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This report presents a conprehensive review of the future of elec-
tric and hybrid vehicles through the year 2010 in the United States. It
di scusses the technology, performance, and linmtations of probable fu-
ture electric and hybrid vehicles; the infrastructure necessary to pro-
duce and support them marketability; and finally, effects on the nation
if used in large nunbers

The report begins with a discussion of the technology of electric
vehicles, and what it may offer in the future. Storage batteries are
addressed first because they have always been the principal obstacle to
practical electric vehicles. Then electric drive trains and their inte-
gration into vehicle design are described. Next, the tradeoff between
range and cost is projected. (Electric vehicles may offer conpetitive
cost or long driving range, but probably not both at once.) Finally
the performance and cost of representative future electric vehicles are
projected. These are used subsequently in the report as the basis for
considering marketability and the inpacts of large-scale use

The technology of hybrid vehicles is discussed after that of elec-
tric vehicles because hybrids are an extension of electric vehicle tech-
nology which will probably reach the marketplace only after the appear-
ance of electric vehicles, and only if satisfactory storage batteries
and electric drive trains have been developed. The hybrid vehicle de-
signs described here are basically electric vehicles to which an inter-
nal -conbustion engine has been added. The engine supplenents the energy
and power available fromthe electric drive, giving either unlinmted
cruising range or both the range and the high acceleration perfornmance
of conventional cars. The performance and costs of representative
future hybrid vehicles are projected and compared with those of future
electric vehicles. Because range-extension hybrids could electrify
light vehicle travel in the US to about the sane extent as pure electric
vehicles, nost of the impacts of hybrid vehicle use on a large scale are
simlar to those of pure electric vehicles.

After reviewing the potential of electric and hybrid vehicle tech-
nology, the report turns to consideration of the infrastructure required
to support electrified travel. The principal elements of the infra-
structure are the electric power system Which nust recharge batteries;
the materials industry, which must supply large quantities of materials
used in batteries; and the autonotive industry, which nmust both produce
and maintain electric vehicles. The discussion begins with electric
utilities, an industry larger in the United States than the notor vehi-
cle manufacturing industry, without which electric cars would not be
feasible. Mterials supply is discussed next. It is, after all, a
shortage of petroleum resources and supplies that notivates considera-
tion of electric vehicles, and resources of battery materials are not
necessarily nore abundant or nore assuredly available from foreign
suppliers



Marketability of electric and hybrid vehicles is next reviewed.
The discussion begins with existing patterns of vehicle use, since it is
often argued--correctly--that future electric vehicles will have ade-
quate range and speed for nost urban travel. Mrket penetration esti-
mat es, however, show clearly that this is not enough to ensure large
sales of electric and hybrid vehicles~ since buyers are concerned about
initial costs as well as limted range and | engthy recharge times. The
di scussion of marketability points out the critical role of the cost and
availability of liquid fuels for heat engine vehicles, and the possible
effect of incentives for electric and hybrid vehicles which nay be pro-
vided by governnmental action.

This report concludes with a review of the benefits and costs,
monetary and non-nonetary, which might accrue if electric and hybrid

vehicles were to be widely used in the United States. It begins with
energy, since that is the principal problem nmotivating consideration of
el ectric vehicles. It considers both the petroleum requirenments of

electric utilities to generate power for recharging electric vehicles
and the petroleum savings if conventional vehicles were to be replaced

with electric and hybrid vehicles. It next turns to the environnent,
specifically air pollution and traffic noise. Though electric vehicles

emit no air pollutants directly, the power plants which recharge them
will run overtime to do so. The effects on the econony of manufacturing
and supporting electric vehicles are briefly reviewed, as are resultant
demands for battery materials, limtations of US materials resources,
and potential dependence on foreign suppliers. The effects of limted-
range vehicles on nobility and travel in the US are noted. Finally, the
maj or uncertainties in projecting benefits and costs of electrification
are reviewed. The uncertainties arise at every step, in the projection
of technol ogical capability and costs, infrastructure, and marketabil-
ity, as well as in the final accounting of national benefits and costs.

The material presented here is drawn from existing studies. No
new anal yses were undertaken. Instead, this report offers a conprehen-
sive review for a nontechnical audience. Each chapter begins with an
introduction and summary which provides historical background and ex-
plains key issues before presenting projections for the future. Gaphs
and tables are presented only as supplenments to material presented in
the text, and mathematical nodels are avoi ded.
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