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Executive summary

FIGURE ES1
U.S. national and transportation sector carbon emissions, 2005

The United States has 5% of the world's population but emits 21% of the
energy-related carbon dioxide (CO,) emissions that are contributing to climate
change. Nearly one-third of U.S. CO, emissons comes from transportation
(Figure ES1). Mog of thoe emissons (62%) come from automaobiles. |f
consdered as a nation, U.S. automobiles would rank fifth, exceeding the CO,
emissionsof dl but four nations (Figure ES2).

Given the over 200 million cars and light trucks on U.S. roads, effectively
managing automobile carbon emissons is chalenging. M any actors determine
how much vehicles emit: Automakers influence vehicle fud efficiency. Fue
providers influence wha type of fud is available. Individua consumers,
businesses and ingitutions choose what vehicles to use and how much to drive.
M ultiple levels of government and the development community shape land use
and trangportation infrastructure.

This study focuses on the role of automakers and the new car market.
Automaker product strategies have a profound impact on fuel efficiency and
hence on the overall level of automotive carbon emissons. “Carbon burden” is a
measure of the annual average CO, emissons over the lifetime of a group of
vehicles. Updating the Automakers Corparate Carbon Burdens seriesthat we began
in 2002, thisreport covers an analyss period of 1990-2005.

As defined here, carbon burden focuses on CO, emitted when cars are
driven. CO, and other greenhouse gas (GHG) emissions occur during the
manufacture of cars and components, accounting for about 11% of the tota
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Any effective policy
must focus on the
goal—limiting the
tons of carbon
emitted —rather
than on alternative
fuels, hybrids,
advanced
technologies or
other means to the
end, no matter how
promising they may
seem.

“cradle-to-grave’” emissons for automobiles. The remaining 89% is essentialy
proportional to the amount of fuel cars burn, athough about 30% of these
emissions occur a petroleum refineries and elsewhere in the fuel supply chain.
Thus, dthough this anayss tracks only the CO, directly emitted during vehicle
use, the carbon burden metric provides a good representation of total fue cycle
GHG emissions, reflecting both the efficiency of the vehicles themselves as well
asthe characterigtics of the fue they will use over their lifetime.

The carbon burden concept dlows us to track trends in emissons during
various time periods and examine the underlying factors, such as fud economy
and mix of vehicles sold. Pinpointing automaker carbon burdens aso highlights
the bottom-line issue of emissons levels. Any effective policy mus focus on the
goad—Iimiting the tons of carbon emitted—rather than on dternative fues,
hybrids, advanced technologies or other means to the end, no matter how
promising they may seem. This report offers a basdine that policymakers and
automakers can useto develop reduction goals and strategies.

FIGURE ES2
Carbon emissions from U.S. automobiles vs. nations of the world, 2004
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National trends in automotive carbon emissions

Automobile carbon emissons have grown steadily over the past three decades,
risng 73% since 1970. Thisincrease is mainly the result of a seady rise in the
amount of driving, but it also semsfrom declinesin fuel economy since 1988. In
2005, U.S. cars and light trucks emitted 333 million metric tons of carbon
(MMTc). They consumed more than 9 million barrels per day (Mbd) of ail,
remaining the singlelargest portion of U.S. oil demand.

This increase in CO, emissions, however, is much smaller than the 160%
increase in the amount of driving (vehicle miles of travel, or VM T) over that
same period. The reason is that fue economy improved subgtantialy between
1970 and 1987, leading to a much lower per-vehicle CO, emissonsrate.

The new fleet average CO, emissions rate (derived from the inverse of fuel
economy) dropped rapidly between 1975 and 1981, then dowly declined through
1987 to alevd 41% lower than it was in 1975 (Figure ES3). The sharp fdl in
emissions from 1975 to 1981 reflectsthe rapid fue economy improvement driven
by oil shocks and Corporate Average Fue Economy (CAFE) standards. The
new fleet average CO, emissons rate has crept up since 1988 as the market
shifted from cars to light trucks. By 2005 the new fleet average CO, emissons
rate was 4% higher than it wasin 1988, but till anet 38% lower than in 1975.

HIGHER FUEL PRICES AND TIGHTER CAFE STANDARDS

In summer 2005, U.S. gasoline prices reached $3 per gallon following nearly five
years of relatively high gasoline prices. The price spike added further impetus to
amarket shift from traditiona truck-based SUVsto relatively more fud efficient
crossover SUVs built on car platforms. At the same time, modd year (M'Y) 2005

FIGURE ES3
Average new car and light truck CO, emissions rate
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saw the firg dgnificant increase in many yearsin light truck CAFE sandards.
This coincided with modest fuel economy improvements in a number of truck
models. The combination of factors pushed the overal new light-duty fleet
average per-vehicle CO, emissions rate down 3% in 2005, a decline not seen in
nearly two decades.

Higher gasoline prices dso affect how much people drive. Growth in the
amount of driving averaged 2.3% per year from 1990 to 2004, but was less than
0.2% in 2005. Growth in tota U.S. automobile CO, emissions, which kept a
seady pace at 2% per year from 1990 to 2004, waslessthan 0.4%in 2005.

Carbon burdens of major automakers

The sx largest automakers in the U.S. market—GM, Ford, DaimlerChryder
(DCX), Toyota, Honda and Nissan—had a 90% market share and accounted for
90% of new fleet carbon burden in 2005. The next six firms—Hyundai, Kia,
Volkswagen, BMW, Subaru and M itsubishi—had a combined market share of
9.7%in 2005 and accounted for 9.1% of new fleet carbon burden. T he ranking of
new fleet carbon burdens of these 12 firms follows their market share, with GM
accounting for the largest share, and Mitsubishi claiming the smallest (Figure
ESA).

Focusing on the Big Six, Figure ES5 shows each automaker’s carbon burden
growth from 1990 to 2005 broken into two components. changes in sdes and
changes in fud economy. With the exception of Toyota the average fue
economy for the Big Six automakers decreased from 1990 to 2005. Thistrend is
largely explained by each firm's rising truck fraction, resulting in higher fleet

FIGURE E4
Carbon burdens of automakers’ U.S. new vehicle sales in 2005
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FIGURE ES5
Breakdown of growth in Big Six carbon burdens over 1990-2005
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average CO, emissons rates. All automakers significantly expanded their light
truck offerings, with the overdl light truck fraction growing 22 points over this
16-year period.

Nissan had the largest increase in its average CO, emissons rate due to the
combined effect of risng truck fraction and declining truck fuel economy.
Toyota's 125% increase in new vehicle carbon burden was the largest among the
Big Six. It is, however, the only firm among the Big Six that showed improved
fud economy, despite the company’s growing truck fraction. Its carbon burden
increase therefore was solely driven by its sales success. The fleet average CO,
emissons rate of both GM and Ford in 2005 was higher than in 1990 due to
their higher reliance on trucks. Nevertheless, their new fleet carbon burdens fell
below the 1990 levels as both companies saw nearly 10% drops in sales between
1990 and 2005.

FLEXIBLE FUEL VEHICLE CREDITS

Two other trends have been serving to increase oil dependence and CO,
emissons. Oneisthe growing reliance on flex-fue vehicle (FFV) credits. Federa
law gives automakers extra fuel economy credit for sdling FFVs, regardless of
whether dternative fuel is actualy used. These credits enable the companies to
=l aless fue efficient mix of vehicles while ill meeting the CAFE standards.
With the production of the flex-fuel Titan pickup, Nissan joined the Big Three
in 2005 in usng FFV credits to aid CAFE compliance. The use of flex-fuel
credits pushed GM's 2005 CO, emissons rate 3.1% higher, Ford’s 4.3% higher,
D CX’s0.5% higher and Nissan’s 1.8% higher than if they achieved the same fue
economy levels without the credits.



LARGER LIGHT TRUCKS

Another adverse trend is an apparent increase in saes of larger light trucks,
namely, those between 8,500 and 10,000 pounds gross vehicle weight (GVW),
also known as “Class 2B” trucks. These vehicles are mainly three-quarter and
one-ton pickups, but also include a number of the largest SUVsS such as the
Hummer H2 and some models of the Chevy Suburban and Tahoe (and their
GMC variants). Because these vehicles have not been subject to CAFE
regulation and federal agencies have not to date tracked their sdes and fue
economy, the additional carbon burdens associated with Class 2B trucks cannot
be accurately quantified. A rough estimate is that counting Class 2B trucks, the
combined carbon burdens of the Big Threein M Y2005 isabout 14% higher than
what we estimate using data for only the CAFE-regulated (under 8,500 pounds
GVW) fleet.

The reformed CAFE standards for M Y2011 will, for the first time, cover
some of the larger light trucks, specifically, large SUVs and passenger vans
between 8,500 and 10,000 pounds. That will dlow tracking of the carbon
emissions from this portion of the Class 2B segment. H owever, because heavy-
duty pickups accounted for more than 80% of Class 2B sdes and automakers
appear interested in expanding this segment, the climate impacts of most heavier
light trucksis gill left untracked.

BIG SIXCARBON BURDENS

Below are the key findings regarding new fleet CO, emissions trends for each of
the Big Six and notable points for other automakers from 1990 to 2005, derived
from fuel economy and sdesdatafor their CAFE-regulated fleets.

General Motors

GM's new fleg average CO, emissons rate was 3% highe in 2005 than it wasin
1990, whilemarke sharedrgpped 10 pants Rignglight trudk shareand FFV aelits
marethan dfst theremnt inceasssin the fud exnamy of many GM modds Carbon
burden fdl 6.5%but remained thelarges overall.
Due to declining sdes, the 6 MM Tc carbon burden of GM’s M Y2005 fleet
was 6.5% below its 1990 leve; it accounted for 26% of the tota 2005 new
light-duty fleet carbon burden.

- GM’s new car fue economy seadily increased from 2000 through 2005,
reaching a value 6.4% higher in 2005 than it was in 1990, as a result of a
general increasein the fud economy of some high-volume models.

- Light trucks rose from 28% of GM’s sdes in 1990 to 55% as of 2005 while
showing a 0.6 mpg improvement in fuel economy in 2005 as the market
shifted away from fuel consumptive light truck models, light truck fue
economy reached 20.8 mpg in 2005, or 6% above the 1990 level.

- Increasing reliance on FFV credits pushed GM’s 2005 CO, emissons rate
nearly 3.1% higher than if the company had achieved its fud economy levels
without the credits.



Ford

Fadsmarke share dropped 7 pantsfrom 1990 to 2005, leadingto a 5.8% drgp in
carbon burdens Heavy ued FFV aalitscausad a 4.3%inaeaein flet average CO,
emissonsrate acounting far mogt of Fard'statal 4.7%inaeaein emissonsrate

- Ford’s new fleet carbon burden of 4.5 MM T ¢ accounted for 20% of the market
total in 2005.

- Light trucks rose from 35% of Ford's sales to the pesk of 63% in 2004 before
faling to 58% in 2005; average light truck fuel economy rose 0.7 mpg from
2004 to 2005 as consumers shifted away from fuel consumptive models.

- Market shiftsto more efficient vehicles aso affected the sales mix of Ford's car
fleet, which saw itsfuel economy increase 1.2 mpg from 2004 to 2005.

- Ford continued to extensvely use FFV credits, inflating its combined CAFE
by 1 mpg as of 2005 and making its new fleet average CO, emissonsrate 4.3%
higher than if it had achieved the same fuel economy levels without FFV
credits.

- Although till higher than its 1990 level, Ford’'s 2005 new fleet average CO,
emissons rate was down 5% from its 2004 peak as aresult of lower sales of the
mogt fuel consumptive models.

- To compensate for its net 4.7% increase in fleet average CO, emissions rate,
Ford would have to sal more than 348,000 vehicles (12% of its 2005 sdes)
achieving the same fuel savings asthe Escape Hybrid.

DaimlerChrysler

Asareallt o highe truk shareand net lowe fud exonamy, DCX'sCO, emissonsrate

was up 4.8% fram 1990 levds and the ward among all automakes Marke dhare

inadeasd 3 paints DCX had thegreated dependena on trudks though showing reaent
dgnsd fud exnamy improvement.

- DCX’s new fleet carbon burden of 4.1 MM T ¢ accounted for 18% of the total
new light-duty fleet carbon burden in 2005.

- DCX’s truck share increased by 22 points to reach 72% in 2005, the highest
among al automakers.

- While its car CAFE reveded no obvious trend, DCX'’s truck fleet fued
economy rose 7% from itslowest levelsin 1999 but as of 2005 remains down a
net 0.4%from its 1990 level.

- DCX’srdiance on FFV credits dropped as the company added more car-based
models to its light truck fleet, pushing fuel economy up. DCX’s M Y2005
average CO, emissions rate was 0.5% higher than it otherwise might have been
without use of FFV credits.

T oyota

Toyaas CO, emisions rate dexeasad 3% while its marke dhare rose 7 paints from
1990 to 2005. Itsarbon burden grovth—the greatex amaong the Big Six—was due
entirdytoinaceasd sles
- Toyotas new fleet carbon burden grew 125% since 1990, reaching 29 MM Tc
in 2005 and 13% of the market tota.
- Despitea 17 point increase in the truck share of its sdes, T oyotas average new
fleet CO, emissions rate dropped as its CAFE levels improved 13.6% for cars
and 5%for trucks.



- Toyotas 2005 new fleet CO, emissons rate of 4.6 TCO,/yr is the second
lowest among al major automakers.

- The 5% increase in T oyotas average light truck fuel economy largely resulted
from recent improvementsto high-volume truck modes.

- Of the 13.6% improvement in Toyotas average new car fuel economy, 5.4%
came from steady fuel economy improvements and strong saes of the Corolla,
and 4.2% came from the introduction and growing sales of the Prius.

Honda

Rapidly growing truk fradion pushed Honda's CO, emissons rate up 4.4% while
market sharegained 1.6 pantsfrom 1990 to 2005, but the company remained thefud
emnomy leader with acombined car and light trudk averaged 29 mpg.
Honda's 2005 carbon burden reached 1.7 MM T ¢, accounting for 7.4% of the
tota new light-duty fleet carbon burden.

- Since entering the light truck market in 1997, H ondas truck share grew a an
average 4.5 points per year, reaching 40%in 2005.

- The company's average new car CO, emissons rate dropped by 7.6%,
corresponding to an 8.2% fuel economy gain over 1990-2005.

- Driven by growing truck fraction, Hondas average CO, emissons rate
increased by 4.4% from 1990 to 2005, even though itsemissonsrateis gill the
lowest among dl automakers.

- To compensate for its 4.4% increase in fleet average CO, emissons rate,
Honda would have to sdll about 310,000 hybrids (22% of its 2005 sales) with
the same average fud savings asthe Civic and Accord Hybrids.

Nissan

Growing truk rdiance and dedining trudk fud emnomy pushed Nissan's CO,

emissons rate up 9.2% the mog among the Big Sx, while the company gained 2

pantsd marke sharefram 1990 to 2005.

- The 1.6 MM Tc carbon burden of Nissan's 2005 new flegt was responsible for
6.9% of thetota new light-duty fleet carbon burden in 2005.

- Notwithganding great fluctuations in sades over the period, Nissan's market
sharereached 7%in 2005, an increase of 2 pointsfrom the 1990 leve.

- Thetruck fraction of Nissan's sales grew from 27%to 42% while itslight truck
fud economy dropped 17% between 1990 and 2005. The car-to-truck shift
aone accounted for 3.5% of the 9.2% overall growth in Nissan’'s CO, emissions
rate from 1990 to 2005.

- Nissan was the first overseas automaker to use FFV credits, which inflated its
combined CAFE by 0.5 mpg as of 2005 and pushed its CO, emissons rate

1.8% higher than if the company had achieved the same fud economy levels
without the credits.

OTHER FIRMS

The “Next Sx” automaka's in ade o 2005 markd <hare are Hyundai, Kia,
Vdksvagen, BMW, Subaru and Mitsubishi. Thdar alative sslesmarethan doubled
bawemn 1990 and 2005, when thar combined marke share reached 10% and they
acounted for 9%d thenew fleg carbon burden.



- Hyundai tripled its market share over 1990-2005. I ncreased truck sales pushed
its fleet average CO, emissons rate up by 17%, shifting it from having the
lowest CO, emissionsratein 1990 to the third lowest in 2005.

- Kiahas geadily gained sdes since entering the U.S. market in late 1993, but its
new fleet CO, emissionsrate rose 30%asit increased truck sales.

- Volkswagen's market share rose steadily between 1995 and 2001, then dropped
gradudly to 1.7% in 2005, 0.5 point higher than in 1990. Volkswvagen's new
fleet CO, emissonsrate was up 1.3%, mainly dueto higher light truck sales.

- BMW improved its average fud economy by more than any other firm,
reducing its new fleet CO, emissions rate by 12.3% over a period in which it
exceeded afourfold increasein U.S. sdles.

- Subaru’'s market share had little net change (0.3%) from 1990 to 2005 and its
new fleet average CO, emissons rate increased 1.6% over the period, also as a
result of increasein truck sales.

- Mitsubishi’'s market share generaly declined through 1998; it rebounded
dighty by 2001 but then did below 1%in 2005. Itsfleet average CO, emissions
rate increased 4% over 1990—2005.

Factor s behind the trends

Auto carbon burden trends result from many interacting forces. The FFV credits
are an adverse factor, for example. M ore broadly, the market has been giving
high priority to features other than fud economy. This is exemplified by the
popularity of light trucks, a mgjor trend highlighted here. But we also highlight
some hopeful examples of how CO, emissons can be trimmed when fuel
economy ismade adesign priority.

RISING TRUCK SHARE

For nearly al automakers, the predominant factor behind the growth of new fleet
CO, emissons was the steady rise of the light truck fraction of each company’s
fleet. This phenomenon sarted with the introduction of the minivan in 1984,
followed by the modern SUV in 1989, and exploded throughout the 1990s.
Recently the trend has included various crossover vehicles, most notably car-
based SUVs—such as “sport wagons’ that once might have been caled gation
wagons—and body gtyles that blend features of SUVs with those of vans and
pickups. From 28% in 1987, when new fleet average fuel economy peaked, the
truck fraction of new sales grew to 52% in 2005. This 24-point jump in truck
share is the main reason for the 7% increase in new fleet CO, emissons from
1987-2005.

The growth of light truck sdes is dso explained by automakers classfying
many new and trendy car-based “crossover” designs as trucks in order to ease
their compliance with CAFE gandards. Because light trucks are required to
meet a lower gandard—21 mpg as of mode year 2005 versus 27.5 mpg for
cars—smply moving a vehicle from a car fleet to atruck fleet lowers the overal
fuel economy level acompany must meet. Since vehicles based on cars are usualy
more fud efficient than traditiona trucks, the CAFE sandard's averaging
approach enables automakersto sall more of the large, high-profit-margin trucks.
Finaly, because vehicles shifted into the truck category are usualy less fue
efficient, the company’s remaining cars can more easly meet the car sandard.
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The success of
Toyota and BMW in
cutting their fleet
average CQO,
emissions rates
demonstrates that
fuel efficiency
improvements need
not compromise
sales or
competitiveness.

As of 2005, light trucks on average emitted 38% more CO, per mile traveled
than passenger cars. Light trucks, therefore, accounted for 58% of new vehicle
CO, emissons in 2005, disproportionately higher than their 52% sdes share. If
al light trucksthat have subgtituted for cars had been required to meet passenger
car CAFE gandards, the United States would have consumed about 737,000
fewer barrels of gasoline per day in 2005. Carbon emissions would have dropped
by 27 MMTc, equivdent to the annual emissons from about 40 cod-fired
electric power plants.

Sdes gatigicsindicate that the truck fraction of new saeshasincreased in a
generdly linear fashion snce 1980, reaching 52% in 2004. All the Big Six
automakers except Honda sold more light trucks than cars in 2004. The trend
seems to have tempered in 2005, with nearly dl Big Six firms seeing their truck
sharesdightly lower or leveling off.

The Nationa Highway Traffic Safety Adminigration (NHTSA), which
oversees CAFE regulations, recently has taken some steps to address the car-to-
truck shift. These geps include gradudly raising light truck CAFE standards
from 20.7 mpg in MY2004 to an equivdent of 24.1 mpg in MY2011 and
reforming the CAFE program for light trucks by establishing fuel economy
targets based on size, with targets set higher for smaller light trucks and lower for
larger ones.

MAKING FUEL ECONOMY A PRIORITY

Among the twelve mgjor automakers examined here, Toyotaand BMW are the
only two companies that cut per-vehicle CO, emissions rates a the sametime as
they enjoyed strong sales growth, including substantial growth in the light truck
fraction of their sales over 1990-2005.

Toyota's 3% drop in fleet average CO, emissons rate is the result of higher
fud economy in both its car and light truck fleets. About a third of the 14%
increase in Toyotas car CAFE can be attributed to sales of the Prius hybrid-
electric vehicle, which sold more than 120,000 units in 2005. A greater portion
of the increase came from improvements in the Corolla, which saw a20%risein
fud economy from 1990 to 2005 and explains 40% of Toyotas car CAFE
increase over this period. Improved fud economy in severa of the company's
maingtream light trucks, including the 4Runner, RAV4, Highlander and L exus
RX330, largely explains T oyotas 5% improvement in light truck CAFE.

BMW, mainly over the past five years, incrementdly improved the fuel
economy of anumber of itskey models, including the 5-series, 7-series, M sports
coupe and sedan and the X5 SUV. Its best-sdling 3-series dso saw a net
improvement in fuel economy during this period. The higher fuel economy of
the 3-, 5-, and 7-saries, and M sports coupe and sedan models accounted for
more than athird of the 14% increase in BMW's new fleet fuel economy from
1990 to 2005. But the primary factor behind the 14% rise of BM W'’s average fuel
economy is the success of the premium sport coupe Mini Cooper. Among the
smalest vehicles sold in the United States, the Mini Cooper emitted 25% less
CO, per mile traveled than the average vehicle in the BMW fleet in 2005. With
its sales reaching one-fifth of BMW's 2005 new fleet sdes, Mini Cooper
explains nearly hdf of the 14% fue economy improvements of BM W 's new fleet.

The progress Toyota and BMW made in cutting their fleet average CO,
emissions rates illustrates some of the options that automakers can choose to
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reduce their carbon burdens. Significant CO, reductions can be achieved through
incrementa fuel economy improvements using conventiona technology, as seen
in the evolution of the Toyota Corolla, or by offering creative, fue efficient
designs such asBM W'sMini Cooper.

Hybrid drive, new diesels and other advances can—if designed to maximize
fud economy as in Toyotds Prius—cut carbon emissons condderably. While
advanced technologies will play an increasngly important role, the BMW and
Toyota stories show how a veriety of approaches can be used to cut CO,
emissons. Great drides can be made through incrementa technology and
product design strategiesthat make low CO, emissonsadesign priority.

Reducing automobile carbon burdens

Since 1990, automobile carbon burdens in the United States have grown with
little restraint. The trend only seemed to dow down dightly with the higher fuel
prices of recent years. In response to both market and societal concerns,
automakers have professed a new focus on fuel economy, signaing a possble
departure from the past two decades product drategies that pursued sze,
performance and other features a the expense of fue economy. However, the
trends analyzed here show that market shiftsto date fdl far short of what would
be needed to truly address global warming. T his suggests that new policies will
be needed to dgnificantly limit automobile carbon burdens regardless of fuel
price fluctuations.

Automakers public positions on globa warming have shifted from denying
the problem to acknowledging the sgnificance of the threat and professing a
desire to help solve the problem. Many automakers now regularly publicize
advanced technology initiatives or other activities promisng emissons
reductions, and most have started tracking efforts to cut CO, emissons from
their own fleet and the manufacturing process.

Recently, major automakers declared their support for a nationa dimate
policy that would use a cap and trade framework to reduce U.S. greenhouse gas
emissons, handling automobiles as part of an economy-wide srategy. The
traditional U.S. Big Three have dl joined the U.S. Climate Action Partnership
(USCAP), a codlition of leading corporations and environmental organizations
(induding Environmenta Defense) that is advocating prompt enactment of a
mandatory nationd climate policy to progressvely limit emissons sarting in the
near term and leading to deep reductions by midcentury. While the specific
mechanisms used to cut vehicle emissons are as yet undecided, this change in
gance is a mgor sep forward in the indugry's willingness to constructively
confront the climate challenge.

The success of Toyota and BMW in cutting their fleet average CO,
emissons rates demongrates that fue efficiency improvements need not
compromise sales or competitiveness. Nevertheless, further work must be doneto
develop policiesthat balance market forces with concerns such as globa warming
and energy security. The participation of automakers in the collective effort to
develop a comprehensive U.S. climate policy, including reductions of auto sector
carbon burdens, will be indispensible in helping avert the catastrophic
consequences of globa warming.
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