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EXECUTIVE SUMMARY

espite tighter automobile emission
D standards over the last three de-
cades, Connecticut continuesto face
significant automobile-related air pollution
problems. Increasing the use of advanced-
technology vehicles—thosethat use cleaner,
aternative fuels or new technological ad-
vancesto achievedramatically improved en-
vironmental performance — could alleviate
the state’s air pollution problems while re-
ducing Connecticut’s contribution to global
warming and enhancing the state's energy
Security.

Policiessuch asthe Zero-Emission Vehicle
program (part of the Low-Emission Vehicle
Il emission standards adopted by California,
Massachusetts, New York and other states)
can help bring increased numbers of ad-
vanced-technol ogy vehiclesto Connecticut.

Theinefficient use of petroleum to power
thestate' stransportation system poses se-
rious threats to Connecticut’s environ-
ment and economy.

e During the summer of 2002, air pollution
monitors in Connecticut registered 179
exceedences of EPA health standards for
smaog on 36 separate days. Light-duty ve-
hicles such as cars, pick-up trucks,
minivans and sport utility vehicles
(SUVs) areresponsiblefor about one-fifth
of al emissions of nitrogen oxides and
one-quarter of al emissions of volatile
organic compounds (VOCs) to the air.
Nitrogen oxidesand VOCs are the chemi-
cal components of smog.

e Mobile sources, such as cars and light
trucks, are responsible for about 30 per-
cent of Connecticut’s emissionsof green-
house gases, which cause global warming.
Global warming poses severe potential
threats to coastal and forest ecosystems
and public health in the state.

e Connecticut’s overreliance on petroleum
for transportation leavesthe state suscep-
tible to price spikes and supply disrup-

tions. These problems will become more
severe over the next several decades as
global petroleum supplies tighten.

Advanced-technology vehicles can allevi-
ate many of these problems.

* Advanced-technology vehicles can sig-
nificantly reduce emissions of smog-form-
ing pollutants and air toxics from
Connecticut cars and light trucks. The
current generation of hybrid-electric ve-
hicles — such as the Toyota Prius and
Honda Civic — are approximately 90 per-
cent cleaner than the average vehicle on
salein Connecticut today. Clean conven-
tional vehicleswith state-of-the-art emis-
sion-reduction technology are now being
manufactured that attain similar pollution
reductions.

e Advanced-technology vehicles can aso
reduce Connecticut’semissions of green-
house gases, which cause global warm-
ing. Vehicles that take advantage of the
benefits of hybrid-electric technology can
produce about half as much globa warm-
ing-inducing carbon dioxide per mile as
conventional vehicles.

* Many advanced-technology vehiclesalso
enhance Connecticut’senergy security by
improving fuel efficiency or using alter-
native fuels such as natural gas, electric
power or hydrogen.

Sever al types of advanced-technology ve-
hiclesare“ready toroll,” yet availability
of thesevehiclesin Connecticut islimited.

e Hybrid-electric vehicles: More than
65,000 hybrid-electric vehicleshave been
sold in the U.S. since 1999. As many as
60 percent of potential vehicle buyersin
arecent survey stated that they would con-
sider buying ahybrid, yet only three mod-
els of hybrid vehicles are currently
available to Connecticut consumers.

* Natural gasvehicles: Morethan 120,000
natural gas vehicles are currently on
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Americanroadsin avariety of stylesand
configurations. Yet, only one automaker
is thus far offering them for sale to the
general public. Lack of refueling oppor-
tunities has hindered the further spread
of these vehicles, and limitations in the
supply of natural gas make them unsuit-
able as along-term alternative.

Clean conventional vehicles: Seven
automakers now manufacture vehicles
that meet California’s rigorous partial
Zero-Emission Vehicle (PZEV) emission
standards. However, most of these ve-
hicles have only been made available to
consumers in states that have adopted
Zero-Emission Vehicle programs.

Battery-electric vehicles: Automakers
have sold morethan 10,000 zero-emission
battery-electric vehicles to consumersin
Cadlifornia and other states over the last
decade. However, no major automaker is
currently selling battery-electric vehicles
to consumers.

Other types of vehicles — such as “plug-
in” hybrids and hydrogen fuel-cell ve-
hicles — also show the potential for
significant environmental benefits, but
will require further research and devel-
opment before they become commercially
feasible.

to $23 million in 2011. The incremental
cost of the program in 2007 represents
about 0.15 percent of sales by Connecti-
cut new-car dealers in 2001 and 0.002
percent of the gross revenue of the six
major automakers. Offsetting financial
benefits stemming from technology im-
provements that can be exported to other
vehicle lines, assistance in complying
with other regulatory standards, and con-
sumers’ willingnessto pay morefor some
ZEV-compliant vehicleswill reducethese
costs further.

e Consumers are unlikely to be negatively
affected by the ZEV program. Most
automakers have chosen not to pass on
the additional cost of conforming with
PZEV emission standards. Should the cost
of hybrid-electric vehicles decrease, (as
is anticipated) and gas prices rise, many
consumerswill seeanet financial benefit
from purchasing more efficient hybrid-
electric vehicles.

Adoption of the Low-Emission Vehiclell
and Zero-Emission Vehicle programs is
essential to getting clean, advanced-tech-
nology vehiclesonto Connecticut’sroads.
e The ZEV program would ensure a con-

sistent supply of clean vehicles for Con-

necticut consumers, create economies of

Adopting the Zero-Emission Vehicle
(ZEV) program would put tens of thou-
sandsof advanced-technology vehicleson
Connecticut’sroads by the end of thede-
cade, at minimal cost to automakers and
potential net benefits to consumers.

e The ZEV program would require

scale necessary to allow the construction
of alternative-fuel infrastructure, set high
standardsfor vehicletechnology, and help
guide the development of even cleaner
automotive technologies in the years to
come.

Thegoalsof aZEV requirement in Connecti-

automakersto sell approximately 52,000
hybrid-el ectric vehiclesand 286,600 clean
conventional vehiclesin Connecticut be-
tween 2007 and 2011, with the numbers
increasing over time.

Installing thetechnol ogy to meet thesetar-
gets would cost automakers approxi-
mately $13.3 million in 2007, increasing
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cut are attainable, and achieving them would
be beneficial to the state. To ensure success-
ful implementation of the program, the state
should take a leadership role in coordinat-
ing the expansion of alternative-fuel infra-
structure and educating the public about
clean cars, and work to secure resources to
support those efforts.



INTRODUCTION

Q revolution has taken place in auto-
motive technology over the last de-
cade.

Hybrid-electric vehicles — virtually un-
known ten years ago — have begun to make
their way onto Connecticut’s highways, of-
fering dramatically increased gasoline mile-
age and lower emissions of smog-forming
pollutants. Natural gasand other alternative-
fuel vehicles have become commonplacein
government and privatefleets. Zero-emission
battery-€lectric vehicleshave overcometech-
nical hurdles to provide greater range and
performance at lower cost. Conventional
gasoline vehicles are now being made that
arevirtually free of smog-forming and toxic
emissions— afar cry from ten years ago.

Small numbers of hydrogen-powered fuel-
cell vehicles — once an engineering fantasy
— are now on the roads in demonstration
projects, with more to come soon. And new
vehicletypes—such as*”plug-in” hybridsthat
fuse the benefits of hybrid-electric and bat-
tery-electric vehicles—are now on the draw-
ing board.

The promise of a new generation of
cleaner, more environmentally benign cars
has never been brighter. Yet, the vast major-
ity of vehicles sold in Connecticut today do
not incorporate the latest in advanced tech-
nology. Evenworse, many of the most prom-
ising advanced-technology vehicles —
battery-electric vehiclesand ultra-clean con-
ventional vehicles, for example — cannot be
purchased from major automakers anywhere
in Connecticut.

Across the nation, asimilar story has un-
folded, with the advances made in the | abo-
ratory largely failing to make their way to
the street. In fact, nationwide, the average
fuel economy of light-duty cars and trucks
isat itslowest point in thelast two decades.*
Smog — largely caused by motor vehicles —
continuesto threaten the health of hundreds
of millions of Americans each summer. And
the nation remains vulnerableto price spikes

due to the inefficient use of petroleum as a
transportation fuel.

Getting advanced-technology vehicles
onto Connecticut’s roads will require more
thanjust financial incentives. For years, buy-
ersof battery-electric and aternative-fuel ve-
hicleshave been eligiblefor federal and state
tax breaks and other benefits. Yet, for the
most part, the vehicleshave simply not been
made available to the general public. Even
hybrid-electric vehicles — now six years re-
moved from their successful introductionin
Japan —are still only available from two for-
eign automakers and only in alimited vari-
ety of models. It will be another year before
a U.S. automaker offers its first hybrid to
the general public.

Thereisaway to get large numbers of ad-
vanced-technology vehicles onto the state's
roadsin the near future. In 1990, the state of
Cadlifornia enacted the Zero-Emission Ve-
hicle (ZEV) requirement, part of the state's
cutting-edge Low-Emission Vehicle (LEV)
program. Much amended sinceitsinitia in-
carnation, the ZEV program requires each
of the major automakers to sell significant
numbers of hybrid-electric, clean conven-
tional, and other advanced-technology cars
in the near future. And the program has the
potential to also spur the devel opment of the
next generation of cleaner cars: battery-elec-
tric, plug-in hybrid, and hydrogen fuel-cell
cars.

Seeing the value of the ZEV program’s
unique approach, three northeastern states —
New York, Massachusetts and Vermont —
have adopted the program for themselves.
Other states are now considering whether to
follow suit.

Residents of those states will soon get to
see the clean car revolution take place on
their roads — with accompanying benefitsin
air quality, energy security, and the reduc-
tion of greenhouse gas emissions to the at-
mosphere.

Connecticut cannot afford to | et thisrevo-
[ution pass us by.
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WHY WE NEED ADVANCED-

TECHNOLOGY VEHICLES

The internal combustion engine has
proven to be one of the defining tech-
nologies of the 20" century, provid-
ing mobility tomillionsat relatively low cost.
However, our inefficient use of fossil fuels
— particularly for transportation — has also
led to avariety of negative impacts, includ-
ing air pollution, the build-up of greenhouse
gases in the atmosphere, and periodic price
spikes and supply disruptions with the po-
tential to wreak havoc on the economy.
While pollution-control mechanismsfor cars
and trucks have reduced some of these im-
pacts, others are innate to the process of
burning fossil fuels in internal combustion
enginesto get ourselvesfrom placeto place.
The development and introduction of anew
generation of advanced-technology vehicles
could help to address many of these prob-
lems.

What Is an Advanced-
Technology Vehicle?

An advanced-technol ogy vehicle can be de-

fined as one that uses cleaner, aternative

fuels or new technological advances to
achieve dramatically improved environmen-
tal results.

Whilethere are many types of automotive
technologies and alternative fuels that are
environmentally beneficial, this report will
focus on several technologies with clear en-
vironmental benefitsthat are either available
to the public now, or could be available in
the near future.

e Hybrid-electric vehicles— Hybrid-elec-
tric vehicles, such asthe Toyota Priusand
Honda Insight, use an on-board electric
motor to assist in the propulsion of the
vehicle, resulting in significantly greater
fuel economy than conventional vehicles.
Unlike battery-electric vehicles, hybrid-
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electric vehicles do not need to be “re-
charged” through aconnectionto theelec-
tric grid.

Clean conventional vehicles— In recent
years, automakers have begun to intro-
duce conventional, gasoline-powered ve-
hicles that are virtually free of
smog-forming and toxic emissions. Other
technological advancesallow the produc-
tion of vehicles with improved fuel
economy, potentially reducing the emis-
sion of greenhouse gases to the atmo-
sphere.

Dedicated natural gas vehicles — Two
types of natural gas are currenty used to
power vehicles, liquid natural gas (LNG)
and compressed natural gas (CNG), with
CNG vehicles far more common. “Dedi-
cated” alternative-fuel vehicles differ
from “bi-fuel” or “flexible fuel” vehicles
in that they can only be operated on the
aternative fuel, not gasoline.

Battery-electric vehicles—Battery-elec-
tric vehicles rely on an on-board electric
motor asthe sole means of propelling the
vehicle. Thevehicle' sbattery isrecharged
through a connection to the electric grid.

“Plug-in” hybrids — “Plug-in” hybrids
arehybrid-electric vehiclesthat can be op-
erated for short distances on battery power
aone. The on-board battery must be re-
charged through connection to the elec-
tric grid, although it also stores power
otherwiselost in braking in the same man-
ner as other hybrid vehicles. When the
battery isdischarged, theinternal combus-
tion engine takes over propulsion of the
vehicle.

Fuel-cell vehicles—Fuel-cell vehiclesare
electric vehiclesthat generatetheir power
through achemical reactioninvolving hy-
drogen. Hydrogen may be provided di-



rectly to the vehicle or “reformed” on
board from natural gas or other fossil fu-
els.

A more detailed review of these technolo-
gies forms the bulk of this report. But why
are these new technol ogies necessary?

Air Quality

Advanced-technology vehicles have the ca-
pacity to address several of the problems
posed by conventional vehicles, including
their impact on air quality.

The entire state of Connecticut fails to
meet federal health standards for ozone
smog. Particulate “soot” and toxic air con-
taminants also pose severe threats to the
health of thousands of Connecticut residents.
With many Connecticut residents driving
increasing distancesin their cars, the threat
posed by automotive air pollutantsto public
health islikely to increase.

Smog

During the summer of 2001, air pollution
monitors in Connecticut registered 105
exceedences of EPA health standards for
ground-level ozone— better known as smog
—0n 26 separate days. In 2002, Connecticut
experienced 179 exceedences of smog health
standards on 36 days — approximately 70
percent more exceedences than were regis-
tered in 2001 and nearly quadruple the num-
ber recorded in 2000.2

Smog is formed as a result of a chemical
reaction involving sunlight, nitrogen oxides
(NOx), and volatile organic compounds
(VOCs). Exposure to smog has been linked
to increased hospital emergency room vis-
its, increased stroke mortality, asthma at-
tacks, and, recently, to the onset of asthma
itself.®

Motor vehicles are major contributors to
the smog problem. Nationally, cars, pick-up
trucks, vans and SUV's — otherwise known
as light-duty vehicles — are responsible for
about one-fifth of all of NOx emissions and

one-quarter of all emissions of VOCsto the
ar*

Soot and Air Toxics

Particulate matter, or “soot,” and airborne
toxic chemicalsalso poseasignificant health
threat to Connecticut residents. In 1996, con-
centrations of soot and air toxics in
Connecticut’s air were sufficient to pose a
statewide average cancer risk of one new
case for every 1,736 residents — well above
the EPA’sone-in-a-million cancer risk bench-
mark. Residents of every Connecticut county
were exposed to levels of benzene, formal-
dehyde, 1,3-butadiene and acetal dehyde that
exceeded the one-in-a-million cancer risk
benchmark. In each case, pollution from
mobile sources (including cars, trucks and
off-road equipment) accounted for signifi-
cant portions of the added cancer risk.®

Itisdifficult to discernthe degreetowhich
light-duty vehicles contribute to the soot and
air toxics problems in Connecticut. Light-
duty vehiclesarelikely responsible for only
asmall portion of the state’s soot emissions,
with the on-road mobile source contribution
to the soot problem largely coming from
heavy-duty trucks. However, itislikely that
light-duty vehicles make a significant con-
tribution to the concentrations of toxic
chemicalsin our air that increase cancer risks
for Connecticut residents.

How the Technologies
Stack Up

Researchers with the Argonne National
Laboratories have estimated the per-mile
emission levels of avariety of existing and
prospective automotive technologies over
the entire fuel cycle, from “well to wheels.”
Their analysis shows that the use of many
advanced technologies can lead to signifi-
cant reductionsin air emissions versus con-
ventional, internal combustion engine
vehiclesthat operate on gasoline.

Fuel-cell and hybrid vehicleshave signifi-
cantly reduced per-milefuel-cycle emissions

READY TO ROLL
ConnPIRG Education Fund

9



of particulate soot, nitrogen oxidesand vola
tile organic compounds versus conventional
gasoline-powered cars. The benefits of elec-
tric vehicles and “plug-in” hybrids are
greatly dependent on the cleanliness of the
fuel “mix” used to generate the electric
power they use. As can be seenin Figure 1,
electric and plug-in hybrid vehicles would
provide greater environmental benefits to
Connecticut if the state were to move toward
acleaner electricity mix such asCalifornias.
It is also important to note that two of the
technologies listed above — natural gas hy-
brid vehiclesand fuel-cell vehicles—are con-
sidered “long-term” technologies, and their
environmental benefitsare more specul ative.
However, a fuel-cell vehicle that runs on
hydrogen derived from electrolysis of water
powered by renewable fuels will be virtu-
ally emission-free.

Global Warming

Carbon dioxide and other greenhouse gas
pollutants pose serious threats to the health
of Connecticut’sresidents. Over thelast cen-

Fig. 1: Per-Mile Emissions of
Advanced-Technology Vehicles

Particulates

Nitrogen
oxides

Volatile
organic
compounds

-100% -75% -50% -25% 0% 25% 50%
Percentage reduction/increase versus
conventional vehicle

M Electric Vehicle (California energy mix)
W Electric Vehicle (Northeast energy mix)
W Fuel Cell Vehicle (reformed NG)

@ Natural Gas Hybrid (long-term)

@ "Plug-in" Hybrid

O Hybrid

O Dedicated CNG
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tury, theaverageannual temperaturein Storrs
hasincreased by 2.4° F and precipitation has
increased by 20% in some parts of the state.
Should the concentration of greenhouse
gases continueto increase over the next cen-
tury, Connecticut could see a further 4 °F
increase in average temperature and a 10%
to 20% increase in precipitation.®

These changes could have a dramatic ef-
fect on the environment and our way of life.
Potential impactsinclude increased heat-re-
lated deaths, broader spread of tropical dis-
eases, coastal flooding, beach erosion, loss
of wetlands, reduced crop yields, and alter-
ation of forest and other ecosystems.” In
addition, rising temperatures could lead to
longer and more severe smog seasons, fur-
ther placing public health at risk.

In 1995, Connecticut released approxi-
mately 42.2 million tons carbon-dioxide
equivalent (MTCDE) of greenhouse gases
to the atmosphere. Of that amount, 12.6
MTCDE — or approximately 30 percent —
came from mobile sources such as cars and
trucks.®

No technology akin to the catalytic con-
verter currently existsto directly control car-
bon dioxide emissions from motor vehicles.
As aresult, carbon dioxide emissions from
vehiclesare dependent on @) the carbon con-
tent of the fuel that is used to power the ve-
hicle and b) the vehicle's efficiency in
making use of fuel.

Because many advanced-technology ve-
hicles rely on cleaner fuels or boast signifi-
cantincreasesin efficiency, their use canlead
to significant reductions in carbon dioxide
emissions versus conventional vehicles, as
shown in Figure 2 (next page).

Energy Security

The nation’s reliance on fossil fuels — par-
ticularly petroleum — to power our vehicles
creates the potential for serious price and
supply disruptions, as took place during the
oil embargoes of the 1970s.



Fig. 2: Per-Mile Carbon
Dioxide Emissions of
Advanced-Technology Vehicles
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Fig. 3: Per-Mile Energy Use of
Advanced-Technology Vehicles
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Such disruptions are even more likely to
occur in the future, as readily accessible
sources of oil are exhausted and supplies
become stretched. The U.S. Energy Informa-
tion Administration (EIA) projects that, at
current rates of growth in oil consumption,
oil production worldwide will peak in about
2037, leading to shortages and dramatically
higher prices.® Other analysts have criticized
the EIA’s assumptions as far too optimistic
and suggest that peak oil production could
come as soon asthe end of the next decade—
or about the time many of today’s new cars,
trucks and SUV sreach the end of their use-
ful lives.®®

By switching to aternativefuels, or by im-
proving vehicular fuel efficiency, advanced-
technology vehicles can reduce
Connecticut’s dependence on petroleum and
fossi| fuels. (See Figure 3)

While most of the advanced-technology
vehicles considered in this report could re-
duce Connecticut’s consumption of petro-

leum, fuel supply could pose a problem for
some types of advanced vehicles, particu-
larly those that operate on natural gas.

The Need for
Immediate Action

Connecticut residents drove 59 percent more
miles on the state’s highways in 2001 than
they did in 1980.%* Thistrend isunlikely to
be reversed soon. As a result, Connecticut
will likely continue to face major negative
public health, environmental and economic
consequences due to automobile air pollu-
tion.

As shown above, a variety of advanced-
technology vehicles can provide significant
benefits to Connecticut. But to take full ad-
vantage of these benefits, the state must act
to get more advanced-technology vehicles
on theroad as soon aspossible. Thevehicles
in showrooms today will continue to travel
the state’'s roads for the next 12 to 15 years.
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Ensuring that a significant portion of those
vehicles use clean technologies could lead
to significant environmental benefits well
into the future, while paving the way for a
transition to even cleaner technologiesinthe

decadesto come.

Many types of cleaner vehicles are either
available now or aretechnologically feasible.
A more in-depth review of these technolo-
giesfollows.

EVALUATING ADVANCED-TECHNOLOGY VEHICLES:

LEV Il AND ZEV STANDARDS
In 1990, California adopted the Low-Emission Vehicle (LEV) program, which set ag-
gressive emission standards for automobiles. A key facet of the program was the Zero-
Emission Vehicle (ZEV) requirement, which required automakers to sell increasing
numbers of vehicles with no tailpipe emissions. The ZEV program has subsequently
been modified to allow credit for vehicles with extremely low emissions and has been
adopted — along with the LEV program and its successor, LEV Il — by several northeast-
ern states.

A more detailed discussion of the LEV Il and ZEV programs follows later in this report.
However, the programs include a series of standards that are useful in evaluating the
environmental performance of advanced-technology vehicles.

¢ Automobiles meeting super-low emission vehicle (SULEV) standards under the LEV
Il program release about 90 percent less smog-forming pollution than the average
vehicle sold today.

* Vehicles that receive partial Zero-Emission Vehicle (PZEV) credit under the ZEV
program must achieve SULEV emission standards, emit “zero” evaporative hydro-
carbons, and come with an extended exhaust-system warranty.

* Advanced-technology PZEVs (AT-PZEVs) must meet all the standards of ordinary
PZEVs, and must either include advanced technologies such as hybrid-electric drive,
or be operated on inherently cleaner alternative fuels such as natural gas.

® Zero-emission vehicles (ZEVs) are the “gold standard” for automobile environmental
performance. ZEVs emit no harmful pollutants directly to the environment (although
off-site generation of power to fuel ZEVs often creates some pollution).

READY TO ROLL
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ADVANCED-TECHNOLOGY
VEHICLES AVAILABLE TODAY

Hybrid-Electric Vehicles

Thehybrid-€electric vehicleisarelative new-
comer to Connecticut’s roads, but the con-
cept of a gasoline-electric vehicle has been
around for about a century. After an initial
burst of interest around the turn of the 20"
century, hybrid vehicle designs remained
virtually unexplored until theoil crisisof the
1970s. When that crisisabated, hybridsagain
were put on the research back burner.

By the 1990s, however, the development
of advanced nickel-metal hydride batteries
(driven by research conducted for battery-
electric vehicles) and other automotivetech-
nologies led to renewed interest in hybrids.
Toyota was the first major automaker to
manufacture a hybrid car with the introduc-
tion of the Priusin Japanin 1997. Threeyears
later, Toyota introduced the Prius to the
United States while Honda began sales of
its two-seat Insight model. In 2002, Honda
introduced the Civic hybrid —thefirst appli-
cation of hybrid technology within an exist-
ing vehicleline.

Vehicle Characteristics

Not al vehicles labeled “hybrids’ by their
manufacturers are aike. In fact, the term
“hybrid” itself refers to a package of tech-
nologies, not all of which are included in
every vehicle.

A “full” hybrid vehicle — such as the
Toyota Prius — includes four basic charac-
teristics:

* Thecapability to shut off the conventional
engine when the vehicle is stopped.

* The use of regenerative braking, which
captures energy that would otherwise be
lost when a vehicle slows down.

* Reduced engine size versus conventional
vehicles.

* The capability to drive the vehicle using
only electric power.2?

A “mild” hybrid, such asthe Honda Civic
or Insight, includes all of these characteris-
tics except the ability to drive the vehicle
using only electric power.

Thetechnological difference between full
and mild hybrids does not necessarily mean
that one type of hybrid system is more ben-
eficial for the environment than the other. In
fact, the most fuel-efficient vehicle for sale
intheU.S. —theHondalnsight —isa*mild”
hybrid. Of greater importanceisthe percent-
age of avehicle'spower that isderived from
the electric motor.

In addition to mild and full hybrids, the
Union of Concerned Scientists has defined
another category —the* muscle hybrid” —for
vehiclesthat take advantage of idle shut-off
and regenerative braking technol ogieswith-
out downsizing theengine. In these vehicles,
the hybrid system is used primarily not to
bring about increased fuel economy, but to
add power to the vehicle. For example, GM
describes its forthcoming hybrid Silverado
pick-up truck, which includes two 110-volt
outlets, as a “portable generator on
wheels.”® The environmental benefits of
this type of hybrid are minimal; the hybrid

Lo, o EEEe il

Vehicle Association of Canada

Photo: E

The Toyota Prius (above) was one of the first hybrid-elec-
tric vehiclesintroduced to the United Sates. By 2005, Toyota
expects to sell approximately 300,000 hybrids per year
worldwide.
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system in the Silverado, for example, boosts | duced emissions even when compared to the
fuel economy by only 10 to 12 percent. original Prius.'’

A fifth potential characteristic of hybrids Four years after Japanese automakers in-
—the ability to travel extended distancesin | troduced hybridstotheU.S., America’s"Big
electric-only mode—will bediscussedinthe | Three” automakersstill have yet to sell their
section on “plug-in” hybridslater inthisre- | first hybrid. However, American automakers

port. are preparing to introduce their first hybrid
Thefirst generation of hybrid-electric ve- | models within the next couple of years.
hicles has demonstrated clear environmen- General Motors — GM plans to offer

tal advantages over conventional vehicles. | “muscle hybrid” versions of its Sierra and
The three hybrid-electric vehicles for sale | Silveradotrucksto fleet customersbeginning
in 2003 each achieved EPA-rated fuel | in 2003 and retail customers in 2004.%® In
economy of greater than 45 milesper gallon | 2005, GM plans to introduce a full hybrid
(MPG) — nearly 10 MPG greater than the | version of its Saturn VUE SUV that will get
nearest gasoline-powered vehicle.* In ad- | approximately 50 percent better gasmileage
dition, the 2003 models of al three vehicles | and will carry a super-low-emission vehicle
are certified as super-low emission vehicles | (SULEV) emission rating.'® In January
(SULEVS) in California, meaning that their | 2003, General Motors announced that it will
emissions are 90 percent cleaner than the | include a variety of hybrid technologies in

average 2003 model year car.’® several vehicles between 2005 and 2007.%°
) _ Ford — Ford plansto market afull hybrid
Manufacturing Experience version of its Escape SUV to fleets begin-

As noted above, Toyota was the first mgjor | hing in 2003 and the general public in late
auto company to introduce a hybrid to the | summer 2004. The vehicle is projected to
consumer market in 1997 in Japan. In the | atain EPA-rated fuel economy of 35 to 40
years since, Toyota and Honda have ex- | MPG —anincrease of more than 40 percent
panded the availability of their hybrid ve- | versuscurrent Escape models The Escape
hicles in the United States. (See Table 1.) would be the first SUV to take substantial
While hybrids still represent only asmall | advantage of hybrid technology.

percentage of new vehiclesalesintheU.S,, |  DaimlerChryler —DaimlerChryslerisex-
that could change in the years to come. | pectedtointroduceahybrid-electric version
Toyota, for examp|e, antici pates manufac- | of its Dodge Ram pICkUp truck in 2005.
turing 300,000 hybrids per year by 2005.2¢ | DaimlerChrysler is also reported to be in
Indeed, Toyotaiis preparing to market asec- | discussionswith Toyotaabout purchasing the
ond-generation hybrid system as part of its | company’shybrid system for usein afuture
redesigned Prius, scheduled to arrive at | hybrid-electric vehicle — a strategy similar
dealerships this fall. Toyota reports that the | to that being employed by Nissan.?

vehicle will have more power and room and
will boast improved fuel efficiency and re- Consumer Acceptance

Hybrid-electric vehicles have met with a

Table 1: Model Year 2003 Hybrid- | Warmconsumer responseintheU.S., despite
Electric Vehicles their somewhat higher initial cost and the

limited number of models available.

Mir Model Type Sales of hybrid vehicles have increased
Toyota Prius Full Hybrid steadily since their introduction to the do-
Honda Civic Mild Hybrid mestic market in 1999. As of the spring of
Honda Insight  Mild Hybrid 2002, Toyota alone had sold more than
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Fig. 4. Hybrid-Electric
Vehicle Sales, U.S.?°
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100,000 hybrids worldwide; nearly 40,000
of them in the U.S. In al, about 36,000 hy-
brids were sold in the U.S. in 2002, an in-
crease of 73 percent from the previousyear.?
(SeeFig. 4.) Should oil pricesincrease, de-
mand for hybrids will likely follow; Toyota
and Honda reported 30% increases in sales
of hybrids in the weeks leading up to U.S.
military interventionin Iraqin March 2003.%

Many attribute the success of hybrids to
their similarity to traditional gasoline-pow-
ered vehicles. Hybrids are fueled the same
way, achieve greater range, and are gener-
ally similar in performance to conventional
vehicles.

Indeed, the market potential of hybridshas
only begunto betapped. A recent J.D. Power
and Associates report found that 60 percent
of new vehicle buyers would consider buy-
ing a hybrid-electric vehicle. Nearly one-
third of those said they would still buy a
hybrid even if the added cost of the vehicle
was not fully offset by fuel savings.?® With
major American automakers not planning to
sell a hybrid to the general public until at
least 2004, the prospect exists of the market
failing to satisfy consumers' desire for hy-
brid-electric vehicles.

Future Prospects

While existing hybrid-electric vehicleshave
demonstrated significant gains in fuel
economy and emission reductions, even
greater gains are possible in the future. One
2003 study projected that the application of
advanced technologies — such as continu-
oudly variable transmissions and advanced
batteries — and more advanced hybrid sys-
tems could lead to a new-vehicle fleet aver-
age fuel economy of 50-60 M PG by 2020.%
Achieving the full potential of hybrid-
electricswill not happen without effort. Pub-
lic policies must be put in place to ensure
not only that hybrids are made available to
consumers, but also that those hybrids
achieve significant energy efficiency and
emissions benefits versus conventional ve-
hicles.

Natural Gas Vehicles

Vehicles powered by natural gas have dis-
tinct environmental advantages over those
powered by gasoline. However, limitations
in supplies of natural gasand volatile prices
make natural gas unsuitable as along-term
or widescal e replacement for gasoline-pow-
ered vehicles. In the short term, limited use
of natural gas vehicles — particularly in hy-
brid form —can produceinterim environmen-
tal benefits.

Photo: NREL/DOE

Honda's natural-gas powered Civic GXisthefirst such
car to be sold to the general publicinthe U.S
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Vehicle Characteristics

Natural gas can be supplied to vehicles in
one of two forms: compressed natural gas
(CNG) or liquified natural gas(LNG). CNG
vehicles are much more common, but be-
cause of the low energy density of com-
pressed gas, the vehicles must carry bulky
tanks on board the vehicle. LNG possesses
greater energy density, but requires a com-
plex storage system to keep the fuel cold
enough to remainin liquid form.

Natural gas vehicles use an internal com-
bustion engine similar to that used in con-
ventional gasoline vehicles. Vehicle
performanceissimilar tothat of conventional
vehiclesaswell, with the exception of range,
which tends to be somewhat shorter due to
the low energy density of the fuel.

Among the benefits of CNG vehicles are
fuel pricesthat are generally lower than gaso-
line, albeit subject to significant regional dis-
parities and periodic price swings. As of
October 2002, CNG prices per gasoline-gal -
lon-equivalent ranged from $0.76 to $1.40
compared to gasolinepricesof $1.39t0 $1.47
per gallon.2?2 CNG vehicles are also compa-
rable in price to hybrid-electric vehicles.

CNG vehicles have the potential for ex-
tremely low emissions. Seven models of
trucks — all made by Ford and
DaimlerChrysler —are certified asSULEVs
by the state of California, while the Honda
Civic GX has been certified to receive Par-
tial Zero-Emission Vehicle (PZEV) credit as
aresult of its low tailpipe and evaporative
emissions and emission-system warranty.?

The biggest challenge to the success of
natural gas vehicles has been the lack of
available refueling facilities. As of March
2003, there were only 1,171 refueling sites
for CNG vehicles nationwide, of which 25
were in Connecticut, and 44 sites for LNG
vehicles, with nonein Connecticut.*® Of the
25 CNG fueling stations in the state, only
10 areopentothe public, and the use of many
of those public stationsis subject to restric-
tions. The cost of building a CNG fueling
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station can be high. Fast-fill stationsof main-
stream size cost approximately $500,000 to
construct, with public-access stations signifi-
cantly more expensive than private-access
ones.® The high costs of CNG refuding sta
tions have generally limited construction to
firms with CNG fleets that can refuel cen-
trally and to natural gas suppliers.
However, the spread of home refueling
systems could make CNG vehicles more at-
tractive in the years to come. In 2002,
FuelMaker Corp. — in partnership with
American Honda — unveiled a prototype of
thefirst home CNG-vehicle fueling system,
whichit projected would be availablefor sale
in late 2003.3> The cost of the appliance —
whichisabout the size of apay-phone booth,
takesits natural gasfrom ahome'sgasline,
and can refuel a vehicle overnight —is an-
ticipated to be between $1,000 and $2,000.%

Manufacturing Experience

The number of natural gas vehicles on
American roads has increased more than
five-fold over the last decade. In 1992, only
23,000 CNG vehicleswere ontheroad, com-
pared to an estimated 126,000in 2002.* (See
Fig. 5.) In addition, there are an estimated
3,000 LNG vehiclesin use today, compared
to just 300 in 1993.

Fig. 5. Compressed Natural Gas
Vehicles In Use, U.S.
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Many major automakers—including Ford,
DaimlerChrysler, General Motors, Honda
and Toyota— manufacture CNG versions of
their conventiona vehicles, mostly for ve-
hicle fleets. Only Honda, however, appears
to be committed to astrategy of selling CNG
vehiclestoindividua consumers. (See Table
2)

Consumer Acceptance

While individual consumers have had lim-
ited experience with CNG vehicles, the ve-
hicles have become increasingly popular
with government and private fleets.

In a 1999 survey by the U.S. Department
of Energy’s National Renewable Energy
Laboratory, 96 percent of fleet drivers of
CNG vehiclesfor city governmentsrated the
overall performance of their vehicles as ex-
cellent or very good. Among state fleet driv-
ers, 85 percent rated performance of their
dedicated CNG vehiclesasexcellent or very
good. More than half of all dedicated CNG
vehicle drivers said that they would recom-
mend an alternative-fuel vehicleto others.®®

Another major drawback of CNG vehicles
isthe size of the fuel tanks. Evaluators with
the U.S. Department of Energy compared the
natural gas-powered Honda Civic GX with
a conventional Civic and found the CNG
vehicle to be equal or superior to the gaso-
linevehiclein every category but one: trunk
space. The CNG Civic was rated “poor” for
trunk space—dueto thelimited room allowed
by the CNG storage tank —whileits conven-
tional cousin received an “excellent” rat-
ing.%

While tank size will likely remain an is-
suewith CNG vehicles—particularly insmall
cars — there is little reason to believe that
CNG vehicles would not be positively re-
ceived by consumers. Thiswould especially
be the case if public refueling opportunities
are expanded, or if home refueling proves
workable.

Table 2: Model Year 2003

Compressed Natural Gas Vehicles®®

Mfr. Model

Civic GX

Ram Van 2500
Ram Van 3500
Ram Wagon 2500
Ram Wagon 3500
E-250

E-350

F-150

S-10

Blazer

Sonoma

Jimmy

Type
Car

LDT
LDT
LDT
LDT
LDT
LDT
LDT
LDT
LDT
LDT
LDT

Honda
Dodge
Dodge
Dodge
Dodge
Ford

Ford

Ford
Chevrolet
Chevrolet
GMC
GMC

LDT= Light-duty truck.
SULEV=Super low-emission vehicle.
ULEV=Ultra low-emission vehicle.

Future Prospects

Research to improve natural gas vehicles
continues — particularly around new engine
and vehicle designs that maximize perfor-
mance and minimize the amount of space
required for fuel storage. Other efforts fo-
cusaround reducing the cost of refueling sta-
tions and improving refueling speed.

Natural gas engines can also be incorpo-
rated into hybrid-electric vehicles, resulting
in vehicles with even lower emissions than
the current generation of hybrids. No natu-
ral gas hybrids, however, have yet made it
to market.

But the largest and most inescapable
hurdlefacing natural gasvehiclesisthepros-
pect for supply disruptions and price spikes
due to growing demand for natural gas by
electric power plantsand other sources. From
1981 to 2001, consumption of natural gasin
the U.S. increased by 12 percent, but the
accelerating switch to natural gas for elec-
tricity generation will likely lead to a dra-
matic increase in overall consumption over
the next several decades.® The U.S. Energy

CA Emission Rating

PZEV
SULEV
SULEV
SULEV
SULEV
SULEV
SULEV
SULEV
ULEV
ULEV
ULEV
ULEV
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Information Administration projects that
natural gas consumption inthe U.S. will in-
crease by 54 percent between 2001 and
2025.%

At the sametime, U.S. proved reserves of
natural gashave declined by 11 percent since
1981. The nation’s reserves-to-production
ratio — which gauges the length of time it
would take to consume all proven reserves
at current rates of production — stands now
at 9.2 years.®

Evenif importsof natural gasincreasesig-
nificantly to fill the gap, the long-term sup-
ply and demand situation — coupled with the
traditional price instability of natural gas —
suggests that converting large numbers of
vehiclesto natural gasisnot awise course.
However, more limited deployment of natu-
ral gasvehicles—particularly in hybrid con-
figurations that can maximize their
efficiency —canresult in environmental ben-
efits.

Clean Conventional
Vehicles

Increasingly tight emission standards at the
federal level and in California have driven
significant reductionsin emissions of smog-
forming chemicals, air toxics, soot and other
harmful pollutantsfrom motor vehiclesover
the past three decades. At the same time,
however, the number of miles driven on
American roads hasincreased dramatically,
leading to continuing pollution problemsin
many urban aress.

Now, automakers are demonstrating their
ability to make conventional, gasoline-pow-
ered vehiclesthat release virtually no harm-
ful emissionsto the air. Other technological
improvements— such asthe use of advanced
engines, transmissions, and materials—could
also bring about dramatic improvements in
fuel efficiency versustoday’s vehicles—re-
ducing greenhouse gas emissions and im-
proving Connecticut’s energy security.

READY TO ROLL
ConnPIRG Education Fund

Vehicle Characteristics

Achieving California spartial Zero Emission
Vehicle (PZEV) credit standards is the ulti-
mate test of cleanliness for conventional
gasoline-powered vehicles. To earn PZEV
credit, avehiclemust achieve SULEV emis-
sion standards — a 90% reduction in emis-
sions versus today’s average vehicles —
produce virtually no evaporative emissions
of hydrocarbons, and have its emission con-
trol system under warranty for 150,000
miles.

Among the technologies that are being
used to achieve these standards are:

* Faster-heating catalytic converters to
avoid emissions that take place while a
car is heating up.

e Exhaust gas recirculation to reduce
emissions of smog-forming nitrogen ox-
ides.

* Oxygen sensors that allow adjustments
intheair/fuel mix inavehicle’scylinders
in order to maximize the efficiency of
combustion and ensure proper function of
the catalytic converter.

e Improved computerized control of the
engine start-up sequenceto reduce* cold
start” emissions.*

* “Smog-eating” coatingson radiatorsthat
convert ground-level ozonein ambient air
into oxygen.*

* Modified fuel tanksand linesto control
evaporative emissions.

In addition to implementing such new tech-
nologies, automakers must stand by their
durability — placing the emission systems
under warranty for 150,000 miles. Doing so
commits automakers to dealing with a fun-
damental problem experienced by earlier
generations of vehicles: degradation of the
emission control system over time.

Reduced emissions of smog-forming and
other harmful pollutants are not the only
potential benefits of applying advanced tech-
nology to conventional vehicles. A host of



technologies exist that could dramatically
improve the fuel efficiency of today’s ve-
hicle fleets.

A 2001 analysis by the American Council
for an Energy-Efficient Economy (ACEEE)
found that improvementsin automotive tech-
nology possible within the 2010-2015
timeframe could result in a 51 percent in-
creasein average fuel economy over theen-
tire new-car fleet at an average cost increase
of 5.8 percent — much of which would be
recouped over the lifetime of the vehiclein
reduced fuel costs.*®

Even more conservative analysts note the
potential for significant improvements in
vehicle fuel economy. A 2002 National Re-
search Council report found that automakers
could cost-effectively boost the fuel
economy of their fleets by 12 to 42 percent,
with the greatest potential increases coming
in the fuel economy of light trucks. In other
words, the increase in price that consumers
would facefor thesefuel economy improve-
ments would be more than offset by the fuel
savings they would incur over the lifetime
of the vehicle — even at arelatively low av-
erage fuel price of $1.50 per gallon.*

Among the technological advances that
can improve fuel economy are:

e Smaller, more efficient engines.

e Direct-injection engines that allow
greater control of the engine’suse of fuel.

¢ Advanced transmissions—such asfive-

and six-speed automatics and continu-
ously variable transmissions — that allow
abroader range of gear ratios.

* Integrated starter-generator sthat allow
greater power and enable the vehicle to
take advantage of somefeaturesof hybrid-
ization (such asidle-off).

e Lightweight materials.®

Manufacturing Experience and
Consumer Acceptance

To date, at |east seven automakers —BMW,
Ford, Honda, Nissan, Toyota, Volkswagen
and Volvo —have manufactured conventional
vehicles certified for PZEV credit in Cali-
fornia* (See Table 3.) Most vehicles that
have been certified as PZEVsthusfar use a
combination of technologiesto achieveemis-
sion reductions.

While many of the various technologies
listed above have been used for severa years,
it has only been within the last two years
that automakers have certified conventional
vehicles to PZEV standards. Thus, there is
little information on the degree to which
PZEV s have been welcomed by consumers.
However — because some PZEV technolo-
gies result in improved fuel efficiency and
all vehiclesare covered by alonger exhaust-
systemwarranty —itislikely that many con-
sumerswould gainincreased valuefrom their
PZEV-certified vehicles.

Table 3: Model Year 2003 Partial ZEV Credit (PZEV) Vehicles*

Mfr. Model Fuel
BMW 325i Gasoline
Ford Focus Gasoline
Ford Focus Wagon Gasoline
Honda Accord EX/LX Gasoline
Honda Civic GX CNG
Nissan Sentra XE/GXE  Gasoline
Toyota Camry Gasoline
VW Jetta Gasoline
\Volvo S60 FWD Gasoline
Volvo V70 FWD Gasoline

Availability

CA, MA, ME, NY, VT
Std. in CA, MA, NY
Std. in CA, MA, NY
CA

Nationwide

CA

CA

CA

CA

CA
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Moreover, the emission improvements at-
tained by vehicles meeting the PZEV stan-
dard have thus far come at limited cost.
CARB has estimated that the PZEV stan-
dards themselves add only $100 to the cost
of producing a SULEV-compliant vehicle,
while SULEV s cost between $100 and $300
more to manufacture than cars meeting cur-
rent Ultra Low-Emission Vehicle (ULEV)
standards.*®

To date, however, despite the small incre-
mental cost of meeting the standards, most
automakers have chosen to market PZEV-
compliant vehicles only in states that have
adopted aZEV program and some havelim-
ited distribution only to California.

With regard to fuel economy improve-
ments, many advanced technologies are
making slow but steady progress into the
marketplace. All manufacturers have suc-
ceeded in wringing more power from smaller
engines over the last severa decades — al-
though most of the gains have been chan-
neled into increasing vehicle power, not
reducing fuel consumption. Direct-injection
engines have been used for years in diesel
vehicles, and automakers are beginning to
experiment with their use in gasoline ve-
hicles. Honda, Audi and Nissan have in-
cluded continuously variable transmissions
in some models of their vehicles.*

Future Prospects

As the newest generation of emission-con-
trol and fuel-efficiency technologies are per-
fected in laboratories and produced in bulk,
their performance should continue to im-
prove and their price to drop. But much de-
pendson the future of government standards
for vehicle emissions and fuel economy.
While the adoption of LEV |l standards in
several states — coupled with the more ag-
gressive federal emission-control strategy
reflected in the national “Tier 2" standards,
which are scheduled for phase-in beginning
in 2004 — have helped push emission-con-
trol technology forward, no similar impetus
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exists for the deployment of fuel-efficiency
technology for conventional vehicles.

Theone program that has succeeded inim-
proving fuel economy and reducing green-
house gas emissions from conventional
automobiles is the federal Corporate Aver-
age Fuel Economy (CAFE) program. In the
decade-and-a-half following enactment of
CAFE standards, the “real world” fuel
economy of passenger cars nearly doubled
—from 13.5 MPG in 1975 to 24.4 MPG in
1988. Similarly, light trucks experienced an
increase in real-world fuel economy from
11.6 MPG in 1975 to 18.4 MPG in 1987.%

However, the momentum toward morefuel
efficient cars has not only stalled since the
late 1980s, it has actually reversed. Thefed-
eral government has refused to increase
CAFE standardsin more than a decade, and
changes in driving patterns — including
higher speeds and increased urban driving —
have led to a real-world decrease in fuel
economy. An EPA analysis of fuel economy
trends found that real-world fuel economy
for cars sold in 2001 was lower than it was
for carssold in 1988. Worse, real-world fuel
economy for light trucks sold in 2001 was
lower than for any year since 1981.%

Thefederal government recently approved
a modest increase in CAFE standards for
light trucks —from 20.7 M PG today to 22.2
MPG in 2007. While thisincrease will spur
theintroduction of somefuel efficiency tech-
nologies over the next severa years, much
greater gains are technologicaly and eco-
nomically feasible.

Connecticut’s ability to improve the fuel
economy of vehicles sold in the state is se-
verely constrained by federal law, which pre-
vents states from adopting regulations that
are “related to fuel economy standards.”
Connecticut does, however, have the power
to adopt California standards — such as the
LEV Il and ZEV programs—that can reduce
vehicle emissions and al so has the ability to
adopt economic incentives and implement
state purchasing programsto spur the deploy-



ment of more fuel efficient vehicles that re-
lease less global warming-inducing carbon
dioxide pollution into the atmosphere.

Battery-Electric Vehicles

Battery-electric vehicles are not anew tech-
nology. Indeed, many of thefirst generation
of automobiles that hit American roads in
the late 19" and early 20" centuries were
powered by electricity. By the second decade
of the 20" century, however, as gasoline be-
came widely available at low pricesand in-
ternal combustion engines were perfected,
electric cars became a thing of the past.

But in recent decades, battery-electrics
have been the source of renewed interest, due
to their efficiency and cleanliness.

Vehicle Characteristics

Battery-electric vehicles are attractive for
several reasons. They produce no emissions
during vehicle operation (although they are
responsiblefor emissionsat the power plants
that generate electricity to power the ve-
hicles). They are extremely quiet and easy
to operate. Operating costs tend to be low
due to reduced fuel and maintenance costs.
And they can berefueled overnight at home,
making tripsto afilling station unnecessary.

Battery-electrics also have severa draw-
backs. Eventoday’s most advanced commer-
cially available batteries only store enough
energy to alow a range of 100-150 miles
before refueling. Refueling itself is a slow
process, usualy taking several hours. And
the cost of batteries — which have not yet
been manufactured in sufficient quantities
to achieve bulk production — has been high.

Nonetheless, automakers have manufac-
tured and sold or leased more than 10,000
battery-€lectric vehicles over the past decade.
Battery-electrics have fit the real-life driv-
ing needs of the public better than expected.
Technological advances and new marketing
concepts have made battery-electrics even
more appealing. And battery-electricsremain

Photq: Electric Vehicle Association of Canada‘

Toyota’'s RAV4-EV (shown above) is one of several
battery-electric vehiclesthat have been manufactured
by major automakers over the last decade.

the only proven automotive technology that
releases no harmful emissions during the
operation of the vehicle.

Manufacturing Experience

The production of battery-electric vehicles
over the past decade has occurred in fitsand
starts — accelerating in the face of imminent
requirementsfor the introduction of cleaner
cars only to relax again when the require-
ments are eased.

In the 1990s, in response to California’s
enactment of the ZEV program, major
automakers such as Honda and General
Motors began to develop battery-electric
vehicles for sale in California. The Honda
EV-Plusand Genera Motors EV 1 were both
introduced in 1997 with operating ranges of
between 60 and 130 miles. Other automakers
substituted electric motors for gasoline en-
ginesin their vehicles.

From 1998 to 2000, automakers sold more
than 2,300 electric vehiclesin Californiato
fulfill the terms of amemorandum of agree-
ment (MOA) with state officials over the
implementation of the ZEV program.®

With the 2000 expiration of the MOA,
automakers took several different strategies
toward future production of battery-electric
vehicles. Some, such as General Motorsand
Honda, discontinued their EV programs.
Others, such as Toyota, Nissan and Ford,
continued to manufacture EV sfor fleet sales.
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Toyota, in fact, moved to expand the avail-
ability of itsexisting EV model, making the
RAV4-EV — previously available only to
fleets — available for individual purchasein
2002.3

A few automakers, including Ford and
Daimler-Chrysler, moved ahead with plans
to sell “city” and “neighborhood” battery-
electrics that travel at low speeds for short
ranges but can be sold at lower cost. Ford's
Think division, for example, leased about
1,000 city electric vehicles.®

However, theissuance of ajudicial injunc-
tion against the enforcement of the ZEV re-
guirement in 2002 — and the subsequent
delay in the implementation of the Califor-
niaZEV program until 2005 —led Toyotato
abandon its electric vehicle program and
Ford to discontinue sales of its Think city
and neighborhood battery-electrics. Asare-
sult, few battery-electrics are available for
purchase or |ease today.

But the experience of the past decade
shows both that manufacturers can produce
battery-electric vehicles and, perhaps more
importantly, that consumers will buy and
enjoy them.

Consumer Acceptance

Several surveys of electric vehicle owners
in Californiashow that EV drivershave been
generally satisfied with their vehicles.

One such study was conducted by the Cali-
fornia Mobile Source Air Pollution Reduc-
tion Committee (MSRC) of 294 electric
vehicle owners in March 2000. The survey
found that:

» 80 percent of those surveyed were more
satisfied with their EV than with their cur-
rent gasoline car.

e 70 percent said they usetheir EV astheir
primary vehicle (93 percent of those had
access to another vehicle).

e 74 percent said they use their EV more
than three-quarters of the time. Only 46
percent said they expected to usetheir EV
that much before taking ownership.
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e 77 percent would |lease another EV.%

Other studies cited by CARB in its 2000
biennia review found similar results.

* Almost 70 percent of California state
employeeswho rented EV sthrough astate
rental program said they would consider
buying or leasing an EV, with many not-
ing that EV s were easy to drive and per-
formed well.

* Southern CaliforniaEdison, which has put
morethan 4.5 million mileson morethan
420 EV's, found that operating EVsisless
costly than operating gasoline vehicles
due to lower fuel and maintenance costs.

e 84 percent of public-sector fleet EV op-
erators surveyed by Southern California
Edison said they were satisfied with the
performance of their EV's, and 96 percent
of the agencies expressed interest in ex-
panding their EV fleets.®

The results of these surveys indicate that
the vast mgjority of those who have driven
EVsin Caifornia have been satisfied with
the experience. While some of those sur-
veyed cited the vehicles' limited range as a
concern, the results of the MSRC survey in-
dicate that EVs served individuals' real-life
driving needs better than most drivers had
anti cipated when they obtai ned the vehicles.

Automakers have long contended that no
market exists for battery-electric vehicles.
However, the electric vehicle experience in
California — the only state in which the ve-
hicles have been introduced in any signifi-
cant numbers — suggests that the failure of
automakersto supply and aggressively mar-
ket battery-electric vehiclesmay be agreater
l[imitation in the development of the EV
market.

EV buyersin Californiahavereported hav-
ing to surmount major obstacles to obtain
thevehicles. Until recently, consumerscould
not purchase EV's outright, but could only
obtain them through leases—many of which
carried restrictiveterms. In other cases, con-
sumers reported sales staff who were unfa-



miliar with the vehicles, long delaysin get-
ting information, lack of clarity about their
status on “waiting lists,” and long delaysin
obtaining vehicles once orders were
placed.%”

One owner of a General Motors EV1 de-
scribed the process this way:

Inorder todrivean electric vehicle
from a magjor automaker, you first
have to get over the fact that you
have to lease it. Then you have to
figure out where you can get one.
Then you have to wade through a
raft of salespeoplewho would much
rather have you purchaseagascar. .

.. Onceyou do manageto get ahold
of the right person, you have to
proveto them that you can live with
the“limitations” of an EV. After you
have donethis, you' re allowed to be
put on the waiting list for a car.®
A 2000 survey of California consumers
conducted for the nonprofit Green Car In-
stitute demonstrates that the initial lack of
consumer demand for EV's could have as
much to do with poor choicesby automakers
as with concerns about EV's themselves.
The survey found that about one-third of
Cdifornianew car buyerswould be“likely”
or “very likely” to purchase an electric ve-
hicleif the cost were similar to that of acon-
ventiona vehicle. Yet the survey a so showed
that those consumerswould be turned off by
policiessimilar to those used by automakers
in California. For example, lessthan 27 per-
cent of these “EV intenders’ expressed in-
terest in purchasing the types of vehicles
offered by manufacturers during the MOA
period — compact pickups, sub-compact se-
dans or coupes, sports cars, minivans and
compact SUVs. *® Another 40 percent said
they would opt to purchase a gasoline ve-
hicle if leasing was the only option for ob-
taining an EV.%°
During CARB’s 2000 biennial review of
the ZEV program, numerousindividualsand
fleet operators testified that they wished to
purchase additional EV's, but had been un-

able to do so. In written testimony submit-
ted to CARB, Lisa Rawlins, an executive
with Warner Brothers studios, detailed her
company'’s frustrations with attempting to
obtain EVs.

DaimlerChrysler informed usthat
they were “sold out” of the EPIC
electric minivan and would not be
producing more until 2002. . . .
Toyota informed us that their RAV-
4sareall committed. . . . Nissantold
usthat their AltraEV issold out for
this year and that they have a long
waiting list should any become
available. . . . Ford told us that they
may have a couple of Ranger EVs
with nickel-metal hydride batteries
left in the state, but they were only
available at one dealer in Ventura. .

.. We contacted Honda.. . . (a)gain,
weweretold that we could be added
to an aready long waiting list . . .
Rawlins said that at least 50 employees of
Warner Brothers identified themselves as
serioudy interested in buying or leasing elec-
tric or other clean vehicles. “To say that we
were frustrated by the lack of product and
unresponsiveness of the automakers is an
understatement,” she said.®
In 2002, Toyota briefly took a different
path, offering to sell —rather than lease —its
RAV4-EV (previously only available to
fleets) to individual consumers. It was the
first time in recent history that a major
automaker offered EV sfor direct saleto con-
sumers. Published reports stated that Toyota
was aiming for between 300 and 360 first-
year sales. Toyota dealers attempted to
“screen” potential buyers and the company
limited distribution of the vehicle only to a
handful of dealershipswherethehybrid Prius
had sold particularly well.®
Still, despite these limitations, the RAV 4-
EV appeared to meet Toyota's initial sales
expectations. Between February 2002 and
January 2003, Toyota sold 286 of the ve-
hicles in California, with 56 more orders
pending fulfillment —for atotal of 340 sales
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—anditsmodel year 2003 RAV4-EVsal sold
out.2 However, in November 2002, the com-
pany announced that it would stop taking
new orders for the vehicles and, in January
2003, announced that it was discontinuing
the program, stating that “sales levels were
very low.”®

The assertion of automakers that no mar-
ket existsfor EVs—despiteaconsistent lack
of availability of the vehicles — has been a
drumbesat for more than a decade. A 1994
story in the New York Times announcing a
pilot program for the GM Impact — a prede-
cessor of the EV1 — quoted GM officias
expressing skepticism about the product’s
ultimate success, despite the fact that re-
guests to participate in the pilot program
were two to three times what the company
expected. The lead paragraph of the story
read: “General Motors is preparing to put
its electric vehicle act on theroad, and plan-
ning for aflop.”

Inits2002 announcement that it was scrap-
pingits Th!nk electric vehicle program, Ford
again cited “limited consumer demand for
current battery electric vehicles’ despitethe
fact that its Think city vehicle had never
been offered for sale to consumers in the
United States (it had only been availablefor
saleoverseasand for rentalsand usein dem-
onstration programs).®® Interestingly, both
Ford and Toyotamadetheir retreat fromEV's
just several months after thejudicia injunc-
tion against enforcement of the California
ZEV program.

Despite the resistance of the major
automakers, however, battery-electric ve-
hiclesremain aviable technology for many,
if not most, applications. Experiments with
battery-electric “station cars’ — in which
vehiclesareleased to commutersand can be
recharged at transit stations — have been un-
dertaken in several cities. EV's have been
successfully incorporated into many fleets.
And most drivers who have used EVs find
that the vehicles — even with their limited
range — serve the vast mgjority of their driv-
ing needs.
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With continued development of battery-
electric vehicle technology, even the legiti-
mate issues of range and cost could be
surmounted.

Future Prospects

While previous research into battery-elec-
tric vehicles has not yet yielded a vehicle
that can match the range and cost of a con-
ventional car, progress toward those goals
continues.

Currently, three major battery technologies
areusedinelectric vehicles. Lead-acid (PbA)
batteriesare thelowest in cost, but also have
the lowest range. Nickel-metal hydride
(NiMH) batteries, such as those used in hy-
brid vehicles, have the potential to last for
up to 100,000 miles without replacement.
But they, too, havelow rangesand comeat a
higher cost than |ead-acid batteries. Lithium-
ion batteries — such as those used in many
consumer products — could provide further
range, should technology continue to de-
velop, but are currently plagued by a short
life-span.

While battery-electric vehicles do have
limitations, the pace of technological ad-
vancement in battery-electric vehicle devel -
opment has been astounding. Between 1990
and 2000, the practical range of EV's more
than doubled (from 25-50 miles to 75-120
miles per charge), faster charging systems
were developed, battery price dropped
sharply, and power increased.®” Continued
progress along this path could lead to even
further improvementsin the yearsto come.

Such progress appears possible, despitethe
lack of commitment by automakers to bat-
tery-electric vehicles. Research into im-
proved batteriesfor hybrid-electric vehicles,
as well as other consumer products, should
continue to bring about advances in battery
lifeand energy density and reductionsin cost
—all of which would improvethe attractive-
ness of battery-electric vehiclesinthefuture.



ADVANCED-TECHNOLOGY
VEHICLES AVAILABLE TOMORROW

Plug-In Hybrids

“Plug-in” hybrid-electric vehicles combine
the best attributes of gasoline-powered hy-
brids and electric vehicles. The vehicle's
electric motor —which isrecharged through
a plug-in connection to the electric grid —
powers the vehicle on short trips, with the
gasoline engine providing an assist on steep
inclines and taking over on longer trips be-
yond the electric motor’s range. The result
isavehiclewith the range and performance
attributes of aconventional car, but with sig-
nificantly reduced emissionsand greater fuel
economy.

Vehicle Characteristics

In comparison to conventional hybrid ve-
hicles, plug-in hybrids require a larger bat-
tery, capable of powering the vehicle in
all-electric mode for 20 to 60 miles without
recharging. However, the battery is smaller
than that of atraditional battery-electric ve-
hicle, allowing the vehicle to be recharged
overnight using aconventional 120-volt con-
nection to the grid. As a result, plug-in hy-
brids could be significantly less expensive
than battery-electric vehicles, due to the
smaller battery and lack of need for specia
charging equipment.

Another benefit of plug-in hybrid design
isthetechnology’s potential to assist thetran-
stionto hydrogen fuel-cell vehicles. In many
plug-in hybrid designs, the primary or sole
source of propulsion for the vehicle is the
electric motor. Because fuel-cell vehicles
will also be driven by an electric motor, the
development of plug-in hybrids could serve
asacrucia bridge between the two technolo-
gies.

Technological Challenges

The primary challenge to the creation of
plug-in hybridsis the cost of the larger bat-

teries needed for the vehicles. Current pro-
jectionssuggest that plug-in hybridswill cost
between $1,500 and $6,000 more than con-
ventional hybrids, depending onthevehicle's
all-electric range.®®

Another technical challenge — similar to
that faced by battery-electric vehicles —is
the prospect for degraded battery perfor-
mance over time, possibly requiring costly
replacement. The battery life issue has been
somewhat resolved in the case of conven-
tional hybrids by extended warranties offered
by manufacturersand thelonger life-span of
nickel-metal hydride batteries. But thelarger
sizeof plug-in hybrid batteries, coupled with
their increased importance to the perfor-
mance of the vehicle, could raise concerns.

Perhaps the largest challenge faced by
plug-in hybrids, however, is the lack of in-
terest automakers have shown in the tech-
nology. To date, no major automaker has
moved to demonstrate or produce a plug-in
hybrid.

On the positive side, plug-in hybrids pose
some distinct technological advantages. A
plug-in hybrid capable of 60 miles all-elec-
tric range that is fully charged each night
could save its owner as much as $500 per
year in fuel costs versus conventional ve-
hicles. Routine maintenance costs for such
avehicle could be as much as $140 less per
year than for a conventional car.®® In addi-
tion, plug-in hybrids could aso be used to
serve as emergency generators when the ve-
hicleis not being driven.

Future Prospects

Absent a commitment from automakers to
the technology — or regulatory requirements
or financial incentives that will spark
automakers' interest —plug-in hybridsdo not
appear as though they will be made avail-
able to consumers in the near term.
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The benefits of the technology, however,
combined with consumers growing expo-
sure to conventional hybrids, could cause
automakers to take a second look at plug-in
hybrids in the years ahead. For example, a
recent survey found that 35 percent of mid-
sizecar drivers studied would choose aplug-
inhybrid with 20 milesall-electric range over
aconventional vehicleand 17 percent would
choose a plug-in hybrid with 60 miles al-
el ectric range — despite the higher projected
costs of the vehicles. A dramatic increasein
gasoline priceswould spark even greater in-
terest, while the need to replace the battery
during the course of a vehicle's lifetime
would dampen interest.”

In sum, plug-in hybrids represent an evo-
lutionary technology somewhere between
conventional hybridsand battery-electric ve-
hicles. They hold the promise of added con-
venience and lower fuel and maintenance
costs for consumers. And while automakers
are not now planning to introduce plug-in
hybrids to their fleets, the basic technolo-
gies needed to manufacture the vehicles al-
ready exist — as does the refueling
infrastructure.

Hydrogen
Fuel-Cell Vehicles

Rapid advances in technology over the last
decade have led many automakers, govern-
ment officials and analysts to conclude that
fuel-cell vehicles are the zero-emission ve-
hicles of the future. How far in the future it
will be beforethe vehiclesbecomeavailable
isanyone’'sguess. But fuel-cell vehiclespos-
sessgreat potential asasource of clean trans-
portation in the decades to come.

Vehicle Characteristics

In essence, fuel-cell vehicles are electric
vehicles without batteries. Electricity to
drivethevehicleisderived through achemi-
cal reaction involving hydrogen. Fuels such
asgasoline and methanol can be used to gen-
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erate the hydrogen needed, or hydrogen it-
self can beused asafuel. When hydrogenis
used, the only “emissions’ fromthefuel cell
are water and heat. Other base fuels gener-
ate small amounts of hydrocarbon emissions,
as well as carbon dioxide, but produce less
pollution than conventional vehicles because
of the superior efficiency of fuel cellsas a
means of propulsion versusinternal combus-
tion engines.

Technological Challenges

Like battery-electric vehicles, fuel-cell ve-
hiclesface significant challengeswith regard
to range. While prototype vehicles such as
theHondaFCX have achieved ranges greater
than those of battery-electric vehicles, the
low energy density of compressed hydrogen
gasmakesit difficult to store enough hydro-
gen on board avehicleto attain ranges simi-
lar to those of conventional gasoline-
powered vehicles.

Cost is also a major issue with regard to
fuel-cell vehicles. The California Air Re-
sources Board (CARB) estimates the incre-
mental cost of fuel cell vehicles versus
conventional vehicles to be $120,000 to
$300,000 during the next four to eight years,
and $9,300 thereafter on the assumption that
sales volume would justify larger volume
production.”™

Another issue is the challenge of produc-
ing and delivering enough hydrogen to fuel
a fleet of fuel-cell vehicles. Hydrogen can
be produced through two processes: refor-
mation of fossil fuels and other feedstocks,
or electrolysis of water. Reformation of fos-
sil fuels blunts the potential of hydrogen to
limit the nation’s dependence on fossil fuels
and also results in significant emissions of
air pollutantsand carbon dioxide. Electroly-
sis—inwhich electricity is used to split wa-
ter into its hydrogen and oxygen components
—requiresthe use of agreat deal of electric-
ity. Should that el ectricity come from renew-
able sources, the entire process is
emission-free from “well to wheels.” But if



it comesfromfossil fuels—asislikely inthe
near term — the potential for significant pol-
[ution continues to exist.

Distribution of hydrogen would requirethe
installation of equipment to create hydrogen
at filling stations or the development of a
system of hydrogen pipelines. New filling
stations capable of dispensing hydrogen
would also need to be created. Thetotal cost
of building this production, distribution and
refueling network using current technologies
is estimated to be upward of $500 billion.™

A final challengeistheavailability of sub-
stances to act as catalysts for the chemical
reaction that creates electricity in the fuel
cell. Currently, platinum isthe primary sub-
stance used as a catalyst. Platinum is gener-
ally expensive, experiences wide price
swings, and is supplied in large quantities
by only two countries — South Africa and
Russia.”® Moreover, thereis concern that the
high demand for platinum that would result
from the widespread introduction of fuel-cell
vehicles could spark worldwide shortages of
the metal.

Future Prospects

While the future prospects of fuel-cell ve-
hicles are uncertain, there are promising
signs.

In December 2002, Honda and Toyota de-
livered their first fuel-cell vehiclesfor lease
to California government agencies and re-
search ingtitutions. Thetwo companieshave
near-term commitmentsto lease 11 fuel-cell
vehiclesin California, with Honda planning
to lease approximately 30 vehicles over the
next two to three years.”* Meanwhile, the
first hydrogen filling stations have been built
in California, Arizonaand Nevada.™

Automakers, government researchers and
leading Connecticut companies are intensi-
fying their research effortsinto fuel-cell ve-
hicles. In 2003, President Bush announced
the proposed investment of more than a bil-
lion dollars into fuel-cell and hydrogen re-
search. Companies such as UTC Fuel Cells
are at the forefront of the effort to create
commercially viable fuel-cell technologies.

Ultimately, it will take several research
breakthroughs to solve the range, refueling,
cost and materials availability problems
posed by fuel cells—followed by theinvest-
ment of billions of dollars in a new refuel-
ing infrastructure for the vehicles. These
investments will be more likely to occur if
an initial market for the vehiclesis guaran-
teed, as would be the case under the Zero-
Emission Vehicle program.
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GETTING ADVANCED-TECHNOLOGY VEHICLES
ON THE ROAD: THE ZEV PROGRAM

espitethe great advancesin clean car

technologies over the past decade,

Connecticut consumers are hard
pressed to find advanced-technology ve-
hiclesintheir local car showrooms. With the
partial exceptions of hybrid-electric cars (of
which only three models are available) and
natural gasvehicles(generaly availableonly
to fleet purchasers), few advanced-technol-
ogy vehicles are available for sale to Con-
necticut residents.

Themost effectiveway to promotethesale
of advanced-technology vehiclesin the state
would be adoption of California’s Low-
Emission Vehicle Il and Zero-Emission Ve-
hicle programs.

History

The LEV |l and ZEV programs have their
rootsin an unusual provision in environmen-
tal regulationin the United States, onewhose
history goes back to the mid-1960s.

Cdliforniahaslong experienced severeair
pollution problems, owing partially to its
automobile-centered culture and its smog-
conducive climate. In the early 1960s, the
state began taking action against pollution
from automobiles, pioneering new strategies
for reducing tail pipe emissions.

At the same time, the federal government
was beginning to awaken to the dangers
posed by automobile air pollution. In 1970,
Congress made its first comprehensive at-
tempt to deal with air pollution by passing
the Clean Air Act. One provision of the law
barred individual states from regulating au-
tomobile emissions — a move intended to
protect automakersfrom having to manufac-
ture 50 separate carsfor 50 states. However,
it preserved a specia place for California,
allowing the state to adopt tougher emission
standards to addressits unique air pollution
problems.
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By 1977, with more cities facing smog
problems similar to thosein California, Con-
gress gave the states — through Section 177
of the Clean Air Act — the opportunity to
adopt California’s vehicle emission stan-
dards rather than sticking with the weaker
national standards. Several states took ad-
vantage of that opportunity by adopting Cali-
fornia auto emission standards — including
the LEV/ZEV program —in the early 1990s.

In 1993, the Connecticut General Assem-
bly adopted |egidl ation specifically authoriz-
ing (though not requiring) the Commissioner
of Environmental Protection to implement
California emissions standards.

Nothing in this section shall pro-
hibit the Commissioner of Environ-
mental Protection from establishing
a program to require the sale, pur-
chase and use of motor vehicles
which comply with any regulations
adopted by the commissioner which
implement the Californiamotor ve-
hicle emissions standards.™

The Connecticut Department of Environ-
mental Protection briefly adopted Califor-
nia emission standards, which were
scheduled to take effect in model year 1998.
But the state later changed course to take
advantage of the voluntary National Low
Emission Vehicle (NLEV) program, under
which automakerswould provide cars meet-
ing California emission standards in the
Northeast beginning in 1999 and nationwide
beginningin 2001. States participating inthe
NLEV program agreed not to adopt Califor-
nia standards (including the ZEV require-
ment) to take effect before the 2006 model
year.

In California, meanwhile, the ZEV pro-
gramitself waschanging. Astheinitial 1998
compliance date for the origina ZEV pro-
gram crept nearer, California moved to add
flexibility to the program. The original 1990



ZEV program required that two percent of
automobiles sold beginning in 1998 be zero-
emission vehicles, with the percentage in-
creasing to five percent in 2001 and 10
percent in 2003. In 1996, however, the Cali-
fornia Air Resources Board (CARB) — the
body empowered to set auto emission stan-
dards in California — dropped all ZEV re-
guirements from 1998 to 2003 in exchange
for a commitment from major automakers
to produce between 1,250 and 3,750 ad-
vanced battery-electric vehicles for sale in
California between 1998 and 2000.""

In 1998, CARB amended the program
again to allow manufacturersto receive par-
tial ZEV (PZEV) credit for near-zero-emis-
sion vehicles. In 2001, CARB again revised
the program to encourage the devel opment
of advanced-technology vehicles and allow
manufacturers to claim additional credits
toward compliance with the program. Be-
cause other states adopting California's air
pollution standards must give automakers
two model years of lead time before imple-
mentation, this effectively pushed back the
introduction of the ZEV requirement in
Massachusetts, New York and Vermont to
the 2005 model year.

I mplementation of the program in Califor-
niaitself was pushed back until 2005 when
a federal district court judge in California
issued apreliminary injunction in June 2002
preventing the implementation of the 2001
amendmentstothe ZEV programinthat state
for the 2003 and 2004 model years.”® The
injunction was based on a narrow legal ar-
gument made by automakers that one of the
2001 amendments represented a fuel
economy standard, which states are not per-
mitted to set under federal law.

Cdliforniaofficialsappea ed theruling, but
also went back to the drawing board to come
up with further revisions to the plan. The
proposed changes approved by CARB in
April 2003 would represent the most sweep-
ing changes to the program since its adop-
tion — virtually eliminating the requirement

for thesaleof “pure”’ zero-emission vehicles
inthenear term, while boosting requirements
for the sale of hybrid-electric or other ad-
vanced-technology cars.

How It Works

The ZEV program technically requires that
10 percent of all vehicles sold to be zero-
emission vehicles beginning in 2005. In ac-
tuality, though, percentages of vehicles
called for under the ZEV program do not
represent real percentages of cars sold.
Rather, automakers have many opportunities
to earn creditstoward the ZEV requirements
that reduce the actual number of ZEV-com-
pliant vehicles they must produce.

The key elements of the program are as
follows:

Pure ZEVs

The latest proposed version of the Califor-
nia ZEV program reduces requirements for
thesaleof “pureZEVS’; those vehicleswith
no tailpipe or fuel-related evaporative emis-
sions. While final regulations to implement
the ZEV program have yet to be published
as of this writing, changes approved by
CARB in April 2003 would require
automakersto sall approximately 250 hydro-
gen fuel-cell vehicles nationwide between
2005-2008. The fuel-cell vehicle require-
ment would increase to 2,500 between 2009
and 2011, 25,000 between 2012 and 2014,
and 50,000 between 2015 and 2017.7

The latest version of the program would
not require the sale of any additional fuel-
cell vehiclesin Connecticut until 2012. How-
ever, adopting a ZEV program in
Connecticut would allow automakers to
claim Californiacredit for fuel-cell vehicles
placed in Connecticut, increasing the likeli-
hood that a limited number of fuel-cell ve-
hicles would find their way onto the state’'s
highways. In addition, beginning in 2012,
automakers would be required to sell sev-
eral hundred fuel-cell vehicles per year in
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Connecticut, with the numbers increasing
steadily thereafter.®

Automakers still retain the option of pro-
viding battery-electric vehicles to meet the
pure ZEV requirement. Alternatively,
automakers can meet one-half of their fuel-
cell vehicle obligations under the new pro-
gram with the sale of battery-electric
vehicles, with 10 battery-electricsearning the
same credit as a single fuel-cell vehicle. In
early years of the program, manufacturers
can earn significant credits toward compli-
ance either through the sale of full function
battery-electrics, or with “city” or “neigh-
borhood” electric vehicles that have a
smaller range and travel at lower speeds.
Credits for neighborhood electric vehicles
are scheduled to decrease over time, so that
by 2006 they will count for only 0.15 of a
full-function ZEV.8

Partial ZEV (PZEV) Credits

Thelaw allows manufacturersto meet up to
6 percent of the 10 percent ZEV requirement
by marketing ultra-clean conventional, gaso-
line-powered cars. To receive partial ZEV,
or PZEV, credit, vehicles must meet LEV
Il's strict super-low-emission vehicle
(SULEV) emission standards, have “zero”
evaporative emissions, and have their emis-
sions control systems certified and under
warranty for 150,000 miles.8 Intermediate
volume manufacturers—thosethat sell fewer
than 60,000 light- and medium-duty vehicles
in Californiaannually —may meet the entire
ZEV percentage requirement with PZEV
credits. Each PZEV receivesacredit equiva
lent to 0.2 of a pure ZEV.

Advanced Technology
PZEVs (AT-PZEVs)

Under the April 2003 proposed changes to
the program, manufacturers would be al-
lowed to satisfy up to 4 percent of the 10
percent ZEV requirement by marketing ve-
hiclesthat meet basic PZEV criteria, but al'so
include advanced features such as hybrid-
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electric drive or can run on aternative fuels
such as compressed natural gas.

The value of an AT-PZEV under the pro-
gram isdetermined by adding credits earned
through a variety of advanced technologies
to the baseline PZEV credit of 0.2.

e All-electric range — Vehicles that can
travel at least 10 miles in electric mode
(such as plug-in hybrids) are eligible for
credits ranging from approximately 1 to
2.5 for a vehicle with 125-mile all-elec-
tric range.

e Alternative fuel — Vehicles that run on
pressurized gaseous fuel (such as com-
pressed natural gas) are eligible for a
credit of 0.2. Vehicles capable of running
entirely on hydrogen are eligible for a
credit of 0.3.

e Hybrids — Vehicles that include an ad-
vanced battery integral to the operation
of the vehicle are eligible for additional
credit. The credits are determined based
on the voltage and amount of power pro-
vided by the hybrid system. Additional
credits for high-voltage hybrid-electric
vehiclesrange from 0.25 to 0.5.

e Clean fuels — Vehicles that operate on
fuels with very low emissions over their
entire fuel cycles are eligible for a credit
of upto 0.3.8

The upcoming 2004 Toyota Prius will be
the first hybrid vehicle to meet AT-PZEV
standards. Honda's natural-gas powered
Civic GX aso meetsAT-PZEV standards. If
manufacturersfail to fulfill the 4 percent al-
located to AT-PZEV's, they must sell pure
ZEVsinstead.

Other Features

Under the California rules, automakers can
also receive credits for placing vehicles in
demonstration programs, and can earn addi-
tional credit for placing vehiclesin programs
that allow for shared use of vehicles, use*“in-
telligent” transportation technologies, or are
linked to transit use.



Table 4: California ZEV
Percentage Requirement®

Minimum ZEV
Model Years Requirement
2005-2008 10 percent
2009-2011 11 percent
2012-2014 12 percent
2015-2017 14 percent
2018- 16 percent

Intheinitial yearsof the program, the ZEV
requirement applies only to passenger cars
and the lightest light trucks. Beginning in
2007, heavier sport utility vehicles, pickup
trucks and vans sold in California will be
phased into the sales figures used to calcu-
late the ZEV requirement.

Another important change adopted by
CARB in 2001 isagradual ratcheting up of
the ZEV requirement from 10 percent to 16
percent over the next two decades, as shown
in Table 4. However, the ample opportuni-
ties for additional credits and multipliers
availableto manufacturerswill significantly
reduce the amount of vehicles that must be
sold — particularly in the early years of the
program.

The complexity of theZEV program credit
scheme makes it impossible to predict how
many of each type of vehicle will be on the
road, but the state of Californiahas estimated
the number of vehicles sold that would be
AT-PZEVs and PZEVs. Assuming the same
percentage of vehicleswould be sold in Con-
necticut, and assuming that the state would
adopt identical requirementsto thosein place
in California for the 2007 and subsequent

Table 5: Estimated Sales in
Connecticut Under ZEV Program®

Year AT-PZEVs PZEVs
2007 5,700 47,000
2008 8,500 52,200
2009 11,500 57,300
2010 12,600 62,500
2011 13,700 67,600

Total Sales 52,000 286,600

model years, the following reflects the ap-
proximate number of vehiclesin each cat-
egory that would be required in Connecticut
under the program. (See Table 5).

Adoption of the ZEV program, there-
fore, would result in the sale of hundreds of
thousands of vehicles in Connecticut with
hybrid-electric motors, advanced emission-
control systems, and other advanced auto-
motive technologies. And it would put the
statein position to take advantage of further
advances in the years to come, by requiring
the sale of hundreds of “pure ZEVS’ begin-
ning in 2012.

Why the ZEV
Program Is Essential

The experience of the last three decades has
shown that automakers will refuse to install
technology that improves fuel economy or
reduces emissions unless required to by law
— despite consumers' stated desire for more
environmentally benign vehicles. The ZEV
program gives consumers access to these
technologies and promotes further techno-
logical development that will eventually re-
sult in even cleaner carsin the future.

The ZEV program achieves four impor-
tant goals in hastening this technological
shift.

Ensuring a Supply
of Clean Vehicles

As noted above, consumer reaction to many
types of advanced-technology vehicles has
been positive. Yet, in Connecticut, it is vir-
tually impossible for consumersto purchase
battery-electric vehicles and exceedingly
difficult for them to purchase (and refuel)
natural gas-powered vehicles. Ultra-clean
conventional vehiclesthat meet PZEV stan-
dards are beginning to be offered for salein
neighboring states such as Massachusetts
and New York that have ZEV programs, but
there is no guarantee of their availability in
Connecticut. And while hybrid vehicles are
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not in short supply — and more models are
coming inthe next several years—the avail-
able choices of vehicle types are extremely
limited.

TheZEV program guaranteesthat consum-
ers will have the opportunity to purchase
these vehicles by requiring automakers to
supply them. At the same time, the flexibil-
ity in the program gives automakers ample
options to supply those vehicles that best
reflect their market strategies.

Setting High Standards

Just because avehiclerunson an aternative
fuel or utilizes an advanced technol ogy does
not mean that it is significantly more ben-
eficial for the environment. Over the last
decade, numerous incentive programs have
been created at the federal level and in the
statesto promote the purchase of alternative-
fuel vehicles—with minimal environmental
results. Meanwhile, some of the designsfor
hybrid-electric vehicles proposed by major
automakers would have little real impact on
emissions or fuel economy, but could lead
to even further improvements in vehicle
power.

By requiring al vehicles certified under
the program to meet aggressive emissions
targets, ensuring that emission-control tech-
nologies last for the expected life of the ve-
hicle, and promoting standardsfor emerging
technol ogies such ashybrid-electric vehicles,
the ZEV program sets a high bar for ad-
vanced technologies to meet, ensuring that
vehicles sold under the program bring solid
environmental benefits.

Allowing for Investment
in Infrastructure

Advanced-technology vehicles — and alter-
native-fuel vehiclesin particular —havelong
been hamstrung by the lack of appropriate
infrastructure to promote their use, particu-
larly facilitiesfor refueling. Thishascreated
a“chicken and egg” problem in which con-
sumers do not purchase alternative-fuel ve-
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hicles because there is nowhere to refuel
them, while potential entrepreneurs do not
build refueling stations because there are no
vehiclesto use them.

The latest proposed changes to the ZEV
program, should they be approved by Cali-
fornia, would reduce the need for new refu-
eling infrastructure for ZEV-compliant
vehicles. The vast majority of vehicles re-
quired under the revised program would be
conventional PZEV sand hybrid-electric ve-
hicles, both of which run on gasoline.

However, automakers still retain the op-
tion of meeting the program’s requirements
by selling battery-electric, natural gas, fuel-
cell and other types of vehicles that do not
run on gasoline. Should automakers choose
this compliance path, the ZEV program
would ensure that a sufficient number of
vehicles are sold within the state to support
the development of an appropriate refueling
infrastructure.

Guiding Technology

The ZEV program has traditionally been
thought of asa“technology forcing” program
— driving automakers to invest in research
and development efforts to create cleaner,
environmentally preferable automobiles.

In thisregard, the ZEV program has thus
far been a rousing success. For example,
prior to California’s 1990 adoption of the
ZEV program, the number of patentsissued
for electric vehicle-related technologieswas
declining by about one patent per year. Im-
mediately following the adoption of theZEV
program, the amount of patent activity sky-
rocketed: between 1992 and 1998, the num-
ber of EV-related patentsincreased by about
20 patents per year.%

Thetechnological advancesrepresented by
those patents led to dramatic improvements
in battery and electric-drive technologies —
many of which are now used in hybrid-elec-
tric vehicles and could soon have relevance
to the development of hydrogen fuel-cell
vehicles. Indeed, had the ZEV program not



been in existence, it is doubtful that these
technologies would be as advanced as they
are today.

The recent proposed changes to the ZEV
program that reduce requirements for the
development of “pure” ZEV's reduce — but
do not eliminate — this technology-forcing
component of the program. The program’s
increasing goalsfor the devel opment of fuel-
cell vehicleswill continue to act asadriver
for the devel opment of thisand related tech-
nologies. Meanwhile, the program will work
to bring clean conventional vehicles and
hybrid-electrics to the point of mass com-
mercialization.

As aresult, the ZEV program could be
more accurately referred to in its present
guise as a “technology guiding” program,
pushing automakers to invest in bringing to
market those technologies with a proven
ability to achieve environmental benefits.

Cost

Critics of the ZEV program often suggest
that the costs of the program to automakers
and consumers would be too steep. Ad-
vanced-technology vehicles, some argue,
may be technologically feasible, but are too
expensive to survive in the marketplace.
With the most recent proposed changesto
the ZEV program, however, any such con-
cerns about cost are no longer valid. Should
CARB implement its April 2003 proposed
amendmentsto the program, the adoption of
aZEV program in Connecticut would likely
require the manufacture of no additional
“pureZEVS’ such asbattery-electric or fuel-
cell vehicles — the most expensive vehicles
to produce — until 2012 at the earliest.
Automakerswill retain the option to produce
such vehicles—and earn extra credit toward
ZEV-program compliance—in the meantime.
Instead, automakerswill berequiredto sell
thousands of vehicleswith broad and proven
consumer appeal — hybrids and clean con-
ventional vehicles—and may chooseto sup-

Table 6: Estimated Cost of ZEV Program
Compliance in Connecticut (in millions)

Year AT-PZEV PZEV TOTAL
2007 $8.60  $4.70 $13.30
2008 $12.74  $5.22 $17.96
2009 $13.83  $5.73 $19.56
2010 $15.18  $6.25 $21.43
2011 $16.40  $6.76 $23.17

ply other advanced-technology cars such as
natural gas vehicles. The incremental cost
of these technologiesisvery low when com-
pared to the base cost of the vehicles and
automakers' annual sales.

Cost to Manufacturers

Assuming therequirementsfor vehicle sales
in Connecticut presented above, and CARB’s
estimates for the cost of complying with
those requirements using clean conventional
carsand hybrids, the adoption of aZEV pro-
gram in Connecticut would cost automakers
approximately $13.3 millionin 2007 intech-
nological improvements. Incremental costs
would riseto $23 millionin 2011. (See Table
6.)

These coststranslate to an additional $250
per ZEV-compliant vehicle sold in 2007 or
an average of $66 per light-duty vehicle sold
in Connecticut.

To further put these costs in perspective,
the $13.3 million estimated cost to
automakersin 2007 represents:

e (.15 percent of salesby Connecticut new-
car dealersin 2001.%

e 0.2 percent of the money spent by new-
car dealers on advertising alone nation-
wide in 2001.%

e 0.09 percent of the net income of the six
major automakers during the last fiscal
year for which complete data are avail-
able.

* 0.002 percent of the gross revenue of the
six major automakers during the last fis-
cal year.®
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Even these estimates grossly overstate the
potential cost to automakersof the ZEV pro-
gram. In fact, the ZEV program has several
tangible financial benefits for automakers
that offset much of these costs.

First, vehiclessold under the ZEV program
can be used by automakers toward compli-
ance with other federal and state regulatory
reguirements. Should Connecticut adopt the
Low-Emission Vehiclell (LEV II) program,
of whichtheZEV programisanintegral part,
automakers could use the ZEV and SULEV
certified vehiclesin their fleetsto ease their
compliance with LEV 11’s requirements for
emissions of non-methane organic com-
pounds, ozone-forming nitrogen oxides and
other pollutants. Similarly, the more fuel-
efficient hybrid vehiclessold under the ZEV
program could help automakers comply with
federal corporate average fuel economy
(CAFE) standards. I n other words, the manu-
facture and sale of ZEV-compliant vehicles
makesit lesslikely that automakerswill pay
fines for failure to comply with other laws,
or will allow them to sell additional larger
vehicles with higher profit margins. In ei-
ther case, the ZEV program creates an off-
setting financial benefit for automakers.

In addition, financial benefits will accrue
to automakers through the “spinoff” of ad-
vanced technologies to other vehicle lines.
Technologies developed for the Toyota
RAV4-EV, for example, have been used in
the Toyota Prius, while information gleaned
from EV and hybrid development programs
islikely to play an important role in the de-
velopment of fuel-cell vehicles.®

The manufacture of clean vehicles could
also improve automakers' corporate image.
Toyota, for instance, has heavily marketed
its Prius hybrid in an effort to bolster the
firm’'s overall environmental image.

Finally, and perhaps most importantly,
consumers have demonstrated awillingness
to pay more for ZEV-compliant vehicles.
Sales of the first generation of hybrid-elec-
tric vehicles have been strong, despite acost
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premium of as much as $3,000 to $4,000 for
the vehicles. A desire to help the environ-
ment, to avoid frequent trips to the gas sta-
tion, or to be among the first to use a new
technology all appeal to a significant seg-
ment of consumers— as does the prospect of
substantial savings on the cost of fuel.

Consumer Costs and Benefits

While manufacturers will undoubtedly as-
sume some additional costsasaresult of the
ZEV program, Connecticut consumers will
likely see little difference in vehicle prices,
and many may benefit directly from the pro-
gram.

In the case of clean conventional cars cer-
tified to the PZEV standard, there is little
evidence of automakers passing on the ad-
ditional cost of the vehicles to consumers.
In California, for example, Toyota sells the
same model Camry in both PZEV and non-
PZEV versions, with no differencein price.
Similarly, Honda markets a PZEV and non-
PZEV version of the Accord, with a price
differential of only $150.* As manufactur-
ersarrive at less-costly means of meeting the
PZEV standards, and as PZEV's are manu-
factured in greater quantities, these incre-
mental costs should decrease. In addition,
the 150,000-mile emission system warranty
required under the PZEV standard protects
consumers from any costs they might incur
upon emission-system failure; another im-
portant financial benefit.

Hybrid-electric vehicles, onthe other hand,
will likely continue to come at a price pre-
mium for theforeseeablefuture. Whereasthe
price differential between hybrids and con-
ventional vehicles is now about $3,000 to
$4,000, CARB projectsthat theincremental
cost of thevehicleswill declineto about $700
by the beginning of the next decade.

However, vehicle cost isjust one element
of the cost equation for consumers. Equally
important are the savings in fuel expenses
over the lifetime of the vehicle. Assuming a
30 percent improvement in fuel economy and



gasoline prices of $1.75 per gallon, ahybrid-
electric car will save its owner more than
$1,000 (present value) in fuel costs. Should
hybrid-electric vehicles continue to come
down in price, the result would eventually
be anet economic benefit for consumerswho
purchase the vehicles.

Another potential benefit for consumers
isthe availability of government incentives
for the purchase of advanced-technology ve-
hicles. Federa incentivesincludetax deduc-
tions of $2,000 to $50,000 for purchase of
clean fuel and hybrid cars, trucks, vans and
buses. Deductions for clean fuel passenger
vehicles are $2,000. In addition, a tax de-
duction of up to $100,000 per location is
available for installation of refueling or re-
charging stations by businesses. However,
thisincentive is scheduled to be phased out
beginning in 2004 and will end entirely in
2007.92 The federal government has also
offered a tax credit of up to 10 percent of
purchase price or $4,000 toward the purchase
of electric vehicles. Thistax credit, however,
is in the process of being phased out, and
will end entirely in 2005.%

President George W. Bush has proposed
tax breaksfor hybrid vehiclesas part hisfis-
cal year 2004 federal budget. The fate of
those subsidies remains uncertain asthisre-
port goes to press.

Connecticut offers several incentive pro-
gramstargeted at individualsand businesses.
The purchase of new vehicles that operate
exclusively on natural gas, propane, hydro-
gen or electricity is exempt from state sales
tax, asisthe sale of natural gas or propane
for use as avehicle fuel. A 50 percent busi-
nesstax credit isavailablefor companiesthat
convert vehicles to run on natural gas, pro-
pane or electricity, or that build refueling
stations for any of those fuels. A 10 percent
businesstax credit isalso availablefor com-
paniesthat purchase vehiclesthat run exclu-
sively on any of those fuels.*

All of these state-based incentives, how-
ever, are due to expire in 2004. Renewal of

the incentives — and their expansion to ex-
plicitly cover hybrid-electric vehicles —
would provide yet another benefit for con-
sumers and businesses who choose to pur-
chase cleaner cars.

Environmental Benefits

As noted above, advanced-technology ve-
hicles have the potential to achieve dramati-
cally improved environmental performance
compared to conventional vehicles. Quanti-
fying the specific air quality impacts that
would result from adoption of the program
in Connecticut is beyond the scope of this
report, but analysis conducted in California
suggests that the state would have much to
gain from adoption of aZEV program.

As part of its most recent proposal to re-
visetheZEV program, CARB cal culated the
reductionsin several air pollutants expected
inthe South Coast Air Basin (whichincludes
Los Angeles) over the next two decades.
CARB projected that, by 2020, the ZEV pro-
gram would result in a 4 percent reduction
in direct vehicular emissions of reactive or-
ganic gases (which contain air toxics and
contribute to the development of smog) and
a 3 percent reduction in emissions of nitro-
gen oxides. These emission reductions are
on top of the aready significant reductions
generated by the LEV |1 emission standards
and other effortsin Californiato limit pollu-
tion from motor vehicles.®

Conditions in California are not easily
compared to those in Connecticut. But it is
clear that adoption of the ZEV program
would result in significant reductions in
emissionsof smog-forming, toxic, and green-
house gas pollutants, at minimal cost to
automakers, and with significant benefitsto
consumers.

Moreover, adoption of the ZEV program
would set Connecticut on apath to enjoy the
benefits of the next generation of cleaner
vehicles as soon as they become available.
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PoLICcY RECOMMENDATIONS

Adopt the LEV I
and ZEV Programs

Adoption of the combined Low-Emission
Vehicle Il and Zero-Emission Vehicle pro-
gramswould be beneficial public policy for
Connecticut. LEV 11 / ZEV would provide
public health benefits from reduced automo-
tive pollution, enhance the state's energy
security and stimulate research and devel-
opment of clean car technologies. Itisalsoa
viable public policy, given technological
advances in clean car technologies over the
past decade and consumer demand for clean
vehicles.

Other Measures

Connecticut can also adopt other measures
to enhance the spread of clean vehicle tech-
nologies within the state.

Connecticut should takeleader ship in the
development of infrastructure for alter-
native vehicles.

While the vast majority of vehicles cov-
ered by the ZEV program require no special
infrastructure investments, several current
and next-generation clean car technologies
—such asnatural gas, battery-electric and hy-
drogen fuel-cell vehicles—do requireinvest-
mentsin refueling facilities and other forms
of infrastructure.

The state can play animportant rolein the
development of thisinfrastructure. State of-
ficials should provide leadership by work-
ing with multiple stakeholders to devise an
alternative-fuel infrastructure plan for the
state. Commitments of resources should be
directed to areas of strategic importance —
such as the state's interstate highway corri-
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dors — and should be used to leverage pri-
vateinvestment in aternativefuel infrastruc-
ture. California and New York have
demonstrated that state leadership in infra-
structure development can pay dividends;
Connecticut should follow their lead.

Connecticut should offer tax and other
incentives for the purchase of zero-emis-
sion and near-zer o-emission vehicles.

Current state and federal incentivesfor the
purchase of advanced-technology vehicles
can help spur consumer and business demand
for these vehicles. State tax incentive pro-
grams should be renewed and expanded to
provide incentives for the purchase of the
cleanest hybrid-electric vehicles. Inaddition,
Connecticut should consider other creative
measures to reward the purchase of cleaner
cars.

Connecticut should encourage and assist
in effortsto educate the public about the
benefits of cleaner vehicles.

Public awareness of zero- and near-zero-
emission vehiclesin Connecticut islow, but
a public education plan leading up to the
launch of the ZEV program could play akey
role in the program’s success. Such a pro-
gram should not only clearly extol the envi-
ronmental benefits of advanced-technology
vehicles, but should also promote the ben-
efits to consumers and dispel the common
mi sperceptions about advanced-technol ogy
vehicles, such asworriesabout vehiclerange
and safety. The allocation of state resources
to this effort would be beneficial, but there
are also other public and private resources
that can be also leveraged for this effort.



APPENDIX. GLOSSARY OF ABBREVIATIONS

AT-PZEV - Advanced technology partial
zero-emission vehicle credits.

CARB — Cdifornia Air Resources Board.
Body charged with setting vehicle emissions
standards in California.

CNG — Compressed natural gas.

CO, — Carbon dioxide.

EV — Battery-electric vehicle.

LEV Il —Low-Emission Vehiclell program.
Includes stringent limits on emissions from
light- and medium-duty vehicles and the
ZEV requirement.

LNG —Liquid natural gas.

MTCDE - Million tons carbon dioxide
equivalent, a measure of greenhouse gas
emissions.

M OA — Memorandum of Agreement nego-
tiated between CARB and six major
automakersin 1996 that eliminated interim
ZEV requirements for 1998-2003 model
years.

MPG — Miles per gallon.

M SRC — CdliforniaMobile SourceAir Pol-
lution Reduction Committee.

NiMH — Nickel metal hydride batteries.
NO, — Nitrogen oxides.

PbA — Lead-acid batteries.

PZEV —Partia zero-emission vehicle cred-
its.

RFG — Reformulated gasoline.

SULEV — Super-low-emission vehicle; the
second-cleanest emission bin under the LEV
Il program and a prerequisite for qualifica-
tion for PZEV credit.

SUV — Sport utility vehicle.

ULEV - Ultra-low-emission vehicle; the
third-cleanest emission bin under the LEV
Il program.

VOC —Volatile organic compounds.

ZEV — Zero-emission vehicle.
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