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Introduction: From Local Impacts to Global

Change

Consider this traffic situation: the roads are highly congested and clogged
with broken-down vehicles. Exhaust emissions are a thousand times
higher than those of the average vehicle today and leave air quality mis-
erable. Traffic-related fatalities claim one of every two hundred residents
each year. The streets are dangerous, noise levels are intolerable, and a
noxious smell hangs over all. Beyond the packed streets, the increasing
demand for transportation fuel is about to threaten other basic needs of
daily life.

A bleak forecast by the sixteenth-century seer Nostradamus? In fact,
the passage describes the societal impact of the horse-drawn urban trans-
portation system of the second half of the nineteenth century.

The magnitude of this impact becomes even more impressive when
seen in a specific location. In Victorian London, an 1850 traffic count
recorded a thousand horse-drawn vehicles per hour passing over London
Bridge in the course of a day. Given total horse droppings of about five
tons per horse per year, new markets developed to take care of this “ex-
haust” problem. The function of one new job, crossing sweeping, was to
create a passage through the often liquid, ankle-deep manure so that
London pedestrians could cross from one side of the street to the other.!
At the time, it was forecast that within a few decades, current rates of
traffic growth would bury London under six feet of horse manure.

Clearly, the urban transportation system of the nineteenth century had
reached its limits. Further increases in horse traffic would have been con-
strained not only by the already extreme levels of congestion, emissions,
and noise, but also by the limited amount of land available for growing
horse fuel at reasonable cost. According to one estimate, the demand for
hay in the United States had already taken up about one-third of the
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cropland at that time.? (As we will see later in this book, this land con-
straint reappears in today’s drive for modern biofuels.)

Given these limiting conditions, it was just a question of time as to
when a revolution in transportation technology would emerge. Although
the first horseless carriages were widely regarded with skepticism, their
advantages soon became obvious. The early automobiles released hun-
dreds of times lower tailpipe emissions, occupied less than one-half of
the road space, and liberated huge cropland areas to feed a growing pop-
ulation. The rest is history.

The Rise of the Automobile

Analysts identify two phases of motor vehicle adoption in the United
States. From about 1900 to the early 1920s, the automobile was expen-
sive; it was mainly wealthier horse owners who switched to the motor
vehicle.3 During that period the U.S. automobile fleet increased at almost
40 percent per year. Such rapid growth, sustained over such a long
period, has remained unmatched in the subsequent history of transporta-
tion. The next phase of motor vehicle adoption allowed a growing por-
tion of the middle class to own an automobile, a development made
possible by lasting economic growth, a sharp decline in vehicle purchase
costs (mainly because of the advent of mass production), and the intro-
duction of vehicle-financing plans.

During the 1930s the automobile became the single most important
mode of transport in the United States, two decades before the construc-
tion of the interstate highway system.* Given long-term growth in vehicle
ownership at rates of about 2 percent per year during the second phase
of vehicle adoption, mass motorization—when on average every U.S.
household owned one automobile—was achieved by 1952. In combina-
tion with generous government housing programs, rising car ownership
enabled an increasing portion of the middle class to realize the American
dream of affordable housing in a safe suburban environment. In light of
increasing car dependency and decreasing urban population densities,
the gradual decline of public transportation was unavoidable. In the
1980s, a Chicago transit official declared that mass transit was “no
longer relevant to the American way of life.”’

Although the onset of motorization was earliest in the United States, it
has become a global phenomenon. In Western Europe the rapid increase
in the number of vehicles per person started only after the Second World
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War. Since then, Western Europe has maintained a roughly constant de-
lay of about thirty years behind U.S. motorization levels. This delayed
growth resulted in part from lower average household income, but also
in part from a different industry approach to marketing. U.S. manufac-
turers aimed their products at the mass market early on and soon were
able to exploit economies of scale. In contrast, European manufacturers
initially targeted their products toward the wealthy upper class, necessar-
ily incurring higher costs and reduced sales.

In both the United States and Western Europe (along with other indus-
trialized countries), the vehicle market has essentially become a replace-
ment market, where new vehicles mainly substitute old or outdated ones.
In contrast, today’s largest growth market is in the developing econo-
mies. Given the currently small size of their vehicle fleets, auto ownership
is growing at about 30 percent per year, a rate nearly as high as that in
the U.S. market a century ago. Since about 80 percent of the world pop-
ulation lives in the developing countries, the largest wave of motoriza-
tion is yet to come.

Figure 1.1 shows the century-long growth of the world motor vehicle
fleet in the United States, other industrialized countries, and the rest
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Figure 1.1

Historical growth of the world light-duty vehicle fleet, 1900-2005. Sources: U.S.
Department of Transportation, various years. Highway Statistics. U.S. Federal
Highway Administration, Washington, DC. Motor Vehicle Manufacturers Asso-
ciation, 1996. World Motor Vehicle Data, Detroit, MI. Authors’ database.
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of the world. The motor vehicle fleet includes automobiles and other
light-duty vehicles (LDVs; vans, minivans, pickup trucks, and sport-
utility vehicles) that are predominantly used for passenger travel.® In
20035, the world LDV fleet comprised 700 million vehicles, up from es-
sentially zero in 1900. Over the past five decades alone, the vehicle fleet
grew by 5 percent per year, corresponding to a doubling of its size every
fifteen years. Should that rate continue to hold into the future, the global
fleet of LDVs would increase to about 2 billion in 2030.

The growing motor vehicle fleet has transformed national economies
by enabling the integration of distant labor, product, and consumer mar-
kets. In addition, the vehicle industry itself has become a pillar of the
economy. A 2003 report by the University of Michigan and the Center
for Automotive Research concludes that the automobile industry alone
provides one out of ten jobs in the United States, either directly or indi-
rectly.” Rising automobile ownership has also contributed to a higher
quality of life. Compared with a person living in the nineteenth century,
a representative of the automobile age has greatly improved access to ed-
ucation and health care, much greater freedom of choice in where to live
and work, and where, when, and how to travel. These invaluable oppor-
tunities have lead to the perception of the automobile as an icon of per-
sonal freedom.

These benefits have not come without challenges, however. Although
the transition from the horse to the automobile has provided significant
environmental and societal benefits on a transport-system level, many of
these improvements have been outpaced by growth in transport demand
and associated side effects. At the same time, the original challenge that
innovations in transportation technology were expected to resolve has
spread. Take traffic congestion as an example, a phenomenon originally
observed in city centers. Although automobiles occupy only less than
one-half the road space of horse carriages, the enormous growth in auto-
mobile ownership has led to congestion levels as severe as in the horse
age but at a larger geographic scale. Traffic congestion today typically
covers entire metropolitan areas.

A similar increase in geographic scale of transport-related impacts has
been observed for urban air pollution, even though significant technical
improvements have been achieved. In the horse age, the immediate im-
pact of solid and liquid emissions was confined to urban areas, mainly
owing to the limited range of the flies that transmitted infectious dis-
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eases. In the automobile age, gaseous vehicle pollutants are transported
over hundreds of kilometers and have effects at distant locations. Al-
ready during the early 1950s, automobile emissions were shown to
contribute to the photochemical smog in large areas of the Los Angeles
basin. That mixture of reactive pollutants was soon found in other U.S.
cities and abroad.

In response to concerns about deteriorating urban and regional air
quality, regulatory measures were adopted. In 1966 California intro-
duced the first tailpipe emission standards for hydrocarbons and carbon
monoxide, and shortly thereafter federal legislation regulated so-called
criteria pollutants (carbon monoxide, lead, nitrogen dioxide, sulfur
dioxide, particulate matter, and ground-level ozone) that affect human
health. This and subsequent U.S. legislation led to the development and
adoption of the catalytic converter and cleaner transportation fuels,
which decoupled the criteria emissions from gasoline use. Between 1970,
when the federal clean air legislation was passed, and 2002, U.S. auto-
mobile and light truck emissions of carbon monoxide, nitrogen oxides,
and unburned hydrocarbons declined by 60 to 70 percent even while
gasoline use increased by 60 percent and vehicle kilometers traveled mul-
tiplied by a factor of 2.5.8 Governments from many other countries have
followed suit, and similar reductions in criteria emissions are being
achieved worldwide. Examples of other vehicle-level improvements that
have been outpaced by the strong growth in road traffic, and whose
impacts have increased in geographic scale, include noise and traffic
accidents.’

And how did the vehicle industry respond to traffic congestion? While
automobile manufacturers cannot mitigate traffic congestion itself, the
industry has started offering onboard satellite-guided navigation devices,
which in combination with traffic updates allow drivers to avoid the most
congested areas. Vehicle manufacturers also offer more advanced enter-
tainment systems and onboard work opportunities to mitigate the impact
of traffic congestion on car occupants.

The Growing Competition from Air Travel
Although automobiles began to dominate U.S. travel in the 1930s, for

several decades long-distance trips continued to be made predominantly
via rail. Among rail options, the streamliners, lightweight diesel-electric
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trains, offered high-speed intercity connections.!0 Yet, after the Second
World War, government investments in interstate highways and airports
contributed to the demise of this first-generation high-speed train.

The strong increase in commercial air travel after the Second World
War was also enabled by technological innovations like the introduction
of the jet engine in the early 1950s, allowing a significant increase in air-
craft capacity and speed. By the mid-1950s aircraft had already displaced
buses and intercity railways to become the second most important mode
of U.S. intercity travel. Since about 1960 the strong growth in air travel
has captured market share from automobiles as well. By 2005 commer-
cial aircraft accounted for about half of all passenger kilometers traveled
(PKT) on long-distance trips, here defined as travel at trip distances
greater than 100 kilometers (62 miles).!! Aircraft ultimately dominate
travel markets at distances greater than 1,000 kilometers; that is, dis-
tances that would require automobile drivers to spend at least one night
in a hotel. Over the past five decades, the demand for air travel in the
United States has grown by nearly 9 percent per year, compared with
about 2 percent per year for the LDV fleet.

Similar growth trends can be observed in other parts of the industrial-
ized world, even in countries with an extensive high-speed rail network.
In Western Europe also, aircraft provided half of all long-distance PKT
in 2005, up from 2 percent in 1950. (Despite the dense network, high-
speed rail accounted for only 3 percent of the 2005 total PKT in long-
distance travel.) In Japan, the country with the longest continuous
history of high-speed rail, air travel supplied one-third of total long-
distance PKT, with Shinkansen trains accounting for an additional one-
sixth. While the air travel share currently is lower than in rich countries,
even stronger growth in air travel is seen in the rapidly developing Asian
economies, where rising income, poor-quality surface transport, and
large travel distances are contributing to the trend.

Figure 1.2 shows the historical growth in U.S. and world passenger air
traffic. Although the era of commercial air travel began after the Second
World War, PKT started to grow strongly only in the 1960s, when a
critical number of large jet aircraft entered the U.S. fleet. In 2005, U.S.
aircraft provided about 1,250 billion passenger kilometers (pkm), an av-
erage of 4,200 kilometers (2,610 miles) per person. Total U.S. air traffic
volume roughly compares to that of all other industrialized countries,
and to that of the remaining countries. All together, in 2005, the com-
mercial world aircraft fleet provided about 4,000 billion pkm, up from
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Figure 1.2

Historical growth of world commercial passenger aviation, 1900-2005. Sources:
U.S. Census Bureau, 1975. Historical Statistics of the United States, Colonial
Times to 1970, U.S. Department of Commerce, Washington, DC. Air Transport
Association of America, 1950-2007. Economic Report (formerly Air Transport
Facts and Figures), U.S. Department of Commerce, Washington, DC.

virtually zero in 1950, and corresponding to an average growth in excess
of 9 percent per year.

In 2005, more than 60 percent of the 4,000 billion pkm supplied
by aircraft occurred in international traffic. Not counting the large
North American market, in which 70 percent of all aircraft-related PKT
occurred in domestic travel, international air traffic accounted for nearly
80 percent of all world aviation-related PKT in 2005.12 While the defeat
of the immediate ““distance barrier” has made the automobile an icon of
personal freedom, overcoming national and continental boundaries has
turned air travel into a symbol of globalization. The very existence of
many industries and services has become reliant on the fast and efficient
movement of people and goods over long distances.

As with the automobile, strong growth in air travel demand has forced
the aircraft industry to try to mitigate its vehicles’ environmental and
societal impacts. Unfortunately, even impressive improvements at the
vehicle level have been outpaced by growth in travel demand, so impacts
have increased in geographic scale. Take surface air quality, for example.
In 1973, the U.S. Environmental Protection Agency regulated emissions
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of smoke, unburned hydrocarbons, carbon monoxide, and nitrogen
oxides for several classes of subsonic aircraft engines. Due to the focus
on surface air quality, such regulations apply to landing—take off cycles,
which extend to an altitude of 915 meters (3,000 feet); emissions above
that threshold have remained unregulated to date.!> Over time, the
emission standards have become increasingly stringent, and significant
reductions have been achieved per aircraft operation. Yet, in contrast
to automobiles, where the catalytic converter and cleaner transportation
fuels have decoupled local air pollutant emissions from fuel use, the
growing demand for air travel has caused most of these emissions to in-
crease. Between 1970 and 2002, the number of departures at U.S. air-
ports from scheduled passenger and freight aircraft increased by 80
percent. Over the same period, emissions increased by a low of 33 per-
cent (sulfur dioxide) to a high of 200 percent (large particulates); carbon
monoxide and nitrogen oxide emissions increased by about 60 percent.
Only emissions of unburned hydrocarbons declined, by about 60 per-
cent.'* In addition, the geographic scale of aviation-related air pollutants
has increased. Aircraft emissions are increasingly being understood to
contribute to regional environmental impacts, even when aircraft operate
at cruise altitude.!’

Another impact that has grown in geographic scale is air traffic
congestion. Absent any capacity increase or changes in operational strat-
egies, air traffic congestion would have already become a binding con-
straint for a significant further rise in air travel. However, the increase
in traffic congestion at primary airports has induced the airline industry
to adopt new business models aimed at greater use of secondary and ter-
tiary airports. As a result, airport operations have been dispersed to mul-
tiple points in many metropolitan areas. Most prominent are the budget
airlines, which—as a result of increasing traffic congestion at primary
airports along with prospects of cost savings at secondary airports—
started a network of airline services parallel to that of the large commer-
cial carriers as early as the 1970s.1¢ More recently, very light jets (VL]s)
equipped with precision satellite navigation have begun to open up a
third, largely parallel network of airline operations, with the prospect
of operating routinely among the several thousand U.S. airfields that do
not have control towers or radar. If successful, these comparatively
affordable single-pilot aircraft, which seat between three and six pas-
sengers, would further spread aircraft operations (and air pollution)
over a regional scale. The geographic scale of other impacts has been
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less pronounced. Significant progress has been achieved in aviation safety,
but these improvements have also been offset by the strong growth in
traffic.!” And aircraft noise has been reduced, even on an absolute
scale.18

Although some of the environmental and societal concerns could not
be resolved completely yet, continuous improvements in aircraft technol-
ogy and fuels are likely to result in further reductions in pollutant emis-
sions and noise on a per aircraft and per operation basis. However, most
projections suggest that, at least over the next ten to thirty years, these
reductions will not be sufficient to compensate for the expected increase
in air travel.!® Fortunately, in the longer run, concepts for future aircraft
designs and cleaner fuels could diminish these air travel impacts.

Oil Dependence and Climate Change

While the reduction of many environmental and societal impacts on a ve-
hicle and operation basis have been offset by the strong growth in traffic,
there is a growing sense that all can eventually be controlled, at least
over the long term. Two concerns, however, remain unresolved. Both
are related to the dependence of our transportation system on petroleum
products: gasoline, diesel, and jet fuel account for 97 percent of all trans-
portation fuels in the United States and 94 percent on a global average.2°

One concern is oil dependence. Over the past century, the U.S. de-
mand for petroleum products has grown strongly. However, domestic
oil production could not keep pace with that development. After the Sec-
ond World War, oil imports began to exceed exports, and the share of
imported oil has risen ever since, from 36 percent in 1975 to 65 percent
in 2005.21 Since the great bulk of the world’s oil reserves is located in
politically less stable regions, the rising dependence on oil imports raises
national security concerns. The vulnerability of the global fuel supply
systems was made clear by the oil supply disruptions during the 1973
Middle East War and the 1979 Iranian Revolution, and oil and gas secu-
rity remain important concerns of the foreign and military policies of
importing regions, importantly including the U.S.

In an effort to mitigate oil dependence, the U.S. Congress enacted the
world’s first fuel economy regulations. Introduced in 1978 with the in-
tention of doubling the fuel economy of new motor vehicles within a
decade, the regulations forced vehicle manufacturers to design prod-
ucts that met increasingly stringent fuel-efficiency targets. In addition to



10 Chapter 1

9
a
o 81 Electricity
c generation
o
= 71
Ko} Industry
& 61
g Residential
kel 5 4 Commercial
(]
g
E 44
3
o
S 31
‘g 5 Transport
y—
o
8 11
-]
0 T T T T T T
1900 1920 1940 1960 1980 2000 2020
Figure 1.3

Use of petroleum product by sector in the United States, 1900-2005. Sources:
U.S. Census Bureau, 1975. Historical Statistics of the United States, Colonial
Times to 1970, U.S. Department of Commerce, Washington, DC. U.S. Energy In-
formation Administration, 2007. Annual Energy Review 2006, U.S. Department
of Energy, Washington, DC.

government responses, the expectation of further oil price spikes led to
market and other economic adjustments; the amount of oil used in elec-
tricity generation, industry, and the residential sector declined in favor of
less price-volatile fuels. Because of the stronger responsiveness of non-
transportation sectors, transportation accounted for an even larger share
of oil consumption after this period of market disruption.

The century-long growth in the consumption of petroleum products
and their use across sectors in the United States is reflected in figure 1.3.
Between the early 1920s and 2005, consumption of petroleum products
rose more than tenfold. During this same period, passenger and freight
transport increased their share of oil use from less than half to two-
thirds. As a result, U.S. transport-sector oil use increased more than
twentyfold. Given the likely continuation of the strong increase in the
world motor vehicle fleet (figure 1.1) and of air travel (figure 1.2), the de-
mand for petroleum products, especially for transportation fuels, is likely
to continue to grow also on a global scale.

The strong dependence of transport systems on oil products and the
projected growth in consumption not only raises energy security con-
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cerns. Burning a liter of gasoline, diesel, or jet fuel in an automobile or
aircraft engine releases nearly 2.5 kilograms (around 5.5 Ibs) of carbon
dioxide (CO;), a major greenhouse gas (GHG), into the atmosphere. Al-
ready, the atmospheric concentration of CO; has increased from a pre-
industrial level of 280 parts per million by volume (ppmv) in 1800 to
about 380 ppmv in 2005. Given the projected increase in human activity,
concentration levels will continue to rise, changing the radiative balance
of Earth and affecting the global climate. The projected implications of
the anthropogenic (human-influenced) greenhouse effect are significant.
An increase in the mean Earth temperature leads to the thermal expan-
sion of oceans, the melting of the ice shelves, and thus to a sea level rise.
An increase in the mean Earth temperature also induces an increase in
extreme weather events, such as heat and cold waves, droughts, heavy
rains, and tropical storms. Some of these ecosystem alterations form the
basis for secondary impacts, including the spread of tropical diseases
outside their current latitude band, mass migration of people most af-
fected by climate change, and economic losses.

Due to its abundance, CO; is the most important contributor to the
anthropogenic greenhouse effect. Other GHG emissions, however, can
have a stronger warming effect. Among those are methane emissions
from agricultural practices, animal farming, landfills, energy-related
activities, and other sources. Over a span of one hundred years, methane
has a 21 times stronger climate impact than the same mass of CO,. A
still stronger climate impact of 310 times that of a mass unit of CO,
results from nitrous oxide (N,O) emissions if measured over the same
time horizon.22 N, O emissions result from soil cultivation, nitrogen fer-
tilizer use, and animal waste. As we will discuss in more detail, some
strategies that aim at reducing CO, emissions can result in an increase
in these stronger GHG emissions and thus reduce the potential of GHG
emission reduction as given by CO, alone.

Two other important components of the greenhouse effect are water
vapor and clouds. Along with CO,, water vapor is the other major prod-
uct of fossil fuel combustion, but water emissions at Earth’s surface have
no climate effect. If released at cruise altitude by commercial aircraft,
however, water vapor emissions can be more significant. The precise cli-
mate impact of aircraft water emissions, especially the extent to which
they result in persistent contrails, depends on several factors, including
the prevailing ambient atmospheric conditions and the amount and types
of particles formed in the engine exhaust.
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While line-shaped contrails contribute to global warming, they can
evolve into larger regions of cirrus clouds, which also tend to warm
Earth, although the amount of the warming is subject to great uncer-
tainty. A similar complication is the climate impact of aircraft nitrogen
oxide (NOy) emissions, because they cause changes in the concentration
of other greenhouse gases. These changes partly offset each other, and
their impacts are regional and thus not strictly additive. Overall, how-
ever, the combined global warming impacts of the various consequences
of commercial aircraft are estimated to be larger than the impacts of the
CO; emissions alone.?3 (However, because of the formation of tropo-
sphere ozone, automobiles also contribute to climate change to a larger
extent than suggested by their CO, emissions alone.)

The Intergovernmental Panel on Climate Change (IPCC) summarizes
the results of computer models that simulate the dynamics of the bio-
sphere, ocean, and atmosphere. The IPCC concludes that an increase in
the atmospheric CO,—equivalent concentration to 550 ppmv—roughly
twice the preindustrial level—would result in a global average tempera-
ture increase of about 3°C above the preindustrial equilibrium. The asso-
ciated global average sea level rise would correspond to 0.6—1.9 meters
(2.0-6.2 feet). Limiting the effects to such levels, however, would be
very ambitious, because global CO, emissions would need to peak be-
fore 2030. A later peak in CO, emissions would correspondingly result
in a larger atmospheric concentration, a stronger temperature increase,
and a higher sea level rise.?*

GHG emissions differ from urban air pollutants in two important
ways. Because the atmospheric lifetime of CO; is on the order of one
hundred years, changes in the composition of the atmosphere are long
lasting. Thus, while the impact of urban air pollutants have been limited
to a regional level, the long lifetime of CO; and other long-lived green-
house gases means that their impacts expand to global scale. In addition,
unlike urban air pollution, there is no practical end-of-pipe technology
that could be used to reduce CO, emissions from transport systems.
Since CO; is formed by the oxidation of carbon atoms in the transport
fuel, all reduction options must aim at burning less (nonrenewable)
carbon-containing fuel. Because of oil dependence and the huge scale of
the transportation system today, changing automobile and aircraft tech-
nologies and their supporting fuel systems is an enormous task that may
require instituting the largest technological transformation since the tran-
sition from the horse to the automobile itself.
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Table 1.1 indicates GHG emissions by type, country, and source in
20035, ranked according to per capita emission levels. Not counting the
CO; emissions from land-use change, global GHG emissions amounted
to nearly 40 billion tons of CO; equivalent. As can be seen, their distri-
bution across countries is inhomogeneous. Nearly one-fifth of the world
GHG emissions were emitted by the United States, with more than 7 bil-
lion tons of CO, equivalent, which include emissions of CO,, methane,
N, O, and various industrial gases. A close second is China, which in
2007 overtook the United States as the leading emitter of GHGes, albeit
with a much larger population. In general, CO, accounts for the large
majority of total GHG emissions, and nearly all CO, emissions (aside
from those related to forest destruction) result from activities involving
fossil fuels (the “energy-related” CO, emissions in table 1.1). In the
United States, passenger travel accounts for 22 percent of all energy-
related CO, emissions and for 18 percent of total national GHG emis-
sions. This emission level is especially significant when comparing to the
total GHG emissions from other countries. The CO, emissions from U.S.
total (passenger and freight) transportation of 1,920 million tons are
larger than the total national GHG emissions from each of the other
countries with the exception of China and Russia. U.S. passenger travel
CO; emissions alone are larger than the total national GHG emissions of
Germany and are about twice the national GHG emissions from the
United Kingdom or France.

Global passenger travel currently releases a comparatively small share
of total GHG emissions. In 2005, world passenger travel accounted for
roughly 14 percent of the global energy-related CO, emissions. Yet, the
relative importance of passenger travel CO, emissions is likely to in-
crease in the future mainly because of structural changes in the world
economy. Early in the economic development process, agriculture is usu-
ally the dominant production sector. With economic growth, agriculture
is bypassed first by industry and then by services. Within services, total
transport use (industrial and personal) takes an ever-increasing economic
role. Since each of these sectors consumes energy to produce goods or
services, we observe a similar sector shift for energy use and CO; emis-
sions. Indeed, the historical data in figure 1.4 show these shifts in CO,
emissions, from the residential sector (for heating, cooling, and running
appliances), to the industry sector, and finally to the service sector, with
transportation being by far the single largest energy consumer of the ser-
vice sector.?’



Chapter 1

14

19 ¥l 068°¢ 0L£9 006°LT 00T°8¢ 6'S 00+°8¢€ PIoM
(% v Ly 011 0ST1 0LT1 LT 006°T eIpuy
oY € ser see 0L1°S 00€°S ¢S 069 euIy)
%9 0t S8 ¥S1 L1¥ 1434 $'6 9.L$ aouerf
19 €1 0LT 18T 06C°T 07€T 80T 08€°T uedef
79 61 901 LT 8$¢ 965 911 969 wop3ury] pajup)
(4 ST 43} ¥81 €/8 68 vl 0701 Auewon
(43 S 98 $91 0vLT 0841 0'S1 0L1°C eISsy
0L (44 ove‘T 076°T 0609 0¥1°9 94T 00€°L $93e3S patun)
99 91 09 16 ¥8¢ €6¢ €97 ves eljensny

pCO0dIL % -f00Ud % Zelen A\ Zelen A\ Zelen\ 00N b7 ¢Da-70D WIN

[oABD) 1o3Uasse]
ﬁwum—vuxﬁoﬁmuuoamcw.ﬂrﬁ
pare[aI1-A31ouy eydeo 19 [e1o].

SUOISSTUId ¢)D)

SUOISSIUD DD

$00T Ul 901n0s £q P[I0M 373 PUE SILNUNOD PAIOI[As 10] (Judfeamba QD) Jo suO1 O[T UT) SUOISSTW SBF 9SNOYuIr)

[ ACLAN



15

Introduction: From Local Impacts to Global Change

*SUOISSTWD ¢()7) PoIB[I-UONIEII0dSUET) JUDIIJ

*SUOISSTWD () Pase[ai-asn A319Ud U] 5

“TODIN 006°6—008°T JO saxn QD) d1aydsowre-o1-pue] spnoxa eie(q Tenustod Jururem [eqo[3 1eak-0(0T

B JO SISE(Q 9} UO SUOISSIUD {()D) 0} PIIIIAUOD ‘$3SEF ISNOYUIIIZ I9YI0 JO ISOY) PUE SUOISSTWD ()Y apnpur suoissiud ba-t0)
*SUO] DLW UOI[IW = I e

N

‘a8puquuey ‘ssar Ansioatun) a8puquiey) ‘sisvg 2ouarg [paiskyg a4 ]—/007 23uvyy) auuy)y 11oday 1 dnoiny Sunyiox ‘wodoy
JUBWSSISSY Yo DD ‘ABsnuaydoadorg pue waisAg a1ewl]) ayi ul saduey) usamiag s3urdnon) 2007 ‘Sueyyz X “4sjom\ "D'S
‘SeI(] BA[IS Bp “T'J ‘UeIpueyORWEY ‘S ‘UUBWYOT ‘) ‘qooe[ " ‘pue[[oH ‘[q 9zulH D ‘QureisniSney ‘ ‘vosurIq ‘Y X0D ‘W'd
‘stern) *J “SuosreyIpiyn) 'y ‘anasselq ‘0 ‘T ‘UBWUI( XN {QD) dIoydsowie-03-pue| 10J 90IN0G "P[I0M Y3 pue ‘BIpu] ‘BUIY)) 10]
BIEP SUOISSIWD ¢()7) Sulssiu SUneWnss 10J SIseq ayl os[e a1om saoupvppg AS4ou YA Y], "stred ‘ADAO/VAI ‘Sarauno) qDHO-4ON
puv qDHO Jo saouvppg A34ou */ (007 ‘AOUa8y AS10Uy [BUOIIBUISIU] ST OUJel) JIE [EUOBUIdIUL WO SUOISSIU T(O)D) JO SIIBWINISI 10§
sIseq 9y [, "e1ep DN/ Y3 Ul PApN|dul 10U d1. YOIym OUjesd Ik [BUONEBUIAIUI WO BIEP UOISSIWS O Yim parusws[dwod arom
saangy asay], ‘dyd-¢ec/swan/sojgord—8yS/oooyun—erep~8yg/erep Syd/urooojun/:dny Auwvg Aq vivq poprieq—voivq Kioquaauf
sp9 {(DDDANN) 28ury) 2BWI) UO UONUIAUOY) YIOMIWEI] N[) WO PIALIID AJUIBW 3I9M SUOISSIWD (D) pUB DHHKL) 52247108




16 Chapter 1

100
90 Residential
80

uny
LTT R Tl T A

20 — OO omg poogpmp? 00 oo
&mgmm mo o g pEe T
10 DDQ:‘DQP:I

Share in CO, emissions, %

100
90 1 Industry
80 1
70 1

Share in CO, emissions, %

10 1

GDP/cap, $ (2000)

Figure 1.4

Structural change in CO, emissions for eleven world regions, 1971-1998.
Source: Schifer, A., 2005. Structural Change in Energy Use, Energy Policy,
33(4): 429-437.

While the structural shifts shown in figure 1.4 lead to a continuous
increase in transportation’s share of energy use and CO; emissions, the
rising relative importance of passenger travel is also caused by its faster
growth in comparison to freight transport. At early stages of industrial-
ization, most transportation energy is used in freight transport, which is
vital for setting up the basic urban and industrial infrastructure. Passen-
ger movements are conducted largely by non-motorized transport modes
and by motorized two-wheelers, buses, and railways. With subsequent
growth, first in LDV motorization and later in air travel, the share of
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Figure 1.4
(continued)

passenger transport energy use and CO; emissions rises strongly, satu-
rating at a roughly 70 percent share of total transport CO;, emissions,
as can be seen from the right column in table 1.1. The combination of
these trends, the structural shift toward services and the rising relative
importance of passenger travel, argue that passenger travel GHG emis-
sions are likely to continue their growth relative to other sectors.

Why This Book?

Governments have reacted to the threat of climate change in various
ways. In the United States, efforts to mitigate GHG emissions have been
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voluntary to date and have focused on research and technology develop-
ment rather than controls or price measures applied directly on the emis-
sions. In contrast, the European Union (EU) is imposing policies to meet
low-emission targets it accepted with its ratification of the Kyoto Proto-
col, importantly including a union-wide emissions trading scheme (ETS).
This scheme anticipates the inclusion of aviation but excludes surface
transport. In surface transport, freight is excluded from any policy mech-
anism, but a voluntary approach has been tried for automobile trans-
port, with vehicle manufacturers agreeing to achieve increasingly stringent
CO; tailpipe emission targets for their vehicles over time. However, be-
cause the first target has not been met, the EU Commission has adopted
a mandatory industry-wide CO; tailpipe-emission limit.

The lack of coherent strategy results in part from policy makers receiv-
ing mixed signals about their efforts to reduce emissions from this sector.
Independent researchers often point to an untapped potential for reduc-
ing GHG emissions. Some believe that by “doing it right,” a vast im-
provement in automobile and aircraft fuel efficiency is technologically
feasible and economically affordable.2¢ In contrast, automobile manufac-
turers point to the many technological difficulties that need to be over-
come before low-GHG-emission vehicles can be produced at reasonable
cost. They argue that if their products are forced to meet stringent GHG-
emission targets, the rise in consumer costs will lead to reduced sales and
factory layoffs.

The intensity of this debate over the potential trade-offs between re-
duced GHG emissions (and oil dependence) and cost is overshadowed
by an apparently insatiable human demand for more travel, at higher
speeds, and in greater comfort. To help inform this discussion, and the
crucial public policy decisions that are at issue, we attempt to do three
things in this book: first, assess the opportunities for transportation tech-
nologies and fuels to achieve GHG-emission reductions; second, evaluate
the potential limitations on those possibilities; and finally, review the
structural challenges that face the implementation of promising techno-
logical advances—and the policy approaches that would be required to
overcome them.

Since the growth in travel demand has undermined many improve-
ments that were achieved on a vehicle level in the past, we conduct this
analysis in the context of a projected plausible future demand for passen-
ger mobility. Together, the projected change on a vehicle level and the
anticipated change in travel demand will determine the change in abso-
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lute levels. Such projection leads to the first decision to be made. When-
ever looking into the future, an immediate issue that arises is the study’s
time horizon. On the one hand, our interest in observing the long-term
effects of policies put into place over the next decades requires a possibly
long time horizon. On the other hand, our ability to assess the technol-
ogy development fades the further we look into the future. Thus, the
time horizon is a compromise. We chose the year 2050, since we believe
that some of the promising technologies now under development will
take about twenty years to enter the market—a period over which we
still feel confident to project these new technologies’ main characteristics.
It would then take another twenty years to displace much of the then-
prevailing fleet of air and ground vehicles.

Outline of the Book

The amount of GHG emissions from passenger travel depends on vari-
ous factors, including how much travel is undertaken, the type and use
of transport modes and technologies, and the transport fuel used. These
determinants, and the structure of the chapters to follow, can be sum-
marized using the algebraic statement shown on the right-hand side of
equation 1.1, which describes the overall identity of passenger travel
greenhouse gas emissions (GGE). Among all the influences on this
sector’s energy (E) use, growth in travel demand—PKT, passenger kilo-
meters traveled—is the most obvious. The relationship is direct: a dou-
bling in global PKT causes a proportional rise in energy use, all other
factors being equal. Since understanding travel growth is crucial to
making an assessment of the urgency and scale of GHG mitigation—
remember the compensation of many improvements on a vehicle level in
the past—in chapter 2 we discuss the past and possible future trends
in world-regional and global travel demand.

GGE E

GGE ==~ 5= PKT (1.1)

For a given transport mode, energy use is also determined by the tech-
nology characteristics of the transport system, that is, the amount of
energy use per PKT and how efficiently it is used. “Use efficiency” is
determined by the average occupancy rate, the driving cycle of a given
vehicle, and other factors. These determinants of energy intensity are
analyzed in chapter 3. The product of PKT (projected in chapter 2) and
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E/PKT (examined in chapter 3) describes passenger travel energy use. In
chapter 3, we also project future levels of passenger travel energy use and
GHG emissions in a constant technology scenario.

Chapters 4 to 6 describe the technology and fuel opportunities for
reducing (the projected) GHG emissions. Chapter 4 discusses the tech-
nology opportunities for reducing the energy intensity (E/PKT) of LDVs,
and chapter 5 describes those for reducing the energy intensity of passen-
ger aircraft. Translating energy demand into GHG emissions requires
knowledge of the type of transportation fuel in use, characterized by the
amount of GHG emissions released per unit of energy consumed (GGE/
E). As we will discuss in more detail in chapter 6, each type of transpor-
tation fuel and the underlying production process results in a specific
value of GGE/E and thus a distinct global warming impact.

In these three chapters, we identify a range of technology and fuel
options that could greatly reduce GHG emissions per unit of travel activ-
ity. The question of why these technologies have not yet been introduced
(on a large scale) is addressed in chapter 7, in which we discuss policies
that could help bring low-GHG technologies and fuels into the market
and influence total levels of use, PKT. Chapter 8 summarizes our view
of future prospects and the challenges facing policy makers.

Limitations of This Study

This book examines the opportunities and limitations of current and fu-
ture technologies and fuels for mitigating GHG emissions from passenger
travel. It also discusses the policies that may be used to speed these tech-
nologies into the market and to influence total travel. Such a broad scope
necessarily imposes some limitations.

One limitation is national scope. Although we describe the evolution
of GHG emissions from passenger travel with respect to the entire world,
most of our technology analysis focuses on the United States. This choice
has a practical justification: the air and ground vehicle data at the
required degree of detail is more easily available for the U.S. transport
system than for any other one in the world. However, we do not see this
“geographic technology focus” as a drawback. The U.S. is the largest na-
tional market in the world and will likely remain so over the next few
decades. Its sheer size is overwhelming. As we show in table 1.1, CO,
emissions from U.S. passenger travel alone are greater than the total
GHG emissions of nearly any other country. In addition, as we will
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argue, motor vehicle technology is similar across the industrialized world
and increasingly to that used in developing countries. The similarity
applies to aircraft technologies to an even larger extent and is also true
of measures to influence total vehicle use, particularly through changes
in fuel price.

Another limitation is modal. Although our demand projections include
all major modes of motorized travel, our technology assessment focuses
on the two major modes, automobiles and aircraft. These two modes al-
ready dominate passenger travel in virtually all industrialized countries,
and trends we identify in chapter 2 will likely lead to their dominance in
the developing world as well.

Finally, this book neither provides revolutionary proposals nor formu-
lates groundbreaking recommendations. Rather, it explores practical
means by which lower GHG-emission technologies and fuels could
evolve over time. The scale of the problem precludes any revolution in
our view: it inherently requires an evolutionary change process (though
several of the steps may appear revolutionary to some). Overall, we will
explore and discuss changes that have the potential for significant real-
world impact within the next few decades. With this focus, we give scant
attention to options that would fundamentally transform the transport
system. For example, some combination of land-use controls, massive in-
vestment in urban public transit, and rapid intercity surface systems
could be used to mitigate GHG emissions. However, such policies could
affect emissions only on a time horizon beyond the one considered here.
Changes in technologies and in fuel price will be the key ingredients of a
policy package that can effectively reduce the rate of GHG-emission
growth over the next thirty to fifty years.
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