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oreword Eileen Claussen, President, Pew Center on Global Climate Change

Transportation accounts for nearly a third of our nation’s greenhouse gas (GHG) emissions, and its
emissions are growing rapidly. In this report, authors David Greene and Andreas Schafer find that numerous
opportunities are available now and in the future to reduce the transportation sector’s impact on climate.
Many of these same actions would also address other national priorities, including reducing U.S. dependence
on oil imports.

This latest Pew Center report is the first building block in our effort to examine key sectors, technolo-
gies, and policy options to construct the “10-50 Solution” to climate change. The idea is that we need to
tackle climate change over the next fifty years, one decade at a time. This report points to the following key
elements of the 10-50 Solution to transportation.

e We can start now, and we must start now. Fuel economy for cars and trucks could be increased by

25 to 33 percent over the next 10 to 15 years using market-ready technology at a net savings, if fuel
savings are taken into account. Increasing efficiency of vehicles (aircraft, car, trucks and trains) takes
time because fleet turnover typically takes 15 years or more.

e We will need a sustained effort over many decades. Technologies on the horizon are likely to
enable fuel economy improvements in cars and light trucks of 50 to 100 percent by 2030.
Transforming land-use patterns to enable more efficient travel, or transitioning to a hydrogen based
transportation system, will require decades of incremental change.

e R&D and voluntary efforts are necessary but not sufficient; mandatory policies are essential. Since
fuel economy is undervalued in the marketplace, policies such as mandatory GHG standards and
public information are needed to pull technological improvements into the market. Fuel economy
has gotten worse recently not because of lack of technology, but because of lack of policy. Hydrogen
holds out the tantalizing promise of near-zero greenhouse gas emissions, but government must pro-
vide clear policy direction to drive massive private investment by the fuel and vehicle industries.

e We need a mix of policies, and there are many to choose from. Opportunities for significant
emission reductions include implementing a carbon constraint, raising efficiency standards for
automobiles, blending low-carbon fuels with gasoline, and changing land-use patterns through
urban design and planning. Each of these measures could contribute to reducing GHG emissions,
but none is sufficient alone. The authors estimate that a combination of reasonable measures
would reduce carbon emissions by about 20 percent by 2015, and almost 50 percent by 2030,
compared to “business as usual.”

The authors and the Pew Center would like to thank Roland Hwang of the Natural Resources Defense
Council, Barry McNutt of the U.S. Department of Energy, Alan Pisarski, and Daniel Sperling of the University
of California, Davis for their review of and advice on a previous draft of this report.
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xecutive Summary
Since the introduction of motorized transportation systems, economic growth and advancing
technology have allowed people and goods to travel farther and faster, steadily increasing the use of ener-
gy for transportation. Modern transportation systems are overwhelmingly powered by internal combustion
engines fueled by petroleum. Emissions of carbon dioxide (CO»), the principal greenhouse gas (GHG)
produced by the transportation sector, have steadily increased along with travel, energy use, and oil
imports. In the absence of any constraint or effective countermeasures, transportation energy use and

GHG emissions will continue to increase.

In the U.S. economy, transportation is second only to electricity generation in terms of the volume
and rate of growth of GHG emissions. In terms of carbon dioxide, which accounts for 95 percent of trans-
portation’s GHG emissions, transportation is the largest and fastest growing end-use sector.! Today, the U.S.
transportation sector accounts for one-third of all U.S. end-use sector CO, emissions, and if projections
hold, this share will rise to 36 percent by 2020. U.S. transportation is also a major emitter on a global
scale. Each year it produces more CO, emissions than any other nation’s entire economy, except China.

Given its size and rate of growth, any serious GHG mitigation strategy must include the transportation sector.

This report evaluates potential CO, emission reductions from transportation in the United States.
Measures considered include energy efficiency improvements, low-carbon alternative fuels, increasing the
operating efficiency of the transportation system, and reducing travel. Highway vehicles should be the pri-
mary focus of policies to control GHG emissions, since they account for 72 percent of total transportation

emissions. Passenger cars and light trucks together account for more than half of total sectoral emissions.

Energy Efficiency

By 2015, the fuel economy of new passenger cars and light trucks can be increased up to one-
third by the adoption of proven technologies, at a cost below the value of the fuel that would be saved
and without reducing the size or performance of vehicles. Before 2030, advanced diesel engines, gasoline
or diesel hybrid vehicles, and hydrogen-powered fuel cell vehicles will likely permit new car and light
truck fuel economy to be increased by at least 50 to 100 percent, while satisfying current and future
emission standards. Efficiency gains of 25 to 50 percent for new heavy trucks will likely also be possible
over the next 15 to 30 years. For new aircraft, fuel economy increases of 15 to 25 percent seem feasible
by 2015, reaching 25 to 40 percent by 2030.

Because the energy efficiency of new vehicles will rise gradually, and because it takes time to

turn over the entire fleet of vehicles in use, by 2015 the increase in energy efficiency achieved by all

111
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transportation vehicles in use will be only about half that achieved by new vehicles. With policies to
ensure the use of cost-effective technologies to increase fuel economy, by 2015 it should be possible to
boost the average efficiency of vehicles in use by 10 to 15 percent, reducing GHG emissions by about
11 percent. By 2030 GHG emissions reductions on the order of 25 percent should be achievable. These
estimates take into account the tendency for slight increases in travel when fuel costs are lowered by

efficiency gains.

Alternative Fuels

Despite 25 years of effort, alternatives to petroleum have not displaced more than a few percent of
petroleum fuels. Petroleum fuels are supported by an extensive and well-functioning infrastructure. They
also have high energy density, low cost, and a demonstrated ability to adapt to environmental challenges.

In the near term, lower-carbon alternative fuels such as natural gas and liquefied petroleum gases will con-
tinue to be viable in niche markets. Lower-carbon replacement fuels, such as alcohols or ethers produced
from biomass, can be blended with gasoline to displace several percent of petroleum use. If methods of
producing ethanol from cellulose can be commercialized and if current tax subsidies are continued, renew-
able liquid fuels blended with petroleum fuels could reduce transportation’s CO, emissions by 2 percent by

2015 and 7 percent by 2030.

Technological advances in fuel cells, hydrogen production, and hydrogen storage are needed to
accomplish a transition to a largely hydrogen-powered transportation system. Such a transition will also
require intensive planning, major commitments by government, industry, and the public, and supportive
public policies. If achieved, however, a transition to hydrogen produced from renewable or nuclear energy
or from fossil resources with carbon sequestration, could eliminate most of transportation’s GHG emis-

sions sometime after 2030.

System Efficiency

While changing behavior has the potential to reduce transportation fuel use and GHG emissions,
large and sustainable reductions have never been achieved in this manner in the United States. Increasing
wealth and vehicle ownership combined with decreasing household size and population densities has led
to steadily declining vehicle occupancy rates. The same trends have historically contributed to declining
market shares for mass transit, although mass transit ridership has been growing over the past few years.
On the freight side, shippers increasingly value speed and reliability, favoring truck and airfreight, the most
energy-intensive modes. Still, GHG emission reductions of a few percent can be achieved with concerted
effort, and much might be possible if innovative strategies could be found to increase vehicle occupancy

rates without diminishing service or convenience.

o
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Reducing Transportation Activity

Mobility gives people access to opportunities and enhances the efficiency of the economy.
Reducing transportation activity per se is not a desirable goal. Where there are environmental damages
(such as GHG emissions) unaccounted for in private transportation decisions, increasing the cost of travel
to reflect these impacts is beneficial from both an economic and environmental perspective. In particular,
internalizing the externality of climate change through carbon cap-and-trade systems or direct pricing of
the carbon content of motor fuels is an especially attractive option. An even greater impact can be
achieved by redistributing certain fixed costs of motor vehicle travel so that they fall on carbon fuels. One
example is collecting a portion of vehicle insurance fees as a surcharge on motor fuel. This could reduce
GHG emissions from motor vehicles by 8 to 12 percent and could improve the overall economic efficiency

of highway transportation.

The patterns of land use and development that have evolved over many decades are inefficient
from a transportation perspective. If the geography of cities can be transformed to provide equal or
greater accessibility with less travel, both the environment and the economy would benefit.
Experimentation and modeling analyses indicate that travel reductions of 10 percent may be achievable
in the long run, without loss of accessibility. The ability to consistently achieve and sustain such reduc-
tions has not been demonstrated in the United States, and much remains to be learned about planning

and realizing more transportation-efficient patterns of land use.

Policy Options

There are plenty of practical and effective policies for reducing transportation’s GHG emissions.
The policies described in this report are not the only policies that can be effective; rather, they are repre-
sentative of the kinds of policies a comprehensive strategy would include. A reasonable combination of
policy measures should be able to reduce U.S. transportation sector CO, emissions by 20 to 25 percent
by 2015 and by 45 to 50 percent by 2030 in comparison to a transportation future without any efforts to
control carbon emissions. If the demand for transportation energy use continues to grow at 2 percent per
year through 2030, achieving these reductions will result in CO, emissions in 2030 that are about the

same as the current level.

These estimates of GHG reductions achievable by 2015 are based on: (1) proven energy efficiency
technologies and low-carbon replacement fuels, (2) levels of efficiency improvement at which the value of
the fuel saved is greater than or equal to the cost of technology, (3) no change in vehicle size or perform-
ance, (4) pricing and other policies that do not increase the overall cost of transportation and, (5) a carbon
cap-and-trade system equivalent to approximately $50 per ton of carbon. Greenhouse gas reductions esti-

mated to be achievable by 2030 are based on: (1) efficiency improvements that depend on technological
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progress judged highly likely by 2020 with a focused R&D effort, and (2) continuation or moderate exten-
sions of pricing and behavioral policies adopted for 2015. GHG emissions would be lower if growth in
demand for transportation fuel is slower, or with more stringent energy efficiency standards, a tighter car-

bon emissions cap, or if technological innovation is more rapid than assumed here.

Fuel efficiency improvements, especially of cars and light trucks, offer the largest potential for
reducing CO, emissions from transportation over the next 30 years. Several policies can contribute to
realizing this potential, including fuel economy standards. Fossil fuel or carbon pricing policies would
encourage fuel economy improvements while simultaneously discouraging transportation demand. Pricing
measures alone, however, would probably not be sufficient to achieve the above indicated emission reduc-
tions. A price of $100 per ton of carbon, which translates into $0.25 per gallon of gasoline, might
increase fuel economy by about 5 to 10 percent and reduce light-duty vehicle travel by about 1 to 3 per-

cent, far below the estimated potential of a comprehensive strategy.

The long lead times required to turn over the entire fleet of vehicles and the supporting infrastruc-
ture mean that policies must be implemented now to create the impetus for change in order to achieve the
reduction levels indicated in this report. Within the next 15 years, energy efficiency improvements, various
pricing policies, and low-carbon replacement fuels are the key components of a comprehensive effort to
reduce GHG emissions. Over the longer term a large-scale transition away from petroleum fuel toward low-
carbon alternative fuels should be considered. Among the most promising low-carbon fuels for the longer
term is hydrogen, which has many desirable fuel characteristics and can be produced from a variety of
zero-carbon feedstocks or from fossil fuels with subsequent carbon sequestration. Obstacles, however,
remain in areas such as hydrogen storage and the cost of hydrogen fuel cell vehicles. A transition to
hydrogen will require an entirely new infrastructure for producing, transporting, distributing, storing, and

retailing hydrogen, and possibly for sequestering CO, emissions generated during its production.

Many of the policy measures discussed in this report do much more than reduce CO, emissions.
For example, improving fuel efficiency of the U.S. transportation system reduces dependence on foreign
oil imports and increases the global competitiveness of the U.S. vehicle industry. Similarly, more efficient
land-use patterns not only increase the ridership potential of public transportation modes but also relieve
traffic congestion. Taking these multiple benefits into account spreads the costs of controlling CO, emis-

sions and adds incentives for taking action.

The size and rate of growth of transportation’s GHG emissions make them impossible to ignore.
The interconnectedness of transportation to nearly every aspect of human activity, the provision of most
transportation infrastructure as public goods, the important external costs associated with transportation
activity and energy use, and other market imperfections mean that no single policy is likely to achieve the
needed reductions in transportation GHG emissions. A suite of policies will be necessary. Devising and

implementing an effective, comprehensive strategy will be a difficult and complex task, but it can be done.

o
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ntroduction
The U.S. tranaportation system provides Americans with the greatest
mobility of any society on earth. It is fundamental to the health of the U.S. economy and to
its continued growth. But transportation is also the economy’s largest source of CO, emissions, produced
by burning petroleum fuels in internal combustion engines. In the coming decades, the transportation sys-
tem faces important energy challenges. Sometime in the next 10 to 30 years, the world is likely to begin a
transition away from petroleum products made from conventional oil. One option is to continue to use oil,
but to produce it from either coal or unconventional fossil fuels, such as tar sands and shale oil. Another
possibility is to shift to an entirely different energy carrier, such as hydrogen produced from either renew-
able energy sources or from fossil fuels with carbon sequestration. If the necessary technologies can be
developed and effective policies put in place, a cleaner, more economically efficient energy future that is
no longer dependent on oil will be possible. In the meantime, much can be accomplished that will be ben-

eficial in its own right and will buy time to advance technology and make a smooth transition.

A. The World’s Largest Transportation System

The U.S. tranaportation system ia the largest in the world. It is not only a
major source of global greenhouse gas (GHG) emissions, but it is also almost entirely responsible for U.S.
oil dependence. Transportation is woven into nearly every aspect of life, and the amounts and kinds of
transportation Americans use are strongly linked to long-lived investments in housing, commercial build-
ings, roads, and airports—indeed, the entire geography of the nation. Reducing GHG emissions from
transportation presents special challenges. Yet the vast amount and continued growth of GHG emissions
produced by the U.S. transportation system mean that the transportation sector must be a part of any

meaningful GHG mitigation strategy.

Mobility of people and commodities is essential to modern societies. Each year Americans travel
a total of 4.8 trillion person-miles, an amount nearly equivalent to a trip around the world for each and
every person in the country, every year. The United States also has the most mobile economy in the world.

In 2001 3.7 trillion ton-miles of freight were moved to facilitate production and consumption in the

1
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world’s largest economy.

Transportation on such a massive scale requires enormous amounts of energy. As illustrated in
Figure 1, energy use by the U.S. transportation system had increased to 27.1 quadrillion Btu (quads) by
2001. Only two nations, China (36.7 quads) and Russia (28.0 quads), use more energy than this in their
entire economies.? All but 1 percent of the energy that powers transportation in the United States is

obtained by burning fossil fuels, and all but 3 percent of it is derived from petroleum.

Figure 1

U.S. Transportation Energy Use |1950-2000
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Source: U.S. DOE/EIA Annual Energy Review 2000, Table 2.1a.
The vast scale of transportation in America and its reliance on oil make it the second largest
U.S. source of GHG emissions (Figure 2) and a major source globally. In 2000, GHG emissions from U.S.
transportation amounted to 515 million metric tons of carbon equivalent, more than a quarter of total
n U.S. GHG emissions. Carbon dioxide is the most important greenhouse gas produced by the transportation

sector, accounting for 95 percent of the warming effect of transportation’s GHG emissions (Figure 3). The

U.S. transportation system emits more CO, than any other nation’s total CO, emissions, except China.

Within the transportation sector, highway transportation dominates both energy use and GHG
emissions.3 Highway vehicles account for 72 percent of transportation energy use and carbon emissions.

Air transport comes in a distant second with 10 percent, followed by marine, rail, and pipelines (see

2
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Figure 4). Within the highway mode,
light-duty vehicles (passenger cars and
light trucks) account for 75 percent of
highway energy use. Carbon dioxide
emissions from U.S. light-duty vehicles
alone are comparable to the total car-
bon emissions of major industrialized

countries like Germany and Japan.

Since 1980, CO, emissions
from transportation have increased more
rapidly than from any other energy-using
sector (Figure 5). In 1998 carbon emis-
sions from transportation surpassed

those from the industrial sector.*

Transportation’s CO, emissions
and U.S. oil dependence are closely
linked. Transportation consumes seven
of every ten barrels of oil the nation
uses. Today, imports supply more than
half of U.S. oil needs (56 percent in
2001).5 Dependence on oil has cost the
economy trillions of dollars over the
past thirty years and continues to cre-
ate strategic and military risks (see

Box 1, “Oil Dependence”). The U.S.

Department of Energy projects that import dependence will continue to increase in coming decades as

Figure 2

Transportation Share | of U.S. Greenhouse
Gas Emissions, 2000
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transportation-driven demand grows and domestic supply continues to decline.®
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Figure 4

Transportation GHG Emissions

by Mode, 2000
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B. A Global Energy Transition

If global mobility is to continue
to expand, especially in the develop-
ing world, a transition to other
Aources of enerqy to power tranas-
portation must begin soon. The energy
sources chosen will have important consequences
for the global climate. Decisions made in the
next several years could determine whether the
world’s transportation systems follow a path of
continued reliance on high-carbon fossil fuels, or
take an alternative path toward more diverse, low-
carbon energy sources. Estimates of total world

oil resources are uncertain and

Figure 5 often controversial, yet there is
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Box 1

Oil Dependence

The international effort to curb GHG emissions
offers the United States an opportunity to solve its thirty-
year-old problem of oil dependence. Dependence on oil is
a source of major economic, political, and strategic prob-
lems for the United States.!? Significant efforts by every
large economy to reduce CO, emissions, especially from
transportation, could lead to major worldwide reductions
in petroleum demand. That, in turn, would undermine the
market power of the OPEC oil producers and could break
their hold over world oil markets.

Qil price shocks and oil market manipulations by
OPEC have cost America’s economy trillions of dollars. For
the past thirty years every major oil price shock has been
followed by a recession in the United States, and every
recession has been preceded by an oil price shock. Each
year, tens of billions of dollars of excess oil profits help
support regimes inimical to the United States. Concern
over possible disruption of oil supplies influences U.S.
foreign policy and military actions.

Two-thirds of the world’s oil reserves are concentrated
in a few countries that joined together in the late 1960s to
form the OPEC cartel. When the Arab members of OPEC
declared an oil boycott against the United States in 1973,
world oil prices doubled. Prices tripled in 1979-80 when
the Iran-lrag war disrupted the flow of oil from the Persian
Gulf. For the next five years, OPEC members, especially
Saudi Arabia, maintained the higher price of oil by cutting
production until in 1986 they had sacrificed so much mar-
ket share that they were no longer able to effectively con-
trol the oil market. World oil prices collapsed. In 1990, the
United States and its allies went to war in the Persian Gulf
to prevent Iraq from overwhelming Kuwait and threatening
the world’s largest oil producer, Saudi Arabia. The Persian
Gulf war produced another, shorter-lived oil price shock
and another recession in the U.S. economy.

America and the world responded effectively to
OPEC'’s supply shocks and higher prices but failed to sus-
tain their efforts when oil prices crashed in 1986. U.S.

petroleum consumption had been increasing every year
from 1950 to 1973, at an average annual rate of over 4
percent. From 1973 to 1985, higher prices and energy
policies caused U.S. petroleum consumption to decrease
from 17.3 to 15.7 mmbd (million barrels per day). At the
same time U.S. net imports fell from 6.0 mmbd to 4.3
mmbd. A combination of increasing fuel economy, other
energy efficiency improvements and the substitution of
other fuels for petroleum outside the transportation sector
reversed the growth of U.S. petroleum demand. Other
countries took similar actions, and non-OPEC oil suppliers
significantly increased oil production. These actions effec-
tively broke OPEC’s control over world oil markets from
1986 to 1999.

The continued growth of world oil demand after 1986
and the concentration of oil resources in OPEC countries
enabled OPEC to regain most of the oil market share it
gave up during the 1980s. World oil prices remained low
throughout the 1990s, until in 2000 OPEC members
agreed on a new round of production cuts that once again
doubled world oil prices. If oil-importing countries’ policies
are not changed, the U.S. Department of Energy projects
that over the next twenty years U.S. imports will grow to
over 60 percent of consumption, and OPEC'’s share of the
world oil market will increase to 50 percent.

The actions oil-consuming nations took that produced
the oil price collapse of 1986 proved that it is possible to
dramatically reduce oil dependence. A renewed effort to
increase transportation’s energy efficiency and encourage
the use of renewable energy by the transportation sector
would produce multiple benefits: it would curb green-
house gases, reduce price volatility, and strengthen U.S.
energy security.’3 It is unquestionably true that higher oil
prices encourage energy efficiency and fuel switching, yet
oil prices can be maintained at higher levels by means of
domestic policies that would have the added advantage of
keeping the revenues generated within the U.S. economy,
rather than exporting them to oil producers.

tems with high-carbon liquid fuels from fossil energy for the entire 21st century. The earth’s crust con-
tains vast reserves of high-carbon, unconventional oil in the form of heavy oil, oil and tar sands, and

shale oil.1* Unconventional oil resources are distinguished from conventional oil by their much higher vis-

5
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cosities, which make them far more difficult to extract and refine. But with advances in technology, it is
likely that liquid fuels from unconventional oil will be available at prices not drastically higher than the
price of oil today. Already today, Canadian oil sands and Venezuelan heavy oil are beginning to be pro-
duced and converted to conventional liquid fuels at competitive prices. In a sense, the transition to

unconventional fossil resources for transportation has already begun.

The move from conventional to unconventional oil is likely because it would be compatible with
the existing infrastructure for distributing and retailing transportation fuels, as well as with conventional
vehicle technology. Still, it would require huge investments in the production, processing, and upgrading
of unconventional energy resources, investments that once made would be difficult to change. A global
transition to producing conventional liquid fuels from unconventional fossil resources would also signifi-

cantly increase GHG emissions.1®

Other energy futures for transportation are possible, but will probably require greater effort and
depend on significant advances in technology. For example, unconventional fossil fuels could be utilized
without harm to the climate if they were used to produce hydrogen and their carbon sequestered.1® This
would require an entirely new energy infrastructure for transportation, as well as technological break-
throughs for hydrogen use by transportation vehicles. Because of this, the transition to a low-carbon,

hydrogen-based energy future for transportation will almost certainly take decades.

Greatly increasing the energy efficiency of transportation can extend the life of conventional oil
resources and buy time to develop the technology for low-carbon alternatives. Increased use of renewable

and other non-fossil energy would also help.

C. Trends in Transportation Activity, Energy Use, and Efficiency

Transportation energy use and greenhoude gas emissions are increasing
because the growth of transportation activity exceedas the rate of improve-
ment in enerqy efficiency and because little low-carbon fuel is used. Since 1970,
passenger car and light truck travel has more than doubled, increasing at an average rate of 3 percent per
year.!” U.S. air travel grew faster still, increasing five-fold from 1970 to 2000, at an average annual rate of
5.4 percent. Travel by all modes of public transit, which had not grown from 1985 to 1995, increased by

20 percent from 1995 to 2000 but still accounts for only about 1 percent of total U.S. passenger miles.!8
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Ton-miles of freight transported also more than doubled over the past thirty years, and there has

been a substantial shift in traffic from the less energy-intensive rail, water, and pipeline modes to more

energy-intensive trucking and air transport. In 1970, trucks carried 18 percent of intercity freight ton-

miles; by 1998, trucking’s share had increased to 28 percent.1®

Transportation’s energy use and GHG emissions since 1970 have increased more slowly than

transportation activity because of significant improvements in energy efficiency by nearly all modes of

transport. From 1975 to 1988, new passenger car miles per gallon increased from 15.8 to 28.6, and new

light truck miles per gallon grew from 13.7 to 21.2. Since 1988, the fuel economy of new cars and light

Box 2

Changing Transportation Energy Use Takes Time

Like other energy-consuming sectors, transportation’s
energy use is linked to long-lived transportation equip-
ment. A typical passenger car or light truck can be expect-
ed to last about 15 years.?® Commercial aircraft sold today
are likely to be around 20 to 35 years from now.?! Marine
vessels last even longer, although their power plants are
often rebuilt or replaced.

It also takes time for transportation equipment manu-
facturers to adopt new technologies and incorporate them
into their products. Today, each passenger car and light
truck model undergoes a complete redesign approximately
every eight years, but product plans are “locked in” two to
three years in advance. Thus, if the decision to completely
redesign vehicles were made today, it would take about ten
years to fully implement it in new vehicles. Replacing all
the existing vehicles on the road would take even longer.

Nearly complete replacement can be accomplished
sooner than the sum of vehicle lifetime and the total prod-
uct redesign cycle. This is because new equipment is
used more intensively. In its first year a typical new pas-
senger car will be driven over 15,000 miles. Vehicles ten
years old or older are driven on average only 9,000 miles.
As a rule, after 15 years approximately 90 percent of vehi-
cle miles will be traveled in cars with the newer, more
efficient technology. Similarly, it takes about 10 to 15
years for the U.S. fleet of commercial aircraft to achieve

the same fuel efficiency as newly designed aircraft (Lee,
et al., 2001, p. 184).

Replacing the petroleum-based transportation energy
system with new technology that requires an entirely new
energy infrastructure, such as hydrogen-powered fuel cell
vehicles, will take much longer. Storing adequate amounts
of hydrogen on-board a vehicle remains a technical chal-
lenge, and fuel cell costs must be further reduced by an
order of magnitude to compete with conventional internal
combustion engines. Even if these challenges are quickly
solved, hydrogen fuel cell vehicles would not be ready for
widespread marketing before 2010 at the earliest, and
more likely not before 2015.22 Widespread marketing is
dependent not only on technological readiness, but also
on the creation of a completely new infrastructure for pro-
ducing, distributing, storing, and retailing hydrogen fuel.

Policies that affect the level of transportation
demand, such as fuel taxes, can have an immediate
impact, but significant changes in transportation vehicles
and energy sources cannot be accomplished quickly. Major
energy efficiency improvements will require about 15
years to affect the vast majority of vehicles in use, and a
complete transition to a new energy source for transporta-
tion will take at least three decades. Policies that affect
land use and transportation infrastructure may require
even longer to achieve their full impact.
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trucks has not increased. In fact, because light trucks meet lower standards, the increased popularity of
light trucks has caused the combined fuel economy of new light-duty vehicles to decline from 25.9 miles

per gallon (mpg) in 1988 to 24.0 mpg for vehicles sold in 2002.23

Passenger-miles per gallon for commercial air travel has increased by 150 percent since 1975,
partly due to an increase in occupancy rates, but mostly due to a near doubling of aircraft energy effi-
ciency.?* The energy required to move a ton of freight by rail was also cut in half.?® Truck and waterborne
freight transport do not appear to have done as well, though the data for these modes is weaker. During
the past 30 years, energy use per ton-mile for domestic waterborne commerce and truck freight appears
to have fallen by less than 10 percent. The miles per gallon for an average tractor-trailer in the United
States appears to be about the same today as it was twenty years ago,?® although the size of tractor-trailers

has increased.

The causes of energy efficiency improvements differed from mode to mode. Efficiency improve-
ments in air travel were largely driven by market forces responding to higher oil prices in the 1970s and
1980s, in combination with continued technological advances in aircraft and propulsion, increasing aver-
age aircraft size, and higher seat occupancy rates.?” With the exception of the federal government’s sig-
nificant investments in aerospace technology research through the Department of Defense and the
National Aeronautics and Space Administration, government policies had little to do with the increasing
energy efficiency of air travel. The dramatic reduction in rail energy use per ton-mile was achieved by a
combination of increased car loadings and improved technology and operations. The increased tons per
rail car was partly a result of the loss of higher value and lower weight freight to trucking and partly a

result of greater operational efficiency.

Federal fuel economy standards, on the other hand, played a major role in increasing light-duty
vehicle fuel economy. The federal Corporate Average Fuel Economy (CAFE) standards established in 1975
required new passenger car fuel economy to increase from 18.0 mpg in 1978 to 27.5 mpg in 1985,
where the standard remains to this day (Figure 6). Less was required of light trucks; standards set by the
U.S. Department of Transportation increased to 20.5 mpg in 1987 and stand at 20.7 mpg today.?® The
actual fuel economy of new passenger cars and light trucks has closely followed the standards, indicating

the significant influence they have had on light-duty vehicle fuel economy.
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Figure 6

U.S. Passenger Car and Light Truck | Fuel Economy Standards
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Past fuel economy gains have had a major impact on petroleum consumption. The National
Research Council?® estimated that if the fuel economy of light-duty vehicles had not improved since
1975, U.S. gasoline consumption would be about 2.8 mmbd (30 percent) higher today (Figure 7). This
represents approximately 100 million metric tons of carbon emissions avoided annually, roughly equal to

the total annual carbon emissions of France or Mexico.

Over the past decade, however, improvements in transportation energy efficiency have been mod-
est to non-existent. The fuel economy of new passenger cars and light trucks has not increased since
1988. Today’s new passenger cars and light trucks get fewer miles per gallon than the vehicles sold fif-
teen years ago. Because it takes 15 years or more for changes in new vehicle fuel economy to fully trans-
form the on-road vehicle fleet, the average fuel economy of all passenger cars and light trucks on the
road continued to inch upward from 19.6 mpg in 1991 to 20.1 mpg in 2000. Stagnant fuel economy
and increased travel has greatly increased petroleum use and CO, emissions. Since 1985, U.S. net oil

imports have grown from 4.3 mmbd to 10.1 mmbd.

Without changes in U.S. energy policies, the U.S. Department of Energy foresees continued growth

in transportation petroleum use, oil imports, and GHG emissions. By 2020, transportation petroleum use is

9
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Figure 7

Passenger Car and Light Truck Travel and Fuel Use
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expected to expand from 13.7 to 19.9 mmbd, accounting for 90 percent of the total increase in U.S.
petroleum use over that period.30 Light trucks alone are expected to account for 40 percent of the growth
in transportation oil use over the next 20 years. Transportation’s carbon emissions are forecast to increase
by almost 50 percent from 517 mmtC to 753 mmtC, at a faster rate than any other sector of the econo-
my. If this prediction holds, transportation will be responsible for 36 percent of U.S. carbon emissions

in 2020.

D. Options for Reducing Greenhouse Gas Emissions from Transportation

There are four fundamental wayas to reduce carbon emissions from the
transportation sector: (1) increase the enerqy efficiency of transportation
vehicles, (2) subatitute enerqy sources that are low in carbon for carbon-inten-
Alve sources,(3) increase the efficiency with which transportation systemas
provide mobility, and (4) reduce transportation activity. Various options are available

to achieve these goals.

Technology exists today that has the potential to substantially increase the energy efficiency of

transportation vehicles. The greatest potential lies in personal highway vehicles. It is possible to increase
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the fuel economy of new passenger cars and light trucks by 25 to 33 percent by 2015, and increases of

50 to 100 percent will likely be feasible by 2030.

Significantly reducing the carbon intensity of transportation energy will require use of alternatives
to petroleum, such as natural gas, bio-fuels, or hydrogen. When produced from renewable energy sources
or nuclear energy, the use of hydrogen can result in nearly zero carbon emissions. Producing hydrogen
from fossil fuels (the most economical method today) would generate substantial GHG emissions unless
the carbon were captured and sequestered. Effectively reducing carbon emissions by substituting alterna-
tive fuels for petroleum requires a consideration of GHG emissions over the full fuel cycle (see Box 8,

“Life-Cycle Analysis: From Well to Wheels”).

The transportation system’s energy efficiency can be increased by operating vehicles more effi-
ciently or by shifting activity from more energy-intensive to less energy-intensive modes of transportation.
Decreasing transportation activity generally implies a loss of mobility. In some cases, a reduction in travel
can be accomplished without losing convenient access to people and places. For example, using more
direct routes from origins to destinations, increasing vehicle occupancy rates, or designing more geographi-

cally efficient communities can result in less motorized transport without compromising accessibility.

The role of governments is especially critical in controlling transportation’s environmental
impacts. Consumers and businesses acting according to self-interest will not fully consider the need to
reduce GHG emissions when they purchase vehicles and fuels and decide how much to travel. Economists
call this a public good externality, because the costs and benefits of controlling it are external to market
decision-making. If the market does not fully value reducing GHG emissions, firms will under-invest in
research and development (R&D) to create new, less polluting technologies. Without collective action to
curb public good externalities, market economies will produce excessive amounts of environmental pollu-

tion.

A wide variety of policies and measures are available to governments to correct this problem.3!
Governments can directly invest in R&D or can partner with industry to accelerate technological progress.
Market forces can be harnessed through emission cap-and-trade programs or by using fiscal policies
(taxes, subsidies, and incentives) to “internalize” the value of reducing carbon emissions. Regulations,

such as fuel economy standards, can be used to increase the efficiency of energy use or to change the
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properties of transportation fuels. Public information and education programs can help markets function

more effectively and may lead to significant voluntary efforts to curb emissions.

Deciding on the best policy is often controversial. Opposition to specific policies by interest
groups or by voters can block the adoption of potentially effective policies. Poorly designed or poorly
implemented policies can produce unintended negative consequences. It is not the purpose of this report
to recommend specific policies and measures for reducing transportation’s GHG emissions. Rather, this
report attempts to identify practical options and opportunities to curb GHG emissions, both today and in
the future. There will be several alternatives that can achieve the same greenhouse gas target. In the end,
a comprehensive strategy to reduce emissions from the U.S. transportation system will require a combina-

tion of different types of policies.

12
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nergy iciency
Significant reductions in greenhouse gas emissions from U.S. trans-
portation can be achieved by increasing the enerqy efficiency of transporta-
tion equipment. This strategy requires only incremental changes to conventional technologies and
fuels, and so preserves both the characteristics of modern conventional vehicles that consumers desire
and the enormous investment in the infrastructure for producing, distributing, and retailing conventional
petroleum fuels. However, increasing energy efficiency of the transportation system takes time, typically

15 years or more between efficiency gains in new equipment and comparable efficiency gains for the

entire fleet of transportation vehicles (see Box 2, “Changing Transportation Energy Use Takes Time”).

A. Passenger Cars and Light Trucks?’

By 2015, the fuel economy of light-duty vehicles3? (passenger cars, vana,
minivana, Aport-utility vehicles, and pick-up trucks) can be increased by
about one-fourth to one-third with existing technology at a cost less than the
value of the fuel saved. By 2030, it is likely that fuel economy can be increased to significantly
higher levels (50 percent to 100 percent), at possibly greater cost, depending on the progress of technol-
ogy. Vehicle fuel efficiency can be increased by improving the energy efficiency of the drive train (engine
and transmission) and by reducing the amount of energy necessary to move the vehicle (by reducing
weight, aerodynamic drag, and rolling resistance). While the single largest contribution to improved fuel
efficiency is expected to come from the drive train, the largest total increase in fuel economy can be
achieved through a combination of these technologies, which allows a compounding of individual energy

efficiency improvement potentials.

Only rarely is the full power of a vehicle’s engine needed. For example, a typical passenger car
requires less than 20 horsepower to cruise on a level highway, meaning that the typical model year 2000
passenger car has more than eight times the power it needs for cruising. Several technologies are now

available that can improve engine efficiency when operating under “low load” conditions. An appropriate

13
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combination of these technologies could increase engine efficiency by up to 25 percent.33 Transmissions
also offer a significant energy efficiency improvement potential of several percent.3* Reductions in aero-
dynamic drag of at least 10 percent (lowering fuel consumption by about 2 percent) are readily achiev-
able, and the rolling resistance of tires can be lowered (leading to fuel consumption reductions of 1 to
1.5 percent) without compromising handling, comfort, or braking. There are also opportunities to reduce
vehicle weight by greater use of advanced lightweight, high-strength steels, aluminum, and composite
materials. For example, the steel industry has shown how the weight of the structural components of a
typical passenger car can be reduced by about 25 percent (approximately 100 Ibs.) with no loss of crash-
worthiness or performance.3® Vehicles made from aluminum can achieve a 40 percent reduction in the
weight of structural components, with improved crashworthiness.3¢ Additional emerging vehicle technolo-
gies that could improve efficiency are the 42-volt electrical system, which permits electrification of many
accessories that are now mechanically operated, and the integrated starter/alternator (ISA), which allows
the engine to be shut down during idling or deceleration and restarted instantly when needed. Depending
on the amount of battery storage, the ISA system can also permit a certain amount of regenerative brak-

ing, recapturing energy normally wasted in braking for later use.

By combining such proven and near-term technologies (excluding weight reduction), a recent
study of automotive fuel economy by the National Research Council (NRC) concluded, “Technologies exist
that, if applied to passenger cars and light trucks, would significantly reduce fuel consumption within 15
years.”37 Based on their assessment, the NRC Committee found that passenger car fuel economy could
most likely be increased by 12 (for subcompacts) to 27 percent (for large cars) and light truck fuel econ-
omy by 25 (small SUVs) to 42 percent (large SUVs), using technologies that would not change the size,
weight, or performance of vehicles. While many of these technologies would increase the vehicle’s price,
they could more than pay back their cost over the life of the vehicle.3® The NRC study, however, also
cited reasons to believe that when choosing a car, the typical car buyer considers only the first three
years of fuel savings, not the fuel savings over the life of the car. If this is so, it represents a significant

market barrier to fuel economy improvements (see Box, “Markets and Fuel Economy”).
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Box 3

Markets and Fuel Economy

If consumers do not fully value the lifetime fuel sav-
ings of increased fuel economy, manufacturers will not
produce vehicles with economically efficient fuel economy
levels, and fuel price increases will not induce appropriate
mpg increases. A recent report of the National Research
Council on fuel economy standards suggested that con-
sumers might value only the first three years of fuel sav-
ings produced by increased fuel economy. Honda Motor
Company has stated that typical consumers value only the
first 50,000 miles of fuel savings. Recent survey evidence
from the U.S. Department of Energy supports these views,
indicating that consumers expect on average a 2.8-year
payback for an investment in higher fuel economy. There
is also evidence that trucking companies base their pur-
chasing decisions on similarly low amortization periods of
about 3 years.*?

The figures below illustrate how important the conse-
quences of such a “market failure” could be for fuel econ-
omy and GHG emissions. The present value of fuel savings
for a typical passenger car (shown in Figure A below)
increases to $1,000 at 34 mpg and $2,000 at 44 mpg.
This assumes a 14-year vehicle life, 15,600 miles per
year of travel when new, decreasing by 4.5 percent per
year with age, gasoline at $1.50 per gallon, and an annual
rate of return on investment of 12 percent. Also shown in
Figure A is the cost of increased fuel economy, based on
the NRC study mentioned above. The net value to the
consumer (fuel savings minus vehicle price increase) is
relatively modest, increasing to a maximum of about $200
at 33 mpg and decreasing to zero at 39 mpg.

Figure A

Price and Value of Increased Fuel Economy to
Passenger Car Buyer, Using NRC Avg. Price Curves
and Valuing Fuel Savings Over 14-year Vehicle Life
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Figure A may help explain why consumers appear to
be relatively uninterested in higher fuel economy. Over a
range from 28 to 42 mpg, the change in net value is only
plus or minus $200, or less than 1 percent of the price of a
typical car. From the manufacturer’s perspective, achieving
a 10 mpg increase in fuel economy across all product lines
would require complete redesigns and billions of dollars of
investments in retooling for new engines, transmissions, and
body designs. In effect, it would amount to risking the
entire company to achieve something in which customers
are barely interested. The clear implication is that the mar-
ket for passenger car fuel economy may not function effi-
ciently if manufacturers are even slightly averse to risk.

But if consumers do not fully value fuel savings over
the life of a vehicle, the situation is even worse. Figure B
shows the same curves, but calculates fuel savings as an
undiscounted sum over the first three years of a vehicle's
life. In this case, no net savings are available from
increasing fuel economy. If this is truly the way consumers
value fuel economy, or even if manufacturers believe that
consumers value fuel economy in this way, it should be no
surprise that car manufacturers see little point in producing
more efficient vehicles. Governmental policies, including
market based and mandatory mechanisms, can help over-
come such barriers and bring more fuel-efficient technolo-
gies into the market (see Section VI, Policy Options).

Figure B

Price and Value of Increased Fuel Economy to
Passenger Car Buyer, Using NRC Avg. Price Curves
With a 3-Year Simple Payback
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Note: Figures A and B assume cars driven 15,600 miles per year
when new, decreasing at 4.5% per year, 12% discount rate, 14
year vehicle life, $1.50 per gallon gasoline, 15% shortfall between
EPA test and on-road fuel economy.
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Taking a longer look ahead, a team of researchers at MIT’s Energy Laboratory concluded that much
greater increases in fuel economy could be achieved with new technologies likely to be ready for use by
2020. They found that by 2020 it should be possible to increase the fuel economy of passenger cars by 50
percent using evolved conventional technologies and to more than double miles per gallon using advanced
technologies that could be developed and commercialized by 2020; the associated increase in retail price
would amount to 5 percent and 20 percent, respectively.3® New technologies will expand the envelope of

technical feasibility well beyond the limits of current technologies considered by the 2002 NRC study.

Table 1 summarizes key characteristics of selected vehicles from the MIT study. The “evolved”
2020 gasoline vehicle represents what may be achievable through the continued improvement of conven-
tional technologies, such as those considered in the 2002 NRC report. The advanced conventional vehicle
adds more efficient lean-burn?® engine technology and substitution of lighter-weight materials without

compromising crashworthiness.

Several of the 2020 advanced vehicles include a compression-ignition diesel engine, where fuel
is injected into highly compressed hot air and auto-ignites. While diesel engines introduced in passenger
cars and light trucks in the United States in the 1980s did not compete well against gasoline engines,
significant advances in diesel technology have been made over the past decade (see Box 4, “Diesel
Vehicles: Promise and Problems”). In Europe, where fuel prices are about three times higher than in the
United States, modern diesels comprise 40 percent of the new automobile market. The key questions
they face in the United States are whether consumers will pay a price premium of $1,000 to $2,000 for
a more powerful, more durable engine with 40 to 50 percent better fuel economy and whether even mod-
ern diesels can meet the more stringent levels of U.S. emissions standards. There are reasons to believe

diesels will meet U.S. emission standards and will find success in certain markets.

Two of the advanced vehicles considered by MIT are hybrids, in which the internal combustion
engine is complemented by an electric motor. Various hybrid designs and operating strategies are possi-
ble, but generally a downsized internal combustion engine operates more of the time near its maximum
efficiency point.#! The electric motor supplies peak power for acceleration and allows the internal com-
bustion engine to be shut down instead of operating in inefficient regimes, such as idling or deceleration.
High power-density batteries are added to permit energy captured during regenerative braking to be stored

for use by the electric motor and to provide power supply for accessories when the engine is shut off. By
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Table 1

Fuel Economy Potential|of Advanced Vehicle Technologies in 2020

1996 2020 2020 2020 2020 2020
Baseline Evolved Advanced Advanced Gasoline Diesel
Gasoline Gasoli Gasoli Diesel Hybrid Hybrid
Fuel Economy (MPG) 28.0 43.0 49.0 56.0 71.0 82.5
Percent Increase over Baseline - 54 75 100 154 195
Carbon Emissions (gC/mi) 116 76 67 60 48 43
Percent Reduction over Baseline - 34 42 48 59 63
Weight (Ibs.) 3,179 2,717 2,497 2,618 2,541 2,618
Price (1997 $) 17,200 18,000 19,400 20,500 21,200 22,200
Life Cycle Cost ($/mi) 0.50 0.49 0.52 0.53 0.55 0.56

Source: Weiss, et al., 2000, Tables 5.3 and 5.4.

Note: Life cycle costs per mile shown in Table 1 include amortized capital costs, fuel costs, maintenance, insurance, and license and registration
fees. The advanced vehicles include significant measures for reducing driving resistance (including an aluminum vehicle body).

making the most effective use of both power sources, the advanced hybrid design in combination with a

continuously variable transmission can improve fuel economy by 40 to 50 percent.

Already in 2002, three hybrid vehicles were commercially available: the Toyota Prius, Honda
Insight, and the hybrid version of the Honda Civic. Over the next few years, more hybrids are expected to
enter the U.S. market. Hybrids today have 30 to 40 percent higher fuel economy than comparable con-
ventional vehicles but cost $3,000 to $4,000 more. Manufacturers are likely to find creative ways to use
hybrid technology to add value for consumers, such as providing electrical outlets capable of running any
household appliance or power tool, allowing the vehicle to be used as an emergency generator, or offering
on-demand 4-wheel drive. These and other special features could make hybrids attractive to customers
even at a price premium. With special value-added features and a wider availability of vehicle types,

hybrids could become a major technology for raising fuel economy and reducing GHG emissions.

The above-referenced and numerous other assessments of the technological potential to increase
light-duty vehicle fuel economy indicate that fuel economy can probably be increased cost-effectively by 25
to 33 percent over the next 10 to 15 years using market-ready technologies.*? As used here, the term
“cost-effective” is defined as the fuel economy level at which the last dollar spent to improve fuel economy
produces exactly one dollar in present value, lifetime fuel savings. By 2030, fuel economy can be increased
by 50 to 100 percent using advanced technologies that are likely to be available by that time. The higher
range of increase, however, may increase the retail price of vehicles beyond what can be recovered by con-

sumers over the life of the vehicle, if U.S. gasoline prices are approximately $1.50 per gallon or less.

17
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Box 4

Diesel Vehicles: Promise and Problems

In the past, American motorists associated diesel
engines with poor driving performance, noise, soot, and an
unpleasant odor. However, their higher compression ratio’3
and higher air-fuel ratios made them more energy-efficient
in both urban and highway driving compared to their gaso-
line engine counterparts, and their heavier construction
made them more durable. As a result, they were primarily
used in freight transportation, a sector that traditionally
operates on a tight budget. But over the past decade, sig-
nificant progress in diesel engine technology (including
electronic controls, high-pressure fuel injection, variable
injection timing, improved combustion chamber design,
and turbo-charging®®) has improved the performance of
diesels, further increased their energy efficiency, and
reduced their emissions.

Modern diesel engines are about 33 percent more
energy-efficient than a gasoline vehicle of comparable size
and power. As a gallon of diesel fuel contains 12 percent
more energy than a gallon of gasoline, 33 percent higher
energy efficiency translates into nearly 50 percent more
miles per gallon. In Europe, the diesel’s significant fuel
economy advantage, combined with much higher fuel
prices, has produced soaring diesel vehicle sales. Within
the European Union, diesel vehicles currently account for

40 percent of all newly registered light-duty vehicles and

have even penetrated into the luxury car segment. By con-
trast, diesel vehicles account for less than one percent of

U.S. light-duty vehicle sales.

The fundamental problem of diesel engines has been
their higher emissions of uncontrolled nitrogen oxide and
fine particulates. Fine particulates are considered a signif-
icant health threat because of their ability to penetrate
into lung tissue. However, recent progress in emission
control technology is very promising. Particulate filters are
capable of reducing fine (nano-sized) particle emissions
by two orders of magnitude. Various types of nitrogen
oxide reduction catalysts exist that can reduce nitrogen
oxide emissions by more than 50 percent,*3 but some are
poisoned by the sulfur in diesel fuel. Diesel emissions
control will be greatly assisted when new requirements for
low-sulfur fuel are implemented in mid-2006. Regular
diesel fuel contains a maximum of 500 parts per million
of sulfur; soon to be introduced low-sulfur fuel will have a
maximum sulfur content of 15 parts per million. Still, it
remains to be seen whether even considerably cleaner
diesel technology will be able to satisfy future, increasing-
ly tight emission standards.

Clearly, predicting technological progress is uncertain. Advanced technologies may be available
sooner or later than expected, and possibly never. The diesel engine is one example. Unless its emissions
of nitrogen oxides and particulates can be reduced to meet current and future government standards, its
proven fuel economy benefits will not be available to manufacturers. In addition, there may be market
barriers to the use of advanced fuel economy technologies. If consumers do not fully value lifetime fuel
savings, manufacturers will be understandably reluctant to make major engineering and design changes to
raise fuel economy. And if market trends continue to favor ever heavier and more powerful vehicles, tech-

nologies that could be used to increase fuel economy will instead be needed just to hold it constant.
B. Heavy-Duty Vehicles

Heavy-duty vehicle fuel efficiency can be improved by about 25 percent (in

long-distance transport) to 50 percent (in short distance stop-and-go transport).
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Heavy-duty vehicles operate in both long-distance and local transport, with the total fuel use being rough-
ly equally split.** After driver compensation, fuel costs are typically the second largest expenditure item
for heavy-duty vehicle operators. As a result, virtually every large new truck and bus in the United States
is already equipped with a turbo-charged,*® direct-injection diesel engine, the most energy-efficient inter-
nal combustion engine available. State-of-the-art turbo-charged diesel engines achieve 46 to 47 percent
peak thermal efficiency, versus only 25 percent for spark-ignited gasoline engines. Thus, there is less

potential for improving fuel efficiency in heavy-duty than light-duty vehicles.

For heavy-duty vehicles operating in long-distance traffic, it may be possible to raise diesel
engine peak thermal efficiency to 55 percent by a combination of various technologies.*® Some of the
required technologies face significant hurdles, however, in reducing pollutant emissions and in their cost-
effectiveness. A greater potential for reducing the fuel consumption of trucks in line-haul operations can
be achieved by reducing their driving resistances. At the high speeds typical of long-distance traffic, aero-
dynamic drag can dominate vehicle power needs. Aerodynamic drag for trucks is greater than for cars,*’

and reductions of 20 percent or more are possible.*®

A significant amount of fuel combustion can also be avoided by reducing truck idling. According
to a study by Argonne National Laboratory,*® the average tractor-trailer spends 6 hours idling each day,
primarily to generate electricity for its auxiliary systems, such as air conditioning and heating, while it is
parked at rest stops. Auxiliary power units are an emerging technology that can eliminate up to 80 per-
cent of idling by tractor-trailers. At this rate, the potential annual fuel savings amount to over 1,200 gal-
lons per truck (or about 10 percent of its fuel use). The GHG emissions impacts, however, will depend on

how the auxiliary power itself is produced.

Because they can recover braking energy and shut off the engine during idling, hybrid drive
trains are a promising technology for heavy-duty vehicles that operate locally, in stop-and-go mode.° For
hybrid buses operating in urban transport, fuel efficiency improvements of up to 50 percent have been
reported. Estimates suggest that hybrid systems have the potential to improve fuel economy by 25 to 70

percent in comparison with a diesel engine mechanical drive train.5!

The U.S. Department of Energy, in collaboration with other federal agencies and truck manufac-

turers and suppliers, established the 21st Century Truck program in 2000 to dramatically improve the
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fuel economy of trucks in the United States. Based on a technical analysis of fuel economy potential, the
program set ambitious goals for light trucks and three classes of heavy trucks. With a combination of
engine, aerodynamic, rolling resistance, and materials technologies, the plan called for a 50 to 75 percent
improvement in fuel economy for light trucks, a 140 percent improvement for medium-sized trucks, a 60
percent improvement for over-the-road tractor trailers, and a 160 percent fuel economy increase for transit
buses. Figure 8 breaks down a potential 70 percent fuel economy increase for line haul trucks. These goals
were believed to be achievable with “aggressive development and implementation of technologies currently
being considered but not yet commercially viable,”5? although it is unclear at what cost.

C. Commercial Aircraft

Figure 8
In the near term, the Components of a Potential 70 Percent

Increase in Truck Fuel Economy

fuel efficiency of new commer-
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in the United States, an average rate of
Source: U.S. DOE/OSTI, 2000, Table 4.1.
decrease of 3.3 percent per year.?3 At the
same time, air travel increased at 5.5 percent per year, with the result that energy use by the air mode
continued to increase by 2.2 percent per year. Recent assessments foresee slower rates of change for

both energy intensity and air traffic, with the growth of travel still exceeding the rate of efficiency

improvement by about 2 percent per year.

Aircraft fuel efficiency depends on engine-specific fuel consumption, aerodynamic efficiency,

structural efficiency (operating empty weight divided by maximum take-off weight), and operational fac-

Reducing Greenhouse Gas Emissions From |U.S. Transportation|




tors, such as occupancy rates, the ratio of flying time to ground time, and the length of the actual route
flown, including diversions, relative to the most direct route. Of the approximately 60 percent reduction
in energy use per passenger mile achieved since 1970, 57 percent can be attributed to improvements in
the efficiency of aircraft engines, 22 percent to aerodynamic improvements, 17 percent to increased seat

occupancy rates, and the remaining 4 percent to a variety of factors, especially increased aircraft size.%*

Opportunities for further improvements remain in all areas, with the largest contributions expect-
ed from improved engines and aerodynamics.®® Considering all the technological options and taking into
account the time required for implementation and stock turnover, several assessments have concluded
that a 25 to 45 percent reduction in aircraft energy intensity is possible by 2025, and 40 to 50 percent
by 2050.%¢ Interpolating these potential reductions in energy intensity results in a range of 15 to 25 per-

cent by 2015 and 25 to 40 percent by 2030.

In the year 2000, the National Aeronautics and Space Administration (NASA) set more ambitious
R&D goals of developing technologies to reduce the CO, emissions of future aircraft by 25 percent by
2010 and 50 percent by 2025.57 According to NASA’s blueprint for revolutionizing aircraft technology,
“Today’s aircraft weigh twice as much, use 75 percent more fuel, and create four times the noise than
the technologically possible, ‘to be’ aircraft.”®® The most recent progress report of NASA's Ultra-Efficient
Engine Technology program projects that engine technologies currently under development will be able to
reduce fuel use by 27 percent for large commercial aircraft and by 19 to 24 percent for small to medium

sized commercial aircraft.5?

D. Rail, Water, and Pipeline

The highway and air modes receive the moast attention because they
produce more than four-fifths of tranaportation’s carbon emissions and will
likely account for an even greater share in the future. In addition, moving freight by
rail, water, and pipeline is already so energy efficient in terms of energy use per ton-mile that less atten-
tion has been paid to increasing the energy efficiency of these modes. Nonetheless, there is room for
improvement. Increases of 5 to 10 percent in the thermal efficiency of diesel engines, such as envisioned
for heavy trucks, would also benefit locomotives, nearly all of which are powered by diesel-electric genera-
tors, and some marine vessels, as well.®% Aerodynamic improvements and weight reductions in trains are

still possible, and railroads continue to make efforts to reduce rolling resistance between steel wheels and
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tracks, and in axle units. Improving the shapes and smoothness of ship hulls could reduce ship fuel con-
sumption by 5 to 20 percent and improved propellers could increase ships’ power plant efficiency by 5 to
10 percentage points.®! Fueling ships with liquefied natural gas can reduce CO, emissions by 38 per-
cent.®? It has also been suggested that ships could be powered by molten carbonate fuel cells, with effi-
ciencies between 54 and 64 percent, which is comparable to the thermal efficiency of current low-speed
marine diesel engines. Greater use of computer controls for piloting ships might add another few percent to
efficiency gains.®3 Although pipelines have been largely ignored in assessments of energy efficiency poten-

tial, there can be little doubt that greater efficiencies in pumps and motors are possible.

E. The Next 15 Years and Beyond

Only about half of the potential to increase new vehicle enerqy efficiency
can be realized in vehicle fleets by 2015. This is because U.S. vehicle manufacturers are
not currently implementing significant reductions in GHG emissions, and because of the time lag between
any efficiency changes in new vehicles and efficiency changes in the vehicle fleet as a whole (see Box 2,
“Changing Transportation Energy Use Takes Time”). Taking this into account, the potential for increasing
vehicle fuel efficiency by 2015 appears to be about 10 to 15 percent. A 12.5 percent efficiency improve-

ment would translate into an 11 percent decrease in CO, emissions and fuel consumption.®*

However, beyond 2015, the fuel efficiency of new transportation equipment can be increased by
25 to 100 percent, depending on the mode of transport. The largest fuel efficiency improvement poten-
tial exists for passenger cars and light trucks; several assessments suggest possible improvements of up
to a factor of two with no loss of performance at an increase in vehicle retail price of only a few percent.
This could translate into approximately a 38 percent reduction in GHG emissions.®® The fuel efficiency
improvement potential is 25 to 50 percent for new heavy-duty vehicles (depending on whether they oper-
ate in intercity or urban traffic) and up to 50 percent for new commercial aircraft. These translate into 24

percent and 27 percent reductions in CO, emissions.

There is no guarantee that the potential energy efficiency gains of advanced technologies will be
realized in the absence of strong policy initiatives. As recent history has shown, the same technologies
that can be used to reduce energy use and GHG emissions can instead be used to increase the power and

speed of transportation vehicles. While free markets allow consumers to express their preferences for
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vehicle performance, speed, size and amenities, they take no account of the impacts of greenhouse gases

on the global climate. The apparent undervaluing of future fuel savings by car buyers may compound this

market failure (see Box 3, “Markets and Fuel Economy”). Continued growth in travel and freight demand

would result in continued strong growth of GHG emissions from transportation. Thus, the authors’ estimated

potentials for reducing GHG emissions should be considered achievable only if backed by a carefully

designed set of policies to insure they are realized. Examples of such policies are discussed in Section VI

of this report.

Box 5

Energy Efficiency and the “Rebound Effect”

When the energy efficiency of a car, truck or other
vehicle is increased, GHG emissions are reduced because
it takes less fossil fuel to move the vehicle. But if the
price of fuel remains constant, the cost per mile of travel
also decreases. Any decrease in the cost of travel will
encourage additional travel, and the additional travel will
produce additional GHG emissions. This increase in travel
as a result of a technical improvement in energy efficiency
has been called the “rebound effect.”66

Fortunately, it turns out that vehicle travel is relatively
insensitive to energy efficiency improvements. Based on
past responses to both fuel economy increases and fuel
price changes, there is strong evidence that a 10 percent
increase in fuel economy would lead to a 1 to 2 percent
increase in vehicle travel. Thus, fuel use and emissions
would be reduced, on net, by 8 to 9 percent. Increasing
energy efficiency, even without an increase in the price of
energy, appears to be an effective way to reduce emissions.

The rebound effect in transportation is relatively
small, because fuel costs are generally a relatively small
share (10 to 20 percent) of the total cost of vehicle travel.
This is not only true for passenger cars, but also for trucks
and even commercial aircraft.5” The cost of the vehicle,
the value of the traveler’s time and other costs, such as
maintenance and insurance, predominate. For most types
of transportation, a one percent decrease in cost (exclud-
ing the value of the traveler’s time) will result, very
approximately, in a one percent increase in demand. A 10
percent increase in energy efficiency would reduce fuel
costs by 10 percent, but reduce total cost by only 1 to 2
percent, and that would cause an increase in travel of only
1 to 2 percent. Unless fuel costs become a much larger
component of total travel cost or travel itself becomes
much more sensitive to cost, transportation rebound
effects will remain small.
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ternative Fuels
Alternative fuels could significantly reduce greenhouse gas emissionas,
but they face major challengea. Alternative fuels offer reductions in GHG emissions from 10 to
100 percent over the full fuel cycle, but often suffer from higher costs, limited driving range, and a lack
of fuel supply and refueling infrastructure. Largely unaffected by these constraints, replacement fuels
(fuels that can be blended with petroleum fuels) can reduce GHG emissions by up to 20
percent. The extent to which alternative fuels reduce GHG emissions depends on how they are produced
as well as used (see Box 8, “Life Cycle Analyses—From Well-to-Wheels”). Obtaining the full fuel-cycle
GHG benefits of alternative fuels requires specifically designed engines and in many cases dedicated cat-

alysts, which are especially designed to reduce specific exhaust components.

A. Light-Duty Vehicles

A variety of alternative and replacement fuels could be used in light-
duty vehicles. Greenhouse gas emission reductions available from alternative fuel use in passenger
cars and light trucks range from 10 to 20 percent for alternative liquid hydrocarbons to 30 to 100

percent for fuels with a low or zero carbon-to-hydrogen ratio.®8

Liquefied Petroleum Gas

Compared to a gasoline vehicle, vehicles dedicated to liquefied petroleum gas (LPG) can reduce

GHG emissions by almost 20 percent. Although LPG is the most widely used alternative transportation
fuel in the United States,®° its potential as a large-scale transportation fuel is limited. LPG consists of
mainly propane and traces of additional light hydrocarbons that are gaseous at atmospheric pressure and
temperature. LPG occurs naturally in crude oil and natural gas production fields and is a by-product of
natural gas processing and crude oil refining. The quantity of LPG produced is small relative to petroleum
and natural gas production. In 1999, world production of oil and gas amounted to a combined total of
228 quads; only 9 quads of the by-product LPG were produced. Because LPG reserves are so much

smaller than those of crude oil and natural gas, it can never be a large-scale transportation fuel.
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Due to its higher octane number’® (comparable to that of alcohol fuel), vehicles with engines
dedicated to LPG offer a 10 percent reduction in energy use compared to a lean-burn gasoline engine
producing the same amount of power.”! Because of its lower carbon-to-hydrogen ratio, CO, emissions are

reduced by almost 20 percent. LPG also produces somewhat less smog-forming pollution.

LPG’s disadvantages are modest. While a pressurized LPG tank is nearly 30 percent larger com-
pared to a gasoline tank storing the same amount of energy, recent advances in lightweight LPG tank
technology result in only a minor weight increase relative to gasoline. LPG vehicles tend to cost a few

hundred dollars more than a gasoline vehicle, due to the more expensive pressurized fuel tank.

Low Carbon-to-Hydrogen Fuels

Fuels with low carbon-to-hydrogen ratios include compressed natural gas (CNG) and alcohol fuels
(ethanol and methanol). Alcohol fuels can be produced from fossil fuels, waste, or biomass. Due to the
limited land area available for growing biofuel feedstocks and the dependence of biofuel economics on co-
production of other products (see Box 7, “Biomass Production Potential and Fuel Costs”), these fuels can
only play a limited or intermediate role in fueling transportation systems. Gasoline infrastructure can be
converted for handling alcohol fuels, at a cost, and hundreds of thousands of flexible-fuel vehicles, capa-
ble of running on any blend of gasoline and up to 85 percent ethanol, are already on the road in the
United States as a result of incentives offered to U.S. manufacturers under federal fuel economy regula-
tions. The existence of a nearly ubiquitous natural gas supply infrastructure is an advantage for CNG,
although a complete network of refueling stations capable of delivering compressed gas into vehicles is
still lacking. In addition, worldwide experience with alcohol and CNG vehicles is extensive, with major
CNG demonstration programs having been conducted in Canada and New Zealand, and a massive alcohol

fuel program in Brazil.

Internal combustion engines designed for one of these fuels can take advantage of their higher
octane number by increasing the engine’s compression ratio,’? a key determinant of engine efficiency.
Compared to a lean-burn gasoline engine producing the same power, engines designed specifically for
alcohol fuels or CNG offer 10 percent higher energy efficiency. In combination with the lower fuel carbon
content, these engines can reduce CO, emissions by about 30 percent using CNG and up to 100

percent using alcohols produced from cellulosic biomass.
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Control of emissions from CNG vehicles is especially important’3 because their unburned exhaust
consists mainly of methane, a greenhouse gas with global warming potential 21 times greater than that of
C0,.7* For a CNG vehicle with a fuel efficiency of 30 miles per gallon of gasoline equivalent, the 30 percent
reduction in CO, emissions compared to a gasoline fueled vehicle would be offset at an emission level of 4.9
grams of methane per mile.”® This compares to actual emissions of 1.3 to 2.7 grams of methane per mile
from CNG vehicles without a dedicated catalyst, depending on engine operation (stoichiometric’® or lean-
burn).”” Effective methane catalysts reduce about 80 percent of the methane in the exhaust. In combination
with typical methane leakage rates of 0.5 to 1 percent that may occur in CNG vehicle applications, use of an

effective methane catalyst would affect the original 30 percent reduction in CO, emissions only marginally.

Due to their lower volumetric energy content, alcohol and CNG-fueled vehicles require larger and
heavier fuel tanks to store the same amount of energy as a gasoline vehicle. As shown in Table 3, this
increase is especially large for CNG, even if stored in a lightweight advanced tank at a pressure of 3,600
pounds per square inch (psi). The more complex, larger fuel tanks also make dedicated CNG vehicles

more costly than gasoline vehicles.

Hydrogen and Electricity

Hydrogen and electricity can be produced from a variety of feedstocks, including fuels that do
not contain any carbon. Greenhouse gas emissions from producing hydrogen and electricity from fossil
fuels can be nearly eliminated if they are collected at the fuel processing plant and permanently
sequestered. Studies examining the capture, separation, and storage or reuse of carbon emissions at elec-
tricity generation plants suggest energy penalties of 10 to 20 percent and an increase in levelized costs
of 25 to 50 percent, depending on the fuel, plant design, and other factors. Similar changes in conver-
sion efficiency and costs could be expected for the sequestration of carbon produced in the generation of
hydrogen from fossil fuels (see Box 8, “Life-Cycle Analyses—From Well to Wheels”). While valuable expe-
rience with hydrogen vehicles has been accumulated through fleet tests, hydrogen vehicles will likely not
be introduced commercially on a significant scale during the next 10 years, mainly because of the miss-

ing infrastructure and remaining technological hurdles, such as unsatisfactory on-board storage options.

Hydrogen can be burned in internal combustion (IC) engines or oxidized in fuel cells. Mainly
because of their potential for extremely lean air-fuel mixtures, supercharged’® hydrogen-fueled IC engines

offer a roughly 15 percent reduction in energy use over lean-burn gasoline engines producing the same
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Box 6

Box: Fuel Cell Technology and Hydrogen

Like a battery, a fuel cell is an electrochemical
device in which the chemical energy of the fuel is converted
directly into electricity. However, a fuel cell does not
require recharging; it operates as long as the fuel (typically
hydrogen) and an oxidizer (typically air) are supplied con-
tinuously from outside the cell. Due to the direct conver-
sion of chemical energy into electricity, fuel cell systems
(fuel cell reactor plus supporting technologies) operate
at high efficiencies, often above 50 percent. Highest
efficiencies are achieved at low power requirements,
which corresponds to most driving.

Fuel cells can be distinguished according to various
characteristics, including the type of fuel, oxidizer, elec-
trolyte, and operating temperature. The favorite technology
for light-duty vehicle applications is the low-temperature
fuel cell, which offers favorable usage characteristics, but
requires catalysts to enhance cell reactions, typically plat-
inum—a relatively scarce and precious noble metal. The
environmental performance of low-temperature fuel cells
using hydrogen directly is outstanding, as emissions con-
sist mainly of water. Within the family of low-temperature
fuel cells, the proton-exchange membrane fuel cell offers
comparatively high power per unit weight and volume, in
addition to other advantages.

Low-temperature fuel cells using hydrocarbons direct-
ly still require a breakthrough in catalyst technology for
technical applications, and wide availability of hydrogen
would require new infrastructure. Thus much effort is cur-
rently underway in developing low-cost and energy-effi-
cient gasoline-to-hydrogen fuel reformers. These chemical
reactors offer the advantage of using the existing fuel
infrastructure, but increase complexity, costs, vehicle
weight, and emissions. As hydrogen needs to be produced
either on-board or in stationary plants, a comparison with
vehicles driven by other fuels needs to be based on the
entire well-to-wheels life cycle (see Box, “Life-Cycle
Analyses—From Well To Wheels”).

Fuel cells are still at an early stage of development
and have exclusively been utilized in niche markets such
as military applications and space flights. Fuel cell system
costs are on the order of several thousand dollars per kW
today. To compete with internal combustion engine hybrid
vehicles, fuel cell system costs need to achieve a cost tar-
get of about $50 per kW. Whether this goal will be
achieved at all depends on a number of factors, including
the degree of platinum reduction.

power. The potential for a two-fold efficiency increase makes fuel cells a more promising long-term option
for use of hydrogen. Fuel cells require pure hydrogen fuel, and although hydrogen can be produced on-
board the vehicle from a variety of liquid fuels (including gasoline), compressed hydrogen is the ideal fuel
for low-temperature fuel cells (see Box, “Fuel Cell Technology and Hydrogen”). Emissions of hydrogen-
propelled vehicles mainly consist of water vapor, even without the use of any exhaust gas control—a con-
sequence of the extremely lean-burn combustion conditions in hydrogen engines and the low operating

temperature of the automotive fuel cell.

Because electrical energy can be transformed into useable work without thermodynamic loss,
electric vehicles consume significantly less final energy per mile than internal combustion engine vehi-
cles. An even lower rate of final energy use can be achieved through regenerative braking, using the elec-

tric motor as a generator, and by completely shutting off the motor during vehicle stops. Thus, electric
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vehicles offer the highest end-use energy efficiencies of all mobile power plants, approximately 0.2 kWh
per mile (based on the U.S. combined driving cycle), and zero emissions at the place of operation.
Depending on the type of fuel used to generate electricity, electric vehicles can substantially reduce or

increase GHG emissions over the full fuel cycle (see Box 8, “Life-Cycle Analyses—From Well to Wheels”).

Hydrogen and electric vehicles have higher costs due primarily to the greater difficulty of energy
storage, which is also one of the largest obstacles to commercializing these technologies. As shown in
Table 3, current compressed hydrogen tanks storing the same amount of energy as gasoline are more than
ten times larger and nearly four times heavier. Since such an enormous tank volume is hardly feasible in
conventional vehicle designs, hydrogen vehicles are likely to have limited driving range, unless they are
highly fuel-efficient. The significantly heavier tank also offsets some of the fuel efficiency gain from the

inherently more energy-efficient engine dedicated to hydrogen fuel.

On-board energy storage is an even greater problem for electric vehicles. Current batteries are
bulky and heavy, reducing vehicle range to below 150 miles before the batteries need to be recharged. An
additional potential constraint for many battery designs is their heavy metal content and the associated
emissions from battery recycling. It was estimated that over the lifetime of a vehicle, electric vehicles
equipped with lead-acid batteries would emit 60 times more lead per kilometer than a comparable car
fueled with leaded gasoline.”® Due to their toxicity, some of the advanced battery technologies such as
nickel metal hydride may not offer any

. Figure 9
real improvement.

Alternative and Replacement Fuel Use
Table 3 summarizes the major 2001, in Billion Gallons of Gasoline-Equivalent

characteristics of alternative fuels and

Ethanol

vehicle storage systems. These compar- 1.07

isons are based on constant fuel effi-
ciency across vehicles. Improved effi-

ciency is especially important to alter-

-

native fuel vehicles because it offsets Other

the generally higher costs of alternative Alt';:;?:ve
fuels, as well as the extra weight of 0.12 MTBE
2.94

tank and fuel.
Source: U.S. DOE, EIA (2002). Alternatives to Traditional Transportation Fuels, Table 10.
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Table 3

Characteristics of Alternative Transportation Fuels and Vehicle Storage Systems

Tank System containing
15 GGE of fuel

Approximate Fuel Costs,

Carbon/Hydrogen Delivered to Vehicle (Current)
Ratio Fuel Volume (gal) Total Mass (Ibs.) US$/GGE
Diesel 0.55 13.6 115 1.5
Gasoline 0.50 15.0 115 1.5
Liquefied Petroleum Gas 0.38 20.7 115 1.5
Ethanol 0.33 22.7 179 1.5-3.0
Methanol 0.25 31.0 240 2.7-3.5
Compressed Natural Gas (3600 psi) 0.25 46.3 268 1.5
Compressed Hydrogen (5000 psi) 0.00 175.1 408 3-4
Liquid Hydrogen 0.00 56.9 298 5-6
Electricity N/A 450-1,000 5,600-14,000 3.4

Notes:

Ethanol. Lower range in fuel costs reflects current prices with corn as feedstock, which include a $0.55/gal (ethanol) tax subsidy. Higher range
based on projected ethanol from cellulose biomass with plant gate costs of $ 1.40/gal (ethanol), $0.40/gal (ethanol) for transportation, distribution,
storage, plus $0.20/gal (ethanol) subsidy. Multiplying by the ratio of volume specific energy content of 1.5 leads to $3/GGE.

Methanol. Range in projected costs dependent on cellulosic biomass-to-methanol technology.
Compressed and liquid hydrogen. Lower cost range: hydrogen from natural gas. Higher cost range, hydrogen from renewable electricity.

Electricity. Range in tank volume and mass based upon U.S. Advanced Battery Consortium mid-term and long-term targets; fuel costs correspond
to an electricity price of 10¢/kWhel. Due to the three to four times higher end-use energy efficiency of electric vehicles, the actual battery mass to
achieve a driving range of up to 150 miles is significantly below the indicated range.

Costs of all alternative fuels include taxes of 30¢/GGE.

GGE: gallon of gasoline equivalent

Replacement Fuels

While all alternative fuels described above experience severe difficulties when competing against
the gasoline infrastructure, some of them, most notably alcohols, can be blended with petroleum fuels as
“replacement fuels.” Replacement fuels are compatible with conventional vehicles; thus, no infrastruc-
ture change is necessary. The most widely used replacement fuels are ethers and alcohols blended with
gasoline to produce “gasohol.” Because replacement fuel blends are compatible with the ubiquitous
existing fuel distribution and retailing systems, they could relatively quickly displace some petroleum in

transportation without having to overcome the transitional barriers faced by alternative fuels.

Driven partly by tax subsidies and fuel quality requirements for oxygen in gasoline, replacement
fuels displaced four billion gallons (or about 3 percent) of gasoline in 2001 (Figure 9).8° This is more
than ten times the impact of all types of alternative transportation fuels combined, including natural gas,
pure alcohol fuels, electricity, and liquefied petroleum gas. While methyl tertiary butyl ether (MTBE)

accounts for nearly 75 percent of today’s replacement fuels, concerns about groundwater contamination
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from leaking fuel storage facilities will almost certainly result in the phase-out of MTBE, which is very

likely to be replaced by ethanol.8!

As with alternative fuels, the extent to which replacement fuels can reduce GHG emissions
depends on how they are produced. MTBE is largely derived from natural gas.82 Because of energy losses
in converting natural gas, and the carbon content of MTBE itself, use of MTBE does not reduce GHG

emissions in comparison with gasoline. By contrast, ethanol produced from corn in the United States

Box 7

Biomass Production Potential and Fuel Costs

In the United States, 1.76 billion gallons of ethanol
were produced in 2001, with 95 percent made by fermen-
tation of corn.83 Using corn as a feedstock generates high-
value by-products for the food and animal feed industries.
However, as the market for these by-products becomes
saturated, any increase in corn-based ethanol production
is likely to result in strongly rising ethanol costs. The corn-
to-ethanol process also heavily relies on fossil fuel inputs;
given current corn yields, production methods, and mod-
ern fermentation and distillation methods, corn-based
ethanol reduces full fuel cycle GHG emissions by slightly
more than 30 percent in comparison with gasoline.8* By
contrast, future ethanol production may come mainly from
dedicated cellulosic feedstocks such as switch grass,
hardwoods and softwoods, or from agricultural residues
and municipal refuse. Production of ethanol from cellulose
requires much less energy and much less fertilizer than
production from corn. Current estimates indicate that net
GHG emissions of ethanol produced from cellulose can be
close to zero, assuming excess electricity from cellulosic
conversion is used to replace fossil-fuel based electricity
in the grid.8®

Owing to the low efficiency of storing solar energy in
plant matter (the photosynthesis process), large land areas
would be needed to provide a major share of transporta-
tion energy from biofuels. Current annual biomass yields
typically vary between 2 tons per hectare (ha) in arid
regions and 20 tons per ha in good rainfall areas,®® but it
is likely that energy crops would be grown on less-produc-
tive lands. It is this requirement for large land areas that
raises the food-vs.-fuel debate. In the industrial world sta-
bilizing population and rising agricultural productivity have

reduced land requirements for food production. Further
decline in agricultural land through a continuous increase
in productivity and phase-out of agricultural subsidies
could provide idled cropland of 52 Mha for the United
States by the 2030s.8” Covering that area with biomass
plantations would yield an energy equivalent of 10 billion
gallons of gasoline. However, at current efficiency levels,
fueling the entire U.S. light-duty vehicle fleet with ethanol
would require a land area of 300 to 500 Mha, or 17 to 28
percent of the entire land area of the lower 48 states.88
Thus, unless the vehicle fleet consists of highly fuel-effi-
cient automobiles and light trucks, biomass fuels cannot
become the primary transportation fuel. The greater the
efficiency of the fleet, the greater the relative contribution
biofuels could make.

Due to the various inputs into biofuel production,
current and projected ethanol costs are higher than cur-
rent gasoline prices. Estimates for the United States sug-
gest that cellulosic biomass-based ethanol costs would be
about $1.20 to $1.40 per gal at the plant gate before
taxes. Taking into account its lower energy content com-
pared to gasoline and costs for distributing the fuel,
ethanol would sell for $2.70 per gallon of gasoline equiva-
lent8 at gas stations, before taxes.? Other studies like
that of the U.S. Department of Energy’s research program
have set a goal of producing ethanol at only $0.75 per
gallon by 2015.°1 While even this would not make ethanol
cost-competitive with gasoline as an alternative fuel, it
could make it economical as a replacement fuel blended
with gasoline. These and many other estimates are specu-
lative, however, since no commercial-scale cellulosic bio-
mass-to-ethanol plants exist yet.
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reduces full fuel cycle GHG emissions by 30 percent compared to gasoline and by 1 to 4 percent if
blended with gasoline in proportions of 5 to 20 percent. Ethanol could deliver even greater GHG emission
reductions in the future if net GHG emissions of ethanol produced from low-cost cellulosic feedstocks are

close to zero (see Box, “Biomass Production Potential and Fuel Costs”).

Greenhouse gas emission reductions of up to 15 percent compared to gasoline might be possible
by blending gasoline with ethyl tertiary butyl ether (ETBE) from cellulosic ethanol (up to 17 percent
ethanol, by volume). Such blends can be used in conventional vehicles with no performance problems,
meeting all requirements for clean gasoline under the Clean Air Act. It has been estimated that by 2010,
ethanol from cellulosic sources converted to ETBE could reduce GHG emissions from gasoline combustion
by 7 percent, while meeting all fuel requirements.%? At blending levels of 5 to 20 percent, cellulosic
ethanol and gasoline blends can reduce GHG emissions by 3 to 14 percent. At present, such goals appear

very ambitious because no commercial-scale plants for producing ethanol from cellulose have been built.

B. Heavy-Duty Vehicles

Among all fuel optionas for heavy vehicles, only carbon-free fuels gener-
ate fewer GHG emissions than diesel fuels. Due to their high engine efficiency and robust-
ness, compression-ignition engines running on diesel fuel are used by nearly all heavy-duty vehicles, and
this is not likely to change in the next few decades. As was pointed out in Section Il, the importance of
low fuel expenditures has driven nearly all heavy-duty vehicle owners to choose highly efficient diesel
engines. Other fuels cannot match diesel’s energy efficiency. In addition, the higher space requirements
for storing alternative fuels can result in the loss of valuable payload and cargo space (see Table 3). As
with light-duty diesels, heavy-duty vehicle exhaust emissions are a growing concern. However, heavy-duty
diesels differ from their smaller counterparts in that state-of-the art emission controls can already meet

current and expected particulate emissions standards.

C. Non-Highway Modes

Owing to their high enerqgy density in terms of both volume and weight,
petroleum products are the ideal fuel for air tranasportation and also meet the
requirements of railways and marine diesels. Because of space and weight constraints,

aircraft impose the most rigorous requirements on transportation fuels. Liquid hydrocarbons offer the
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highest energy content per unit weight and volume of any fuel. The only viable alternatives to jet fuel for
air travel are liquid hydrogen and liquefied natural gas. According to various studies projecting future
characteristics of hydrogen aircraft, the major difference in total aircraft operating costs would result from
the significantly higher costs of hydrogen fuel. Liquid hydrogen produced on a renewable basis would
quadruple today’s (untaxed) jet fuel prices. As fuel costs of aircraft account for about 25 percent of total
direct operating costs today, a shift toward hydrogen fuel would increase total costs by 75 percent and
increase the share of fuel costs to more than half of total operating costs, all other factors being equal.
Although hydrogen aircraft offer fuel efficiency benefits that are difficult to achieve with hydrocarbon-
based technology, direct operating costs would likely remain substantially higher compared to conventional

jet fuel aircraft.

Railroad and marine two-stroke diesel engines are even more fuel-efficient than heavy-duty truck
diesels. Given the current U.S. fuel mix for generating electricity, shifting rail locomotives from diesel to
electricity could increase GHG emissions, unless the CO, associated with generating the electricity were
captured and sequestered. Perhaps the most promising longer-term options for marine and rail transport
are high-temperature fuel cells, with conversion efficiencies of 60 percent and above. Of course, this too

would require an infrastructure for supplying hydrogen.

D. The Next 15 Years and Beyond

During the next 15 years, replacement fuels offer the greatest promise
for reducing transportation sector GHG emissions; their contribution to emis-
Alon reduction may be significantly complemented by hydrogen after 2015.
Among the alternative fuels discussed above, only hydrogen and electricity can be produced on a suffi-
ciently large scale to satisfy transportation sector fuel needs with zero net carbon emissions. However,
infrastructure, on-board fuel storage, and cost constraints make hydrogen a long-term alternative. In the
interim, liquefied petroleum gas, conventional natural gas, and biofuels can make small contributions to
reducing GHG emissions. Although these fuels could play a transition role, it is questionable whether the
associated high investments and limited GHG emission reduction potential would justify large-scale shifts
to any of these fuels. A more promising alternative for the next 15 years and beyond are replacement
fuels, which only require marginal changes to the existing transportation infrastructure and offer GHG

emission reduction potentials of up to 14 percent for mixtures of gasoline and renewable biomass fuels.
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Box 8

Life-Cycle Analyses—From Well-to-Wheels

A shift from gasoline to alternative fuels with lower
carbon-to-hydrogen ratios is generally seen as a promising
way to cut carbon emissions. However, as many of these
fuels can be produced from a variety of feedstocks and
processes, their comparative performance (including GHG
emissions) needs to be evaluated over the entire fuel
cycle, ranging from fuel extraction at the well through use-
ful energy at the wheels.

For example, carbon-free hydrogen fuel can be pro-
duced from splitting water molecules (H20) into hydrogen
(H2) and oxygen (Oy) via electrolysis, using electricity from
solar or nuclear power. Following this route, hydrogen
would be produced in a completely carbon-free manner.
However, about half of the hydrogen produced worldwide
today is derived from splitting natural gas, mainly consist-
ing of methane (CHy), into the carbon (C) and hydrogen
(H) atoms, by a process called steam reforming. Following
that route, switching from gasoline to hydrogen would not
cause any appreciable reduction of carbon dioxide emis-
sions, as the resulting emissions of nearly 20 pounds of
CO, per gallon of gasoline equivalent of hydrogen are
nearly identical to those when burning one gallon of gaso-
line directly. In part due to their higher carbon-to-hydro-
gen ratios, the use of oil or coal as a hydrogen feedstock
would increase carbon dioxide emissions compared to the
direct use of gasoline, unless carbon capture and seques-
tration technology were developed. This example illus-
trates that examining the entire path for producing and
using a fuel is critical when comparing alternative vehicle
and fuel options.

Well-to-wheel analyses suggest that energy require-
ments for the production of alternative fuels are typically
25 to 50 percent of the energy contained in the feed-
stock, depending on the alternative fuel to be produced,
the feedstock, and the conversion process. This extra

energy input can generally not be offset by the only slight-
ly higher vehicle fuel efficiencies that result from burning
an alternative fuel. Thus, a shift toward low-carbon syn-
thetic transportation fuels typically results in higher pri-
mary energy use, which offsets at least some of the gain
in GHG emission reduction unless carbon-free fuels are
employed or the fuel carbon is extracted and disposed of
after fuel production from fossil fuels.

Figure 10 on the next page illustrates well-to-wheel
carbon emissions of the vehicles from Table 1. In addi-
tion, three automobile-fuel systems were added: a hydro-
gen fuel cell vehicle, where hydrogen is produced from
natural gas; the same fuel cell vehicle, where hydrogen is
produced with renewable power (but still compressed
using grid electricity); and an advanced battery-electric
vehicle, where electricity is produced according to the
2020 U.S. fuel mix projected by the Energy Information
Administration.®3 Carbon emissions are grouped into vehi-
cle manufacturing and recycling (including the transport
and processing of materials), fuel cycle (processing, trans-
mission/distribution, and if applicable, compression of
fuels), and vehicle use (emissions while driving). Figure
10 illustrates two important points. First, about 75 per-
cent of all well-to-wheel carbon emissions occur during
vehicle operation, unless zero-carbon fuels are used.
Second, while the fuel cell hybrid and battery-electric
vehicle have no emissions during vehicle use, the produc-
tion of hydrogen and electricity can cause fuel-cycle car-
bon emissions to be several times higher compared to all
other vehicles, resulting in higher total carbon emissions
compared to their hybrid gasoline and diesel internal com-
bustion engine counterparts. Carbon emissions resulting
from fuel production, however, can be reduced to practi-
cally zero if renewable or net carbon-free sources are used—
for example, by sequestering carbon.
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Figure 10

Well-to-Wheel Carbon Emissions | of Various Vehicle-Fuel Combinations
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Source: Weiss, M., et al. (2000).
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ystem Efficiency
Transportation greenhoude gas emissions could be reduced by several
percent via various behavioral changes that can be implemented quickly but
require determined and sustained effort. Achieving such impacts would require more com-
prehensive and effective efforts than have been seen to date in the United States. Even if the technology
of transportation equipment were fixed and alternative fuels were not available, it would still be possible
to reduce GHG emissions without loss of accessibility using the following approaches: (1) taking more
direct routes from origins to destinations, (2) increasing vehicle occupancy rates, (3) shifting traffic from
modes with high emission rates to modes with low emission rates, and (4) improving the in-use efficiency
of vehicles through better maintenance and driving behavior. In addition, Chapter 5 will discuss restruc-

turing the built environment to maintain accessibility with less vehicle travel through more efficient land

use and urban design.

Governments play a major role in the efficiency of the transportation system through the invest-
ments they make in infrastructure and operations, particularly for highways, transit systems and airports.
In the year 2000, governments at all levels in the United States spent $130 billion dollars providing and
maintaining highways for public use.®* Nearly all of the money is spent by state and local governments,
but $33 billion is collected by the federal government and distributed mostly to states. Highway user fees
of all kinds amounted to $99 billion in 2000, but more than $20 billion of those fees was spent on non-
highway purposes, with $8 billion going to mass transportation. Other major sources of funds for high-
ways are general fund appropriations by state and local governments, property taxes, and other taxes and
fees, mostly collected by local governments. Governments spent $21 billion on airports in 2000, slightly
less than the amount collected from users of air transport.®® The Airport and Airway Trust Fund is the sin-
gle largest revenue source, with $10.5 billion in 2000. Governments spent $32 billion on transit systems

in 2000, $8 billion on water transport systems, and less than $1 billion on all rail projects.
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A. Reducing the Circuity of Travel

Travel routes rarely follow the shortest distance between two pointa. It
has been estimated that oceangoing ships might cut their energy use and CO, emissions by 4 to 7 per-
cent through more intelligent weather routing and adaptive autopilot control systems, which are already in
use in commercial aircraft.?® In principle, it should be possible to reduce aircraft energy use by minimiz-
ing their time idling on the ground and by better managing airspace to allow more direct routing. Flight
distance efficiency, however, has historically remained roughly constant at about 90 percent of the maxi-
mum possible. In the face of growing air traffic it may be enough of a challenge just to hold operational
efficiency at this level.®” In trucking, computers and global positioning satellites are already being used
to more efficiently route long-haul trucks. Application of information technology to highways and transit
systems will soon allow auto and transit users to save time and energy by finding the most efficient routes

under prevailing traffic conditions.

B. Increasing Vehicle Occupancy Rates

It has been said that the empty seats in America’s highway vehicles are
the greatest oil reserve in the world.?® Given that the average number of occupants per vehicle
in the United States is 1.6 for all trips and 1.1 for the journey to work,°® some 10 trillion empty seat
miles are produced by U.S. highway vehicles each year. In theory, increasing vehicle occupancy rates by
ridesharing could have an enormous impact on energy use and emissions. Past efforts to promote
ridesharing via ride-matching services, vanpools, high-occupancy vehicle lanes, free parking, and subsi-
dies have had only limited success in the United States.%° Despite these efforts, highway vehicle occu-
pancy rates have been declining, not increasing (from 2.2 persons per vehicle in 1969 to 1.6 in 1995).
With a steady decline in the average household size (from 3.2 persons per household in 1969 to 2.6 in
1995) and a continuous growth in the number of vehicles per household (from 1.2 to 1.8 during the

same time period), both the opportunity and the need for sharing a vehicle have declined.

Perhaps the single largest experiment to increase vehicle occupancy was Southern California’s com-
prehensive Regulation XV program. The program required employers to design programs to increase average
vehicle ridership (AVR), defined as the ratio of the number of employees arriving between 6 am and 9 am to
the number of motor vehicles used by those employees. After two years, a survey of employers at 1,110 sites

showed that ridesharing was up 40 percent from a very low initial level, but average vehicle occupancy had
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increased only from 1.22 to 1.25. The fraction of drivers driving alone decreased from 76.2 percent to only
71.4 percent. Also, while ridesharing increased, transit use declined as passengers were drawn from transit

vehicles into ridesharing.!°! The California legislature eventually ended this unpopular program.

Despite decades of efforts, no one has found the key to unlock the massive potential of carpool-
ing. Success has been achieved in specific areas under special conditions (High-Occupancy-Vehicle
requirements, parking restrictions) or for limited periods of time. Increased occupancy rates have made a
sustained contribution to the energy efficiency of air travel, but how to raise automobile occupancy rates
nationwide remains a mystery. Until a workable approach is found, the practical potential for reducing
GHG emissions by increasing vehicle occupancy is small, despite the 10 trillion empty seat miles

Americans produce each year.

C. Shifting Traffic to More Energy-Efficient Modes

Achieving large-scale shifts in transportation activity to favor more
efficient modes has proven difficult. For example, although there are very large differences
in the energy intensities of freight modes, little effort has been expended trying to shift freight traffic
from truck to rail or rail to water in order to reduce energy use and GHG emissions. Attempts to do so
would run counter to the increasing requirements for speed and reliability of an increasingly service-
oriented economy. In addition, because different modes offer different services in terms of cost, speed,
and performance, the differences in energy intensity are greatly reduced when one compares modes based

on equivalent levels of service.!02

The greatest opportunity for improving the operating efficiency of freight transport may lie in ensur-
ing that the infrastructure exists to allow freight to be transferred quickly and efficiently among modes. If
intermodal transfers can be made fast, reliable and inexpensive, the best features of each mode can be
combined to achieve greater energy efficiency than a single high-speed mode. For example, with efficient
intermodal transfers, containerized cargo arriving at U.S. ports can be transferred to rail for the greatest part
of its overland transport, then transferred to a truck for local delivery. If transfers are expensive and time
consuming, the same container might be put immediately on a truck for more energy intensive point-to-point

delivery. Intermodal freight is second only to air freight in value-to-weight and rate of growth.103

At the national level, passenger transportation modes are surprisingly similar in their energy use

per passenger mile (Figure 11). Carbon intensity mirrors energy intensity because all the modes except
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rail transit use petroleum fuels with similar carbon contents. The national average figures to some extent
obscure differences from place to place. While the national average energy use per passenger-mile for rail
transit is 3,100 Btu, heavy rail systems in Brooklyn and Atlanta and light rail systems in Newark and Salt
Lake City average around 2,000 Btu.1%* Moreover, where electricity is generated from hydropower, nuclear
power, or natural gas rather than coal, GHG emissions will be reduced by electric rail systems even if
energy intensities are high. Transit efficiencies could be much higher relative to passenger cars if transit
occupancy rates could be greatly increased, but this has proven to be no easier in the United States than

increasing automobile occupancy rates.

Significantly reducing national GHG emissions via increased use of transit would require momen-
tous efforts. All modes of transit (bus and rail) account for only 1 percent of passenger-miles traveled in
the United States today.!® Doubling national transit use would affect only 1 percent of total passenger

travel. This suggests that even innovative solutions, such as Bus Rapid Transit (BRT), which seeks to

Figure 11

Average | Energy Intensities and Modal Shares |of Passenger Travel
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Box 9

Human Factors: Speed and Energy Use

For a given vehicle (technology, weight, and design
held constant) the most important determinants of energy
use and carbon dioxide emissions are acceleration and
speed.1% Aerodynamic drag increases with the square of
speed, and rolling resistance increases in direct proportion
to speed, while internal engine friction and the energy
required to run mechanical accessories, such as oil and
water pumps, increase with engine speed. In stop-and-go
driving, average speed is also correlated with the number
of stops and starts, and with the amount of time spent
idling. As a result, fuel economy generally increases as
average speed increases, up to about 40 miles per hour.
On the highway, faster driving costs fuel but saves time.
Increasing speed from 60 to 70 miles per hour would
decrease the fuel economy of an average car from about
30 mpg to 25 mpg. Consider a 60-mile trip traveled at 70

versus 60 miles per hour. By going 10 mph faster, the
traveler saves 8.6 minutes, but consumes 0.4 more gal-
lons of fuel. Assuming gasoline cost $1.50 per gallon, it
cost $0.60 to save 8.6 minutes, equivalent to $4.20 per
hour. Few drivers would value their time at less than that.

In January 1974, Congress passed a law limiting the
national speed limit to 55 mph. Since most roads had
posted limits at or below 55, this affected only traffic on
interstates and other major freeways. The National
Research Council'®” estimated that the “double nickel”
speed limit reduced national highway fuel consumption
by about 2 percent, and that it also probably saved
2,000 to 4,000 lives per year, due to lower fatality rates
in highway crashes. The 55 mph speed limit was restrict-
ed to apply only to urban highways in 1987 and finally
repealed in 1995.

combine the speed, reliability and comfort of rail transit with the flexibility of buses, can have only a very

limited impact on GHG emissions at the national scale.198

D. Vehicle Maintenance and Driver Behavior

Driver behavior affects fuel economy. Minimizing unnecessary braking (for instance,

by not tailgating), observing the speed limit, anticipating the actions of other drivers, and avoiding exces-

sively rapid acceleration can increase miles per gallon by a few percent over normal driving behavior. It is

possible to increase fuel economy by another few percent via optimal vehicle maintenance. Studies of

programs to promote these behaviors, however, have found that it is difficult to sustain the gains without

regular driver retraining.19?
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educing Iransportation Activity
One way to reduce the GHG emissions of transportation is to reduce
transportation activity, or travel, itself. This can often be accomplished without compro-
mising accessibility. One approach to reducing transportation activity is to change land use to decrease
the need to travel or enable alternatives to driving. Another approach is to use pricing mechanisms, which

can redistribute or increase the cost of travel.

A. Changing Land Use to Substitute Accessibility for Travel

The geographic distribution of people and places, especially the denasity
of development, strongly influences the demand for transportation. In addition,
the way settlements are built—whether neighborhoods have sidewalks or bike paths, whether homes are
within walking distance of shops or transit stops—influences both the amount and kinds of transporta-
tion. While the relationships between land use, accessibility, and travel are understood at a very general
level, much more needs to be known about practical means of improving development patterns to reduce

vehicle travel while enhancing accessibility and the quality of life in metropolitan areas.!1°

For over 50 years automobile-centered cities and towns have been built in the United States. To
date, existing tools such as land-use planning, zoning, and transportation infrastructure investments have
been primarily used to enhance the mobility provided by motor vehicles, rather than to trade off car travel
and accessibility. However, if such tools are used to reduce vehicle travel, their potential can be signifi-
cant, at least over the longer term. Studies of large-scale metropolitan planning strategies for reducing
travel while maintaining accessibility suggest that a combination of land use and transit policies might
succeed in reducing vehicle miles traveled in urban areas by about 5 to 7 percent over a period of thirty
years, and perhaps 9 to 10 percent if combined with policies to charge for parking and for use of con-
gested roads.!!'! Modeling and simulation analyses of travel at the neighborhood level suggest that vehicle
travel might be reduced 10 to 25 percent by changing the design of subdivision development to more

closely resemble the grid street layouts and mixed land uses of pre-WWII communities.!1?
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A synthesis of recent studies finds that travel is relatively insensitive to changes in the built envi-
ronment alone,!13 estimating that doubling local densities of population and employment could be
expected to reduce vehicle miles traveled by only about 5 percent. Improving regional accessibility
(defined by the distances to regional centers) could have a much larger impact. The implication is that
major changes in the geography of American cities would be needed, combined with additional pricing

policies, to achieve reductions in travel of more than 10 percent.

In addition, there are significant barriers to changing U.S. geographic patterns, and major
changes will take decades to effect. The possibility of reducing the need for vehicular travel on the order
of 10 percent or more without loss of accessibility justifies continuing efforts to develop a better under-

standing of and better practical tools for influencing transportation via land use.

B. Pricing Transportation

Transportation costs and their compodition are strong determinants of
the demana’for travel. Changing the costs and their structure can be an effective tool for control-
ling GHG emissions. Two areas deserve special attention: (1) “internalizing” some of the external costs of
transportation, such as air pollution, GHG emissions, and traffic congestion and (2) transferring some of
the components of transportation costs now paid as fixed costs, such as automobile insurance, to be paid

per mile or per gallon of fuel consumed, while keeping total costs level.

Shifting the Incidence of Costs to Reduce Greenhouse Gas Emissions

According to recent estimates, the unintended consequences of transportation, including traffic
congestion, environmental impacts, uncompensated traffic accident damages, and oil dependence impose
very substantial costs on society.!!* The full cost of transportation consists of five components: (1) the
cost of a vehicle, including its maintenance and insurance, (2) variable costs, such as fuel and tolls, (3)
the time of the vehicle operator and traveler, (4) the cost of infrastructure, such as roads, airports, and
terminals, and (5) external costs imposed on others, but not directly borne by the traveler or carrier.
External costs include air pollution, traffic congestion, GHG emissions, impacts of infrastructure on habi-
tats, and noise. In general, travelers and carriers fully and directly pay the cost of the first three compo-
nents, directly pay half or more of the cost of infrastructure through user fees such as motor fuel taxes,

and pay none of the external costs.!!®
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To effectively internalize the external costs of transportation, it is not enough to simply calculate
all the unintended costs of transportation and add them up into a per-mile price for vehicle travel or per-
gallon price for motor fuel. To improve on the current system, economic theory requires that pricing be
directly related to the damage done. This implies, for example, that a price for pollutant emissions must
distinguish between cleaner and dirtier cars. Pricing must recognize that emissions increase during heavy
acceleration and when the car’s air conditioning is running, that the impact on air quality depends on the
ambient temperature and other atmospheric conditions, and that the ultimate health damage depends on
how many people are exposed. Given the potential complexity of such a pricing system, it is no surprise
that most of the external costs of transportation are already partly addressed by non-price policies, such
as motor vehicle emissions standards, traffic controls, and automotive fuel economy standards. Despite
all of this, there is still some role for externality taxes on vehicle travel or motor fuel, and they could have

a significant impact.!1®

In the United States, highway infrastructure is generally provided as a free public good and paid
for by a variety of taxes, including motor fuel, real estate, and sales taxes. Some analysts have argued
that free access to highways results in over-consumption of highway transportation.!!’ It was in part this
claim that led the Intermodal Surface Transportation Equity Act (ISTEA) of 1991 to permit greater flexi-
bility in the use of highway trust funds to address mobility issues at the state and local level. Through the
Congestion Mitigation and Air Quality (CMAQ) provisions of the ISTEA, for example, the act allows funds
previously dedicated to highway construction, maintenance, and operation to be used to mitigate some of
the external costs of transportation. This new strategy was continued under the Transportation Equity Act
for the 21st Century (TEA-21). These acts were not meant to address all the unintended consequences of

transportation for society and the environment.

Transportation researchers and planners have long sought an efficient way to price congestion.
Congestion leads to excessive engine idling, which wastes fuel and increases GHG emissions. There have
been some promising experiments, and advances in telecommunications have greatly reduced the costs of
toll collection. Simulation of economically efficient congestion tolls in a large metropolitan area indicated

that vehicle miles would decline by about 20 percent on expressways and less than 10 percent on other
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roads.!'® These estimates apply only to relatively large metropolitan areas and only during congested peak
travel conditions. The effect on total vehicle travel would be much smaller. Moreover, a 1 percent reduc-
tion in the time cost of travel (a 1 percent increase in average speed) would induce about a 1 percent
increase in travel, leaving the travel time budget unchanged. This is an important consideration for con-
gestion mitigation or congestion pricing measures, since relieving congestion increases average speeds,
engendering a rebound effect. Other problems include public unwillingness to pay for the use of formerly
free roads and potentially regressive income distribution effects. As Americans have become accustomed
to free access to highways, significant changes to the structure of transportation costs would undoubtedly
meet with opposition. In fact, congestion pricing tends to make all travelers worse off until the funds col-

lected are redistributed.

While efficient pricing policies for controlling traffic congestion and urban air pollution require
sophisticated implementation, pricing the carbon content of motor fuel is perhaps the only case in which
a simple motor fuel tax would effectively internalize the relevant environmental damage. Essentially all of
the carbon in fossil fuels is emitted as carbon dioxide, and no matter where or when the carbon is emit-
ted, the effect on the climate is the same. Thus, charging for the carbon in the fuel is equivalent to
charging for harm to the climate. But three factors cloud the issue. First, it is not clear what dollar value
should be assigned to the damage done to the climate by a ton of carbon emissions. Charges on the order
of $50 to $100 per ton of carbon would translate into $0.12 to $0.25 per gallon of gasoline, a signifi-
cant amount, but nowhere near enough to stimulate a significant reduction in vehicle miles traveled
(VMT) or major improvements in fuel economy. This underlines the importance of developing new tech-
nologies, using alternative fuels, and implementing government policies to reduce transportation’s GHG
emissions. Second, there is reason to believe that the private vehicle market does not respond effectively
to price signals when it comes to fuel economy (see Box 3, “Markets and Fuel Economy”). Third, current
motor fuel taxes are a surrogate for a highway user tax. Because the tax falls on motor fuel rather than miles
traveled, it discourages travel to some extent through the cost of fuel per mile, and it also encourages higher
fuel economy. Thus, it could be argued that the current motor fuel tax, at approximately $0.45 per

gallon, is already internalizing some of the environmental impacts of motor fuel use.
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Transferring Fixed Costs to Per Gallon Costs

Many fixed expenses are large relative to fuel costs. There is potential to strongly affect vehicle trav-

el or fuel consumption by transferring fixed to per gallon costs without changing the total costs of travel.

It is possible to shift the cost of owning and operating a motor vehicle onto motor fuel without

increasing the total cost. Fuel is a minor component of overall travel cost. Insurance costs plus licensing,

registration fees, and other taxes exceed fuel costs by 60 percent. Some of these costs, such as liability

Figure 12

Annual Costs | for a Model Year 2001 Automobile
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Source: Davis and Diegel, 2002, Transportation Energy Data Book, Ed. 22,
Tables 5.12 and 5.13.

Impacts of Pricing Policies

insurance, might more logically be
associated with miles traveled than
charged as a fixed fee. Transferring
any significant fraction of insurance
and licensing, registration fees, and
other vehicle taxes to be collected as
a tax on motor fuel would substantially
increase the price of fuel without
increasing the overall cost of vehicle
travel. As motor fuel taxes, they
would encourage increased fuel econ-
omy and decreased driving, thereby
significantly reducing GHG emis-

sions.

Because fuel accounts for a minority of the monetary costs of travel (the share varied from 10

percent to 20 percent for U.S. automobiles between 1985 and 2001!19), the impacts of fuel and carbon

taxes on total vehicle travel will be proportionately smaller, about a 1 percent to 2 percent VMT decrease

for a 10 percent increase in the price of fuel (see Box 5, “Energy Efficiency and the ‘Rebound Effect’”).

But fuel prices also influence the types of vehicles people buy and their demand for fuel economy. This

in turn encourages car manufacturers to design vehicles with higher fuel economy. The economics litera-
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ture indicates that a 10 percent increase in the price of fuel would lead ultimately to about a 5 percent
to 6 percent increase in new car fuel economy.1?° A literature survey done for the U.S. Department of
Energy that gave greater weight to the effects of the U.S. automotive fuel economy standards concluded
that a 10 percent fuel price increase would produce only a 2 percent increase in miles per gallon.!2!
Engineering-economic analyses of the technological potential for fuel economy improvement also support
a 2 percent fuel economy increase for a 10 percent increase in fuel price.1?? These studies explicitly
exclude the effects of car buyers choosing more fuel-efficient makes and models, so the full impact
would be larger than 2 percent. The authors use a 4 percent increase in fuel economy for a 10 percent
increase in fuel price to estimate policy impacts in Section VI. Combining the effects of fuel price on
travel and fuel economy (and taking into account the rebound effect of fuel economy on travel), a 10 per-
cent fuel price increase should reduce fuel consumption and emissions by 5 to 6 percent in the long run,
once the fuel economy improvement has penetrated the in-use vehicle stock. Of this total impact, the 1

to 2 percent reduction via the impact on vehicle travel will occur immediately.

C. Travel Reduction Measures—A Summary

A historical review of non-pricing measures to reduce travel, such as
ridesharing, transit improvements, HOV lanes, bicycle and pedestrian facili-

Table 5 ties, flexible work hours, telecommuting, and

Vehicle Travel Impacts land-use planning, found that the moat effec-

of Transportation Controls tive programs reduced vehicle travel by less
Transportation Percent Reduction ~ L1aM 6 percent.’?3 Frequently, the impacts were fractions
Control Measure in Vehicle Miles
Employer trip reduction 0.2% to 3.3% of a percent reduction (Table 5). Obviously, historical achieve-
Area-wide ridesharing 0.1t02.0
Transit improvements 0.0t02.6 ments do not necessarily predict the performance of future pro-
HOV lanes 0.2t0 1.4
Park-and-ride lots 0.1t 0.5 grams. Furthermore, it could well be that the combined effect of
Bicycle/pedestrian facilities <0.1
PRI (IS an integrated suite of programs could reduce vehicle travel by

Work 0.5to 4.0

Non-work dltoa2 10 percent, or more. However, realizing significant improve-
Congestion pricing 0.21t0 5.7
Compressed work week 0.0 to 0.6 . . .

’ ) ments at a national scale in the United States would be an

Telecommuting 0.0to 3.4
Land-use planning 0.0to 5.2
Signal timing <01 enormous challenge.
Incident management 0.0 to a 0.1 increase
Emissions/VMT tax 0.21t0 0.6
Buy-backs of older cars > 0.0

Source: Greene, 1996, Table 7.3.124
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olicy Options
Because energy markets on their own cannot be expected to adequately
limit GHG emissions, government action 14 critically important. Several strategies
are available to governments. Direct investment in research and development or partnerships with indus-
try can accelerate progress in energy efficiency and low-carbon energy technologies. Regulatory standards
can direct markets to increase energy efficiency in the absence of adequate price signals. Fiscal and
market-based policies can work through market mechanisms to mitigate emissions. Coordinated land-use
planning and infrastructure investments can increase accessibility of homes, workplaces, and other desti-
nations while simultaneously reducing the need for vehicle travel. Public education has the potential not
only to change consumers’ behavior, but also to improve the efficiency of markets by creating better-
informed producers, consumers, and citizens. A comprehensive and balanced policy to mitigate trans-

portation’s carbon emissions should combine elements of all these approaches.

A. Research, Development, and Demonstration

Advancing technology is critical to achieving major greenhouse gas
emissions reductions from transportation. An expanded publicly funded research, devel-
opment, and demonstration program should be a key element of any comprehensive GHG strategy for
transportation. It is clear that improving climate-friendly technologies (for instance, reducing the cost of
fuel cells, developing improved emissions controls for diesel engines, and decreasing the cost of produc-
ing ethanol from cellulose) is the key to cost-effectively solving the problem of transportation GHG emis-
sions. Private markets cannot be relied on to make adequate investments in research and development to
find solutions to environmental problems.12> Governments can rectify this shortcoming by supporting R&D

in the public’s interest.

There are many ways that governments can foster research, through contracts and grants to uni-
versities, partnerships with industry, and funding of private or governmental research institutions.

Research can also be stimulated by other policies, such as efficiency standards or fiscal incentives.
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A comprehensive strategy would include research programs aimed at increasing the energy efficiency of
each transportation mode and reducing the carbon content of fuels. It would also address cross-cutting,
fundamental technologies that can benefit many transportation modes. In the past, the Partnership for a
New Generation of Vehicles (PNGV) combined government and industry efforts to develop technology nec-
essary for an up to three-times more energy-efficient automobile.’?® The FreedomCAR program, which is
focused on developing hydrogen fuel cell vehicles, will also continue research on the advanced internal
combustion engine and vehicle system technologies pursued under the PNGV. Recognizing the importance
of developing the infrastructure to support a hydrogen-powered transportation system, the U.S.
Department of Energy has established a research program focused on infrastructure technology and begun

investigating a transition from petroleum to hydrogen.!?’

It is equally important that other transportation modes be addressed. The federal government’s
21st Century Truck Program set appropriately ambitious goals for a partnership of government and indus-
try participants. A strong aircraft energy efficiency program is also essential, as are meaningful efficiency
efforts for rail, marine, and pipeline. Supply of low-carbon energy sources for transportation also requires
research and development. Cheaper and more efficient means of producing biomass fuels and producing

hydrogen renewably or from fossil fuels with sequestration of carbon are promising possibilities.

B. Energy Efficiency Standards

More than half of transportation’s GHG emissions could be addressed
by a single policy: increased fuel economy standards for automobiles and
light truck.s. Better still would be GHG emissions standards, in grams per mile, such as adopted by
the European Union and more recently under development by the state of California, since they provide
increased flexibility in achieving GHG reductions and an additional incentive to reduce the carbon
content of fuels. There is little doubt that higher mile per gallon targets would be effective in raising
light-duty vehicle fuel economy and reducing carbon dioxide emissions. In 2003, the National Highway
Traffic Safety Administration (NHTSA) proposed a rule to increase light truck fuel economy standards by
1.5 mpg over the next four years. While this is a welcome beginning, it is very important that NHTSA set
more ambitious standards with longer lead times to allow adequate opportunity for manufacturers to
implement fuel economy innovations in all their product lines (see Box 2, “Changing Transportation

Energy Use Takes Time”). Targets for the year 2015 might be able to achieve CO, emissions reductions of
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20 to 25 percent from new vehicles. In the longer term, reductions of 33 to 50 percent over what would
occur at constant fuel economy may be possible. Regulatory standards are less appropriate for heavy
trucks, aircraft, rail, or pipeline modes, principally because these modes have strong financial incentives

to reduce fuel costs by increasing fuel economy.

Mandatory efficiency standards are not the only option available for raising fuel economy levels.
Voluntary standards have been adopted by the European Union and European car manufacturers (most of
whom also manufacture and sell cars in the United States). To date, European manufacturers are making
satisfactory progress toward meeting the voluntary goals. Canada’s fuel economy standards are also the
result of a voluntary agreement. The historically adversarial relationship between the U.S. government and
the automobile industry in the area of environmental protection argues against the possibility of voluntary
standards in this country. The motor vehicle industry, however, might consider them preferable to manda-
tory standards. Voluntary standards could also be developed for other modes of transport, thereby ensur-

ing continuing energy-efficiency progress in trucks, aircraft, locomotives, ships, and even pipelines.

By failing to meaningfully address GHG emissions from transportation vehicles, U.S. manufactur-
ers risk conceding global leadership in automotive technology. The European voluntary fuel economy
agreement calls for reducing the CO, emissions of the average new 2006 light-duty vehicle to 193 grams
of CO, per mile, which translates into a vehicle fuel efficiency of 39 mpg. The Japanese mandatory fuel
economy standards for each weight class set a similar goal. Achieving that level of fuel efficiency will be

quite a technological challenge, one that will keep foreign manufacturers on the cutting edge of technology.

C. Alternative Fuels

Alternative fuels can only be successfully introduced with strong gov-
ernment involvement. Shifting a large fraction of total transportation energy use to an alternative
fuel will require very large investments for both the fuel and vehicle industries. Government must play a
central role in mitigating the associated risks by providing clear policy direction. Consider the cost of
replacing the U.S. gasoline infrastructure with hydrogen. Perhaps the least expensive means of producing
hydrogen is via steam reforming of natural gas. Building up a natural gas-to-hydrogen infrastructure would
require capital investments of several hundred billion dollars,12® although this would be spread over many
years. Also the vehicle industry would need to invest heavily in several models of hydrogen fuel cell vehi-

cles, with a typical production run of 100,000 to 300,000 vehicles per model per year. Without a ubiqui-
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tous network of refueling stations, consumers will be reluctant to buy alternative fuel vehicles. Without a
substantial population of vehicles on the road, fuel suppliers will be reluctant to invest in an extensive
fuel delivery network. Overcoming this problem will almost certainly require a sustained government com-

mitment with both incentives and regulatory support.12°
D. Pricing Policies

The U.S. highway syastem is funded through a federal tax on motor
fuels, but other energy or carbon taxes have thus far not found acceptance in
the United States. Targeted subsidies and incentives, however, are widely used. For example,
exemption from a large fraction of the federal motor fuel tax created the ethanol fuel market. The gas-
guzzler tax (a graduated tax on new passenger cars getting less than 22.5 mpg, starting at $1,000 and
increasing to $7,700 at under 12.5 mpg) discourages the sale of passenger cars with low fuel economy.
Surprisingly, there is no comparable tax on light trucks with low fuel economy. Numerous other tax incen-

tives encourage alternative fuels, electric vehicles, hybrid vehicles, and use of ethanol.

A carbon cap-and-trade system, or even a carbon tax, would encourage a wide array of actions to
reduce GHG emissions from transportation, but it is not a substitute for a comprehensive
strategy. Achieving the necessary reductions requires addressing the need for new technologies, the mar-
ket failures for light-duty vehicle fuel economy, as well as the synergistic effects of land use patterns,

infrastructure supply, and transportation demand.

Creative pricing policies worth considering include “variabilizing” some of the fixed costs of vehi-
cle travel by converting annual fees and charges into surcharges on motor fuel. One such idea is “pay-at-
the-pump” automobile insurance, where a minimum required amount of insurance (basic liability) is paid
for by all through a surcharge on gasoline or diesel fuel of about $0.35 per gallon. This strategy alone
could produce a 10 to 12 percent reduction in GHG emissions by highway vehicles.!3° Motorists would
still have to sign up with an insurance carrier and would have to pay additional insurance premiums for
increased liability or collision, or if their risk pool required it. The plan eliminates the problem of unin-
sured motorists, ties at least some of the cost of insurance to the amount of vehicle travel, and does not
increase the total costs of motor vehicle travel. On the other hand, it puts governments in the business of
collecting and distributing large amounts of revenue to insurance companies, a prospect the industry is

not likely to welcome.
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Another promising policy option calls for replacing the current fuel economy regulations with a
system of taxes (fees) and incentives (rebates) to discourage low-efficiency vehicles and promote high-
efficiency vehicles.13! In theory, these “feebates” should be able to achieve the same kinds of fuel econo-
my increases as regulations, but harmonize the interests of car buyers and manufacturers. By levying a
tax on low-mpg vehicles and subsidizing higher-mpg vehicles, feebates encourage manufacturers to use
fuel economy technologies to avoid the taxes and acquire the rebates. At the same time they provide a
price signal to car buyers to choose models with higher fuel economy. Feebates can be designed to be
“revenue neutral” by dispensing as much in rebates as they collect in fees. An especially attractive fea-
ture of the feebate approach is that it provides a continuing financial incentive for manufacturers to

improve fuel economy by developing and implementing advanced technologies.

E. Land-Use Planning and Infrastructure Investment

Land-use and transportation infrastructure policies will have little
immediate impact on GHG emissions, but they could be among the most
important policies in the long run. Developing a better understanding of and practical tools
for influencing transportation through land use is critical to creating efficient transportation systems.
There is clear evidence that mixed land uses and neighborhoods designed to accommodate walking and
cycling reduce the need for motorized trips without loss of accessibility. Investments in transit infrastruc-
ture and land-use policies favoring transit-oriented development not only reduce automobile trips but also
increase transit occupancy rates and increase the density of development. Moreover, there are other valid
reasons for striving for more efficient land use, including reducing traffic congestion, protecting habitats,

and improving air quality.
F. Public Information and Education

The present level of public understanding of climate change and green-
house gas issues i a serious barrier to progress in reducing GHG emissions
from tranasportation. It appears that the public is generally not aware of the relationship between
the transportation choices they make and their consequences for climate change.!32 Better informing the
public might not only change some behaviors (for example, by raising awareness of the value of fuel economy),

but also make citizens more inclined to support public policies and measures to reduce GHG emissions.
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G. The Right Mix

No single policy approach is either necessary or sufficient; the right
mix will include a balanced combination of public education, technology
research, development and demonastration, and fiscal and requlatory meas-
ured. Within each policy category, there will be more than one policy measure that can be effective.
What is important is that all components be addressed by meaningful measures that are both cost-effec-
tive and successful in reducing emissions. Experience with higher oil prices and fuel economy standards
has shown that it is possible to slow the growth of transportation petroleum use and GHG emissions; this

report shows that options exist that can have a significant impact in the future.
H. How Much Can Carbon Emissions Be Reduced?

Combining different types of policies can significantly reduce trans-
portation’s GHG emissions in the near term and achieve dramatic reductions
in the longer term. In this section the combined impacts of a variety of measures on transportation
GHG emissions are estimated in 2015 and 2030. Correctly estimating the GHG reduction potential of
combinations of policies requires accounting for the potential interactions among them. For example, if
the carbon content of gasoline is decreased by blending with renewable ethanol, the benefit of increasing
fuel economy is diminished to that degree. Care has been taken to avoid possible double counting of ben-

efits in such calculations.!33

Table 6 summarizes the authors’ estimates of the potential for reducing U.S. transportation sector
CO, emissions by 2015 and 2030 based on the year 2000 emission levels. The first two columns of text
identify the target emissions source and example policy options. The first column of data shows the year
2000 GHG emissions for the portion of the transportation sector to which the policy applies. The expected
impacts (in percent reductions) for the relevant mode or fuel are shown in the second and third columns of
data for the years 2015 and 2030. The impacts on total transportation GHG emissions (in percent reduc-

tions), weighted by year 2000 total transport sector CO, emissions, are reported in the last two columns.

The potential improvements from research, development, and demonstration are not counted
directly as GHG reductions, but instead are “captured” by other policies such as efficiency standards or

pricing policies. Advancing technology through RD&D helps enable GHG reductions but is not sufficient to
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achieve them, because without policies, markets cannot be relied on to reduce externalities like GHG emis-
sions. The estimates shown are subject to considerable uncertainty, especially for the year 2030; however,

the authors are confident that reductions of the general magnitudes shown are achievable.

Because nearly 90 percent of U.S. transportation CO, emissions are released by light-duty
vehicles, heavy trucks, and aircraft, most of the indicated measures concentrate on these modes. The
reduction in CO, emissions from the U.S. vehicle fleet that is achievable through fuel efficiency improve-
ments without sacrificing mobility, performance, or safety is indicated in the first section of the table,
“Research, Development, and Demonstration.” As concluded in Section Il, a realistic potential for reducing
fuel consumption and CO, emissions from the light-duty vehicle fleet may be 11 percent by 2015 and 38
percent by 2030. Slightly smaller 2030 potentials exist for heavy-trucks and commercial aircraft. If,
however, these potentials are obtained via fuel efficiency standards without an increase in the price of

fuel, the rebound effect (incorporated in the estimates in Table 6) reduces these potentials slightly.

In addition to efficiency standards, alternative fuels can make an important contribution to reducing
CO, emissions. Low-carbon replacement fuels in 10 percent blends with gasoline could reduce CO, emis-
sions by about 2 percent (using ethanol made from corn) by 2015 and by up to 7 percent (using ethanol
from cellulosic biomass) by 2030. The potential of hydrogen fuel to displace gasoline is less clear. If hydro-
gen fueled all government fleet vehicles by 2015 and could be exclusively produced from net zero-carbon
fuels, the reduction in light-duty vehicle CO, emissions would be nearly 3 percent. From that perspective, a
1 percent reduction is perhaps optimistic. While the amount of hydrogen fuel will likely be small through
2015, it can become much more significant by 2030. As an optimistic case, the authors assume that every
eighth light-duty vehicle, over 25 million vehicles, will be fueled with hydrogen by 2030. This fleet currently
corresponds to the population of light-duty vehicles in California. If half of the hydrogen necessary to fuel
that fleet is produced from natural gas and the other half from zero-carbon fuels, light-duty vehicle CO,

emissions could be reduced by about 6 percent.34

The fiscal policies in the table include a subsidy for realizing the introduction of low-carbon
replacement fuels, a carbon price increasing from $50 in 2015 to $100 per ton of carbon in 2030
(assuming a price elasticity of fuel efficiency of -0.4), and an increase in gasoline price of 35 cents per

gallon in 2015 up to 55 cents per gallon in 2030, offset by equivalent reductions in the fixed costs of vehicle
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travel (assuming a price elasticity of fuel demand of -0.4). Finally, behavioral changes consist of alterations in

land-use and infrastructure, improvements in systems efficiency, and climate change education.

Altogether, CO, emission reductions of about 20 percent by 2015 and almost 50 percent by
2030 appear to be feasible. These estimates are to be interpreted as relative to what emissions would
otherwise have been rather than reductions from today’s emissions levels. If the demand for transporta-
tion fuel continues to grow as in the past, the projected reduction potential will just be large enough to

stabilize transportation sector CO, emissions at the year 2000 level by 2030.

The GHG reductions achievable by 2015 are based on: (1) proven energy efficiency technologies,
(2) levels of efficiency improvement at which the value of fuel saved is greater than or equal to the cost
of technology, (3) no change in vehicle size or performance, (4) pricing and other policies that do not
increase the overall cost of transportation and, (5) a carbon cap-and-trade system equivalent to approxi-
mately $50 per ton of carbon. GHG reductions estimated to be achievable by 2030 are based on:
(1) efficiency improvements that depend on technological progress judged highly likely by 2020 given a
focused R&D effort, and (2) continuation or moderate extensions of pricing and behavioral policies adopt-
ed for 2015. GHG emissions would be lower if growth in demand for transportation fuel is slower, or with
more stringent energy efficiency standards, a tighter carbon cap, or more rapid technological innovation

than assumed here.
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Table 6

Potential Impacts of

Transportation GHG Reduction Policies|to 20153,

2030%* based on year 2000 emission levels.

Carbon Emission

Reduction Potential
per Mode/Fuel (%)

Transportation Sector
Reduction Potential (%)

(mmt CO>)

Emissions Source Example Policies 2000 2015 2030 2015 2030
Research, Development
& Demonstration
Light-duty vehicles (LDV) PNGV, FreedomCAR 1061 11** 38** 7% 23**
Heavy Trucks 21st Century Truck 294 11** 24** 2% 4x*
Commercial Aircraft NASA EEE. Aerospace Tech. 196 11** 27** 1** g
Efficiency Standards
Light-duty vehicles CAFE, Voluntary, Feebates 1061 9 31 6 18
Heavy Trucks Voluntary Standards 294 9 20 2 3
Commercial Aircraft Voluntary SMPG Standards 196 9 22 2
Replacement & Alternative Fuels
Low-Carbon Replacement Fuels Ethanol tax exemption 100 30 100 2 7
(~10% of LDV fuel)
Hydrogen Fuel (All LDV fuel) FreedomCAR, California 1061 1 6 1 4

Fuel Cell Partnership
Pricing Policies
Low-carbon fuel subsidy Federal Tax exemption 100 30 100 2 6
(~10% of LDV fuel) for bio-ethanol
Carbon pricing Carbon tax, carbon
(All transportation fuel) cap-and-trade system 1792 3 6 3 6
Variabilization Pay at the 1855 8 12 9
(All highway vehicle fuel) pump insurance
Behavioral
Land Use & Infra-structure Urban Design, Planning 903 5 10 3 5
(2/3 of highway fuel)
System Efficiency Rideshare, transit promotion 265 2 B 0 1
(25% LDV fuel)
Climate Change Education Labeling 1792 1 2 1 2
(All transportation fuel)
Fuel Economy Information Driver training, 1061 1 2 1 1
(All LDV fuel) www.fueleconomy.gov
TOTAL 1792 22 48
Notes:

* Carbon emissions for the year 2000 are used to weight percent reductions for the respective emissions source and example policy category in
calculating total percent reduction potential. The elasticity of vehicle travel with respect to fuel price is -0.15 for all modes. Price elasticity of
energy efficiency with respect to fuel price is -0.4.

**R&D efficiency improvements have no direct effect on total. Their influence is seen through efficiency standards impacts.

Policies affecting the same target emissions, such as passenger car efficiency, low carbon fuels, and land use policies are multiplicative, to avoid

double counting (e.g., (1-0.1)*(1-0.2) = 1-0.28, a 28 percent rather than a 30 percent reduction).
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onciusions
By combining a variety of policies, U.S. transportation-related carbon

emissions could be cut by 20 to 25 percent by 2015 and by 45 to 50 percent by
2030, in comparison to a continuation of current trends in enerqy efficiency,
petroleum dependence, and traffic growth. Curbing the growth of transportation’s GHG
emissions will require a combination of meaningful policies and technological progress. A successful poli-
cy portfolio will involve all modes of transportation and will include a variety of measures, from fuel econ-
omy and fiscal policies to infrastructure investments. In the longer run, technological progress—and policies
that promote it—must provide the means for continued efficiency improvements and ultimately for a tran-
sition to low-carbon energy sources for transportation. There are many specific forms of policies that can

achieve the same objective.

Reducing transportation’s GHG emissions will not be easy because demand for mobility of both
people and goods will almost certainly continue to grow. Increasing transportation activity will result in
growing energy use and GHG emissions, unless the energy efficiency of vehicles can be increased, alter-
native energy sources developed, and ways found to improve the ability of land use and transportation

systems to provide accessibility with less motor vehicle travel.

The international effort to protect the global climate, especially efforts to reduce GHG emissions
from transportation, provides a unique opportunity for the United States to work cooperatively with other
countries to reduce worldwide demand for oil. Both near-term and longer-term actions to reduce GHG
emissions from transportation will produce major benefits for U.S. energy security in the form of reduced
oil imports and reduced economic losses from oil price shocks. Actions to reduce GHG emissions taken in
concert with the other oil-consuming nations of the world will undermine the market power of the OPEC
cartel, amplifying the United States’ own efforts to increase energy security. By staying out of the global
effort to reduce GHG emissions, the United States may be squandering its best chance to solve the oil

dependence problem.
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Harnessing market forces is a very useful but probably insufficient strategy for mitigating trans-
portation’s GHG emissions. Even a carbon cap-and-trade system, as beneficial as it would be, would be
hindered by the tendency of households to undervalue fuel economy. It would be unlikely to bring about
an appropriate level of investment in long-term transportation energy technologies and would not guide
important investments in transportation infrastructure and the built environment. A combination of poli-
cies is needed to promote energy efficiency, stimulate investments in research and development, improve

land use and infrastructure planning, and harness market forces.

For at least the next decade, the U.S. transportation system will continue to be powered primarily
by conventional, petroleum-based liquid fuels. As a result, the most productive near-term options to
reduce GHG emissions will be fossil fuel or carbon pricing policies, energy efficiency improvements, and

the blending of low-carbon replacement fuels with petroleum liquids.

Over the next 15 to 30 years, new technologies will be introduced, and the stock of transporta-
tion vehicles will be turned over twice, making much larger increases in energy efficiency possible. The
world is also likely to have begun an important transition from conventional petroleum to alternative energy
sources. The path of least resistance would be a gradual transition to increased use of unconventional
sources of liquid hydrocarbon fuels, yet promising technologies are emerging that could lead in a very
different direction, toward major roles for hydrogen and electric motors. It is not too soon to begin planning
for and developing the technologies for an energy transition for transportation. The use of unconventional
fossil fuels entails higher costs and more severe environmental consequences. An alternative, cleaner,
more economically efficient energy future for tranportation is possible, if the right technologies can

be developed.

Increasing the efficiency of energy use now will buy more time for the transition and for the
development of alternative technologies. Other decisions made over the next 10 years in R&D and also in
infrastructure investments will influence the path taken. The paths that lead toward very low GHG emissions
will require bold changes in technology and investments in infrastructure. At the same time, continued
improvements in energy efficiency will be valuable whichever path is chosen. If the high-carbon fossil
fuel path is chosen, continuing efficiency gains will be needed to hold carbon emissions in check. If the

low-carbon path is chosen, higher efficiencies will help reduce the costs of clean technologies.
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An attractive alternative to a petroleum-based transportation system is one based on hydrogen.
Hydrogen can be produced from a variety of energy resources with minimal environmental impacts with
the right technologies. Hydrogen, however, is not yet ready to compete with petroleum. Technological
advances are needed in hydrogen storage, in the robustness and cost of fuel cells to produce power from
hydrogen, and in economical and environmentally benign hydrogen production. The federal government’s
newly created FreedomCAR and hydrogen initiatives and California’s Fuel Cell Partnership aim to create a
transportation system powered by pollution-free hydrogen fuel cells. Even with the best efforts of these pro-

grams, it will be at least 15 to 20 years before hydrogen can achieve significant success in the marketplace.

The United States is the source of one-fourth of the world’'s GHG emissions. It is also the owner
of the world’s largest transportation system, the fastest growing source of CO, emissions in the U.S. econ-
omy. The U.S. transportation system is a key target for GHG emissions reduction. There are many respon-
sible and cost-effective actions that can be taken to restrain the growth of GHG emissions from trans-
portation. Action can begin today, and pathways exist to a low-carbon future for transportation.

Formulating and implementing an effective, comprehensive strategy will not be easy, but it can be done.
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