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DANIEL SPERLING

Gearing Up for
Electric Cars

The technology is at
hand; now
government miust

The htany of motor vehicle evils
1s well known Cars account for
one-fourth of greenhouse-gas emis-
sions and half of urban air pollu-

give the auto
industry a push.

whose ultimate role may be mod-
est, but vehicles powered by elec-
tric fuel cells or by hybndized com-
binations of internal combustion

tion; they consume more oil than

the nation produces at home. Ef-

forts to solve these problems by reducing the nation’s
dependence on cars have failed. Mass transit now car-
ries a smaller proportion of travelers than ever—only
about 4 percent of total passenger-miles—and car-
pooling accounts for only 13 percent of work trips,
down from 20 percent in 1980 Instead, policymak-
ers are once again turrung to technological solutions
creating cleaner, more efficient vehicles.

Over the past five years, electric vehicle (EV)
technology has emerged as the most promusing alter-
natve to the mtemal combustion engine. A wave of in-
novation has begun to build momentum for the
widespread commercialization of electric-dnve vehi-
cles These will include not only battery-powered cars,

Danie| Sperling 1s professor of civil and environmental eng:-
neenng and environmental studies and director of the: Instumte of
Transpertauon Studies at the Umiversity of Cahiforma, Davis
He 15 the author of {uture Drive. Electrnic Vehucles and Sus-
tawnable Transportation: (Island Press. 1994).
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engines (ICEs) and electric motors
The potenual profits from EV
technology are substantial Whoever pioneers
large-scale production of electric-dnive vehicles wiil
find inviting markets around the world EV trans-
portation is particularly suited to countries in which
pollution is severe and intractable, where petroleum
imports are a burden or the fuel infrastructure needed
for conventional cars ts not in place, where excess
electricity (usually hydropower) 1s available in
off-peak hours, or where vehicle performance 1s sec-
ondary to reliability and low maintenance Indeed,
the Clinton admunustration has selected EV technology
as one of 22 cnitical technologies for the nation’s eco-
nomuc revitaiization
It 1s almost inevitable that EVs will eventually
supplant most, if not all, conventional cars The chal-
lenge for public policy 1s ta guide this transition
wisely. The barrers to a wholesale change in the na-
tion’s transportauon system (not only economuc and
technical barners but also mstitutional and structural
ones) remain figh. Only strong government action
can level the playing field to give EV technologies

N
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a chance At the same time. public policy must be
flexible encugh to permit midcourse corrections
and let the market, rather than the government, pick
the winners

A compelling alternative
Policymakers have long debated the environmental
and economuc impacts of ar poliution. global warm-
ing. and dependence on foreign oil Although they
have not amived at a consensus, it is clear that each of
these problems carmies some potentially sertous risks
Electric drive 1s the only alternative to internal com-
busion engines that 1s likely to have a significant 1m-
pact tn all three areas

The most compelling feature of electric-drive
vehicles 1s that they emut no pollutants when driven.
As a result, EVs can provide significant air qual-
ity benefits 1n almost all circumstances. The bene-
fits are greatest in regions where air pollution re-
mains severe and where most of the electricity
comes from clean sources—tightly controlled nat-
ural gas plants or zero-emtting hydroelectric and
nuclear plants rather than coal-fired power plants
Although pollution-control measures will hikely
bring air quality up to Environmental Protection
Agency (EPA) standards in most parts of the United
States within the next 10 years, poilution 1s likely to
remain a serious problem for most of California’s
cities as well as for 10 or so of the nation’s largest
metropolitan areas

Electric-drive vehicles are also more energy
efficient than conventional automobtles The con-
version of chemical energy into mechanical en-
ergy—-burning fuel—is simply less efficient than
using electricity Electric motors are about 90 per-
cent efficient. compared to less than 25 percent for
ICEs In addition. EVs can recapture as much as
half the energy lost during braking (regenerative
braking), they do not need a transmission, which
reduces energy use by another 6 percent or so; and
they do not consume energy while idling and coast-
ng. saving stll another 10 percent. These efficiency
gains are partly offset by the low efficiencies of
power plants Otl refineries are about 90 percent
efficient. compared te efficiencies of about 33 per-
cent achieved by today's power plants fired with
otl. natural gav. and coal. But o1l refineries are not
expected to become more efficient. whereas power
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plants’ efficiency rates are expected to rise to as
much as 50 percent as new and improved plants
are brought on hine

For these reasons. EVs will be tughly effective at
reducing greenhouse gas emussions Neither methanol
nor natural gas, the two most promusing conventional
alternative fuels, provides comparable reductions 1n
greenhouse emissions Indeed. the only alternative
fuels with the potential for large greenhouse-gas re-
ducuons are fuel made from biomass. especially trees
and other cellulosic material. or hydrogen fuel made
with solar energy. But biomass fuels create other en-
vironmental stresses, such as deforestation, and have
only modest production potential, and solar hydro-
gen 1s more efficiently used 1n electric fuel cells than
in ICEs Conventional alternative fuels are also only
shightly better than reformulated gasoline in reduc-
ing pollution, and their impact on the nation’s energy
security 1s mixed They are low-cost solutions, but
they offer only marginal benefits

EVs clearly have the most promuse, but 1t 1s too
soon to predict exactly how they will evolve The key
to a successful (and economucally efficient) transition
to electnic dnive 1s to encourage experimentation with
a vanety of technologies. Battery-powered vehicles, for
example, are limuted, they are likely to complement
rather than entrely supplant ICEs Compared to gaso-
line, battenies are a bulky and expensive way to store
energy. But the battery problem tends to be overstated
Not all vehicles need to travel long distances or carry
heavy loads In multicar households. which now com-
prise the majonty of car owners, battery-powered ve-
hicles could be designated the short-range vehicles
These around-town cars could be built with much
smaller and less expensive batteries

A technological revolution—not only in elec-
tricity storage and conversion devices but electronic
controls, software. and matenals—is quietly open-
ing up many new opportunities for electric-drive ve-
hicles. For example. advances m power electronics
have resulted in small hghtweight DC-to-AC 111-
verters that make posstble AC-propulsian~drive sys-
tems that are cheaper. more compact. more rehiable.
easier to maimtam. more <fficient. and more adapt-
able-to regenerative braking than the DC svstems that
were used n virtually all EVs through the early 1990s.

Today's EV motor-controller propulsion system
1s smaller and highter than a comparabie snternal com-
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ELECTRIC CARS

bustion engine as well as being
cheaper to manufacture and to
maintain Consider GM’s EV pro-
duction prototype. the Impact
Wwith an AC motor, a compact and

The Big Three need
to be involved in
any federally led

Achieving the refinements neces-
sary for commercializing EV tech-
nologies will likely not require
large addittonal investments in re-
search and development. What's

efficient tnverter, and an needed instead ts a reduction in the
ihieves s T0umie range 1 el research (omakers. That can be achieved
Zl = . ©

driving using conventional parmershlp but not only by a firm federal commutment
lead-ac1d batteries and accelerates ; to the rapid development and
from O to 60 miles per hour 1n 8 nece.ssarzly as the adoption of EV technology
seconds. faster than Nissan's dOmlnantplayerS.

300ZX sports car. Popular Science

Government’s role

described the Impact as *“possibly
the best-handling and best-per-
forming small car that GM has ever turned out.”

Although important for the first generation of
EVs, batienes are likely to play a modest role 1n the
future. A raft of other energy storage and conversion
devices are being readied for the EV marketplace
(see sidebar) These include ultracapacitors and fly-
wheels, which can store large amounts of electricity
and can charge and discharge quickly and often, and
fuel cells, which convert chemucal fuel 1nto electric-
ity with only water as a byproduct.

An opumustic but plausible scenario for the future
would show battery-powered vehicles making up 10
to 20 percent of the new-car market within about 10
years as competent urban cars. Meanwhile, as bat-
tery technology continues to improve, new kinds of
electric-drive vehicles will begin to enter the mar-
ket, using etther fuel cells or hybrid engines, in which
a small ICE 1s coupled with battenies, ultracapaci-
tors, or flywheels and connected to an electric motor
Withen 25 years, electric-drnive vehicles could make up
90 percent of the cars 1n states such as California,
where emussions standards are stringent and EV sales
and use are strongly supported.

Duning the past few years, considerable progress
has been made with electnic-drive technologies at rel-
atively little cost. Total investment in EVs and EV
battertes by U.S. manufacturers and governments 1n
the first four years of this decade probably fell short
of a billion dollars. Ford and General Motors reported
spencung a total of $450 mellion dunng the first few
years of the decade. (To provide perspectve, con-
sider that the ol industry s spending about $10 billion
this decade to produce reformulated gasoline.)
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Government policy has a tremen-
dous role to piay in paving the
road for an electric transportation strategy The en-
actment of the zero-emissions vehicle (ZEV) man-
date by the California Air Resources Board (CARB)
in 1990 (and later by New York and Massachusetts as
well) has spurred more progress 1n electric propul-
ston technology than was accomplished in the pre-
vious 20 years by the automobile industry and the
Department of Energy combined. Almost totally be-
cause of the mandate, every major automaker in the
world has invested in EV development. Dozens of
companies have sprouted to adapt technologies such
as batteries, ultracapacitors, flywheels, and fuel cells.
whose potential relevance for the transportation sec-
tor had been overiooked.

The mandate requires that by 1998, at least 2
percent of the vehicles sold in Californita by major
automakers must have zero enussions, the percent-
age will rise to 5 percent 1n 2001 and 10 percent in
2003. Major automakers are defined as those with
sales of 35,000 vehicles or more per year in Califor-
nia. They are, in descending order, General Motors,
Ford, Toyota, Chrysler, Honda, Nissan, and Mazda. In
2003, the mandate will be expanded to include man-
ufacturers with as few as 3,000 vehicle sales per year
Companies will be fined $5,000 per car for the num-
ber of sales by which they fall below the quota

The mandate also permuts manufacturers to trade
EV credits. That 1s, a company can satisfy the man-
date’s requirements by buying credits from other
compantes that have sold more than thew quota of
ZEVs. This provision 1s important because 1t gives
mamnstream manufacturers the flexibility to buy cred-
its rather than build ZEVs, while providing cash for
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industry outsiders, such as small and nontraditional
manufacturers of EVs whose ZEV quota 1s zero

The ZEV mandate 1s intended to do more than
comner a uny fraction of the market for ZEVs by 1998.
Its goal 1s to spur automaker action by forcing com-
mercialization of EV technology. After all, a 2 percent
reduction in ICEs will do little to improve Califor-
ma’s air quality n the short run, but by speeding the
introduction of electric-drive vehicles, the mandate
may make 1t possible to achieve much larger reduc-
tions in the future

The ZEV mandate continues to lead the way in
spurring the transition to electric-drive vehicles de-
spite a caution that borders on ambivalence on the
part of the Clinton adnunistration Although the auto
indusiry and the administration have launched sev-
eral high-profile intiatives focused on the creation of
environmentally benign vehicles, these are receiving
little funding and making httle progress In the fall of
1994, the adminustration estabhished an advisory coun-
cil known as “Car Talk,” composed mostly of lead-
ers from the automotive industry and the environ-
mentzl movement, to create a plan for reducing
greenkouse-gas emusstons from the transportation sec-
tor President Clinton also created the President’s
Counci! for Sustainable Development. which has in-
vited a number of experts to address the car question

But the federal government has provided few
regulatory and financial incentives to develop much
cleaner and more efficient vehicles and has offered
virtual'y no direct support for EVs For instance. Cor-
porate Average Fuel Economy (CAFE) standards for
cars have been frozen since 1985 and the standards for
light trucks are weak (less than 21 mpg) More im-
portant. the vehicle emission standards enacted in the
Clean Air Act Amendments of 1990 were consider-
ably more lax than those adopted in California and
contained no requirements for ZEVs

The administration has been reluctant to permit
states to strengthen their own emissions standards.
In response to frantic lobbying by the Big Three au-
tomakers. EPA pressured the northeastern states to
back off their February 1994 request to adopt Cah-
fornia’s more stringent standards and imposed con-
dittons that weakened the states’ ability to encour-
age the development and sale of EVs.

Perhaps the most widely pubhicized imuanve by
the Chinton admunsstration has been the formation of
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the Partnership for a New Generation of Vehicles
(PNGV) in the fall of 1993 Its stated purpose s to
build a prototype midsize sedan that triples the fuel
economy of today’s cars by 2004 The program has
even been portrayed as a modern counterpart to the
Apollo moon program. Initially known as the Clean
Car Initiative by government and the Supercar Ini-
tiative by the automotive industry, PNGV 1s a pub-
lic-private partnership intended to accelerate the de-
velopment of electric propulsion, ultraefficient and
hightweight matenals and technologies, and advanced
manufacturing processes and materials

The program was devised in part to transfer some
of the technological resources developed during the
Cold War to the civilian sector Virtually no new
funding 1s planned, instead. the government will divert
personnel and resources at the national laboratories,
especially the weapons labs. to work with the Big
Three auto companies and their suppliers on the de-
velopment of advanced transportation technologies In
theory, everyone benefits The labs would have a re-
newed mussion, thousands of highly trained scien-
tists and engineers would be productively employed,
and automakers would receive a much-needed 1nfu-
ston of technical know-how Indeed. the PNGV 1ni-
native lends weight to the automakers’ argument that
EV commercialization and tightened CAFE standards
should be delayed until next-generation technologies
are developed.

The PNGV initiative, however, has a fundamen-
tal weakness It 1s not linked to any regulatory in-
centives that encourage commercialization of the
technologies developed The stated purpose of the
initiative 1s to advance technology to the point where
government regulation 1S no longer necessary. 1t con-
tains timetables for the creation of concept proto-
types (2000) and production prototypes (2004) but
none for actually manufacturing and marketing EVs

The absence of regulatory bite undermines the
credibrlity of the PNGV mtrative. The auto indus-
try hias garages full of prototypes As long as the -
dustry feels no push from government to commer-
ciahize their research. PNGV cars will be added to
therr collections. and the movement of technology
from lab to marketplace will be slow

If one could ehictt a prommse that auto manufac-
turers would swiftly transfer to the marketplace
knowledge gained m the laboratory. peshaps regula-
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ELECTRIC CARS

tory prassure would be unneces- R — geted to city dwellers require only
sary But such promises are diffi- a very limited range and can use
cult to entorce Historical evidence 7716 80V€mm€m smaller. less expensive batteries
<hows that automakers have re- should use Car manutacturers can minimize

sisted adopting safety and envi-
ronmental features. from airbags
to catalytic converters. unttl gov-
ernment action forced them to do
s0 Once the deadlines were set,
however, the industry found ways
to adapt these technologies cheaply
and well

[f the federal government 1s to
direct the United States toward an

mechanisms such as
taxes, tax credits,
fees, and
marketable credits
to complement
technology efforts.

their imitial costs by inserting elec-
tric drivelines 1nto existing gaso-
line vehicles and making a few de-
sign changes They could even sell
engineless “gliders™ to smaller
conversion companies and let
those companies do the retrofits
A number of companies have al-
ready announced plans to pursue
one or more of these strategies

In addition, costs and prices

environmentally bemign and eco-
nomically robust new transporta-
tion path, 1t must take strong steps
to jump-start the commercialization of electric propul-
sion In addition, it must restructure its research pro-
gram to include a broader range of players It must
also enact more flexible regulations to guide the future
development and application of EV technology

Extending the mandate

The first step for the federal government-is to sup-
port and extend Californta’s ZEV mandate. The au-
tomobile and oil industnies are fighting the mandate 1n
court and have sponsored a parade of bills in Cali-
fornia's state legislature to overturn 1t. The auto in-
dustry has also lobbied EPA to prevent other states
from adopting simular programs, and the oil indus-
try 1s providing mullions of dollars to a vanety of cit-
izen groups around the country to counter legislative
and electric-utility tndustry support for EVs
Automakers oppose the ZEV mandate on the
grounds that battery technology 1s not yet commer-
cially ready If sold now, they argue, electnic cars would
cost too much and have unacceptably short dnving
ranges According to thewr estimates, each EV (with
batteries) will cost $10.000 to $20,000 more than a
comparable gasoline fueled car To bring the price down
to a more affordable range, auto comparmes say they
would have to offset therr losses by raising the prices of
conventional cars, perhaps by as muctr as $2,000.
Although this argument has some mert. 1t is
greatly overstated. Imtial EVs will undoubtedly be
more expensive than ICEs. but they need not be as
expensive as automakers suggest. Niche vehicles tar-
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are ltkely to decline as the number
of EVs on the market increases
There 1s plenty of evidence to suggest that as more
EVs are manufactured and sold to meet the require-
ments of the mandate, economues of scale will be re-
alized. engineering and production processes will im-
prove, and the vehicles will become cheaper EV
prices and their impact on the price of conventional
cars will also dimurush 1f costs are spread over a larger
number of vehicles. In the meantime, it 1s not unrea-
sonable to ask the industry to use one type of vehicle
to subsidize another. Large automakers typically sell
small cars at little or no profit, or even a loss, and
subsidize them with profits from larger cars and
trucks. This strategy allows manufacturers to meet
average fuel economy standards and to hook young
buyers who will presumably move up to larger, more
profitable cars later
On the basts of many discussions with auto in-
dustry executives, I sense that opposition to the man-
date goes far beyond quarterly profit statements Com-
mercialization of EVs may spell major structural
changes within individual automobile companies and
in the industry as a whole Electric propulsion tech-
nology requires a fundamental shift 1n many aspects
of car manufacturing More than one-third of the
value of EVs will be composed of enturely new com-
ponents. Another one-third of the components will
need to be redesigned. Manufacturers will have to
adopt new matenals, collaborate with new compa-
nies, and reduce the size of producunon runs. For ex-
ample, compantes are much more likely to use
hghtweight compostte matenals w EVs n order 10
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make the vehicles more efficient
Unlike steel and aluminum, these
matenials offer less striking
economies of scale, they are suited
to small-scale decentralized assem-
bly rather than mass production on
the level usually found in Detroit
Stmilarly, a company’s suc-
cess 1n marketing EVs may de-
pend on 1its ability to find new
ways to sell and service them. Ve-
hicles may be far more special-
1zed, giving consumers an incen-
tive to trade vehicles more
frequently. A person who gets a
new job 20 miles away or a couple
having their first child might need
a different type of electric car. One
solution would be for consumers
to lease vehicles rather than own
them, with manufacturers bearing
the responsibility for insuring and
maintaining them. Just as some
computer companies sell “com-
puting capability,” allowing com-
panies to upgrade their equipment
without having to buy or sell, EV
manufacturers could sell “trans-
portation capability” rather than
vehicles. Because many of the first
EVs will be fleet vehicles, imple-
menting this concept may not be
as comphcated as 1t sounds The
high reliability of EVs, compared
to gasohne-fueled cars, could help
make such arrangements viable.
Dietroit executives have been
slow to appreciate the opportuni-
ties created by the emergence of EV
technology The emergence of a

fe ]
New companies, new technologies

The passage of California’s zero-emission vehicle (ZEV) mandate
spurred the formation of new, small companies and drew a number of
large comparies into electric vehicle (EV) research. Today, about 10
to 20 small U § companies are converting gasoline fueled cars to EVs
The largest, U.S. Electricar in northern Califorma, has produced a lit-
tle over 100 vehicles but 1s gearing up to produce thousands of cars
in the near future. The company s negonating agreements with Ford and
GM to convert their engineless “gliders” into EVs

Many technology companies, especially defense department con-
tractors and auto industry suppliers, are also investing in EVs. They
are also finding ways to make conventional automobile components
and accessories such as tires and heating and cooling systems more
energy efficient so that they can be used in EVs Heating and cooling sys-
tems are not a problem in ICE vehicles because they can draw on waste
heat and surplus power from the engine. But EV engines do not gener-
ate enough heat to warm the cabin, nor do they store enough energy for
conventional heating and cooling An EV using the same type of air
conditioner and heater as an ICE would lose 20 percent of its range
or more Creative solutions include high-efficiency heat pumps, win-
dow glazing to reduce the sun's heating effect in the cabin, air cooling
channeled through the seat rather than dispersed through the cabin,
and solar-powered fans to cool the vehicle when it is parked

Established companies have also become involved in research on EV
components and battertes. For instance, the U.S Advanced Batiery
Consortium, established in 1991 and sponsored by the Department of
Energy, the electric utihines, and the Big Three auto companes, s fund-
ing research to increase energy and power capability, extend the life, and
reduce the cost of batteries as they are scaled up to sizes suntable for
EVs. Its budget calls for $230 mullion to be spent by 1995 and $100
mullion to be spent per vear inio the early years of the next centur)
EV battery technology has been inadequate largely because of lack of ef-
fort: Virtually all battery research has been focused on small batteries

niche market for imited-range second cars and the
advantages of home recharging and low maintenance
do not seem to register tn therr minds. A vast cul-
tural and organizational mismatch exists between
the conventional car mdustry and the qualizes needed
to thrive 1n the EV market. Automnakers acknowl-
edge this problem but appear unprepared (or un-
witling) to respond

L

The ZEV mandate s a blunt but effecuve -
strument for overcoming market uncertainty. con-
trary corporate cultures. and technological barriers
Although 1t will 1nitially impose substantial costs
on automakers. tinkering mith 1t at this ume would
be costly to the many companies making substantial
imvestments based on the mandate Any indication
that it mught be changed or abandonedswould freeze
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for the multibitlion-dollar consumer-products market rather than the
$200-mudlion market for batteries to power golf carts. forklifts. and the
lthe The passage of the ZEV mandate created a much larger market
that justifies more reseurch

The Partnership for a New Generation of Vehicles, a joint endeavor
b\ the federal government and the automobile industry draws on EV re-
search by the national weapons and energy laboratories A principal
focus 1s the development of fuel cells, devices that transform hydrogen
and oy gen into electricity. First used to provide electriciry in spaceships
in the 1960s, they are at least twice as efficient as gasoline fueled engines
and produce little or no waste heat, pollution. or noise Unlike batteries,
fuel cells do not store energy, nsread, fuel (probably methanol or hy-
drogen made from natural gas in the early models) is supplied contin-
uously Fuel-storage containers can be easily resupplied, eliminating the
problem of imited driving range They perform much like conventional
[CEs and require no fundamental changes n operation

A fall-back option if fuel cells fail to meet expectations s the use of
batteries, flywheels, or ultracapacttors. Flywheels and ultracapacitors
are energy-storage devices that could help to power the vehicle dur-
ing acceleration and absorb regenerative braking energy during de-
celeration A flywheel stores energy in a lightweight carbon-compaosite
rotor that spwns at over 100,000 revolutions per minute, an ultraca-
pacttor stores energy in two conductive plates separated by an insula-
tor The first high-powered ultracapacitors and flywheels are likely to
enter the markerplace in the late 1990s They will be paired with batteries
to provide peak power surges, allowing batteries to be downsized and ex-
tending their life.

Flywheels and ultracapacitors are the critical enabling technologies
for the development of hybrid ICE-EV vehicles Hybrid vehicles would
use a small ICE coupled with batteries, flywheels, or ultracapacitors and
connected to an electric motor Hybrid vehicles could be highly energy
efficient, though less so than those powered by fuel cells Some would op-
erate in a pure electric (zero-emissions) mode most of the time, others
would operate the ICE most of the ume and could have very low but not
Zero emissions.

development investments in hundreds of compa-
nies. especiaily in small companies dependent on
outside financing.

At the federal level. EPA should strongly back
the mandate as well as state efforts to enact simular
programs. A number of state governments. particu-
larly 1 the Northeast. are looking for ways to im-
prove regronal arr quaiity without imposing undue
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burdens on local industries EPA
can encourage them by providing
regulatory relief and financial sup-
port for pursuing ZEVs

Accelerating EV research

The federal government must con-
tunue to take the lead 1n accelerating
investment in advanced EV tech-
nologies A research partnershuip be-
tween government and industry 1
essential if we are to surpass the
limited use of battery-powered ve-
hicles and sustain the transition to
an environmentally benign trans-
portation system.

The PNGV initiative offers a
framework for this kind of research,
but 1t relies too heavily on the na-
tional laboratones (particularly
weapons labs) and the Big Three
The labs have a store of potentially
valuable knowledge and technol-
ogy—in particular, expertise in core
areas of basic science relevant to
electric propulsion However, the
weapons [abs are not onented to de-
signing products destined for the
marketplace They focus on basic
science, fundamental technological
innovation. and the design of
high-performance equipment. not
on designing products and engi-
neering processes o 1mprove per-
formance and reduce costs

If basic science were the criti-
cal mussing ingredient in EV tech-
nology, then the national weapons
laboratories might have an tmpor-
tant role to play That, however, 1s

not the case. Many promising technology concepts
already exist in prototype form The principal need
over the next 10 to 5 years i1s not new science or
new technology but cheap technology That s a chal-
lenge for engineenng and manufactunng, not basic
science. It may be a national prionty to save the jobs
and expertise of these institutions, but that goal is
only tangenually compauble with the goal of mak-
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ing cleaner and more energy-efficient vehicles

Rehance on the major automakers is also prob-
lematic Certainly they need to be intimately involved
in any federally led research partnership but not nec-
essanly as the domunant players. They are best suited
to directing the research agenda for incremental tech-
nologies—refining some matenals and manufacturing
processes—especially because they and their suppli-
ers are likely to be the principal users of these tech-
nologies. However, their history of resisting energy,
envircnmental, and safety innovations suggests that
they should not play a central role 1n developing ad-
vanced propulsion technologies Instead, the gov-
ernment should seek out the smaller companies that
are proneering these technologies and forge closer
links with them. For example, smaller companies
should be allowed to participate in the cooperative
research and development agreements (CRADAs)
negotiated between private companies and the na-
tional labs CRADAs give the company exclusive
rights for five years to any technology developed
with the lab. Currently these agreements are open
only to the Big Three. It will take substant:al effort to
create collaborative links between smaller compa-
nies and the national laboratories, but the result may
be quicker commercialization of the research

A government-industry partnership will be most
productive if 1t includes a broader range of labs and
technology companies than are currently involved in
the PNGV initiative In particular, 1t should create
small independent research facilities, most likely at
universities, to provide benchmarks for technological
progress, to evaluate the achievements of the part-
nership. and to tap more of the country’s intellectual
resources

Forging market solutions
All things being equal. sustained change 1s most ef-
fectively achieved by harnessing market forces The
ZEV mandate cannot stand alone, nor should 1t stand
long. Once startup bamers have been overcome (when
EV sales reach 5 to 10 percent of the market) stnict
commercialization requirements should be phased
out 1n favor of measures that rely more heavily on
market forces to guide transportation choices toward
reduced social and environmental costs.

Wirh this goal n mund. the federal government
needs to overhau! the regulatory structure that shapes
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the nation s transportation strategy One reason the
policy debate over EVs (as well as alternative fuels)
has been so contentious is that the ot} and auto in-
dustnies are shackled by rigid and fragmented regu-
lations Automnakers must meet every single standard
for every single pollutant, which rules out any kind of
tradeoff 1f dramatic improvements are made in one
area For example, lean-burn and two-stroke engines,
which cut energy use and emissions of greenhouse
gases, hydrocarbons, and carbon monoxide. are pre-
cluded from the market because they shightly increase
nitrous oxide emussions In addition no provisions
exist to regulate errussions on a full fuel-cycie basis
The result ts that emissions from power plants. re-
finenes, and fuel stations are not tncorporated into
the final calculation of environmental impact On a
full fuel-cycle basis, the use of 2 hybnd vehicle may
actually result in lower overall enrussions than use of
a battery-powered car, yet the hybrnd 1s not treated
asaZEV.

The government should use mechamsms such as
taxes, tax credits, fees, and marketable credits to com-
plement technology imtiatives aimed at reducing or
elimunating enussions For example, automobile com-
panies should be allowed to average emussions across
their fleet of vehicles to meet emissions standards.
just as they do to meet fuel-efficiency requirements
{Average ermussions should be set at a level that per-
muts total emussions reduction to match or exceed the
unaveraged standard ) Even more economically ef-
ficient 1s ermussions trading allowing manufacturers to
sell emussion reductions from zero-emussion vehicles
to conventional-vehicle manufacturers Allowing
banking of emissions reductions from year to year
would provide the additional bonus of giving manu-
facturers an incentive to invest sooner 1n technolo-
gies that will let them outperform today s standards in
anticipation of even stricter standards down the road
California has taken tentative steps in this direction
but EPA has not.

Iniatives like the ZEV mandate will be much
more effective if combined with price signals that re-
ward consumers use of clean and efficient fuels and
vehicles For instance. the government could offer 2
revenue-neutral “feebate™ in which consumers who
purchase energy-efficient vehicles recerve a rebate
whereas those who purchase gas guzziers pav a fee

The synergies achieved by coordinaung tech-
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nology 1nitiatives with regulatory and financial in-
centives are huge By themselves. such incentives
would have little effect and more often than not would
be rejected 1n the political arena. Combining technot-
ogy imtiatives with incentives 1s not only effecuve,
tt 15 also politically more appealing Only a flexible, in-
centive-based public policy will create the framework
needed to guide business and consumer decisions m an
efficient manner toward a sustainable future

Though the technological basis for a transition
to electric drive s falling into place, progress wili
remain slow and inefficient until some way 1s found
to reduce the risk for automotive manufacturers and
create a firm but flexible regulatory structure The
recommendations presented here force commercial-
1zation forward but also encourage innovation and
expenmentation as technological lessons are learned
Thanks n large part to the ZEV mandate, our society
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can now choose from a menu of transportation op-
portunities that did not exist only a few years ago
Not to nurture and exploit those opportunities would
be poor public policy and bad business
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