, and that for 2030 would be 14 percent.
2
This represents the fraction of light-duty vehicles that are plug-in hybrids, or pure battery and fuel cell
vehicles delivering equivalent benefits.

A nationwide low-carbon fuel standard is constrained by how quickly technologies such
as cellulosic biofuels and biomass to liquids can scale up, and by the amount of land
available to produce the needed biomass. Conservative assumptions in our Blueprint case
about the availability of land for producing biomass for transportation fuel mean that
such fuel would not have significant direct and indirect carbon emissions. More
optimistic assumptions—such as those in a 2007 report from the DOE’s Energy I
nformation Agency—suggest that annual biofuel production could reach 45–60 billion
gallons, which could support a 15 percent low-carbon fuel standard in 2030 (EIA 2007).

67

If the low-carbon fuel standard applied only to highway vehicles—cars and light trucks, and mediumand heavy-duty vehicles—the equivalent values would be a 4.5 percent reduction in carbon emissions from
highway fuels in 2020, and a 13.7 percent cut by 2030.
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Moving Consumers to the Cleanest Fuels
All these challenges point to the need for significant research, development, and
deployment programs to speed low-carbon fuels to market. While industry will bear
much of the cost of such programs, and pass them on in the prices of vehicles and fuels,
these technologies are both risky and important enough to suggest a clear role for
government-funded programs. Those will need to support everything from basic research
to grants for the pilot plants needed to prove the technology and begin the process of
scaling up production.
But even RD&D will not be enough to overcome the chicken-and-egg problem,
especially when it comes to the more advanced vehicles like plug-ins, which will cost
even more than conventional hybrids, and fuel cell vehicles. Even a low-carbon fuel
standard is unlikely to spur early widespread use of the best technologies, if refiners find
simpler alternatives. While that may be fine in the near term, it will further delay progress
on these technologies, and may compromise their ability to bear fruit in the longer term.
Subsidies in the early years, when costs are high, can lead advanced fuels and vehicles to
the market. One study put the incremental cost of bringing hydrogen fuel to market—and
the number of fuel cell vehicles to about 5 million by 2023—at more than $50 billion
(NRC 2008). Plug-ins may require a similar level of funding, to cover the extra upfront
costs of more advanced vehicles. These resources could come from auctions of carbon
allowances under the cap-and-trade program, or as part of a broader effort to create green
jobs in the coming decade.
Another alternative is to create a performance-based version of California’s Zero
Emission Vehicle program. While that program has encountered delays, direct
requirements for advanced vehicles have spurred the development of hybrids and
significant progress on battery and fuel cell technology (Turrentine and Kurani 2000).

6.3. The Road Less Traveled: Reducing Vehicle Miles
The nation can make great strides in improving vehicle efficiency and producing cleaner
fuels, but technology alone will not keep pace with growing demand for personal and
freight travel if we continue on our current path. The classic suburban American lifestyle
is predicated on driving a personal car a growing number of miles.
Since 1980, the number of vehicle miles traveled (VMT) in cars and light trucks has
grown three times faster than the U.S. population, and nearly two times faster than
vehicle registrations (Ewing et al. 2007). VMT is expected to grow at a slower pace than
historical trends from 2005 to 2030 but continue its upward trajectory, growing nearly
two times faster than the U.S. population (EIA 2008a). 68

68

This analysis of VMT is based on the EIA’s high-gas-price scenario ($3.50 per gallon) versus its
baseline scenario ($2.50 per gallon) in its 2008 Annual Energy Outlook. Higher gas prices suppress VMT
for light-duty vehicles from the baseline of 1.7 percent per year to 1.4 percent per year.
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While today’s fleet of cars and light trucks travels about 2.7 trillion miles a year, that
number could easily reach 3.8 trillion miles by 2030—a 42 percent increase (1.4 percent
per year) (CTA 2008; EIA 2008a). Freight travel could rise by a similar amount, while air
travel could grow by as much as 60 percent (2.2 percent per year) (EIA 2008a).
To slow growth in vehicle miles traveled, the nation needs to promote compact
development, provide drivers with market-based incentives to drive less (such as pay-asyou-drive insurance and congestion mitigation fees), and give freight operators tools to
increase the number of tons they haul per mile. Better-planned and more compact
development can shorten car trips, increase the use of public transit and light rail, and
provide substantial health and other benefits. By co-locating housing with jobs,
improving access to walking, biking, and public transit, and revitalizing city centers, the
road less traveled can promote healthy, vibrant, and desirable communities while cutting
carbon emissions.
6.3.1. Potential for Reducing Car and Truck Travel
Overturning today’s car-centric culture will require us to overhaul how and where we live
and work. The technical potential to reduce travel is vast, although more research is
needed on the cost and effectiveness of various strategies.
The next sections explore the technical potential for building smarter cities, reducing
VMT through personal choice, raising the number of people using each vehicle and
public transit, and moving goods more efficiently. Our analysis does not include the
technical potential to reduce air, marine, and off-road VMT, or to improve transit options,
such as by providing high-speed electric rail.
Smarter and More Compact Development
More compact and better-planned cities could reduce VMT by up to 30 percent (Ewing et
al. 2007). One study found that residents of sprawling, suburban Atlanta and Raleigh
drove more than 30 miles per person per day, while residents of compact cities such as
Boston and Portland drove fewer than 24 miles per person per day—more than 25 percent
less (Ewing, Pendall, and Chen 2002). Another study found that residents of compact
regions drive up to one-third fewer miles than the U.S. average (Bartholomew 2005 and
2007 in Ewing et al. 2007).
Construction of new buildings and revitalization of existing neighborhoods provide the
greatest opportunity to capitalize on smart growth to reduce VMT. According to one
study, “By 2030, about half of the buildings in which Americans live, work, and shop
will have been built after 2000” (AASHTO 2007). That means that the next 20 years will
provide significant opportunities to shape new growth in ways that enable denser and
more livable communities. As we revitalize our downtowns, we can reserve space for
walking, biking, and public transit, while new communities can integrate housing,
shopping, parks, and jobs with transit. These approaches would feed a smart-growth
revolution that entails rethinking how we move people and goods.
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Choosing to Drive Less
For discretionary trips, drivers can make a conscious choice to reduce VMT, spurred by
good intentions, personal preferences (such as the desire to avoid time in traffic or
trapped behind the wheel of a car), or market-based incentives. Given historical trends,
good intentions and personal preferences alone are unlikely to provide much of a
reduction. However, market-based incentives have proven successful.
The higher the cost per mile of driving, the more likely a consumer will drive less. A
recent study of 84 U.S. urban areas from 1985 to 2005 found that for every 1 percent
increase in the price of fuel, VMT fell by 0.17 percent (Ewing et al. 2007). A study by
Cambridge Systematics found that pay-as-you-drive insurance—which charges drivers
based on how many miles they drive—could reduce national VMT more than 7 percent
(Cowart 2008). 69
Bring a Friend: Raising the Occupancy of Personal Vehicles
One simple way to reduce travel is to increase the number of people riding in each
vehicle, reversing historical trends. The average U.S. vehicle carries 1.6 people, and
occupancy drops to barely more than one person (1.1) during trips to work (CTA 2008).
Carpooling is the key to increasing the occupancy of personal vehicles. If people who
drive to work carpooled with just one other person (HOV-2) every other day, annual car
and truck travel would drop by more than 5 percent, and average vehicle occupancy
during work trips would rise to about 1.4. 70 If commuters carpooled with two other
people (HOV-3) for about 60 percent of work trips, annual travel would fall about 10
percent, and average occupancy during work trips would rise to about 1.8.
Ride the Bus: Expanding Ridership on Public Transit and in Vanpools
Urban and suburban areas need greater access to public transportation and vanpools to
help cut carbon emissions. As of 2001, less than one-third of the U.S. population lived
within about a block of a bus line, and only about 40 percent lived within a half-mile
(NCTR 2007). The situation is even worse for rail: only about 10 percent of the U.S.
population lived within a mile of a rail stop, while only about one-quarter lived within
five miles (NCTR 2007). As a result of low ridership, buses release more global warming
emissions per passenger-mile than cars.
Public transportation advocates have pointed to the potential to at least double the
capacity and ridership of bus and rail transit by 2030, at an annualized cost of about $21
billion (AASHTO 2007). That would represent an important start in satisfying
Americans’ awakening appetite for public transit (Sun 2008). Individual drivers who
switch from a car or SUV to vanpools, bus, or electric rail cut their carbon footprint
significantly, with the benefits rising as more people switch.

69

This figure does not account for induced demand from reduced congestion, which will offset some of the
gains of pay-as-you-drive insurance.
70
Travel to work would shrink by about 25 percent. However, such travel represents only 27 percent of all
VMT for cars and light trucks, so the overall impact of such a shift is much smaller (CTA 2008).
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The U.S. mass transit system is so small that doubling it will reduce VMT by only about
2 percent, given today’s ridership levels. Expanding ridership could boost this impact
significantly, especially in regions that use transit least effectively. The nation clearly
needs to make major investments in public transit, but such investments will bear most of
their fruit after 2030.
Working Up a Sweat or Working from Home: Near-Zero-Carbon Options
We can cut carbon emissions dramatically by replacing car trips with walking or biking.
However, in 2000 fewer than 3 percent of Americans reported walking to work, while
less than one-half of 1 percent reported bicycling to work (CTA 2008).
Flexible workplace policies that allow employees to work at home or shift to four days
per week at 10 hours per day can also reduce car and truck use. In 2000, slightly more
than 3 percent of Americans reported working from home (CTA 2008). By shifting to a
four-day workweek or working from home one day per week, the typical American could
cut his or her overall travel by about 5 percent. By working at home two days a week, he
or she could cut annual travel by about a 10 percent.
Working from home is not quite carbon free, because the use of lights, computers,
heating, and cooling does grow. However, avoiding the use of those resources at the
office should offset much of that use. Working longer hours but fewer days is not quite
carbon free for the same reason, and because that practice could encourage people to take
more leisure or shopping trips on their extra day off. However, those practices are a good
start.
Car and Truck Travel: All of the Above
As with cleaner vehicles and fuels, no silver bullet can preserve the mobility we enjoy
today while reducing overall travel. Instead, the nation will have to pursue a variety of
approaches to ensure that people live productively while relying less on personal
vehicles.
A recent analysis by Cambridge Systematics points to the potential for significant
reductions in projected car and light-truck travel (Cowart 2008). That study evaluated a
suite of policies to reduce VMT through more compact communities, per-mile pricing
policies, and other smart-growth strategies. The study found that these approaches could
reduce the annual growth rate in VMT for light-duty vehicles from 1.7 percent to 0.9
percent.71 Part of that reduction could come from a doubling of transit.
Shifting Freight Back to Rail
Just as consumers can shift to more efficient transportation modes such as transit, biking,
and walking, companies can also shift to rail as a more efficient mode for moving goods
than trucks.
71

The analysis showed an 18 percent reduction in projected light-duty travel in 2030 of more than 4 trillion
miles, accounting for induced demand. The baseline projection of a growth rate of 1.7 percent per year is
higher than that used in our study (1.4 percent per year). Our figure means that a reduction to 0.9 percent
per year should be even easier to achieve.
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Moving goods by rail is about five times more efficient than doing so by truck, based on
weight, primarily because rail transports dense, heavy cargo such as coal. 72 However,
even for lighter-weight loads more typical of 18-wheelers, trucks emit two to three times
more carbon emissions than trains (Mathews 2008). And rail is likely to retain that
advantage over trucks during the coming decades, although it may erode if improvements
in truck efficiency outpace those in rail.
Estimates from the American Association of State Highway and Transportation Officials
(AASHTO) indicate that 1 percent of truck freight could shift to rail by 2020, and an
analysis by two national laboratories points to the potential for a 2–5 percent shift
(AASHTO 2003; IWG 2000). A conservative estimate is that about 1.5 percent of freight
could move from trucks to rail by 2020, and at least 2.5 percent could shift by 2030.
6.3.2. Key Challenges for Smarter Travel, Freight Transport, and Cities
Lack of Funding
There is no denying that expanding transit costs money, and that finding those funds is a
challenge. Estimates show that annual funding for highways and transit falls about $10
billion short of what the nation needs just to maintain the existing system. Closing that
gap would require a 6-cent-per-gallon increase in diesel and gasoline taxes, while
doubling transit capacity would require another 12 cents per gallon. Together those
increases would double today’s 18-cent-per-gallon gasoline tax—a drop in the barrel
compared with price swings in 2008, but likely still a significant political hurdle. Making
matters ironically worse, rising fuel economy will cut projected gasoline and diesel use,
expanding the funding shortfall.
The Impact of a Lower Cost of Driving
Blueprint policies that require new vehicles to reduce carbon emissions will help push
fuel economy to 50–55 miles per gallon in 2030 and reduce the per-mile cost of
driving—potentially giving consumers an incentive to drive even more. As the cost of
driving falls, consumers have less incentive to carpool, take public transit, or explore
near-zero-carbon options such as biking and walking. Increasing the efficiency of our car
and truck fleets is essential. However, if doing so encourages people to more drive more
while still saving money, it could dilute some of the carbon benefits of more efficient
vehicles.
A similar impact may result from reducing the number of vehicles on the road, as that
will lower another cost—time wasted in congested traffic. That may encourage people
who avoided congestion to return to those routes, again reversing some of the progress.

72

The average value of five times is based on data from the Transportation Energy Data Book (CTA
2008), and assumes that freight trucks carry 11.8 tons per mile, based on statistics from the U.S.
Department of Transportation (U.S. DOT 2000). Using the most common type of tractor-trailer (van
trailers), we found the average payload to be 30,555 pounds. The loads of such combination vehicles are
the most likely to shift to rail. Using the U.S. Census Bureau's 2002 Vehicle Inventory and Use Survey
Microdata for Class 8 trucks, we determined that their “empty miles” averaged 23 percent.
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Weak Market Signals
Funding challenges are directly tied to the fact that consumers do not actually pay the full
costs of driving. Given that Americans are not paying enough in gasoline taxes to
maintain today’s highway system, they are clearly not directly paying the full cost of the
U.S. reliance on personal vehicles, including national security costs of our dependence on
oil, health impacts from smog and toxic pollution, time lost owing to congestion, and the
health and economic impacts of global warming, just to name a few. If we are not directly
paying the full price of a resource, we are going to use too much of it, and will be less
willing to switch to the many alternatives.
Incentives for Unrestricted Growth
A number of existing laws actually encourage sprawling development, which requires
greater use of cars. For example, zoning requirements that do not allow commercial and
residential uses to mix limit the potential to integrate transit, housing, and shopping.
Local ordinances that require taxpayers to fund the expansion of utilities to new houses
and businesses ensure that developers do not pass on the full costs of building outside
existing communities. And formulas for distributing federal highway funds that focus on
expanding roadways rather than mitigating traffic further encourage sprawl.
6.3.3. Key Policies That Provide New Options for Getting There from Here
As U.S. history shows, the barriers to reducing projected vehicle miles traveled are
anything but trivial. However, several public policies could help overcome these barriers.
Smart-Growth Policies
The biggest job of all is rethinking and reinventing where we live. Much of this work has
to happen at the local level, such as by changing zoning laws to allow more mixed use,
and requiring developers to pay the full costs of extending utilities to their projects.
However, the federal government can help move these approaches along through a
variety of steps.
Agencies should tie existing and future highway funding to performance metrics—
whether cuts in carbon emissions or vehicle miles, or more efficient use of infrastructure.
Highway funds represent a significant transfer of taxpayer dollars, and their use should
focus on delivering public benefits. The nation should also reform the home mortgage tax
deduction, to allow higher deductions for homes near transit or in mixed-use
developments.
Pay as You Drive
Another straightforward approach to overcoming barriers is to require that people pay the
actual costs of their daily driving. The initial response to asking people to pay more for
every mile they drive is resistance, as they see that approach as raising their expenses.
However, that is just a misunderstanding.
Americans are already bearing those costs. For example, we pay higher hospital bills and
health insurance rates because of asthma and lung disease stemming from smog. We also
pay higher income taxes to help secure U.S. access to oil, and to cover the shortfall in
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road repair funds. And if we do not cover these costs elsewhere, we still pay them
through spikes in gas prices, more costly car repairs, and time wasted owing to
congestion, potholes, bridge collapses, and road closures. Consumers and businesses that
pay driving fees will therefore see tax cuts elsewhere, lower health care costs, fewer price
spikes, and less congestion.
We can start with two key measures: highway user fees and pay-as-you-drive insurance.
Highway User Fees
As the fuel economy of vehicles rises, people will use less fuel, save money, and pollute
less. But because they use less fuel, they will also pay fewer gasoline taxes, which are
collected on a per-gallon basis. Rather than raising those taxes to compensate, we should
adopt a per-mile user fee that at least covers any resulting federal, state, and local
shortfalls. We should also institute a congestion and air-quality mitigation fee that will at
least cover the costs of doubling transit by 2030. The former would require at least a
one-cent-per-mile road user fee by 2030. The latter would require a little more than a
one-half-cent per mile fee—for a total of $0.009 per mile by 2020, and $0.017 per mile
by 2030 (see Table 6.5).
Per-mile highway user fees do not represent a new cost to drivers, as the nation would
need to raise the funds to maintain our roads in any case. And unlike income or sales
taxes, such fees will have the added benefit of reducing the number of miles we drive.
We therefore should not count these specific per-mile highway user fees as a “cost” of
cutting carbon emissions.
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Table 6.5. Potential for Reducing Vehicle Miles Traveled
2020

2030

Assumed Policy Impact: Reduction in Annual
Growth in Vehicle Miles Traveled (VMT)1
Light-Duty Vehicles2
Trucks3

Reduce growth in VMT from baseline of
1.4% per year to 0.9% per year
Reduce VMT by 0.1% per year, on top of all
other policy effects

Policies and Costs for Light-Duty Vehicles
Ramp up transit funding to reach
$21 billion per year by 2030

Transit3
Pay as You Drive:
Highway User Fee 1:
Maintain Existing Funding Levels5
Highway User Fee 2:
Congestion Mitigation Fee Used to Fund Transit4

$0.005 per mile

$0.011 per mile

$0.004

$0.006

Total User Fees

$0.009 per mile

$0.017 per mile

Pay-as-You-Drive (PAYD) Insurance5
Federal Funding for PAYD Pilot Programs
Tax Credit for PAYD Electronics
Smart Growth6

$0.07 per mile
$0.07 per mile
$3 million per year for 5 years
$100 million per year for 5 years
$0.00
$0.00

Policies and Costs for Heavy-Duty Vehicles
$0.00
$0.00
Switch from Truck to Rail7
NEMS is unable to model the full suite of policies needed to address vehicle travel. Instead, we inserted
the total reductions in vehicle miles traveled that could result from such policies into UCS-NEMS.
2
For the potential to reduce VMT from light-duty vehicles, we relied primarily on a recent analysis by
Cambridge Systematics (Cowart 2008), which found that growth in light-duty VMT could be reduced to
0.9 percent per year.
3
To evaluate the potential to reduce VMT from freight trucks, we assumed that policies can shift 2.5
percent of truck VMT to rail, based on potential highlighted in AASHTO 2007 and IWG 2000. This
represents about a 0.1 percent annual reduction in freight truck travel. Actual freight truck travel will fall
further as the economy shifts owing to other policies, such as a cap-and-trade program and reduced oil use
from higher vehicle efficiency.
4
The congestion mitigation fee provides this funding, so we did not count it as a cost above that fee.
5
Blueprint policies do not include these fees as a cost, because the Reference case would also need to raise
the highway funding to pay for repair of existing roads, and would include the cost of insurance. Actual
insurance costs would probably drop, because people would drive less under the Blueprint.
6
Smart-growth policies could actually reduce costs, so we assumed that they are cost neutral.
7
Switching from truck to rail will likely entail some costs, but evaluating them was beyond the scope of
our study.
1
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Pay-as-You-Drive Insurance
Another cost that today’s drivers already bear is car insurance. The price of that insurance
is usually not tied to the number of miles we drive, despite the fact that the more we
drive, the more we risk the accidents that insurance covers.
If insurance were tied to the number of miles we drive, the roughly $800 per year in
insurance we pay would equal about $0.07 per mile—the equivalent of raising gas taxes
by about $1.40 per gallon. 73 Two recent reports point to the potential of this approach to
cut VMT by 7–9 percent (Bordoff and Noel 2008; Cowart 2008). The Blueprint analysis
estimates an impact on the order of 5–6 percent (likely because of a higher per-mile
baseline, reflecting higher gasoline costs).
Pay-as-you-drive (PAYD) insurance is more equitable, given that low-mileage drivers
now subsidize high-mileage drivers, and consumers will save money as reduced travel
means fewer accidents and thus lower costs. Bordoff and Noel estimate that this approach
could save the nation $32 billion just by reducing the number of accidents—or about
$150 per vehicle, of which $34 per vehicle could accrue to insurers.
The way PAYD is implemented is also important. While it could be based on annual
odometer readings, a once-per-year payment or rebate might not have the same impact as
more immediate feedback. A better alternative is to install a GPS-based device to track
mileage, which Bordoff and Noel estimate would cost $100 per vehicle, and to require
periodic payment of insurance premiums. GPS technology could even allow us to pay for
insurance along with a fuel purchase, combining pay-at-the-pump with PAYD.
Bordoff and Noel point to the cost of this device as a significant hurdle, because
insurance companies would not save enough to cover it, so they might be unwilling to
advocate for it. To overcome that hurdle, those analysts recommend a $100 tax credit per
vehicle for insurance companies, for the first 5 million vehicles. That approach would put
systems in place that could also support per-mile road user fees. Bordoff and Noel also
recommend that the federal government spend $3 million per year for five years to
establish pilot programs, and that states adopt laws clearing the way for PAYD insurance.
More Funding for Transit
If the nation is to double transit by 2030, we must set aside more money to expand and
improve bus and rail transportation. Based on AASHTO recommendations, such a
doubling would require additional dedicated funding that would reach $21 billion per
year in 2030.

73

The cost of insurance is from Bordoff and Noel 2008. The per-mile figure is based on 11,500 miles per
year. The per-gallon figure based on 20 miles per gallon.
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Box 6.3. Technologies and Other Options on the Horizon: Transportation
•

Dramatic expansion of all-electric cars and trucks. If cost and other key hurdles are
overcome, by 2050 most cars and light trucks could run on batteries or fuel cells supplied
by renewable energy, effectively eliminating those vehicles as a significant source of
carbon emissions. Many medium-duty and heavy-duty vehicles could also follow this
path.

•

Advanced high-strength materials. Carbon fiber, now used in aircraft, could become
cost-effective for use in highway vehicles over the long term. Such uses would
dramatically cut the weight—and thus the carbon emissions—of cars and trucks of all
shapes and sizes while also increasing their safety.

•

Breakthroughs in third-generation biofuels. From algae to efficient microbes that can
digest almost anything, hoped-for breakthroughs could produce large volumes of liquid
fuels with minimal land use.

•

High-speed and zero-emission rail. Trains that can move rapidly between major cities
while running on renewable electricity could replace airplanes for shorter trips,
eliminating carbon emissions. Such a train system could also help shift freight from truck
to rail, significantly reducing emissions from freight shipments.

•

Expanded transit-oriented development. Cities do not expand overnight. With
advanced planning, more and more cities could expand around transit, integrating homes,
shopping, and transportation with parks and open areas across the country.

Box 6.4. Success Story: Jump-Starting Tomorrow’s Biofuels
Corn and soybeans, grasses and wood chips, even municipal waste dumps—what
do they have in common? In a world seeking to trim its dependence on the fossil
fuels that, when burned, overload our atmosphere with carbon, these items all
have the potential to be turned into vehicle fuels. Unfortunately, biofuels are not
all created equal, at least not when it comes to curbing carbon emissions. The
future of biofuels depends on making the right choices today.
.
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The basic technology to extract liquid fuel from plants like wood and grass and
other forms of biomass has existed for decades, but has not been cost-effective
compared with the cost of producing gasoline and diesel. Driven primarily by an
influx of federal dollars, production of corn ethanol has grown to 3 percent of the
fuel used in U.S. passenger cars and trucks (EIA 2008a). However, land, water,
and other resource constraints limit the potential of food-based biofuels—such as
corn ethanol and soy biodiesel—to reduce the carbon footprint of our
transportation fuels (UCS 2008a; UCS 2008b). A brighter future for biofuels
requires technologies for making fuel from wood chips, grasses, and waste
products—and then developing sustainable sources of these feedstocks.
Recent breakthroughs in biological research, combined with government support,
are bringing us closer to making fuel from plant leaves, stems, and stalks
(cellulosic biofuels) a commercial reality. Several new companies are making the
transition from laboratory testing to pilot manufacturing plants.
Mascoma, for example, has built a pilot plant in Rome, New York, that can make
half a million gallons of biofuel a year from wood chips. Verenium has opened a
1.4-million-gallon-a-year plant in Jennings, Louisiana, to make ethanol from
crushed sugar cane stalks. Both these plants use biochemical processes to break
down cellulose into ethanol (Verenium 2009; LaMonica 2008). Bluefire Ethanol
in Southern California is using a different approach—breaking down cellulose in
municipal waste to make sugar via acid hydrolysis—and will begin construction
this year of a 3.7-million-gallon-a-year facility in Lancaster, California (Bluefire
Ethanol 2008).
However, while exciting, these pilot plants are far too small to meet the nation’s
demand for cellulosic biofuels. In comparison, corn ethanol facilities often
produce 100 million gallons a year or more, and petroleum refineries can be 20
times that size (EIA 2008g; RFA 2009). The next step is commercial-scale
facilities for cellulosic ethanol.
Range Fuels in Soperton, Georgia, is the top contender in the race to produce
such fuel at a scale of tens of millions of gallons a year. The company has broken
ground on a facility, and expects to begin using high-temperature gasification to
turn the cellulose in waste wood chips into liquid fuel in 2010. Range Fuels plans
an initial capacity of 20 million gallons a year, eventually expanding to 100
million gallons a year (Range Fuels 2007).
A competing approach to large-scale production of cellulosic ethanol relies on
microorganisms to break down the cellulose. Using this technology, Mascoma’s
facility in Kinross, Michigan, is scheduled to produce 20 million gallons a year
of ethanol from wood waste by 2011 (Reidy 2008). And Verenium plans to build
a commercial-scale cellulosic ethanol facility in Highlands County, Florida, to
convert grasses into perhaps 36 million gallons of ethanol a year.
The variety of technologies, feedstocks, and locations tapped by these promising
projects improves the chances that one or more will produce the breakthroughs
that move the approach from laboratory to market. Scaling up next-generation
biofuels from less than a million gallons a year in 2008 to more than a billion is
essential if biofuels are to be players in America’s low-carbon future.
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Box 6.5. Success Story: It Takes an Urban Village to Reduce Carbon
Emissions
The trolley carried its first passengers from Clarendon, Virginia, across the
Potomac into Washington, DC, in 1896 (APA 2007). It served not only
commuters but also shoppers, transporting them to stores along its lines. Today
the urban villages along the old trolley lines—Clarendon, Courthouse, Ballston,
and others—make Arlington County one of the most desirable communities in
the metro-DC area.
Although there are no more streetcars, the spirit of the trolleys is alive in
Arlington County. In contrast to its suburban cousins in Maryland and northern
Virginia, the county used its rail and bus system as a foundation for smart
growth, encouraging business development while preserving unique
neighborhoods.
Under its General Land Use Plan, Arlington concentrated dense, mixed-use
development around its Metro stations beginning in the mid-1980s. These urban
villages emphasize pedestrian access, promote safety through traffic calming,
provide bike lanes, and create highly desirable living spaces by incorporating
public art, pocket parks and street trees, wide sidewalks with restaurant seating,
and street-level retail (EPA 2002).
While much of the nation followed the trajectory of sprawl development,
Arlington County boasts 22,500 apartments and condos, townhouses and singlefamily detached homes, as well as a thriving commercial base (EPA 2002).
Mindful of the area’s socioeconomic disparities, county government and civic
groups worked to spread the benefits equitably among all residents. Affordable
Housing Protection Districts, for example, help preserve low- and moderateincome apartment units (CPHD 2008a).
Metro ridership in the corridor doubled between 1991 and 2002. And to expand
residents’ access to public transportation, the county created the Arlington Rapid
Transit system (ART)—a fleet of 30 smaller, handicapped-accessible buses that
can navigate neighborhoods and are well integrated into the comprehensive
network of bus and train lines in the nation’s capital and the surrounding region
(ART 2009).
The resulting health, environmental, and other quality-of-life benefits are equally
impressive. Almost half of Arlington residents use transit to commute (APA
2007), while another 6 percent walk to work, compared with 2.5 percent
nationwide (CPHD 2008b; Reuters 2007). Nearly 20 percent of county residents
do not even own a car.
Heavily traveled Wilson Boulevard saw traffic drop nearly 16 percent from 1996
to 2006 (APA 2007). Commute time in Arlington County is the region’s lowest,
and both carbon and smog-forming emissions have fallen dramatically. The
county has accomplished all this while maintaining a high level of municipal
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services and the lowest property tax rate of any jurisdiction near the nation’s
capital (CPHD 2008b).
The urban village model has won national awards for smart growth (EPA 2002),
and the American Planning Association recently showcased Arlington’s main
corridor as one of the Great Streets of America (APA 2007).
Meanwhile other cities are forging their own smart-growth path. Atlanta has
focused on urban renewal through its downtown Atlantic Station project, for
example (EPA 2005). And the outer-rim suburb of Buckeye, Arizona, near
Phoenix, is working to become its own bedroom and business community
(Suarez 2008). Whatever the approach, a commitment to sustainable growth is
one way to help us reach our lower-carbon future.
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Chapter 7
We Can Do It: Analyzing Solutions to Global Warming
This chapter presents the results from implementing the Blueprint—a comprehensive
suite of climate, energy and transportation policies that tackle most sources of heattrapping emissions in the electricity, residential, commercial, industrial, and
transportation sectors, and that also allow a limited amount of offsets based on storing
carbon in the agriculture and forest sectors (see Box 7.1).
Using the UCS-NEMS model and other analyses, we compared the impact of the
Blueprint to that of a Reference case that assumes no new federal and state policies
beyond the existing ones. 74 We also analyzed a No Complementary Policies case, which
investigated the impact of stripping out all the sector-based complementary policies, and
compared that case with the Blueprint case. (See Chapter 2 for more information.)
Our results include carbon prices and revenues under a cap-and-trade program, changes
in energy use by fuel and sector, improvements in energy security (through reduced oil
imports and a more diverse energy mix), and costs and benefits to consumers and
businesses (see Box 7.2).
Overall, our analysis shows that the Blueprint achieves significant cuts in net U.S. heattrapping emissions in a timely manner while saving consumers and businesses significant
amounts of money.

74

The Reference case includes policies that had become law by October 2008. The Reference case does not
include the impact of the American Recovery and Reinvestment Act because it was passed after that date.
However, the Reference case does include the (significant) impact of the 2007 Energy Independence and
Security Act, as well as the effects of a variety of state renewable energy standards and the existing nuclear
loan guarantee program.
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Box 7.1 Climate 2030 Blueprint Policies1
Climate Policies
Economywide cap-and-trade program with:
• Auctioning of all carbon allowances
• Recycling of auction revenues to consumers and businesses2
• Limits on carbon “offsets” to encourage “decarbonization” of the capped sectors
• Flexibility for capped businesses to over-comply with the cap and bank excess
carbon allowances for future use
Industry and Buildings Policies
• An energy efficiency resource standard requiring retail electricity and natural gas
providers to meet efficiency targets
• Minimum federal energy efficiency standards for specific appliances and
equipment
• Advanced energy codes and technologies for buildings
• Programs that encourage more efficient industrial processes
• Wider reliance on efficient systems that provide both heat and power
• R&D on energy efficiency
Electricity Policies
• A renewable electricity standard for retail electricity providers
• R&D on renewable energy
• Use of advanced coal technology, with a carbon-capture-and-storage
demonstration program
Transportation Policies
• Standards that limit carbon emissions from vehicles
• Standards that require the use of low-carbon fuels
• Requirements for deployment of advanced vehicle technology
• Smart-growth policies that encourage mixed-use development, with more public
transit
• Smart-growth policies that tie federal highway funding to more efficient
transportation systems
• Pay-as-you-drive insurance and other per-mile user fees
1

See Chapters 3, 4, 5, and 6 for more details on these policies.
We could not model a targeted way of recycling these revenues. The preferred approach would be to
target revenues from auctions of carbon allowances toward investments in energy efficiency, renewable
energy, and protection for tropical forests, as well as transition assistance to consumers, workers, and
businesses in moving to a clean energy economy. However, limitations in the NEMS model prevented us
from directing auction revenues to specific uses. Instead, we could only recycle revenues in a general way
to consumers and businesses.

2
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Box 7.2. Major Findings under the Climate 2030 Blueprint
By 2030, we find that the U.S. can:
• Meet a phased-in cap on global warming emissions representing a 56 percent
drop from 2005 levels, at a net annual savings of $465 billion to consumers
and businesses.
• Reduce annual energy use by one-third compared with the Reference case.
• Cut the use of oil and other petroleum products by 6 million barrels per day
compared with 2005, reducing imports to less than 45 percent of our needs
and cutting projected expenditures on those imports by more than $85
billion, or more than $160,000 per minute.
• Reduce annual electricity generation by 35 percent compared to the
reference case, through the use of greater energy efficiency in buildings and
industry, while producing 16 percent of the remaining electricity with
combined heat and power and 40 percent with renewable energy sources,
such as wind, solar, geothermal, and bioenergy.
• Rely on complementary policies to deliver cost effective solutions based on
efficiency, conservation, and renewable energy. Excluding Blueprint policies
in the energy and transportation sector would reduce net cumulative
consumer and business savings through 2030 from $1.7 trillion to $0.6

7.1 Reference Case: Significant Growth in Carbon Emissions
In the Reference case, U.S. global warming emissions rise from 7,181 million metric tons
carbon dioxide equivalent (MMTCO2eq) in 2005 to 8,143 MMTCO2eq in 2030—an
increase of 13.4 percent. Total U.S. energy use rises by nearly 16 percent over the same
period, or an average of 0.74 percent per year, with fossil fuel use growing 10 percent.
Most of the increase in carbon emissions and energy use in this scenario stems from
greater use of coal to generate electricity, and to produce liquid fuels for the
transportation and industrial sectors. Growth in the use of natural gas in industry and
buildings also makes a modest contribution to rising carbon emissions.
The use of oil and other petroleum products declines in the Reference case, as policies in
the 2007 Energy Independence and Security Act improve the efficiency of vehicles and
expand the use of biofuels. The nation’s reliance on renewable energy from wind, solar,
geothermal, and biomass resources more than triples by 2030 under the Reference case.
Contributions from nuclear energy and hydropower remain relatively flat. However,
overall, the nation continues to rely heavily on both fossil fuels and nuclear power to
provide 89 percent of its energy.
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7.2 The Big Picture: The Blueprint Cuts Carbon Emissions, Saves
Money, and Reduces Energy Use
7.2.1. Significant Near-Term and Medium-Term Cuts in Emissions
Under the Blueprint, the nation achieves significant near-term and mid-term cuts in
global warming emissions at a net savings to consumers. Blueprint policies reduce U.S.
carbon emissions enough to meet a cap set at 26 percent below 2005 levels in 2020, and
56 percent below 2005 levels in 2030 (see Figure 7.1).
Figure 7.1. Net Cuts in Global Warming Emissions under the Climate 2030 Blueprint

Along our current path (the Reference case) emissions continue to rise. The Blueprint policies achieve the cap by
constraining cumulative emissions to 180,000 MMTCO2eq between 2000 and 2030.

In Figure 7.1, the actual year-by-year trajectory of cuts in emissions differs from the
trajectory specified under the cap-and-trade program, because that program gives
companies the flexibility to bank extra carbon allowances in early years and withdraw
them in later years. 75 However, cumulative heat-trapping emissions from 2000 to 2030
remain the same under both trajectories: about 180,000 MMTCO2eq. 76 If the nation
continues along the path of the cap modeled here, we could remain in the mid-range of
the U.S. carbon budget in 2050 (165,000–260,000 MMTCO2eq from 2000 to 2050), with
cumulative emissions of 216,000 MMTCO2eq by 2050.
Under the Blueprint, actual emissions are 30 percent below 2005 levels in 2020, and 44
percent below 2005 levels in 2030. Those reductions are 33 percent below those of the
Reference case in 2020, and 51 percent below the Reference case in 2030 (see Figure
75

See Section 7.3.2 for a fuller explanation of how the banking and withdrawing occurred in our results.
Further information is available in Appendix B.
76
Apart from the Blueprint policies, the United States could spur another 10 percent reduction in global
emissions by investing in forest protection in developing countries (Boucher 2008), and potentially an
additional amount by investing in clean technology in those countries.
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7.1). These reductions are a first and critical step to putting the nation on a path to
achieving the 2050 targets needed to avoid the most dangerous effects of climate change.
In 2030, the largest cuts in carbon emissions (57 percent) come from the electricity sector
(see Figure 7.2). Transportation delivers the next-largest reduction in global warming
emissions, at 16 percent (or about 24 percent, if we remove cuts stemming from the 2007
Energy Independence and Security Act from the Reference case).77
Offsets from storing carbon in U.S. agricultural lands and forests, and international
offsets, mainly from avoided tropical deforestation, provide 11 percent of the cuts in
carbon emissions. Reductions in emissions from direct fuel use in industry and buildings
contribute 9 percent of the total drop. Cuts in non-CO2 emissions deliver the remaining 7
percent.
Figure 7.2. The Source of Cuts in Global Warming Emissions in 2030
(Blueprint case vs. Reference case)

The electricity sector leads the way in emissions reductions, but the Blueprint ensures that all sectors
contribute. Emissions cuts in the electricity sector include reductions in demand from energy efficiency in
the residential, commercial, and industrial sectors.
Note: This figure is based on total Blueprint cuts in emissions of 4,162 MMTCO2eq by 2030, versus the
Reference case. Refinery emissions have been allocated to the appropriate end-use sector. Transportation
emissions do not include full well-to-wheel emissions, because UCS-NEMS does not account for emissions
associated with products imported into the United States.

77

Cuts in heat-trapping emissions in the transportation sector include those from refining transportation
fuels.
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7.2.2. National Consumer and Business Costs and Savings under the Blueprint
The Blueprint policies not only dramatically cut carbon emissions—they also save
consumers and businesses money. Considering costs and savings together, consumers
will see annual savings from the Blueprint of $465 billion in 2030 compared with the
Reference case (see Table 7.1).
Table 7.1. Annual Blueprint Savings
(in billions of 2006 dollars)
National Energy Bill Savings
Energy Investment Costs
Net Savings

2015
$39
-$38
$1

2020
$152
- $78
$74

2025
$271
-$123
$147

2030
$414
-$160
$255

Allowance Revenue Generated

+$145

+$181

+$207

+$219

Added Policy Implementation Costs

-$9

-$13

-$8

-$8

Blueprint Savings

$138

$243

$346

$465

Americans will save $414 billion on their energy bills in 2030 (on their monthly
electricity bills, and on gasoline costs, for example), even though those bills include the
cost of carbon allowances passed through to consumers and businesses in higher energy
prices. These savings also take into account the costs of renewable electricity, carbon
capture and storage, and renewable fuels that are passed on to consumers and businesses
through slightly higher energy prices. Consumers and businesses save money because
energy efficiency and conservation measures lower total energy use under the Blueprint.
Of course, these savings would not come free. In 2030, consumers and businesses would
have to invest about $160 billion in more efficient appliances and vehicles, upgrades to
buildings, improved industrial processes, and expanded transit. That would leave
consumers and businesses with a net annual savings of $255 billion. What’s more,
revenues from auctioning carbon allowances would be recycled back into the economy,
putting another $219 billion back into the pockets of both consumers and businesses.
The costs of implementing Blueprint policies include the nearly $8 billion that
government and industry will have to invest in 2030 to cover R&D on energy efficiency
and cleaner energy, plus tax credits and the implementation costs of pursuing other
policies under the Blueprint (see Table 7.1).78
While our analysis recycled the revenues from auctioning carbon allowances back into
the economy (half to consumers and half to businesses), that recycling could occur in
ways that further lower costs or increase climate benefits. For example, government
could use the funds to provide tax credits for purchases of more efficient vehicles and
appliances, or to encourage land uses that store more carbon. Table 7.1 also shows that
78

The cap-and-trade program will require moderate administrative costs. We were unable to quantify those
costs explicitly in our analysis, but expect that they are too small to significantly influence our results.
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the costs of the Blueprint policies are lower than revenues from auctioning carbon
allowances, so those revenues could be used to fund some policies.
7.2.3. Distributing the Costs and Savings under the Blueprint
The costs and savings associated with Blueprint policies are spread throughout the
economy. The net annual savings for consumers and businesses of $255 billion in 2030
include utility bills, gasoline bills, per-mile congestion fees, and the cost of energyconsuming products. However, those savings exclude any policy costs funded by general
taxpayer revenues, the costs that utilities and fuel providers do not pass on to consumers,
and the recycling of any revenues from auctions of carbon allowances. 79
Based on end use, transportation bears the largest portion of those costs, at 32 percent of
the $160 billion in energy investment costs in 2030, followed by the commercial sector at
25 percent. Industrial and residential consumers each carry slightly less than 20 percent
of the costs energy investment in 2030.
Transportation users reap the largest share—40 percent—of the $414 savings on energy
bills in 2030 under the Blueprint. Residential, commercial, and industrial consumers each
receive about 20 percent of total savings, with savings on electricity bills accounting for
more than 70 percent of their total.
Households and businesses that rely on the transportation sector see nearly half of the net
annual savings ($119 billion) in 2030 (see Figure 7.3). However, Blueprint policies
ensure that consumers and businesses throughout the economy save money on energy
expenses. Lower electricity costs are responsible for $118 billion in net annual savings
for industrial, commercial, and residential customers.

79

A congestion fee of $0.006 per mile under the Blueprint would represent a charge to drivers for the cost
of delays and pollution caused by congestion. The fees would be used to expand mass transit as an
alternative to driving.
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Figure 7.3. The Source of Savings in 2030
(Blueprint case vs. Reference case)

Consumers and businesses see $255 billion in net annual savings in 2030 under the Blueprint (in 2006
dollars). Consumers and businesses in the transportation sector reap the largest share. Residential,
commercial, and industrial consumers each gain just under 20 percent of the net savings, with nearly 90
percent of that amount—or $118 billion—stemming from lower electricity costs.

The net savings in 2030 are split almost evenly between businesses ($129 billion) and
consumers ($126 billion), and are spread throughout all regions of the country (see Figure
7.4). The consumer savings are also spread among the projected 140 million American
households in 2030, cutting the annual household cost of energy and transportation by
$900 that year compared with the Reference case.

Climate 2030 Blueprint, Union of Concerned Scientists

138

Figure 7.4. Net Consumer and Business Savings
(by Census Region in 2030, in 2006 dollars)

Consumers and businesses in every region of the country save billions of dollars under the Blueprint.
Household numbers do not include business savings.

7.2.4. National Economic Growth under the Blueprint
Under the Blueprint, gross domestic product (GDP) remains practically unchanged from
the Reference case. In the latter, GDP grows from $11 trillion in 2005 to $20.2 trillion in
2030, an overall growth of 84 percent, and an average annual growth rate of 2.47 percent
(in 2000 dollars).
Under the Blueprint, GDP grows from $11 trillion in 2005 to $19.9 trillion in 2030, an
overall growth of 81 percent and an average annual growth rate of 2.41 percent. In the
Blueprint case, GDP in 2030 is less than 1.5 percent below that in the Reference case—
equivalent to only 10months of economic growth over a 25-year period. 80 This shows that
the nation can implement effective policies to tackle global warming without harming
economic growth.
The Blueprint also shows practically the same employment trends as the Reference case.
In fact, nonfarm employment is slightly higher under the Blueprint than in the Reference
case (170 million jobs versus 169.4 million in 2030).
80

This means that, under the Blueprint, the economy reaches the same level of economic growth in October
2030 as the Reference case reaches in January 2030.
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Many other studies have also shown that the effects of such policies on the economy are
small (see Keohane and Goldmark 2008 for a summary). And small differences are
swamped by the uncertainty inherent in predicting GDP as far out as 2030. As Keohane
and Goldmark point out, predictions from different models of GDP in 2030 can differ by
as much as 10 percent.
Meanwhile the 2006 Stern Review of the Economics of Climate Change found that the
costs of unchecked global warming could range from 5 to 20 percent of worldwide GDP,
depending on the severity of climate change, by the end of this century (Stern 2006).
What’s more, the NEMS model itself has serious limitations in its ability to account for
the impact of Blueprint policies on GDP. For example, it is unable to fully consider the
positive effects on GDP from investments in the energy and transportation sectors that
enable consumers and businesses to save money on energy bills and spend it more
productively. The model also does not include the effects on GDP of unchecked global
warming in the Reference case.
7.2.5. Significant Reductions in Energy Use under the Blueprint
Under the Blueprint, total energy use is one-third (39 quadrillion BTUs) lower than under
the Reference case by 2030, and 23 percent below 2005 levels, because of a significant
increase in energy efficiency in all sectors and with all fuels, as well as cuts in car and
truck travel (see Table 7.2). Use of non-hydro renewable energy is 25 percent higher
than in the Reference case by 2030, with that sector’s share of total energy use rising to
21 percent by 2030, after accounting for improvements in energy efficiency.
Greater energy efficiency and use of renewable energy reduce coal use by 85 percent by
2030 compared with the Reference case, with most of the cuts coming from the
electricity sector. However, the Blueprint does show a modest increase in the use of
advanced coal plants with carbon capture and storage before 2030 compared with the
Reference case. That technology could play a more significant role if its cost declines
faster than the Blueprint assumes, or if the nation does not pursue energy efficiency and
renewable energy as aggressively.
Natural gas use is more than one-third lower in 2030 under the Blueprint compared with
the Reference case, primarily because of energy efficiency improvements in industry and
buildings, and more modest use of natural gas in power plants. Oil use is about 24 percent
lower in 2030, with most of the reduction occurring in transportation and industry. The
use of nuclear and hydropower, which do not produce carbon emissions directly, is
similar to that in the Reference case.
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Table 7.2. Comparison of U.S. Energy Use
(Blueprint Case vs. Reference Case, in quadrillion Btu)
2005

2020
Reference
Case

Fuel

2030
Climate
2030
Blueprint

Reference
Case

Climate
2030
Blueprint

Petroleum
40.1
37.9
33.4
38.1
28.8
Natural Gas
22.6
23.8
18.5
23.6
15.7
Coal
22.8
25.2
15.1
29.3
4.5
Nuclear Power
8.2
8.8
8.8
8.6
8.5
Hydropower
2.7
3.1
3.1
3.2
3.2
Other Renewables1
3.5
9.1
10.7
13.0
16.2
Other2
0.2
0.2
0.2
0.3
0.3
Total
100.1
108.0
89.8
115.9
77.2
Energy Savings
vs. Reference case
17%
33%
vs. 2005
10%
23%
1
“Other renewables” include grid-connected electricity from landfill gas, biogenic municipal waste,
biomass, wind, geothermal, and solar photovoltaic and thermal sources; and non-electric energy from
biofuels and active and passive solar systems. These values exclude imported electricity generated from
renewable sources and nonmarketed renewable energy.
2“
Other” includes non-biogenic municipal waste and net electricity imports.

7.2.6. Curbing Our Oil Addiction under the Blueprint
The Blueprint reduces demand for oil and other petroleum products in 2030 by about 6
million barrels per day—or 30 percent—compared with 2005 (see Figure 7.5). That drops
imports to less than 45 percent of U.S. demand for petroleum, compared with more than
60 percent in 2005.
Figure 7.5. Demand for Petroleum Products
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Because the United States is the world’s largest petroleum consumer, cutting U.S.
demand by 30 percent helps hold oil prices to $80–88 per barrel from 2020 to 2030—
about $10 per barrel below Reference case projections. As a result of lower oil prices and
reduced demand, the United States spends about $550 million per day on oil imports in
2030—about $450 million less than in the Reference case.
Those savings could end up higher or lower depending on a variety of factors not
included in the NEMS-UCS model. If political instability rises, or if world demand
exceeds supply, the resulting spikes in oil prices could mean dramatically higher savings
under the Blueprint. In fact, reduced demand for oil is an insurance policy against exactly
that scenario. If OPEC nations respond by reducing supply to drive up prices and thus
siphon off some of our savings, the U.S. economy will be much more resilient in the face
of such tactics.
7.2.7. Economywide Growth in the Use of Bioenergy under the Blueprint
Use of bioenergy is projected to more than triple by 2030 under the Blueprint. That
increase is driven first by the production and use of biofuels in the transportation sector,
and second by the use of biomass to generate electricity. Bioenergy use in the industry
and buildings sectors does not change significantly in the Blueprint case (see Figure 7.6).
While significant, the growth in biofuel use is almost the same as that in the Reference
case, because most of that use stems from the national renewable fuel standard included
in the 2007 Energy Independence and Security Act. By 2030, nearly two-thirds of the
U.S. supply of bioenergy is used for biofuels.
As a result, total bioenergy use in the Blueprint case is only 16 percent higher by 2020,
and 3 percent higher by 2030, than in the Reference case. Almost all this increase occurs
in the electricity sector, from burning biomass with coal in existing coal plants over the
near- and medium-term, and using biomass in dedicated biomass power plants over the
longer term, to help meet the national renewable electricity standard.
Increases in bioenergy use under the Blueprint are modest, because we assumed limits on
the amount of cellulosic crops grown for energy use, to minimize direct and indirect
carbon emissions. These limits, and significant increases in demand for biofuels, mean
that nearly all cellulosic crops and agricultural residues are used for transportation fuels
by 2030 in the Reference case.
Growth in the use of bioenergy is also limited by the assumption in UCS-NEMS that use
of forest, mill, and urban residues is restricted to the electricity sector. Finally, the use of
corn for biofuels dropped under the Blueprint because that use does not reduce carbon
emissions compared with gasoline. These factors limit the ability of the transportation
sector to meet an even more stringent low-carbon fuel standard, which would have driven
up the use of biofuels.
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Figure 7.6. Bioenergy Use
(Blueprint Case vs. Reference Case)
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Note: Biofuels heat and coproducts represent the biomass energy that is left over from the process of
turning that biomass into biofuels for the transportation sector. This energy ends up as useful heat,
electricity, or animal feed.

7.3 Detailed Results: The Blueprint Cap-and-Trade Program
The cap-and-trade program modeled as part of our Blueprint policies helps deliver the
necessary level of cuts in global warming emissions. The next sections explore major
findings related to key aspects of this program (described in Chapter 3).
7.3.1. Prices of Carbon Allowances and the Resulting Revenues
The comprehensive policy approach in the Blueprint has a moderating effect on the
prices of carbon allowances. These prices range from $18/ton in 2011 (the year the
program starts) to $34/ton in 2020 to $70/ton in 2030 (all figures in 2006 dollars) (see
figure 7.9).
Those prices are well within the range that other analyses find, despite our stricter cap on
economywide emissions. In addition, the Blueprint achieves much larger cuts in carbon
emissions within the capped sectors because of the tighter limits that we set on offsets,
and because of our more realistic assumptions about the cost-effectiveness of investments
in energy efficiency and renewable energy technologies.
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Under the Blueprint case, the revenues raised from auctioning 100 percent of allowances
to emit carbon are significant, amounting to a cumulative total of $1.3 trillion by 2030 (in
2006 dollars, discounted at a 7 percent rate). Annual revenues range from $116 billion in
2011—the year the cap-and-trade program goes into effect—to $181 billion in 2020, and
to $219 billion in 2030 (all figures in 2006 dollars).
We assumed that the government recycles these revenues directly back into the economy,
so they represent a transfer payment rather than an actual cost of this policy. However,
because of limitation in the UCS-NEMS model, we could not model a targeted way of
recycling the revenues to specific purposes. We could model only recycling revenues in a
general way to consumers and businesses.
The preferred approach would be to target revenues toward investments in energy
efficiency, low-carbon technologies, and protection of tropical forests, as well as
transition assistance to consumers, workers, and businesses to help them make the shift to
a clean energy economy. Those uses would reduce carbon emissions and create
additional economic benefits, such as savings on energy bills.
7.3.2. Banking and Withdrawing
We allowed companies subject to the cap-and-trade program to engage in unrestricted
banking and withdrawing of carbon allowances, and assumed a final bank balance of zero
in 2030. This is a flexibility mechanism that allows firms to choose a cost-effective path
to cutting their emissions, and that reduces the volatility of the price of carbon
allowances.
Our results show that the most cost-effective path to meeting the emissions cap is one in
which firms overcomply with the cap requirements and accumulate banked allowances
until 2024. That result is typical in modeling cap-and-trade programs. For example, the
Energy Information Agency’s modeling of the Lieberman-Warner Climate Security Act
of 2008 also showed a similar build-up of banked allowances (EIA 2008). 81 We also find
that firms run down the allowance bank to zero in 2030, a result driven by our
assumption of a zero terminal bank balance.
As a result of this banking and withdrawing, the actual trajectory of carbon emissions
under the model diverges from the trajectory set in the cap. For example, in 2020 U.S.
heat-trapping emissions are 30 percent below 2005 levels—higher than the 26 percent
required by the cap. In 2030 they are 44 percent below 2005 levels: lower than the 56
percent required by the cap. However, cumulative emissions—the critical metric—are the
same under both trajectories (see Figure 7.7).

81

In fact, in that case, because the modeling imposed a positive final bank balance of 5 billion metric tons,
the results show banking through 2030.

Climate 2030 Blueprint, Union of Concerned Scientists

144

Figure 7.7. Actual Emissions Compared to Cap Emissions
(Blueprint Results vs. Model Input, 2000-2030)
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The bar graph shows two scenarios for cumulative emissions from 2000-2030. Although each scenario takes a
slightly different path, the end point in 2030 is the same. The bottom bar in the graph corresponds to the cumulative
emissions set under the cap, while the top is the actual cumulative emissions that emerged from our modeling
results. From 2000-2010, before the start of the Blueprint cap-and-trade program, the cumulative emissions are the
same in both cases. After 2010 the two trajectories diverge (actual cumulative emissions are lower than those
required by the cap in the first three periods, and higher in the final period). What's important for the climate is that
the U.S. stays within the emissions limits set by the cap-and-trade program.

7.3.3. Prices of Carbon Offsets
High-quality carbon offsets—if limited—can play an important role in a cap-and-trade
program (see Chapter 3). Our results show that in the early years of the Blueprint capand-trade program, many cost-effective opportunities for cutting emissions are available
within the capped sectors, so firms do not need to use the full amount of offsets available
to them.
The limit on domestic offsets that we modeled—amounting to 10 percent of the cap on
global warming emissions—becomes binding starting in 2020. Until that year, the price
of domestic offsets is the same as the price of carbon allowances (for example, $18 per
ton of carbon in 2011, and $34 per ton in 2020). After that point, the price of offsets
drops below the price of carbon allowances, because offset providers now have to
compete with each other to meet the limited demand. The price of domestic offsets drops
to $26 per ton in 2025, and $18 per ton in 2030 (see Figure 7.8).
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International offsets are available at a significantly lower price than that of carbon
allowances and domestic offsets, based on our supply curve assumptions (see Appendix
B). The price of these offsets ranges from $10 per ton in 2011 to about $2 per ton in
2020, and to just more than $1/ton in 2030. Our limit on international offsets—amounting
to 5 percent of the cap on emissions—becomes binding as soon as the cap-and-trade
program begins.
Limits on offsets help ensure that the capped sectors make the needed long-term
investments to reduce carbon emissions.
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Figure 7.8. Prices of Carbon Allowances and Offsets under the Climate 2030
Blueprint
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The domestic offsets we modeled are based on activities that increase carbon storage in
agriculture and forests, such as changes in tillage practices, afforestation, and better forest
management. 82 Because of scientific uncertainties in measuring emissions from these
sectors, it is hard to cap the sectors directly, though they can be included in a cap-andtrade program as a (bounded) source of offsets. Forests and agriculture have a significant
potential to contribute to U.S. global warming solutions, which specific (non-offset)
policies targeting these sectors could encourage (see “Cultivating a Cooler Climate:
Solutions That Tap Our Forests and Farmland”).
Carbon storage in forests and soils is also subject to saturation or even reversal, so we
cannot count on such offsets as a permanent solution to global warming. Eventually,
forests and soils will stop absorbing carbon, and could even turn into net sources of
carbon emissions. 83
The international offsets we modeled are based primarily on reduced emissions stemming
from avoided tropical deforestation. 84
82

We used the supply curves for domestic offsets based on carbon sequestration in agriculture and forests
embedded in the NEMS model. These, in turn, are based on information from the Environmental Protection
Agency, derived from the FASOMGHG model (see Section 7.7.2). Although we have concerns about the
criteria used to construct these supply curves, we were unable to find enough robust data to construct
different ones.
83
Without policy intervention, many forests are poised to release carbon now, given droughts, fires, and
pest outbreaks associated with global warming, as well as poor management practices.
84
For 2011 to 2015, we used the international offsets supply curve developed by the EIA for NEMS,
which is based on data from the EPA (see note 9). For 2015 to 2030, we used a supply curve based solely
on offsets from avoided tropical deforestation, developed by UCS analysts (see Appendix B for more
details).
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7.4 Detailed Results: The Electricity Sector
7.4.1. Reference Case: Carbon Emissions from Power Plants Grow
Under the Reference case, carbon emissions from power plants continue to rise over time,
as fossil fuel use increases to help meet growth in electricity demand (see Figure 7.9). By
2030, CO2 emissions from power plants grow by nearly 14 percent over 2005 levels. The
Reference case projects that U.S. electricity use will grow 25 percent from 2005 to 2030,
because technologies and practices to encourage energy efficiency will be underused.
Figure 7.9. Carbon Dioxide Emissions from Power Plants
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Nearly all the increase in carbon emissions from power plants in the Reference case is
due to expanded use of coal to produce electricity, which remains the dominant fuel for
that use. Coal-based electricity grows by 29 percent by 2030, as the nation builds 61
gigawatts of new capacity—the equivalent of more than 100 new 600-megawatt coal
plants. That is considerably lower than the Energy Information Agency’s projection in
2008 that the nation will have 104 gigawatts of new coal capacity by 2030. However, it is
about one-third higher than the agency’s projection in 2009 that the nation will have 46
gigawatts of new capacity by 2030 (EIA 2008a; 2009).
Electricity produced from natural gas, nuclear, and combined-heat-and-power (CHP)
plants all remain relatively unchanged in the Reference case (see Figure 7.10). While the
nation adds 87 gigawatts of new natural gas capacity by 2030, most of these plants
displace older, less efficient natural gas plants, or produce electricity only during periods
of high demand. And while loan guarantees and tax credits available under current law
spur construction of 4.4 gigawatts of new nuclear capacity (four new plants), this replaces
a similar amount of nuclear capacity that will go out of service when the 20-year license
extensions of today’s plants expire.
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Figure 7.10. Sources of Electricity
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Electricity from renewable resources, including wind, solar, geothermal, and biomass,
expands from 3 percent of total demand in 2008 to about 10 percent in 2030 in the
Reference case. That increase in market share is due largely to state renewable electricity
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standards, federal tax credits, and an increase in combined heat and power from new
biofuel plants built under the federal renewable fuel standard (see Section 7.6). Most of
the increase in renewable electricity comes from wind and bioenergy, followed by
geothermal and distributed solar photovoltaics (PV). Hydroelectric power remains
relatively unchanged, providing 6 percent of U.S. electricity by 2030.
7.4.2. Blueprint Case: Dramatic Cuts in Power Plant Emissions
Under the Blueprint, the electricity sector makes the biggest contribution to reducing U.S.
global warming emissions, providing 57 percent of all cuts in 2030, compared with the
Reference case. Carbon emissions from power plants are 41 percent below 2005 levels by
2020, and 84 percent below 2005 levels by 2030. Sulfur dioxide (SO2), nitrogen oxide
(NOx), and mercury emissions from power plants are also significantly lower under the
Blueprint, which would improve air and water quality and thus provide important public
health benefits.
Most of the cuts in emissions in the electricity sector occur from replacing coal plants
with efficiency, combined heat and power, and renewable energy under the Blueprint (see
Figure 7.10). By 2030, energy efficiency measures—such as advanced buildings and
industrial processes, and high-efficiency appliances, lighting, and motors—reduce
demand for electricity 35 percent below the Reference case. CHP based on natural gas in
the industrial and commercial sectors is nearly 3.5 times higher than today’s levels,
providing 16 percent of U.S. electricity by 2030. Largely because of the national
renewable electricity standard, wind, solar, geothermal, and bioenergy provide 40 percent
of the nation’s electricity use by 2030, after accounting for the drop in demand stemming
from energy efficiency and CHP.
The increase in energy efficiency, CHP, and renewable energy spurred by the Blueprint
policies—combined with a cap-and-trade program that requires owners of fossil fuel
plants to buy allowances to emit carbon—significantly reduces coal-based power by
2030. Owners of many existing coal plants opt to co-fire biomass with coal, to reduce
their emissions in the early years. A few existing coal plants are also replaced with
advanced coal plants with carbon capture and storage. If the cost of this technology
declines faster than the Blueprint assumes—or if the nation does not deploy energy
efficiency measures and renewable energy as extensively—coal generation would not
decline as much as Figure 7.10 shows, and coal-burning power plants would emit fewer
carbon emissions.
Coal use in power plants declines from more than 1 billion tons in 2005 to 137 million
tons in 2030 under the Blueprint, compared with an increase to more than 1.2 billion tons
in the Reference case. The Blueprint displaces more than 11 billion tons of coal use in
power plants through 2030, producing important environmental and public health
benefits (see Box 7.3).
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Box 7.3 Public Health and Environmental Benefits of
Reduced Coal Use
Cumulatively, the Blueprint displaces the need for more than 11
billion tons of coal for power plants by 2030 compared to the
Reference case. Displacing that much coal would provide
environmental and public health benefits roughly equivalent to:
•
•
•
•
•
•
•
•
•

280,000 premature deaths avoided
140,000 hospital admissions avoided
440,000 heart attacks avoided
6,400,000 asthma attacks avoided
1.1 million pounds of toxic mercury pollution avoided
12,600 square miles of surface mining avoided
130 square miles of Appalachian ridgeline saved
350 square miles of mountaintop removal mining avoided
5.6 billion gallons of mining slurry ponds avoided, equal
to the volume of 520 Exxon Valdez spills

See Appendix D for assumptions and sources.

The Blueprint policies do not spur a widespread switch to natural gas from coal to
produce electricity, as other studies have projected. In fact, the amount of electricity from
stand-alone power plants burning natural gas is nearly one-third lower under the
Blueprint than in the Reference case by 2030. However, an increase in electricity
production from CHP based on natural gas in the commercial and industrial sectors more
than offsets this drop. Electricity producers use less natural gas under the Blueprint
because CHP plants use more waste heat than stand-alone power plants, and are therefore
much more efficient.
Under the Blueprint, new advanced (integrated gasification combined-cycle) coal plants
with carbon capture and storage (CCS), and advanced nuclear power plants, play a very
limited role before 2030, as these technologies are not economically competitive with
other options during that timeframe. The Blueprint includes 7 gigawatts of capacity from
new advanced coal plants with carbon capture and storage, including 4.8 gigawatts from
eight large-scale plants built as a result of our recommended CCS demonstration
program. The model also adds nearly 3 gigawatts of new natural gas capacity with CCS
by 2030.
The model does not add any advanced nuclear plants by 2030 beyond the 4.4 gigawatts of
new capacity added in the Reference case. However, almost all existing nuclear plants
continue to operate, because they do not emit carbon, and their owners therefore do not
have to purchase carbon allowances.
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7.4.3. Blueprint Case: Renewable Energy Diversifies the Electricity Mix
Because of the national renewable electricity standard (RES) in the Blueprint, power
producers generate almost twice as much electricity from wind, solar, geothermal, and
biomass as in the Reference case by 2030, using a more diverse mix of technologies (see
Figure 7.11). Wind power makes the largest contribution, providing nearly half of all
renewable electricity by 2030. While most of this wind power is land-based, the model
projects that developers will build a small amount of offshore wind near the end of the
period.
Biomass also makes a significant contribution. In the near-term, most biomass is co-fired
with coal in existing coal plants. With a price on carbon emissions under a cap-and-trade
program, cofiring becomes an attractive strategy enabling owners of coal plants to meet
near-term targets for cutting emissions. After 2020 cofiring declines, as owners retire
coal plants, and most biomass is used to produce biofuels in plants with CHP, and to
produce electricity in advanced biomass gasification plants.
Figure 7.11. Blueprint Renewable Electricity Mix (2030)
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Solar photovoltaics (PV) and concentrating solar thermal plants that can store electricity
also expand significantly under the national RES, combined with the national solar
investment tax credit, solar requirements in state RES policies, and other state policies in
the Reference case. Together these policies spur deployment of solar, owing partly to
greater economies of scale in manufacturing, constructing, operating, and maintaining it,
making it competitive with other renewable energy technologies over time.
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By 2030 the amount of variable power from wind and PV rises to 20 percent of the U.S.
electricity supply, after accounting for the drop in demand from energy efficiency and
CHP. Several studies by U.S. and European utilities have found that wind power can
provide as much as 25 percent of annual electricity needs without undermining reliability,
and that the cost to integrate that power into the electricity grid would be modest
(Holttinen et al. 2007). A 2008 study from the U.S. Department of Energy (DOE) found
that wind power could provide 20 percent of U.S. electricity by 2030, with no adverse
impacts on the reliability of the electricity supply or any need to store power. That study
found that wind power would cost the average household an extra 50 cents per month—
not including federal incentives or any value for reducing carbon emissions (EERE
2008).
While electricity from geothermal power plants more than triples from today’s levels by
2030, virtually all this increase occurs in the Reference case in response to existing state
and federal policies. The vast majority of this development is new hydrothermal projects
in the western United States. While geothermal makes an important contribution to
electricity needs in that region, it makes a fairly modest contribution at the national level,
because very little development of enhanced geothermal systems (EGS) is projected to
occur before 2030. However, EGS has the potential to make a large contribution to
reducing emissions after 2030, or if its cost declines faster than our analysis assumes.
Electricity produced from landfill gas and incremental hydro (reflecting greater efficiency
and expansion at existing plants) also makes a modest contribution to the national RES,
given limited potential for these resources.
The reductions in electricity from coal and other fossil fuels resulting from greater energy
efficiency and reliance on renewable energy will save significant amounts of water (see
Table 7.3). In 2030 the nation would see a net drop in water use of more than 1 trillion
gallons—equivalent to today’s annual water use by 32 million people, or nearly three
times the volume of Lake Erie. Cumulative water savings between 2010 and 2030 would
reach nearly 12 trillion gallons. Reductions in water use at coal and other fossil fuel
plants would offset modest increases in water use at bioenergy and concentrating solar
thermal plants. Those water savings will be important in regions such as the West and
the Southeast, where water shortages and drought will become more severe with global
warming.
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Table 7.3. Water Savings from Electricity Generation (2030)1
(Blueprint Case vs. Reference Case)
Billion
Gallons
Water Savings
Coal
1,210
Natural Gas
81
Oil
29
Subtotal
1,320
Increased Water Use
Bioenergy2
Concentrating Solar Thermal3
Subtotal
Net Water Savings

43
7–64
50–107
1,183–1,241

1

Reductions in water consumption are based on a drop in electricity produced from fossil fuel and an
increase in renewable generation under the Blueprint. See Appendix D for assumptions and sources.
2
This includes only water used at the power plant. Biomass residues require no additional water. The
amount of water used to grow energy crops (mainly switchgrass) is negligible, as we assumed that energy
crops would grow on land that does not need irrigation.
3
The range represents the use of dry cooling versus wet cooling. Dry cooling is more common in the
Southwest, where the vast majority of concentrating solar plants will be located.

7.4.4. Blueprint Case: Significant Savings on Electricity Bills
Under the Blueprint, consumers and businesses in all sectors of the economy would see
lower electricity bills compared with the Reference case. Annual savings would top $82
billion in 2020, and grow to $175 billion in 2030. Those savings would be offset
somewhat by the cost of investments in energy efficiency and combined heat and
power. 85 However, electricity customers would still see a net annual savings of $49
billion in 2020, and $118 billion in 2030. And the average household would see net
annual savings of more than $110 in 2020, rising to $250 in 2030.
Under the Blueprint, average electricity prices are nearly 8 percent higher than in the
Reference case by 2020, and 17 percent higher by 2030. Those price increases mainly
reflect the cost of carbon allowances, which raise the cost of burning coal and natural gas
to produce electricity, and the cost of replacing existing coal and natural gas plants with
new renewable energy facilities and coal CCS projects from our demonstration program.
However, while electricity prices are slightly higher under the Blueprint, consumers still
save money on their energy bills because of reductions in electricity use from energy
efficiency measures.

85

Electricity prices and consumer bills already reflect the additional costs of investments in new renewable
energy, fossil fuel, and nuclear facilities for generating electricity.
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7.5

Detailed Results: Industry and Buildings

7.5.1. Reference Case: Emissions Rise as Homes and Businesses Use More Energy
Buildings now account for 40 percent of U.S. primary energy use, while industry
accounts for nearly one-third. 86 Under the Reference case, primary energy use rises by
22 percent in residential and commercial buildings, and 10 percent in industry, from 2005
to 2030, because measures to boost energy efficiency are underused.
Almost all the increase in primary energy use in buildings results from more electricity
use, noted above. The use of natural gas increases slightly and the use of oil declines
slightly over time, primarily because oil prices rise faster than natural gas prices. In
industry, the increase in energy use is due mostly to an increase in the production of
liquid coal and biofuels.
Growing use of fossil fuels in these sectors, combined with more electricity use in
buildings, means that carbon emissions from buildings rise 17 percent above 2005 levels
by 2030, while those from industry rise 7 percent.
7.5.2. Blueprint Case: Efficiency Greatly Reduces Energy Use
Under the Blueprint, industry and buildings are responsible for 9 percent of all reductions
in global warming emissions from direct fuel use. Efforts by industry and building
owners to increase efficiency, CHP, and renewable energy also drive a significant portion
of the reductions in emissions from the electricity sector noted above. If we assign those
cuts to industry and buildings, their share of total reductions in global warming emissions
would rise to 18 percent for industry and 48 percent for buildings.
Energy use in industry and buildings is dramatically lower under the Blueprint because
the suite of standards, incentives, and other policies spurs greater energy efficiency and
use of combined heat and power. Primary energy use in industry is 37 percent lower by
2030 under the Blueprint compared with the Reference case. That includes a 69 percent
reduction in fuel used to generate electricity, a 63 percent reduction in coal use, a 23
percent reduction in oil use, and a 19 percent reduction in natural gas use.
Primary energy use in buildings is 40 percent lower by 2030 compared with the
Reference case. That includes a 40 percent reduction in the use of fuel to generate
electricity, a 31 percent reduction in the use of natural gas, and a 35 percent reduction in
the use of oil.
The reduction in natural gas use from energy efficiency measures is offset somewhat by
an increase in natural gas use for CHP in the commercial and industrial sectors.
However, the increase in CHP from natural gas reduces the need to purchase electricity
from centralized power plants. Such plants are considerably less efficient because they
86

Primary energy use includes direct fuel use by homes and businesses for heating, cooling, and other
needs, as well as indirect fuel use for generating electricity, which is allocated to each sector based on its
share of electricity demand.
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typically do not use their waste heat, and because electricity is lost when transported from
the power plant to the user. Therefore replacing these plants with CHP based on natural
gas spurs a net drop in the use of natural gas and in carbon emissions.
7.5.3. Blueprint Case: Lower Energy Bills for Homes and Businesses
Under the Blueprint, the industry and buildings sectors would see lower energy bills
compared with the Reference case. In 2030, total annual savings on energy (including
the use of electricity, natural gas, oil, and coal) would reach nearly $243 billion. That
figure includes $77 billion in the residential sector (or $550 per household), $87 billion in
the commercial sector, and $79 billion in the industrial sector.
The cost of investing in energy efficiency measures would offset these savings
somewhat. However, net annual savings would reach $136 billion in 2030, including $45
billion in the residential sector ($320 per household), $45 billion in the commercial
sector, and $46 billion in the industrial sector.

7.6

Detailed Results: Transportation

7.6.1. Reference Case: Carbon Emissions Climb Despite EISA
Our Reference case shows that carbon emissions from the transportation sector will grow
by 12 percent between 2005 and 2030 (see Figure 7.12). Emissions are almost flat during
the first two decades, growing only 2 percent between 2005 and 2022. This is due largely
to the 2007 Energy Independence and Security Act (EISA), which requires cuts in carbon
emissions from the production of most biofuels through 2022, and better fuel economy
for cars and light-duty trucks through 2020. Once these policies stall out, however,
carbon emissions in the transportation sector begin to grow at near historic rates.
Figure 7.12. Transportation Carbon Emissions
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Fuel economy for light-duty vehicles remained essentially stagnant from 1985 to 2005, as
the auto industry successfully fought back attempts to require improvements in that
metric. EISA pushes the fuel economy of cars and light-duty trucks from about 25 miles
per gallon in 2005 to more than 35 mpg in 2030. However, that falls short of the
doubling in the fuel economy of new vehicles that existing technology could deliver.
EISA also does not set specific efficiency targets for any other part of the transportation
sector. 87
EISA will help increase the share of low-carbon biofuels from just 0.1 percent of
transportation fuel in 2005 to 9 percent by 2030. This significant increase highlights the
importance of the requirement under the renewable fuel standard in EISA that limits
carbon emissions from most biofuels. That requirement will bring low-carbon cellulosebased biofuels to scale, where they could become cost-competitive with petroleum.
Without EISA, we estimate that carbon emissions from the transportation sector would
increase by about 30 percent instead of just 12 percent by 2030. 88 However, a
transportation sector that simply runs in place on carbon emissions for a little over 10
years and then begins to increase again is not good enough. To actually cut carbon
emissions compared with those in 2005, we need to go beyond the first step taken by
EISA.

87

EISA does require fuel-economy standards for medium- and heavy-duty trucks, but sets no specific
minimum. EISA does not address fuel economy standards for planes, trains, off-road vehicles, or ships.
88
We estimate that EISA would reduce projected emissions by 350–450 MMTCO2 in 2030. If automakers
met the minimum EISA requirement of 35 mpg by 2020, emissions from transportation would decline by
250–300 MMTCO2 in 2030. Wider use of low-carbon fuel under EISA is projected to save 100–150
MMTCO2 in 2030.
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Even though the Reference case includes EISA, Blueprint policies will have to overcome
the fact that emissions from cars and light-duty trucks drop only slightly in 2030 in the
Reference case, while those from freight trucks and buses grow by nearly 40 percent, and
those from airplanes rise by more than two-thirds (see Figure 7.13).
Figure 7.13. Changes in Transportation Carbon Emissions (Reference Case)
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7.6.2. Blueprint Case: Driving Significant Cuts in Carbon Emissions
Blueprint policies for the transportation sector represent the essential next step after
EISA. These aggressive but achievable policies address the three legs of the
transportation stool: vehicles, fuels, and miles traveled for cars and light-, medium-, and
heavy-duty trucks. When we add our Blueprint policies to the progress that occurs under
EISA, the transportation sector can deliver a 19 percent reduction in carbon emissions in
2030 compared with 2005 (see Figure 7.12 and Figure 7.14).
Figure 7.14. Transportation Carbon Emissions (2030)
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In 2030 the Blueprint delivers a
19 percent reduction in carbon
emissions from the transportation
sector compared with 2005. Under
the Reference case, carbon
emissions grow by 11 percent
from 2005 to 2030. Had the 2007
Energy Independence and
Security Act (EISA) not passed in
2007, transportation carbon
emissions would have risen by
about 30 percent.
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That 19 percent drop stems from a cut in carbon emissions from transportation of more
than 660 million metric tons in 2030—about 16 percent of the carbon emissions saved
that year. If we include the cuts in emissions spurred by EISA, transportation’s
contribution to total reductions in 2030 rises to more than 1 billion metric tons—or 24
percent of the reductions that year.
7.6.3. Blueprint Case: Greater U.S. Energy Security
The Blueprint delivers more than cuts in carbon emissions: it also improves energy
security by reducing U.S. demand for oil, making our economy less vulnerable to oil
price shocks. While EISA keeps the amount of oil used for transportation from growing
under the Reference case, Blueprint policies cut transportation’s demand for oil and other
petroleum products by 23 percent in 2030 compared with 2005.
Transportation provides more than half (53 percent) of the cuts in petroleum use achieved
under the Blueprint. That represents savings of 3.2 million barrels per day in 2030, on top
of the more than 3 million barrels of oil saved through EISA alone.
7.6.4. Blueprint Case: Saving Consumers and Businesses Money
By cutting fuel use through energy efficiency and reduced travel, and shifting
transportation to cost-competitive, low-carbon fuels, Blueprint policies actually save
consumers and businesses money while delivering cuts in carbon emissions. Through
2030, consumers and businesses will see their net annual expenditures on
transportation—including the costs of fuel and vehicles—drop by about $120 billion
compared with the Reference case (see Table 7.4). Of that savings, more than twothirds—$81 billion—will end up in the hands of consumers in 2030, while businesses
that rely on transportation will save $38 billion.
In other words, annual savings from the Blueprint transportation policies in 2030 not only
cover the $53 billion cost of more efficient vehicles, better fuels, and new transportation
alternatives, but they reward consumers and businesses who help cut carbon emissions.
Table 7.4. Annual Consumer and Business Savings from Transportation
(in billions of 2006 dollars)
Fuel Cost Savings
Costs of More Efficient Vehicles and
Reduction in Vehicle Miles Traveled
Net Consumer and Business Savings

2020

2030

$41

$172

-$16

-$53

$25

$119

Under the Blueprint, the average household will save $580 per year by 2030 on annual
transportation costs versus the Reference case—and the average new vehicle will already
get 35 miles per gallon in that baseline case. What’s more, that figure excludes the
potential for every vehicle owner to save as much as $150 per year on insurance costs
owing to reduced driving (Bordoff and Noel 2008).
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In earlier years, Blueprint policies ask consumers to invest in new technologies, such as
better engines and transmissions and GPS monitoring systems, which will also enable
pay-as-you-drive insurance. However, those technologies more than pay for
themselves. 89 And total household savings would be even larger if they included the
effects of recycling revenue from allowance auctions. For example, government could
return such revenues as tax credits to consumers who purchase of cleaner vehicles and
fuels, or through other policies.
7.6.5. Blueprint Case: Keeping Gasoline Prices Down
Despite carbon allowances that cost as much as $70 per ton, gasoline prices rise only
$0.10 per gallon under the Blueprint through 2020 compared with the Reference case,
and no more than $0.24 from 2020 to 2030. Consumers pay up to $0.55 per gallon to
cover the costs of carbon allowance passed on by oil companies. However, wholesale
gasoline prices are $0.15-$0.40 per gallon below those of the Reference case from 2020
to 2030, owing to lower U.S. demand for oil and gasoline.
Those results contrast sharply with claims that a cap-and-trade program will significantly
drive up fuel prices. The results point instead to changes in gasoline prices that are
similar to or even lower than price spikes that have occurred within a few months or even
weeks during the last few years. Including transportation in a cap-and-trade program will
not significantly drive up prices for fuels compared with the Reference case because
Blueprint policies help drive down the price of oil. 90
The one ironic impact of low gasoline prices is that they mute the ability of a cap-andtrade program to encourage consumers to purchase cleaner vehicles with better fuel
economy, or to shift to other travel modes. Lower gas prices could therefore be seen as
opening the door to more driving and urban sprawl. However, the Blueprint includes
other policies that directly address those challenges, from limits on emissions from
vehicles to per-mile driving fees, and those policies therefore deliver even more costeffective cuts in carbon emissions (see Chapter 6).
7.6.6. Blueprint Case: Highway Vehicles Do the Heavy Lifting
The major Blueprint policies related to transportation focus on highway vehicles (cars,
light-duty trucks, freight trucks, and buses). As a result, those vehicles deliver the
majority of cuts in carbon emissions from transportation compared with the Reference
case (see Figure 7.12).
Significant improvements in efficiency, cleaner fuels, and alternatives to today’s travel
patterns under the Blueprint allow cuts in carbon emissions from cars and light-duty
trucks of nearly 40 percent in 2030 versus 2005 (see Figure 7.15). That represents a
significant improvement over the Reference case reduction of only 5 percent.
89

These values assume that consumers pay the full incremental price of technologies the first year. Typical
consumers will lease or obtain a loan on their vehicle, which would lower their costs in the early years.
90
As with all savings on the cost of oil in this analysis, NEMS does not account for instability in the oil
market, which could cause price spikes. The model also does not account for potential attempts by OPEC to
reduce the oil supply and drive up prices in response to other nations’ attempts to lower demand.
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Trucks and buses face an even bigger task: under the Reference case their emissions rise
nearly 40 percent. Under the Blueprint, their emissions remain flat despite the fact that
the U.S. economy grows more than 80 percent.
Figure 7.15. Changes in Transportation Carbon Emissions
(Blueprint Case vs. Reference Case)
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7.6.7. Blueprint Case: Carbon Emissions from Air Travel Continue to Climb
Aircraft are the worst performer under the Blueprint, with their carbon emissions
climbing more than 50 percent by 2030. The main Blueprint policy that affects the airline
industry is the cap-and-trade system, as it puts a price on carbon emissions. Ironically, the
overall success of the Blueprint policies keeps the resulting impact small: jet fuel prices
are only 5–10 percent higher as a result of the cap, and do not really affect the use of air
travel compared with the near doubling of jet fuel prices from 2005 to 2030 in the
Reference case.
To reduce carbon emissions from air travel, our analysis includes only options for
improving aircraft efficiency. Including other options could lead to greater reductions.
For example, logistics changes—such as better routing to shorten flight distances, better
scheduling to reduce congestion, and an update of the hub-and-spoke network, which
relies on indirect stopovers and therefore increases fuel use—could have an impact.
High-speed electric rail can replace air travel between major commuting hubs,
particularly in coastal regions and between major cities in America’s heartland. However,
large-scale investments in high-speed rail would have to accelerate significantly to affect
global warming emissions by 2030. California will likely be the first state to build a highspeed electric rail system.
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7.6.8. Blueprint Case: Low-Carbon Fuels Are on the Rise
Low-carbon biofuels and renewable electricity play important roles in our transportation
Blueprint. Use of those fuels will rise to about 3.5 quadrillion BTUs by 2030—or about
14 percent of all transportation fuel, and 20 percent of all highway fuel (see Figure 7.16).
Much of this progress will occur because of the low-carbon biofuel portion of the
renewable fuel standard included in our Reference case.
Figure 7.16. Mix of Alternative Fuels under the Climate 2030 Blueprint
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The low-carbon fuel standard in our Blueprint case takes that a step further by
accelerating the phaseout of corn-based biofuels, which do not reduce carbon emissions,
and may even increase them during our timeframe. The low-carbon fuel standard also
drives a 10 percent increase in the efficiency of oil refineries, lowering carbon emissions
from refineries by 1 percent per gallon of gasoline or diesel fuel made. The low-carbon
fuel standard also ensures that high-carbon fuels such as liquid coal—which could double
carbon emissions per gallon—do not make inroads and therefore undermine progress on
curbing global warming.
While total electricity use in the transportation sector remains relatively modest under the
Blueprint, it does grow rapidly from 2020 to 2030. In fact, the low-carbon fuel
standard—along with the requirement that 20 percent of new light-duty vehicles be plugins or other electric-drive vehicles by 2030—drive a 10-fold increase in the use of
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electricity for transportation. Nearly 20 million plug-ins or other electric vehicles are on
the road by 2030. 91
And that progress is only the beginning for electric-drive vehicles. Under the Blueprint,
the electricity sector does not tap the full potential for using renewable resources to
generate power. That means that significant capacity is available to produce clean
electricity for more plug-ins or battery-electric vehicles, or to produce hydrogen for use
in fuel cell vehicles, as electric-drive vehicles dominate the car and light-truck markets
beyond 2030.
7.6.9. Progress in Transportation Is Critical for Long-Term Success
While the transportation sector delivers significant cuts in carbon emissions under the
Blueprint while saving the nation hundreds of billions of dollars, progress is still not as
dramatic as in the electricity sector. Improvements in the latter will buy some time for
progress in the transportation sector over the longer term.
However, that progress must begin today. The majority of benefits delivered under the
Blueprint stem from solutions that have been available for a decade or more. Had the
nation begun to phase in solutions such as more efficient vehicles, expanded transit, and
reduced travel through per-mile pricing policies—and had we gotten serious about
investing in low-carbon fuels and electric-drive vehicles two decades ago—many of the
benefits of the Climate 2030 Blueprint would be available today.
The year 2030 should be viewed as a critical mile-marker on the path to reducing global
warming emissions by 80 percent or more by 2050. If transportation policies do not
provide the cuts we outline by 2030, the nation has little chance of reaching the 2050
target.

7.7

Land-Use Implications of the Blueprint

Some Blueprint solutions, such as an increase in renewable electricity, the use of
biofuels, and carbon offsets from agriculture and forests, have implications for land use.
At the same time, a move away from heavy reliance on fossil fuel–based energy will
provide significant land-use benefits. This section outlines some of the key land-use
implications of the Blueprint solutions.
We recognize that the use of land to reduce global warming emissions may inadvertently
create new environmental or sustainability problems, economic effects such as higher
prices for agricultural commodities, and even an indirect increase in heat-trapping
emissions. We have deliberately restricted the kind and level of certain solutions, such as
bioenergy and offsets, to minimize the possibility that the nation will divert land from

91

The portfolio of potential advanced vehicles includes plug-in hybrids, battery-electric vehicles, and fuel
cell vehicles. For ease of modeling, we used plug-ins as the sole technology, but other technologies with
equal performance could substitute.
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productive uses, and that it will indirectly create adverse effects on land use in other
countries.
7.7.1. Land Use and Energy under the Blueprint
While expanding the use of renewable electricity and biofuels will have important effects
on land use, it will also reduce the effects on land use of producing, transporting, and
using fossil fuels. The environmental impacts of using land to produce and burn fossil
fuels tend to be much greater than those of producing renewable energy and storing
carbon in soils and trees.
Under the Blueprint, the total land area needed to produce electricity from wind and solar
power is 1,500–36,600 square miles, or about 0.04–1 percent of all U.S. land area. The
low end of the range includes only the footprint of the wind turbines and their supporting
infrastructure and large scale solar projects. It does not include the area occupied by
distributed PV, which is typically installed on residential and commercial buildings, and
therefore would not require any new land. The high end of the range includes both the
footprint of the turbines and the land between them, which could still be used to grow
crops or graze animals, as well as the area used by distributed PV.
By 2030, the cumulative reduction in coal use from increased energy efficiency and
renewable energy under the Blueprint would result in nearly 13,000 square miles of
avoided land use from both surface and mountain top removal coal mining. While state
and federal laws require reclamation of land permitted for coal mining, in practice the
coal industry has reclaimed only a small portion of this land. And in many cases—
particularly for mountaintop removal mining—the reclaimed land does not resemble its
original state.
Growing energy crops (switchgrass) and corn to produce biofuels for transportation under
the Blueprint would require more than 52,000 square miles of land in 2030—or about 1.4
percent of all U.S. land area (see Figure 7.17). Energy crops would require about 39,000
square miles (25 million acres) of land by 2030, or about 2.5 percent of all land now used
for agriculture in the United States. Most energy crops would be grown on pasture lands
and would be used to produce cellulosic biofuels.
Overall, a reduction in land used for oil and natural gas drilling, fossil fuel power plants,
refineries, pipelines, waste disposal, and related infrastructure would offset the increase
in the amount of land used for renewable electricity and biofuels under the Blueprint.
However, our analysis did not quantify these land-use benefits.
7.7.2. Land for Carbon Offsets from Agriculture and Forestry
All the domestic carbon offsets we modeled come from a category in the NEMS model
called “biogenic sequestration offsets.” These offsets are generated through increased
storage of carbon in soils and vegetation in the agriculture and forestry sectors—
primarily as a result of changes in soil management practices, better forest management,
and afforestation. Of those, afforestation is the only one that would require diverting new
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land for this specific purpose. The other strategies involve changing practices on lands
already used for the same purpose.
Although NEMS does not show what percentage of offsets stem from afforestation, we
can try to estimate that percentage based on information from the Environmental
Protection Agency’s Forest and Agriculture Sector Optimization Model with Greenhouse
Gases (FASOMGHG) (Murrary et al. 2005).
Extrapolating from data from existing runs of FASOMGHG, at the carbon prices shown
in the Blueprint, we estimate that roughly 50 percent of the domestic offsets in our results
are likely to come from afforestation.92 That means that of the 314 million metric tons of
domestic offsets used by capped firms in 2030, 157 million metric tons come from
afforestation.
Based on estimates of the amount of carbon that afforestation stores per acre (Birdsey
1996), we estimate that the added land area needed to sequester the 157 million metric
tons in 2030 would range from 17 to 71 million acres (with a midpoint of 44 million
acres). Most of this afforestation would likely occur on marginal croplands, grasslands,
and rangelands. The mid-point estimate of 44 million acres represents about 4 percent of
all cropland, grassland pasture, and rangeland in the United States.
Figure 7.17. Total Land-Use Effects of Renewable Electricity, Biofuels, Avoided
Coal Mining, and Afforestation Offsets in 2030 (Blueprint case)

92

This is a rough approximation based on extrapolation from existing model results in Murray et al. 2005.
We did not conduct any new runs of the FASOMGHG model.
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Table 7.5. Land Needed for Renewable Electricity, Biofuels, and Afforestation
Offsets in 2030
Total
Percent of
Incremental
1
1
Land Area
Technology
Land Area
Total U.S.
(square miles)
(square miles)
Land Area
Electricity
Total Area for Wind2
16,341
35,466
1.0%
2
Wind Footprint
327–817
709–1,773
0.02–0.05%
Central Photovoltaics
122
126
0.004%
3
Distributed Photovoltaics
78
312
0.01%
Concentrating Solar Thermal
482
647
0.02%
4
Subtotal Electricity
931–17,023
1,482–36,551
0.04–1.03%
Low-Carbon Biofuels5
Corn Ethanol6
Afforestation Offsets7
Total

0
33
26,121–111,608

39,063
13,160
26,121–111,608

1.10%
0.37%
0.74–3.16%

27,085–128,664

79,826–200,382

2.26–5.66%

1

The incremental land area is based on the increase in renewable electricity, biofuels, and afforestation
under the Blueprint compared to the Reference Case. The total land area is based on both existing and new
renewable electricity, biofuels, and afforestation in 2030 under the Blueprint. See Appendix D for
assumptions and sources.
2
The wind footprint includes the land used by the wind tower base, access roads, and supporting
infrastructure. The total for wind includes the footprint as well as the area between the turbines that can be
used for other productive uses, such as farming.
3
Distributed photovoltaics are installed on residential and commercial buildings, and therefore would not
require any new land.
4
The low end of the range includes only the wind footprint and does not include distributed PV, while the
high end of the range includes the total areas for wind and distributed PV.
5
These figures are based on an estimate of the amount of energy crops (switchgrass) used for producing
biofuels. The incremental land area is zero under the Blueprint because no additional cellulosic biofuels
are produced above the Reference case. We assumed that the use of agricultural, forest, urban, and mill
residues would not require any new land, as these residues come from existing operations.
6
Land use for corn ethanol reaches a maximum of 31 million acres, or 40 percent of the total corn crop, in
2017, and then declines to 8.4 million acres, or 11 percent of the total corn crop, by 2030, as lower-cost
cellulosic biofuels replace corn ethanol.
7
The land for afforestation offsets is based on the assumption that 50 percent of the total offsets in the
Blueprint cap-and-trade program come from afforestation, and assumes carbon storage of 2.2–9.4 million
tons of CO2eq per acre per year for up to 120 years.
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Box 7.4 Impact of the Blueprint Policies in 2020
A central insight from the Blueprint analysis is that the nation has many
opportunities to make cost-effective cuts in carbon emission over the
next 10 years—that is, through 2020.
Our analysis shows that firms subject to the cap on emissions find it cost-effective to
exceed the required reductions, and to bank carbon allowances for future years. Energy
efficiency, renewable energy, reduced vehicle travel, and carbon offsets all contribute to
these significant near-term reductions.
By 2020, we find that the United States can:
• Achieve, and go beyond, the cap requirement of a 26 percent reduction in
emissions below 2005 levels, at a net annual savings of $243 billion to consumers
and businesses. The reductions in excess of the cap are banked by
firms for their use in later years to comply with the cap and lower costs.
• Reduce annual energy use by 17 percent compared with the Reference
case.
• Cut the use of oil and other petroleum products by 3.4 million barrels per
day compared with 2005, reducing imports to 50 percent of our needs.
• Reduce annual electricity generation by almost 20 percent compared with
the Reference case while producing 10 percent of the remaining electricity
with combined heat and power and 20 percent with renewable energy
sources, such as wind, solar, geothermal, and bioenergy.
• Rely on complementary policies to deliver cost effective solutions related to energy
efficiency, conservation, and renewable energy. Excluding Blueprint policies in the
energy and transportation sectors would reduce net cumulative
consumer and business savings through 2020 from $795 billion to $602 billion.

7. 8 Sectoral Policies Are Essential for a Cost-Effective Blueprint
The Blueprint analysis reveals the benefits of pursuing complementary policies along
with a cap-and-trade program. A cap on carbon emissions is critical because it establishes
the level of cuts in global warming emissions regardless of the rest of the policy mix.
However, adding sector-based policies helps deliver those reductions in a more costeffective way. We demonstrated this finding by developing a sensitivity, or No
Complementary Policies, case: that is, by running the model while excluding all the
sector-based policies from the Blueprint.
As noted, because of limitations in the NEMS model, we were unable to model a critical
feature that would help make a cap-and-trade program more cost-effective: namely, we
could not target revenues from auctioning carbon allowances to specific purposes, such
as funding energy efficiency measures and low-carbon technologies. Instead, we could
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only assume that government recycles such revenues back into the economy, to
consumers and businesses.
With that limitation in mind, our results show that if we exclude all sector-based policies,
we are left with only a price for carbon emissions to drive global warming solutions into
the marketplace. A carbon price alone will change the energy and technology mix and
spur some improvements in energy efficiency and conservation. However, it will not
provide all the needed cost-effective solutions because of other market barriers, such as
consumers’ aversion to risk and the upfront cost of more advanced technology (see
Chapters 4–6). Sector-based policies are critical to overcoming those barriers, facilitating
the development and deployment of clean and efficient technologies, and delivering them
at a lower cost than a carbon price alone could do.
The next sections explore some of the findings of the No Complementary Policies case.
7.8.1. No Complementary Policies Case: Impact on Prices of Carbon Allowances
A comparison of the results of the Blueprint case with those of the sensitivity case shows
that stripping out the complementary policies leaves a basic cap-and-trade system without
targeted recycling of revenues—and that the prices of carbon allowances more than
double (see Figure 7.18). The lower prices of allowances under the complete Blueprint
allow consumers to see much smaller increases in the rates they pay for electricity and
fuels.
Each sector’s policies play a significant role in cutting the prices of carbon allowances.
With the transportation sector’s policies stripped out, allowance prices rise by about 33
percent. If we also strip out policies related to the electricity, industry, and buildings
sectors, allowance prices rise by almost another 66 percent. 93

93

In our sensitivity case, we stripped out the transportation policies first and then stripped out the other
policies. Had we stripped out the policies related to electricity, industry, and buildings first and those
related to transportation second, the changes in allowance prices might have been different.
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Carbon Allowance Price (2006 dollars per metric ton)

Figure 7.18. Prices of Carbon Allowances
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The prices of carbon allowances are twice as high in the No Complementary Policies case as in the
Blueprint case.

The reason for these lower prices is straightforward: energy efficiency, clean
technologies, and conservation play far more significant roles in our Blueprint results
than would be possible with only a carbon price signal, and encourage the adoption of
cost-effective solutions that have a dampening effect on the prices of both allowances and
fuel. Energy efficiency technologies cost more upfront, so risk-averse consumers can be
more reluctant to purchase them despite the long-term financial savings they can
provide. 94
The complementary policies significantly increase the use of energy-efficient
technologies in the building, commercial, and industrial sectors. These policies also
expand the use of cleaner cars and trucks, and lower demand for travel, more than the
carbon price signal alone.
The complementary policies have the added benefit of moving important technologies
into the marketplace early, advancing them up the learning curve, bringing down their
costs, and continuing to provide benefits beyond 2030. Funding for research and
development will also help bring new breakthrough technologies to the market more
quickly. Wide-scale deployment of all these low-carbon technologies cannot happen
94

The Congressional Budget Office estimates that fuel prices would need to rise by 46 cents per gallon to
reduce gasoline use by 10 percent (CBO 2004).
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overnight, so any significant delays could eliminate the nation’s chances of cutting
carbon emissions by 80 percent by 2050.
7.8.2. No Complementary Policies Case: Impact on Cuts in Carbon Emissions
Excluding the complementary policies also shifts reductions in emissions from the
transportation, buildings, and industry sectors to the electricity sector (see Figure 7.19).
Cuts in emissions from the electricity sector in 2030 grow from 57 percent under the
Blueprint case to 63 percent in the No Complementary Policies case.
Carbon offsets play a slightly larger role in 2030, accounting for 13 percent of total cuts
in emissions versus 11 percent under the Blueprint. On the other hand, cuts in emissions
from the transportation sector drop to 11 percent of the total, versus 16 percent under the
Blueprint. Reductions in non-CO2 gases contribute 9 percent of the cuts.
Figure 7.19. The Source of Cuts in Global Warming Emissions in 2030
(No Complementary Policies case vs. Reference case)
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The electricity sector leads the way in cutting emissions, playing an even larger role than under the
Blueprint case. Offsets follow, and also play a larger role than in the Blueprint case. Transportation is third,
playing a smaller role than under the Blueprint. Emission cuts in the electricity sector include reductions in
demand from energy efficiency in the residential, commercial, and industrial sectors.

7.8.3. No Complementary Policies Case: Impact on Total Energy Use
Our sensitivity results show that, without the help of complementary policies, the most
important least-cost solutions—energy efficiency and conservation—play a much smaller
role (see Figure 7.20). That is because a carbon price signal alone cannot overcome
significant market barriers to investments in energy efficiency and conservation.
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The result is that renewable energy, natural gas, carbon capture and storage, and nuclear
power play a larger role in the electricity sector. The renewable energy mix also includes
more higher-cost choices such as offshore wind, dedicated biomass plants, advanced
geothermal, and solar, which all become more competitive than other low-carbon options
at higher prices for carbon allowances. Oil use is also greater without cleaner cars and
trucks and reduced travel in the transportation sector.
Figure 7.20. U.S. Energy Use, Blueprint Case vs. No Complementary Policies Case
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7.8.4. No Complementary Policies Case: Impact on Consumer Savings
With the complementary policies stripped out, cumulative net consumer and business
savings are lower than in the Blueprint case. In the sensitivity analysis, cumulative
consumer and business savings reach $0.6 trillion in 2030, compared with $1.7 trillion
with the complementary policies in place (in 2006 dollars with a 7 percent discount rate)
(see Figure 7.21). (These comparisons assume that government recycles revenues from
auctioning carbon allowances back into the economy, but does not target those revenues
to specific uses such as energy efficiency and low-carbon technologies.)
Figure 7.21. Net Cumulative Savings (2010–2030)

The 2010-2030 net cumulative savings to consumers and businesses are $1.7 trillion under the Blueprint
case. Under the No Complementary Policies case, which strips out all the energy and transportation
policies, these savings are $0.6 trillion.

7.9 Economic, Energy, Health, and Global Benefits of Strong U.S.
Climate Policies
Strong climate policies that help the nation transition to a more efficient, cleaner, lowcarbon economy will not only help us avert some of the worst consequences of global
warming. Such policies will also provide a host of other benefits, including opportunities
for economic growth, more stable sources of energy, reductions in other pollutants,
improvements in public health, and opportunities for cooperation and development
worldwide:
Economic benefits. Climate policies will give a boost to our economy by providing new
jobs in the clean-technology sector, spurring technological innovation, creating
opportunities to export those technologies, and stabilizing energy prices. Several recent
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studies show that this “green transition” will create millions of well-paying jobs (Apollo
Alliance 2008; Pollin et al. 2008).
A recent UCS analysis of a 25 percent national renewable electricity standard by 2025
showed that this policy alone would create 297,000 new jobs in 2025—or more than three
times as many jobs created by producing an equivalent amount of electricity from fossil fuels
(UCS 2009). Renewable energy creates more jobs than fossil fuel–based energy because
it is typically more labor-intensive.
Energy benefits. Volatile energy prices and uncertainty about future sources of energy
play havoc with our economic well-being. By taking advantage of the huge potential of
energy efficiency, and by transitioning our energy supply to clean, reliable, renewable
sources, we can help stabilize energy prices and improve the long-term health of our
economy.
Reductions in other pollutants and improvements in public health. Production and
consumption of goods and services often result in other forms of pollution besides carbon
emissions. For example, burning of fossil fuels releases sulfur emissions, mercury
emissions, and particulate matter, among other harmful co-pollutants. Mining, drilling,
transporting, and waste disposal from coal, oil, natural gas, and nuclear power also pose
serious health and environmental hazards. By implementing policies that cut our carbon
emissions, we can also reduce these other pollutants (see Box 7.3).
Global cooperation. Climate change is a global problem, and all nations will need to
take serious action to address it. However, the United States has a unique responsibility to
play a leadership role in curbing global warming because of the outsized volume of our
past and current heat-trapping emissions, and the wealth we built on those emissions. 95
The most important step we can take is to make a strong commitment to reducing our
carbon emissions. As our analysis shows, our nation will reap tremendous benefits from
doing so. We cannot solve global warming on our own, but our leadership will set the
stage for other countries to take critical steps to reduce their emissions as well.

7. 10 Limitations, Uncertainties, and Opportunities for Future
Research
Projections of long-term changes in the supply, use, and prices of energy are subject to a
great deal of uncertainty. Modeling the impacts of climate and energy policies that will
require significant changes in the way we produce and use energy only adds to those
uncertainties.

95

At the 1992 Earth Summit in Rio de Janeiro, 177 countries, including the United States, signed the U.N.
Framework Convention on Climate Change. That framework clearly recognizes “common but
differentiated responsibilities” among the signatory nations, and assigns lead responsibility to developed
countries.
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One limitation of our analysis is that we analyzed only two potential scenarios for
meeting our targets for reducing global warming emissions. Other scenarios with
different policy, economic, and technology assumptions could achieve these or more
stringent targets, with different effects.
The most important types of assumptions we made concerned:
•
•
•
•
•
•

energy demand and prices;
the cost and performance of technologies;
trajectories for emissions set by the cap; levels of offsets; and a zero terminal
balance in the allowance bank;
levels of development and policies for energy efficiency, conservation, and
renewable energy;
the availability and cost of carbon capture and storage, advanced nuclear power
plants, and emerging renewable energy and transportation technologies; and
the amounts of biomass available to provide electricity and fuels.

We were also unable to address a variety of limitations of NEMS, despite incorporating
information from other analyses and modifying the model. For example:
Limitations of macroeconomic modeling. NEMS has significant limitations in how it
quantifies the macroeconomic impacts of climate and energy policies. For example, it
cannot fully account for the positive effects on GDP and employment of investments in
energy efficiency, renewable energy, and other low-carbon technologies, and of savings
on consumers’ energy bills.
Indeed, NEMS predicts roughly the same gain in economic productivity in the Reference
case as in the Blueprint case. That result understates the nation’s ability to shift savings
from reduced energy use to more productive uses. Nor does NEMS value other
productivity gains and nonenergy benefits that would both accelerate adoption of more
advanced technologies and improve economic performance (Worrell et al. 2003).
The model also treats reductions in energy consumption and increases in energy prices as
exerting a negative impact on the economy, even if overall energy bills are lower. And
NEMS does not account for the loss of GDP that may result from unchecked climate
change in the Reference case.
As noted, the model is also not designed to target allowance revenues to specific
technologies and purposes in ways that could reduce carbon emissions and improve
economic welfare. Although the model can recycle these revenues generally to
households, businesses, and government, modifying the model to include a more
extensive approach was beyond the scope of our study.
Modeling energy efficiency. The model does include specific technologies for boosting
energy efficiency in vehicles, industry, and buildings. However, analyzing the impact of
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proposed efficiency policies in the residential, commercial, and industry sectors is
difficult without significantly modifying the model and its assumptions.
The model does attempt to capture some reductions in energy use owing to higher prices.
However, that approach is limited. The way NEMS shows consumers and businesses
adopting technologies in response to changes in price depends on fixed elasticities, or
payback times linked to specific discount rates. But those elasticities and payback periods
can shift over time because of changes in household income or consumer preferences.
As preferences evolve, then, and as consumers become more aware of choices, the
resulting carbon signal needed to drive those choices may be substantially lower than
NEMS might indicate. Stated differently, changed behaviors may deliver greater
efficiencies or reductions in emissions for the same price signal.
The effects of sources of electricity with variable power output. The model does not
fully capture the impact of high levels of variable-output wind and solar on the electricity
grid. NEMS does capture variations in the output of these technologies during nine
different time periods throughout the year for 13 different U.S. regions. However, it does
not capture all the fluctuations that can occur over much shorter time periods, and at the
subregional level. Doing so would require additional ramping up and down of other
sources of power.
Several studies by U.S. and European utilities and government agencies have found that
wind can capture as much as 25 percent of the electricity market at modest cost, and
without adverse effects on the system’s reliability or the need to store power (EERE
2008; Holttinen et al. 2007). Our results are below these levels, with wind and PV
capturing about 20 percent of the U.S. electricity market by 2030.
Offshore carbon emissions. The NEMS model does not track changes in heat-trapping
emissions in other countries from the production of energy and other goods imported into
the United States.
This shortcoming is significant for the transportation sector, which is responsible for the
majority of the 3.5 million-barrel-per-day cut in imported petroleum products in the
Blueprint versus the Reference case. Given projections that the United States could
import more than 6 million barrels a day of high-carbon resources such as tar sands and
oil shale by 2035 (Task Force 2006), our results could overlook significant cuts in carbon
emissions that could result from curbing reliance on those overseas resources.
For example, if the 3.5 million barrels per day came from tar sands, U.S. cuts in global
warming emissions in 2030 would rise by 2 percent under the Blueprint. 96 If the 3.5

96

This assumes that global warming emissions from fuel from tar sands would be about 15 percent higher
than those from today’s gasoline, on a well-to-wheels basis.
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billion barrels per day came from oil shale, projected cuts in emissions could rise by 15
percent. 97
NEMS also does not include carbon emissions from indirect changes in land use, either
domestically or abroad, that could occur from using food crops and certain agricultural
land to produce biofuels. Some estimates show that such indirect effects from the use of
corn as a biofuel feedstock could nearly double carbon emissions compared with gasoline
(Searchinger et al. 2008). Our Blueprint findings may therefore underestimate the benefit
of moving away from corn ethanol. We have tried to minimize displacement of U.S.
agricultural crops (see Section 7.7) to prevent potential adverse effects abroad, such as
the clearing of rainforests to produce crops formally grown in the United States.
These limitations of our model, and the uncertainties around some of our key
assumptions, present important opportunities for future research. Different combinations
of technologies and policies could also be modeled. Another important extension could
be to more fully examine the effects of Blueprint policies on employment and other
aspects of the economy.

Box 7.5. Success Story: Some Good News in Hard Times
General Electric’s vice-president of renewable energy made headlines in 2008 when
he promised to hire every graduate of Mesalands Community College’s wind power
program for the next three years (NMBW 2008). Although a guaranteed job offer
isn’t standard for people training for careers in renewable energy, expected job
growth in the industry is good news.
The solar industry estimates that more than 15,000 jobs were created in 2007 and
2008 (SEIA 2009), and the wind industry boasts more than 35,000 new direct and
indirect jobs created in 2008 (AWEA 2009c). U.S. manufacturing of wind turbines
and their components has also greatly expanded, with more than 70 new facilities
opening, growing, or announced in 2007 and 2008. The industry estimates that
these new facilities will create 13,000 high-paying jobs, and increase the share of
domestically made components from about 30 percent in 2005 to 50 percent in
2008 (AWEA 2009b).
Although job numbers for the entire renewable energy industry are difficult to find,
data from individual sectors such as solar and wind attest to demand for skilled labor.
With the Obama administration’s promise of green jobs spurred by federal policies
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This assumes that global warming emissions from fuel from oil shale would be about double those from
today’s gasoline, on a well-to-wheels basis.
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designed to bring more renewables online, clean-tech careers will continue to grow—
welcome news given that the U.S. economy shed 1.2 million jobs in the first 10
months of 2008 (BLS 2008).
Several studies have found that renewable energy projects create can create more
jobs than using coal and natural gas to generate electricity. For example, a recent
Union of Concerned Scientists study found that a national renewable electricity
standard of 25 percent by 2025 would create nearly 300,000 new jobs in the United
States—or three times more jobs than producing the same amount of electricity from
coal and natural gas (UCS 2009). The U.S. Department of Energy recently reported
that the wind industry will create more than 500,000 new U.S. jobs if 20 percent of
the nation’s power comes from wind by 2030 (EERE 2008). A third study showed
that manufacturing the components for wind, hydro, geothermal, and solar systems
could create more than 381,000 U.S. jobs (Sterzinger and Svrcek 2005).
As demand for workers has grown, so too has the number of schools devoted to
training people for jobs in renewable energy. Besides New Mexico’s Mesalands—
whose students are guaranteed employment with GE—Highland Community College
in Illinois and Laramie County Community College in Wyoming introduced wind
technician programs in 2008. Colorado’s Solar Energy International instructs 2,500
students each year in alternative energy systems. And enrollment in engineering for
alternative energy at Lansing Community College in Michigan has jumped from 20
to 158 students since 2005, according to program staff (Glasscoe 2009).
Although training programs for jobs in renewable energy have expanded, many skills
used in conventional industries such as manufacturing are transferable with no
additional training. After a small Iowa town lost more than 100 jobs with the closing
of a local plant making hydraulics, for example, most found new employment with
wind turbine manufacturer Acciona after it converted the plant to build turbines
(Goodman 2008).
Near Saginaw, Michigan, Hemlock Semiconductor provides the raw materials for
electronic devices such as cell phones and, increasingly, solar panels. When
completed in 2010, Hemlock’s expansion to serve its growing solar business means
the company will add 250 full-time jobs and 800 temporary construction jobs in a
state that shed more than 400,000 jobs from 2000 to 2007 (Fulton and Cary 2008;
Hemlock Semiconductor Corp. 2007).
Jobs in renewable energy are also geographically diverse—staffing geothermal
energy systems in Alaska, manufacturing biomass pellets in Florida, and projects
everywhere in between. And while renewable energy can provide an important
source of income and jobs for rural areas where many projects are located, they can
create new manufacturing, construction, operation, and maintenance jobs in urban
areas as well. The national group Green for All, for instance, works with cities such
as Richmond, California to offer free training programs in trade skills for renewable
energy (Apollo Alliance and Green for All 2008; Lee 2008).
Expanding the nation’s use of renewable energy is essential to reducing our carbon
emissions. In difficult economic times, the job growth spurred by clean, homegrown
energy offers even more reason to ramp up its development.
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Box 7.6. Success Story: The Early Feats and Promising Future of HybridElectric Vehicles
Hybrid-electric vehicles, which pair an internal combustion engine with one or more
electric motors under the hood, first arrived in the United States 10 years ago. Since
then the technology—and its popularity—have grown immensely.
Hybrids combine the best elements of internal combustion engines and electric
motors to reduce carbon emissions by 30–50 percent compared with conventional
vehicles, even while maintaining performance, range, and other key features
preferred by American drivers. While the hybrid concept is not new (patents were
filed as far back as a century ago), it was only in the 1990s that batteries and onboard
computers became advanced enough to permit successful hybrids.
The first modern, mass-produced hybrid was the Toyota Prius, a compact car brought
to the Japanese market in 1997. Hybrids didn’t reach the United States until three
years later, when Honda unveiled its super-efficient two-seater Insight, followed
promptly by Toyota with the Prius (Hall 2009). Both, however, were niche vehicles,
with combined sales totaling less than one-tenth of sales of the top-selling model.
In 2004 hybrid technology finally reached a broader, mainstream U.S. audience.
Toyota substantially redesigned its Prius, increasing not only its size but its fuel
economy as well—an engineering feat that caught the attention of environmentalists
and auto enthusiasts alike. Not to be outdone, Honda pushed its hybrid technology
into the company’s mainstream nameplates, releasing hybrid versions of the
company’s popular Civic and Accord sedans.
Annual U.S. sales steadily climbed as new models came to market, reaching 120,000
vehicles in 2005 (Ward’s Auto Data n.d.). That same year Ford unveiled the Escape
Hybrid as the first hybrid SUV. The range of consumer choices grew quickly: by
2006 the hybrid market consisted of 10 models representing five different vehicle
classes. Today the U.S. hybrid market continues to expand. Sales climbed from
roughly 20,000 in 2001 to more than 300,000 in 2008, with the Prius now ranked
among the top-10 best-selling vehicles in the country (Ward’s Auto Data n.d.).
That said, not all hybrid models have been successful. Honda abandoned its Accord
Hybrid in 2006 (AP 2007); sales for Toyota’s Lexus brand “performance hybrids”
have flagged; and Chrysler discontinued its Durango and Aspen hybrids after their
first year (Doggett and O’Dell 2008). The critical difference between the hybrid
stand-outs and the hybrid also-rans is this: hybrid vehicles that use the technology to
boost power rather than increase fuel economy have failed to capture significant
market share.
Responding to consumer preference, automakers are now moving their hybrid
vehicles toward efficiency. Honda’s 2009 Insight (a new, larger sedan bearing very
little resemblance to its discontinued two-seater namesake), for example, will be a
40-plus-mpg vehicle selling for less than $20,000 (Honda 2009). Ford is entering the
hybrid car market with a Fusion Hybrid in 2009 that offers better fuel economy than
its midsize competitor, the Toyota Camry Hybrid. And Toyota is bringing out its
third-generation Prius with an expected 50-mile-per-gallon fuel economy rating
(Kiley 2008).
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The next few years will likely see an even greater revolution in hybrid design, with
major-manufacturer release of plug-in hybrid-electric vehicles (PHEVs). Plug-ins, as
they’re commonly known, have battery packs large enough to enable drivers to travel
significant distances on electric power alone, and to recharge the vehicles at home
through conventional power outlets. Yet their use of gasoline engines also allows the
vehicles to meet consumers’ requirements for range and refueling time.
In short, PHEV designs provide an overall improvement in fuel economy and the
opportunity—with a clean-power grid—to dramatically reduce vehicles’ carbon
emissions. General Motors, Toyota and Ford are slated to bring the first massproduced plug-ins to market between 2010 and 2012. Although cost and batteryengineering challenges remain, a cleaner vehicle future looks promising.
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-----------------------------------------------------------------------------------Cultivating a Cooler Climate:
Solutions That Tap Our Forests and Farmland
How we manage U.S. forests and farmlands has a major impact on our net emissions of carbon dioxide and
other heat-trapping gases. The United States has a rich diversity of forests, from the maple-beech-birch
woodlands of New England to the loblolly pinelands of the Southeast to the coastal redwoods of northern
California. Covering almost 750 million acres of public and private lands, our forests provide critical habitat for
wildlife, as well as recreational opportunities, sources of freshwater and timber, and aesthetic benefits for millions
of people.
These forests are also important storehouses of carbon, with some 245 million metric tons carbon dioxide
equivalent (MMTCO2eq) stored in living tissue, leaf litter, and forest soils (CCSP 2007). Through photosynthesis,
trees and other vegetation take up—or sequester—carbon. A combination of natural disturbances and human
activities, including timber harvests, fire, pest infestations, and deforestation also release carbon back into the
atmosphere as carbon dioxide. Today U.S. forests are a net “sink” for carbon, drawing more CO2 out of the
atmosphere than they release.
The United States is also home to some 1,400 million acres of cropland and grazing lands. Agriculture is a
complex, malleable enterprise with variable impacts on net global warming emissions. Major sources of CO2
include soil disruption, such as through tillage for crops; the fossil-fuel-intensive production of herbicides,
insecticides, and, especially, industrial fertilizers; and the use of fuel to run farm machinery. Besides CO2,
agricultural activities allow the release of two other potent heat-trapping gasses, methane and nitrous oxide, from
livestock, manure, and nitrogen fertilizers applied to soils.
Land-management practices and policies exert a major impact on U.S. heat-trapping emissions. In 2000 the United
States emitted more than 7,000 MMTCO2eq. The great majority of those emissions stemmed from the burning of
fossil fuels, including 50 MMTCO2eq from on-farm use. U.S. forests, in contrast, were a major net sink of carbon,
absorbing almost 840 metric tons, or about 12 percent of U.S. emissions in 2000.
We are heading in the wrong direction. Our forests and other vegetation absorb more than 10 percent of U.S.
global warming emissions, but that capacity is at substantial risk. More than 50 million acres of undeveloped,
privately held lands are projected to be converted to urban and developed uses over the next 50 years (USFS
2007).
A recent EPA study projected that, under business as usual, the U.S. forest carbon sink will decline to about 220
MMTCO2eq by 2020, and 145 MMTCO2eq by 2030, with emissions from farmlands projected to remain high
(Murray et al. 2005). Together forests and farms in the continental United States will soon become a major net
source of emissions, contributing a projected 280 MMTCO2eq to the atmosphere in 2020, and 320 MMTCO2eq in
2030, from non-fossil-fuel sources. Without a major course correction, our lands will amplify—rather than
reduce—global warming emissions.
We can do better. The Congressional Budget Office estimates that U.S. forests and farmlands have the technical
(biophysical) potential to sequester the equivalent of 13–20 percent of what the nation’s CO2 emissions were in
2005, through expansion of forests onto lands now under other uses, reduced deforestation, and better
management of current forests and farmlands (CBO 2007). Barriers to realizing that potential include the costs of
altering land-use practices, trade-offs between carbon mitigation and other social goals, and the potential for
climate change to reduce carbon storage by increasing the frequency and severity of fire and pest infestations in
some U.S. forests (van Mantgem et al. 2009).
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Recent modeling studies show that privately held U.S. forests and farmlands have the potential to cost-effectively
sequester substantial quantities of CO2 over the next few decades (CBO 2007; Murray et al. 2005), particularly
through accelerated planting of trees on non-forest lands in the Midwest and Southeast. Further research is
needed to refine these projections, to account for competing land uses, and to ensure that any expansion of forests
(and biofuels) onto lands now used for food crops does not increase the price of agricultural commodities, or raise
emissions because of land-use changes in other countries (Searchinger et al. 2008). Research is also needed to
develop robust estimates of the amount of carbon that the more than 40 percent of U.S. forestlands that are
publicly owned could absorb (Smith and Heath 2004).

Smart Policies and Practices
Global warming solutions for U.S. forests. Most policy debates on how to boost carbon storage in forests have
focused on carbon offsets under a cap-and-trade program. However, because large-scale reliance on offsets could
enable capped companies to avoid cutting their emissions, federal, state, and local leaders need to develop a
broader portfolio of policies to inventory and expand the amount of carbon forests store, and enhance the other
critical benefits they provide.
The federal government, for example, could more fully integrate carbon storage into the management goals for
182 million acres of federally owned forests in the continental United States. The government could also require
longer rotations for timber harvests, the use of reduced-impact harvesting techniques, and better management of
fires and pests on public lands.
Federal and state governments can also provide tax incentives to owners of private forests who increase carbon
storage on their lands, and offer challenge grants to communities to plant trees and pursue other programs that
conserve carbon. Land-use plans, zoning ordinances, and laws protecting natural resources are all tools that local
governments can use to encourage smart growth, protect open space, and maintain and enhance the capacity of
lands to conserve carbon (Stein et al. 2008).
Global warming solutions for U.S. farmlands. Agriculture is such a complex and varied enterprise that its
implications for global warming, like those of forestry, are best addressed through an integrated set of policies and
programs, some new and some already in place. The federal government, for example, could expand the
Conservation Reserve Program to encourage farmers to sequester carbon, and maximize incentives under the
Conservation Security Program for the use of cover crops, crop rotation, conservation tillage, and other carbonconserving practices.
New programs to reduce methane emissions from cattle could include educational campaigns to discourage the
consumption of beef and dairy products, and efforts to inform farmers about better feed mixes. The government
could also investigate alternatives to anaerobic systems for storing manure, like hog lagoons, that produce
methane. And it could provide incentives for the use of methane digesters to capture methane as a source of onfarm energy. Programs to promote biofuels could emphasize the planting of deep-rooted grasses, which can
enhance carbon sequestration as well as offset the use of fossil fuels.
Central to a climate-friendly policy agenda should be the promotion of agricultural systems that provide multiple
climate as well as other environmental benefits. Organic-style cropping systems, for example, avoid the use of
fossil fuel–intensive insecticides, herbicides, and chemical fertilizers, by employing multiyear rotations to
suppress pests, and conservation tillage to suppress weeds (see Success Story: Farmers and Fungi—Climate
Change Heroes at the Rodale Institute). These systems also avoid the need for industrial nitrogen by relying on
nitrogen-fixing cover crops to keep the soil fertile and promote the buildup of organic matter, maximizing the
soil’s potential as a carbon sink. The government can encourage the use of these systems through programs that
provide transition and cost-share assistance to farmers.
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This new policy agenda should rest on long-term, multidisciplinary research illuminating the connections between
agricultural practices and heat-trapping emissions. Recent studies, for example, cast doubt on the efficacy of notill—a kind of conservation tillage—in sequestering carbon (Blanco-Canqui and Lal 2008; Baker et al. 2007).
Well-designed research will help reveal the inevitable trade-offs and new opportunities implicit in choices among
agricultural practices.
Important research also includes more detailed studies on the carbon-storing effects of conservation and no-till
agriculture; studies comparing grain-based confinement livestock and poultry systems with pasture-based
systems; better ways to replace chemical fertilizers with animal waste; and studies of the factors that lead to the
release of nitrous oxide from agricultural systems.
Through these and other smart policies and practices, the nation can fully realize the potential of our forests and
farmlands to cultivate a cooler climate while providing other goods and services on which we depend.
Success Story: Farmers and Fungi—Climate Change Heroes at the Rodale Institute
Set amid the gently rolling hills of southeastern Pennsylvania, a little miracle unfolds every day.
The miracle workers are microscopic fungi that live inside and around the roots of crops,
extending their “tentacles” into dark and secret places. The work they do is nothing short of
miraculous: they hold the fabric of fertile soil particles together and simultaneously store carbon.
Located on a 333-acre certified organic farm in Kutztown, Pennsylvania, the Rodale Institute has
been studying organic farming methods for more than six decades (Rodale 2009). Of particular
interest, the institute has overseen a side-by-side comparison of organic and conventional farming
practices since 1981. The longest-running experiment of its kind, this study shows that organic
agricultural practices are regenerative—that is, they build the soil. Farmers practicing regenerative
organic agriculture plant cover crops, rotate crops, avoid herbicides, insecticides, and industrial
fertilizers, and fertilize with composted manure. Done in a smart way, these practices rebuild poor
soils, use nitrogen efficiently, and remove carbon from the air and store it in the soil, where it
accumulates year after year.
There are several techniques for building up carbon in the soil. The first, and most commonly
known, is preventing carbon from escaping the ground as it is tilled. Each time a plow turns over
an acre of land, it releases an astounding 45 pounds of carbon. Organic farmers use a number of
tillage systems to prevent carbon loss, including not tilling at all.
But the Rodale research has shown the viability of a second, and surprising, technique. Avoiding
synthetic fertilizers and herbicides and keeping the soil covered with live plants builds the soil’s
organic content, which in turn captures carbon dioxide from the atmosphere and stores it
underground.
Enter those amazing fungi. Allowed to flourish, micorrhizal fungi perform two important
functions: they help slow the decay of organic matter, and they help soil retain carbon. Chemical
fertilizers and weed killers essentially poison these fungi, hampering their carbon-storing ability.
In a world rapidly running out of time to reduce heat-trapping emissions, the promise of organicstyle agriculture is welcome news. Implementing regenerative strategies for sequestering carbon
requires no new technology or specialized knowledge. That suggests that spurred by the right
policies, U.S. farmers could rapidly make the transition.
(For more information, see www.rodaleinstitute.org.)
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Chapter 8
The Way Forward
No single solution is available to tackle global warming—the nation will need to enlist a
full suite of policies and other incentives at the international, national, state, and local
levels. Fundamentally, however, we need to shift to a clean energy future that can help
solve three of our biggest challenges at once: breaking our dependence on oil, putting
Americans back to work, and cutting carbon and other heat-trapping emissions to levels
that will stave off some of the most devastating effects of global warming.
Fortunately, our analysis shows that it is technologically and economically feasible for
the nation to achieve the needed cuts in emissions. In fact, the Blueprint also shows
hundreds of billions of dollars of savings for consumers and businesses.
This chapter details some of the critical climate, energy, transportation and international
policies we need to address climate change. These policies form the building blocks of
our clean energy future.

8.1

Building Block One: A Well-Designed Climate Policy

A central element of our climate policy should be a cap-and-trade system that sets tight
limits on carbon emissions, and charges polluters for the emissions they do release.
Legislation establishing such a system should require an auction through which industry
must purchase allowances to emit those emissions (see Chapter 3).
That is an effective way to raise the revenues we need to invest in clean energy solutions,
protect consumers, workers, and communities, and help people and wildlife adapt to the
unavoidable effects of climate change. A cap-and-trade system that auctions allowances
will also create a clear market signal that rewards cuts in carbon and other heat-trapping
emissions and drives private investments in clean energy.
In designing an overall climate policy that includes cap and trade, U.S. policy makers
must focus on several critical features:
•

Ensuring deep reductions in emissions. The United States must cut its total
emissions by at least 80 percent by 2050, and start on a path to achieving that goal
by cutting emissions aggressively in the next 10 years. Government should set
specific limits on carbon emissions from as many sources as possible, and provide
incentives to cut emissions from other sources, to ensure that reductions will
occur economywide. Our Blueprint analysis shows that the nation can meet a cap
set at 26 percent below 2005 levels by 2020, and 56 percent below 2005 levels in
2030—taking us a considerable way toward meeting the 2050 target.

•

Rapidly responding to the latest science. Recent research is helping us
understand how quickly and intensely the nation and the world are already feeling
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the effects of global warming. Any comprehensive response should therefore
include a continuing review of the underlying science, and of the effectiveness of
the U.S. program for addressing climate change. That approach should also be
able to respond nimbly to the latest scientific information by setting new limits on
emissions and creating new or more effective responses.
•

Funding protection for tropical forests in developing countries. Because
tropical deforestation and forest degradation in developing nations contribute
about 20 percent of worldwide global warming emissions, maintaining tropical
forests is one of the most effective and least expensive ways to address global
warming. A strong U.S. approach should channel a modest amount of revenue
from auctioning carbon allowances to countries that preserve their forests, and
also allow U.S. businesses subject to a cap on emissions to pay directly for a
small number of carbon offsets in those countries.

•

Investing auction revenues wisely. As noted, government should auction carbon
allowances and invest the revenue in programs and technologies that will help the
nation to shift to cleaner and more efficient energy. Government can also use
auction revenues to help consumers pay energy bills and move to cleaner forms of
energy and transportation, and provide transition assistance and job retaining for
workers and communities. Government can also use the funds to help U.S.
companies remain globally competitive; help states, municipalities, tribes, and
developing nations respond and adapt to the effects of global warming; and
preserve threatened wildlife and ecosystems.

•

Containing costs appropriately. The most cost-effective way to tackle global
warming is to invest heavily in energy efficiency measures, clean vehicles, and
better transportation choices—all of which will drive down energy costs for
consumers, businesses, municipalities, and states.
To enable companies subject to a cap on emissions to find the lowest-cost source
of emissions cuts, a cap-and-trade system should allow such companies to
purchase a limited number of carbon offsets: investments in reducing emissions
from uncapped sectors, such as by paying farmers to adopt practices that allow
soil to store more carbon.
However, such offsets must be limited, because firms in the capped sectors must
have an incentive to alter their production and investment decisions if we are to
meet our goals for sharply cutting global warming emissions and transition to
cleaner technologies. Quality standards for offsets must also be closely monitored
and enforced, so as not to compromise the nation’s goals for cutting emissions.
Containing the costs of capped companies by creating a “safety valve”—setting
an upper limit on the price of carbon allowances—would be unacceptable,
because cuts in emissions could easily grind to a halt under such a policy and
undermine the nation’s entire effort to address climate change.
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•

Preserving states’ rights: Any policy should preserve rather than preempt the
ability of states to implement their own more stringent climate, energy, and
transportation policies.

.
Box 8.1. How We Can Cut Emissions by More than One-Third by 2020
Chapter 1 lays out a rationale for making significant cuts in U.S. carbon emissions by
2020, based on the urgency of the science and the need for a clear policy direction to
move the nation toward a clean energy economy without delay.
Our findings show that the United States can cut global warming emissions 30 percent
below 2005 levels (equivalent to 19 percent below 1990 levels) by 2020, while
providing substantial cost savings for consumers and businesses. And those figures do
not include the full potential for storing carbon in the domestic agriculture and forest
sectors. That is therefore a conservative estimate of the reductions that the nation
could achieve domestically.
A separate UCS analysis shows that if our nation taps a modest amount of revenues
from auctioning carbon allowances to help tropical nations reduce deforestation and
forest degradation, the United States can reduce global warming emissions another 10
percent below 2005 levels (Boucher 2008). Negotiations on a global climate treaty
now under way clearly show that the United States has the capacity and responsibility
to finance even further reductions in carbon emissions by investing in the use of clean
technology in developing countries. While these negotiations are still a work in
progress, such investments could credit the United States with more cuts in emissions
under a treaty.
Given the urgency of the science, the large potential for deep, cost-effective cuts
revealed by the Blueprint, the danger that we will lock ourselves into high-carbon
technologies, and the importance of meeting our global obligations, we recommend
that the nation reduce emissions at least 35 percent below 2005 levels (or 25
percent below 1990 levels) by 2020, primarily through domestic action.

8.2

Building Block Two: More Efficient Industries and Buildings

Making our industries and buildings more efficient must be a cornerstone of any
comprehensive strategy for cutting carbon emissions. Energy efficiency can yield quick,
significant, and sustained reductions in energy use, while providing substantial savings
on energy bills for consumers and businesses. Creating a highly energy-efficient
economy, however, requires policies and programs to help overcome significant and
entrenched market barriers. The following policies build on the most effective approaches
pursued by pioneering states and the federal government:
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•

Enact an energy efficiency resource standard (EERS). Such a standard would
require electricity and natural gas providers to meet targets for reducing their
customers’ energy use. It would also create a nationwide trading system for
efficiency while spurring utilities to increase investments in efficiency. Some 18
states and countries such as France, Italy, and the United Kingdom have adopted
such a standard.

•

Set new and higher energy efficiency standards for a broad range of
appliances and equipment. Appliance and equipment standards save energy by
requiring that various new products achieve minimum levels of efficiency by a
certain date. Such standards have been one of the federal government’s most
successful strategies for reducing energy consumption in homes and businesses
since their inception more than two decades ago.

•

Adopt more stringent energy efficiency codes for buildings. Stepping up
energy codes over time ensures that builders deploy the most cost-effective
technologies and best practices in all new residential and commercial
construction.

•

Advance the deployment of combined-heat-and-power (CHP) systems. The
nation can accomplish this by setting federal standards for permitting CHP
systems and connecting them to the local power grid, and by establishing
equitable interconnection fees and tariffs for standby, supplemental, and buy-back
power. Greater funding for federal and state programs that spur the use of CHP
through education, coordination, and direct project support is also needed.

8.3

Building Block Three: A Clean Future for Electricity

Energy experts have identified dozens of actions that policy makers can take now to
reduce carbon emissions from the electricity sector. Here are a few:
•

Support a strong federal renewable electricity standard. Congress should
enact a national standard requiring electric utilities to obtain at least 25 percent of
their power from clean renewable sources by 2025. Studies have shown that such
an approach is both feasible and affordable. Indeed, 28 states and the District of
Columbia have adopted such standards, while the Senate has passed legislation
establishing a standard three times, and the House of Representatives once. The
national trading system in these bills would allow utilities to reduce their carbon
emissions at an affordable price while creating jobs and stabilizing fuel prices.

•

Extend tax and other financial incentives for renewable energy. On-again/offagain extensions of tax credits for renewable energy have produced a boom-andbust cycle that injects needless uncertainty into the financing and construction of
such projects and raises their cost. Congress should also reduce incentives for
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fossil fuels and nuclear power, which are mature technologies that have already
received enormous subsidies.
•

Triple today’s federal funding for research and development on energy
efficiency and renewable energy. A significant increase in R&D funding for
clean energy technologies is needed to lower their costs and spur the widespread
use essential to achieving dramatic cuts in carbon emissions.

•

Resolve state and local conflicts around siting electricity transmission lines
and renewable energy projects. Policy makers must also reduce the state-bystate balkanization that is crippling creation of a nationwide grid for renewables.
New federal rules need to streamline siting efforts on federal lands while
preserving their unique attributes and habitats. Congress should give the Federal
Energy Regulatory Commission (FERC) more freedom to expedite new
transmission capacity for renewable energy projects at the regional level.
Congress also needs to reexamine provisions in the Federal Power Act that
prohibit FERC from discriminating among power sources.

8.4

Building Block Four: A Smarter, Cleaner Transportation System

The transportation sector offers significant opportunities for cutting carbon emissions
while reducing the cost of meeting our critical targets for addressing global warming.
These reductions come from switching to low-carbon fuels and reducing our dependence
on oil—which would also reduce consumers’ and businesses’ projected annual
transportation costs by about $120 billion by 2030. To achieve those cost savings, policy
makers should create tools to strengthen each leg of the transportation sector: vehicles,
fuels, and transportation choices:
•

Require investments in cleaner vehicles through tougher standards. The
nation can save money and oil while cutting heat-trapping gases by requiring
automakers to integrate advanced technologies that boost fuel economy and
reduce emissions from refrigerants across their entire fleet. Requiring cleaner,
more efficient vehicles will also create jobs, help put the auto industry on the road
to recovery, and ensure wise investment of public dollars used to help out
automakers.
Because many of these technologies fall under both the Clean Air Act,
administered by the Environmental Protection Agency (EPA), and laws governing
fuel economy, overseen by the National Highway Traffic Safety Administration
(NHTSA), those two agencies can work together to set tougher standards for cars
and light-duty trucks.
For example, the EPA should cap vehicle emissions from cars and light trucks at
no more than 200 grams per mile of CO2 equivalent by 2020, (with car and light
truck fuel economy reaching about 42 mpg), while NHTSA sets fuel-economy
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standards to support the EPA’s efforts. By 2030 EPA should cap vehicle
emissions at no more than 140 grams per mile (with car and light truck fuel
economy reaching about 55 mpg). Within this process, there should be a transition
to EPA as the lead agency creating standards for vehicles in consultation with
NHTSA.
In tackling medium- and heavy-duty vehicles, the EPA may be able to move more
quickly than NHTSA, as it has fewer restrictions on its statutory authority. The
EPA’s experience with setting standards for smog-producing and toxic emissions
from heavy-duty vehicles, and its voluntary SmartWay fuel-saving program for
such vehicles, should also prove valuable in the standard-setting process.
Standards for medium-duty trucks should cap carbon emissions at no more than
780 grams per mile by 2020, and 500 grams per mile by 2030. Heavy-duty
vehicles should emit no more than 1,075 grams per mile by 2020, and 840 grams
per mile by 2030.
And the EPA agencies should set standards for all vehicles, not just highway
vehicles, including airplanes, ships, off-road vehicles, and rail. All contribute to
global warming, and all need to improve.
•

Require investments in cleaner fuels through a low-carbon fuel standard. The
EPA also has an important role to play when it comes to fuels. A low-carbon fuel
standard (LCFS)—which requires cuts in lifecycle carbon emissions per unit of
energy delivered—is the next step up from today’s renewable fuel standard
(RFS).
The RFS applies to only about 10 percent of the transportation fuel pool, while an
LCFS would encourage cuts in the carbon content of transportation fuels across
the board. The latter would also avoid giving particular types of fuel special
treatment, and allow the industry to determine the most cost-effective route to
compliance.
The EPA already has authority under the Clean Air Act to establish a low-carbon
fuel standard. The targets should be a 3.5 percent reduction in lifecycle carbon
emissions from transportation fuels by 2020, and a 10 percent reduction by 2030.
An LCFS would prevent an increase in global warming emissions from the use of
high-carbon fuels such as tar sands, liquid coal, oil shale. It would also guard
against the types of biomass resources that could have that effect by spurring
significant changes in land use. For an LCFS to be effective, it must take into
account the full lifecycle of a fuel, including both land-use changes and offshore
emissions.

•

Maintain states’ authority to set standards on global warming emissions
from both vehicles and fuels. California’s efforts to clean up smog and toxic
pollution from vehicles, and encourage stronger sales of hybrid and electric
vehicles, testify to the ability of states to act as laboratories for innovative energy
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and environmental policies. The next opportunity lies in California’s efforts to
reduce carbon emissions from cars, trucks, and fuels.
Congress must protect states’ authority to develop such innovative policies and
address new challenges as they emerge. That authority sustains progress when the
federal government does not act quickly or aggressively enough, and it must be
protected even as federal agencies establish national standards.
•

Encourage smarter travel, and include transportation under the carbon cap.
Vehicles and fuels are just parts of the transportation puzzle. To capture the
remainder, a cap-and-trade system must include transportation. Doing so will send
a price signal to all transportation users to reduce carbon emissions by choosing
the best mode of transportation and curbing demand. Both pieces are crucial to
meeting transportation’s portion of the global warming challenge.
Besides including transportation under the cap, the federal government should tie
all federal funding for transportation projects to efforts to cut carbon emissions.
That will encourage innovative planning, improved mass transit, and intelligent
transportation systems that make travel easier while reducing the need for it.
Federal agencies also need to encourage states to adopt pay-as-you-drive
insurance; shift gas taxes to per-mile fees to sustain and expand revenues for
repairing highways and expanding transit; and reward innovative local planning
that encourages smarter growth and transportation options. Meanwhile states and
localities must do their part to encourage alternatives to cars and trucks without
sacrificing daily mobility, such as by making cities and towns more bike-friendly
and walkable.

•

Encourage and invest in advanced transportation technologies. Federal
support is also essential in developing, demonstrating, and deploying ultra-lowcarbon vehicles, fuels, and infrastructure. The federal effort should focus on
technologies that offer significant cuts in carbon emissions but that will have
trouble entering the market on their own, such as low-carbon biofuels and
vehicles that run on electricity or hydrogen from renewable energy sources.
However, all aspects of advanced transportation technologies need further R&D,
from the basic science of batteries, fuel cells, and low-carbon biofuels, to their
low-cost manufacture, and the infrastructure to sustain them. The federal
government’s role is especially critical given that the industry’s investment in
R&D is now in doubt given severe financial challenges.

•

Ensure that transportation policies are consistent and durable. The
automotive industry needs certainty when making significant new investments,
and the nation needs deep cuts in carbon emissions, so policies that encourage
those investments and deliver those reductions must be strong and remain so even
with a changing of the political guard. That is especially true for vehicle
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technologies, because 15 years can elapse before they exert their full impact as the
fleet of cars and trucks turns over.
By consistently investing in a wide range of advanced technologies during the
next 20 years rather than shifting focus with every new election or trend, the
nation can ensure that we will have the tools we need to meet our transportation
goals.

8.5

Building Block Five: International Policies

We were unable to model international policies in our analysis. However, we know that
serious action to fight global warming will require the cooperation of all nations, as well
as specific actions by industrialized countries. While the most important step our nation
can take is to dramatically cut its own emissions, there is also an urgent need to help
developing countries reduce their emissions and adapt to climate change. As a first step,
the United States should engage constructively in U.N. negotiations now under way on a
new climate treaty that keeps further warming below 2 degrees F.
A comprehensive U.S. approach to global warming should include specific international
policies:
•

Support for curbing tropical deforestation. Tropical deforestation now
accounts for about 20 percent of heat-trapping emissions worldwide. Besides
cutting back on its own emissions, the United States should finance and support
the efforts of forest-rich tropical countries to slow their deforestation rates. A
portion of the revenues from auctioning carbon allowances could fund this
initiative. Investing just 5 percent of allowance revenues in this effort could
reduce tropical deforestation by 20 percent (Boucher 2008).

•

Funding for sharing clean technology. Transitioning the global economy from
its dependence on dirty fossil fuels to clean technologies will require serious
investments in research, development, and wide-scale deployment. The United
States should invest a portion of its auction revenues in efforts to share clean
energy technologies, and should also consider agreements on intellectual property
that would allow those technologies to be widely deployed more quickly.

•

Funding for adapting to global warming. Unfortunately, the world is already
committed to a certain amount of global warming because of past and current
carbon emissions. Particularly vulnerable communities and regions are already
experiencing the effects of climate change, and will continue to bear the brunt.
The United States and other developed nations must fund efforts to help these
communities and regions build resilience in the face of climate change, especially
the poorest areas. A portion of the auction revenues from a cap-and-trade program
could augment existing funding for international development.
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Box 8.2. How It Works: REDD
Policies for reducing emissions from deforestation in developing countries—known as
REDD—can be very cost-effective ways to slow global warming. That is because the
opportunity costs of preserving tropical forestland, which are the majority of the costs
of REDD, are low because most deforested land is used in ways that bring very low
returns. For example, 60–70 percent of Amazon land deforested in the 1990s was used
for low-quality cattle pasture, with many acres required to support a single cow.
A UCS analysis (Boucher 2008) describes how REDD could work in practice. Here are
some of the highlights of that analysis:
Under a REDD system, developed nations would recompense tropical nations for these
opportunity costs, once they had slowed their rates of deforestation and documented
the resulting cuts in carbon emissions, calculated for each country as a whole. Funding
could come from a variety of sources, such as auction revenues from cap-and-trade
systems, official development assistance, or levies on aviation fuels or timber imports.
If funding for curbing deforestation came from companies in developed countries like
the U.S. purchasing carbon offsets, net emissions would not drop, as a cut in emissions
in the tropical country would be countered by more emissions in the United States.
Boucher’s REDD modeling assumed that U.S. funding for REDD would come from a
non-offset source such as auction revenues. As a basis for comparison, The European
Commission recommends using 5 percent of auction revenues under the EU Emissions
Trading System for this purpose.
Three major groups of researchers have modeled the costs and potential of REDD
(Kindermann et al. 2008). Boucher’s analysis averaged the output of their models—
modified to incorporate other costs of implementing a REDD program, and realistic
expectations for how quickly it could become truly global—to create a new set of cost
curves.
The analysis found costs of REDD that are comparable to those of other recent studies.
For example, cutting tropical deforestation in half by 2020—the goal announced by
both the U.K.’s Eliasch Review and the European Commission’s October 2008 report
on REDD—would cost about $20 billion a year. The EC estimated an annual cost of
$15–25 billion, while the Eliasch Review cited a range of $18–26 billion. Thus a
variety of estimates of the cost of REDD are converging on the same relatively modest
figures.
If funding were available, would tropical countries reduce their deforestation rates?
Indications are that the answer is yes. About 30 members of the Coalition for Rain
Forest Nations put REDD on the agenda of international climate talks in 2005. And
several tropical countries have already stopped and even reversed deforestation (Rudel
et al. 2005), along with most temperate ones.
For example, Brazil recently released its National Climate Change Plan, which aims to
reduce deforestation by slightly more than 70 percent through 2017, compared with the
baseline level from 1996 to 2005. (The nation will measure progress in hectares
deforested rather than tons of CO2 emitted, but the results should be similar.) Thus, if
developed nations can find a relatively small amount of funding, developing countries
seem willing and able to accomplish ambitious goals.
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8.6

Conclusion

We are at a crossroads. The Reference case shows that we are on a path of rising energy
use and heat-trapping emissions. We are already seeing significant impacts from this
carbon overload, such as rising temperatures and sea levels and extreme weather events.
If such emissions continue to climb at their current rate, we could reach climate “tipping
points” and face irreversible changes to our planet.
In 2007 the Intergovernmental Panel on Climate Change (IPC) found it “unequivocal”
that the Earth’s climate is warming, and that human activities are the primary cause
(IPCC 2007). The IPCC report concludes that unchecked global warming will only create
more adverse impacts on food production, public health, and species survival.
The climate will not wait for us. More recent studies have shown that the measured
impacts—such as rising sea levels and shrinking summer sea ice in the Arctic—are
occurring more quickly, and often more intensely, than IPC projections (Rosenzweig et
al. 2008; Rahmstorf et al. 2007; Stroeve et al. 2007).
The most expensive thing we can do is nothing. One study also estimates that if climate
trends continue, the total cost of global warming in the United States could be as high as
3.6 percent of GDP by 2100 (Ackerman and Stanton 2008).
The Climate 2030 Blueprint demonstrates that we can choose to cut our carbon emissions
while maintaining robust economic growth and achieving significant energy-related
savings. While the Blueprint policies are not the only path forward, a near-term
comprehensive suite of climate, energy, and transportation policies is essential if we are
to curb global warming in an economically sound fashion. These near-term policies are
also only the beginning of the journey toward achieving a clean energy economy. The
nation can and must expand these and other policies beyond 2030 to ensure that we meet
the mid-century reductions in emissions that scientists deem necessary to avoid the worst
consequences of global warming.
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Figure 8.1 Choosing a Clean Energy Economy

Note: Emissions increases and decreases are relative to 2005; Blueprint savings are relative to the Reference case.

The United States is at a crossroads. We can choose to transition to a clean energy economy that
addresses a multitude of challenges (oil dependency, energy security, global warming, air pollution)
or we can choose to ignore these problems.
The Climate 2030 Blueprint shows that we can build a competitive clean energy economy that will
save consumers money and give our children a healthy future.
Conversely, choosing to ignore our energy problems commits us to continued reliance on dirty fossil
fuels and to damaging costs associated with climate change. These costs include the consequences
of sea level rise that threaten our coastal communities, disruptions in food production, and illnesses
associated with extreme heat and diminished air quality.
This transition will certainly require some up-front investment costs. However, the Climate 2030
Blueprint will reduce energy use and consumer and business energy bills–even in the early years.
These savings more than make up for the costs of building a clean energy economy.

The time to invest in our future is now.
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