
7 BENEFITS AND COSTS, MONETARY AND NON-MONETARY

7.1 SUMMARY

No one knows with any degree of certainty how many EHVs will be
sold in the 1985-2010 time frame. It is clear, however, that EHVs can
provide various benefits to the nation and the user, given a willingness
to accept the associated costs. Though any attempt to estimate benefits
and costs must rely on an arbitrary assumption of EHV sales, it is clear
that at any sales level, EHVs can save petroleum. It is also clear that
EHVs initially will be more expensive than comparable conventional vehi-
cles, and that electric vehicles will provide the user with substan-
t i a l l y  l e s s  m o b i l i t y .

The benefits and costs of EHVs can generally be divided into five
major categories: energy, the environment, the economy, resources, and
transportation. In terms of energy, the primary benefits of using EHVs
would be a reduction of petroleum consumption and a lessening of US de-
pendence on foreign oil. For example, in the year 2010, electrification
of 20 percent of light-duty vehicle travel would reduce automotive pet-
roleum consumption by nearly 18 percent (Fig. 7. 1). Furthermore, if
EHVs were utilized first in selected regions, up to 70 percent of all
light-duty vehicular travel could be electrified without using any
petroleum to generate recharge electricity. This would result in auto-
motive petroleum savings of about 65 percent. In this case, most of the
electricity would be derived from coal and nuclear power plants during
otherwise idle off-peak periods. With market penetrations of less than
20 percent, savings would be proportionately smaller.

The primary environmental impacts from the use of EHVs would be an
improvement in national air quality and a reduction in urban traffic
noise. Since EHVs do not produce emissions like conventional internal
combustion engines (when operating in the electric mode), the contribu-
tion of automobiles to air pollution would be reduced. However, the
generation of recharge electricity through the use of fossil fuels would
result in increased sulfur-oxide emissions which would partially offset
this improvement. To mitigate this problem, the use of EHVs could be
encouraged in those areas where electric generation is least dependent
on fossil fuels. Because they are inherently quieter than conventional
vehicles, the use of EHVs could also be expected to result in desirable
reductions in traffic noise, the major noise problem in urban areas.

The higher prices of EHVs would substantially impact motorists.
Aside from this, however, the widespread use of EHVs would have little
economic impact in the United States. Only about 3 percent of US jobs
would be affected by a complete switch to EHVs. Even if such a transi-
tion were completed in only two or three decades, the annual changes
would be very small. Total employment in manufacturing, selling, and
servicing automobiles would be increased. The overall net change in
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Assumptions: The RECAPS model schedules the use of nuclear, coal, and
hydroelectric facilities before oil and gas facilities, and base-load facilities before
intermediate and peaking facilities to minimize operating costs. Recharging is
controlled to maximize the use of off-peak power available during late night and
early morning hours when demand is lowest. The model makes use of capacity
and demand projections developed by the electric utility companies in 1979.
Energy required was assumed to be 0.5 kilowatt-hours per mile at the charging
outlet This value reflects a mix of cars and light-duty trucks to electrify 20 percent
of light-duty vehicular travel in 1980, 1990, 2000, and 2010 (Table 6.1). Vehicles were
assumed to be distributed uniformly across the United States based on popula-
tion. They were also assumed to travel an average of 10,000 miles per year. Elec-
trical distribution system efficiency was assumed to be 90 percent.

Figure 7.1 Petroleum Use with Electric and Hybrid Vehicles in 2010
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employment and payrolls would be insignificant, amounting to about a
one-percent increase even in the extreme case of a complete shift to
EHVs. Though some battery materials might be imported, their costs
would be offset by savings on imported petroleum.

The widespread use of EHVs would considerably increase the demand
for materials used in batteries. However, electrifying 20 percent of
the personal cars in the United States by 2010 would probably create no
serious shortages of materials. In the absence of interruptions of im-
ports, the increase in the demand for battery materials caused by the
production of EHVs is unlikely to precipitate price increases for these
materials in the long run, except for lithium, cobalt, and nickel. Even
then, increases are not expected to exceed 20 percent if suppliers are
given sufficient lead time (perhaps ten years) to plan an orderly expan-
sion of exploration activities and production facilities. Although the
identified reserves of battery materials are no more abundant than those
of petroleum for meeting world demand through 2010, new discoveries are
likely to increase the identified reserves of battery materials as de-
mand increases. Uncertainties are greatest for lithium, partly because
it may also be in great demand for use in fusion power plants. However,
alternative future batteries based on such abundant materials as sodium,
sulfur, and chlorine could effectively eliminate problems of inadequate
resources.

Owners of EHVs would have the advantage of a vehicle which does
not depend on petroleum as a primary fuel. They would also have the
convenience of at-home recharging. Their vehicles would operate more
quietly and might be more reliable and maintainable than conventional
vehicles. The primary disadvantage to the hybrid vehicle owner primar-
ily would be higher purchase price, particularly in the near term.
Overall life-cycle costs (at 1980 gasoline and electricity prices) would
be higher in the near term, but might become 8 to 11 percent lower than
those of conventional vehicles if advanced EHVs become available.
Owners of electric vehicles would not only pay more, but would also be
limited to ranges of less than 100-150 miles between recharges.

There are major uncertainties surrounding the future of EHVs.
They include the extent to which expected improvements in battery
technology can be realized, the actual level of market penetration that
EHVs can achieve, the future growth and utilization of the electric
utility industry, and the extent to which improvements in conventional
vehicles reduce the potential advantages of EHVs.

7.2 ENERGY

The use of EHVs to electrify 20 percent of light-duty vehicular
travel would result in a significant reduction in petroleum consumption.
In the year 2010, automobile petroleum use would be cut by 16 to 20 per-
cent, saving approximately 600,000 barrels of crude oil per day, or 4
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percent of projected future national petroleum consumption. Even great-
er petroleum savings could be achieved if EHVs were selectively imple-
mented in those regions which would use little or no petroleum to gener-
ate recharge energy. However, the national use of coal and nuclear
fuels would be increased correspondingly as electric utilities generated
recharge electricity during otherwise idle off-peak periods.

The fuel economy of future conventional vehicles and the fleet
size determine vehicular petroleum consumption without EHVs. Fuel
economy assumptions used in this report for passenger and light trucks
range from 14.3 miles per gallon in 1980 to about 40 miles per gallon in
2010 (Table 7.1). Based on these assumptions, energy required from
petroleum used directly as fuel in conventional automobiles would be
approximately 14 quadrillion BTUS (quads) in 1980, 10 quads in 1990, 7.5
quads in 2000, and 6 quads in 2010 (equivalent to 6.6, 4.7, 3.5, and 2.8
million barrels of oil per day) . As these figures show, increases in
fuel economy in the 1980-2010 time frame might reduce petroleum consump-
tion of automobiles by more than 50 percent, even without the use of
EHVs.

Based on the expected electricity and gasoline use for electric,
hybrid, and comparably-constructed conventional cars, it is possible to
determine the equivalent fuel economies for the simple case where all
energy for vehicle operation is derived from either petroleum or coal
(Table 7.2). In the case of petroleum, near-term electric and hybrid
cars would provide from 6 to 20 percent less fuel economy than compara-
ble conventional cars. However, advanced electrics and hybrids would
provide a 4 to 18 percent improvement over conventional cars. In other
words, if petroleum were the sole fuel used to power automobiles, only
the advanced electric and hybrid cars would be more fuel-efficient than
conventional vehicles, an advantage that could be eliminated if ICE
vehicles attain fuel economy higher than assumed here.

In the case of coal, the equivalent fuel economies of electric and
hybrid cars are quite high, largely because of the inefficiency of syn-
thesizing gasoline from coal. In fact, both near-term and advanced EHVs
would be more fuel-efficient than the assumed conventional vehicles.
Near-term electrics and hybrids would provide the equivalent of a 33 to
75 percent increase in fuel economy, and advanced vehicles would provide
an 80 to 105 percent advantage.

In practice, of course, neither coal nor oil alone would be used
as energy sources for EHVs. Instead, electric utilities would use those
fuels and facilities which are most cost-effective and available. In
general, most recharge energy would come from a mix of coal, nuclear,
and petroleum fuels which would vary from utility to utility, and from
hour to hour during the day. If recharging occurred during otherwise
idle, off-peak hours in 2010, for example, the use of oil in generating
recharge electricity would drop to about 7 percent and coal would become
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TABLE 7.2

SUMMARY OF FUEL USE AND EQUIVALENT FUEL ECONOMY OF

ELECTRIC, HYBRID, AND CONVENTIONAL FOUR-PASSENGER SUBCOMPACT CARS

Vehicle

Electric

Near-Term:

Pb-acid

Ni-Fe

Ni-Zn

Zn-C12

Advanced:

Zn-C12

Li-MS

Hybrid

Equivalent Fuel
Economy Resource

Basic Fuel Use Utilization, mpgl

Electricity, Gasoline,
kWh per mile mpg Oil Coal

0.40

0.44

0.38

0.45

0.31

0.30

- -

- -

- -

- -

- -

- -

29.0 50.0

26.0 45.0

30.0 53.0

26.0 44.0

37.0 64.0

38.0 67.0

Near-Term:

Pb-acid 0.38 31.0 31.0 53.0

Ni-Zn 0.37 34.0 33.0 58.0

Advanced:

Li-MS 0.27 45.0 42.0 73.0

Conventional (ICE)2

Near-Term -- 33.0 33.0 33.0

Advanced -- 35.6 35.6 35.6

Source: Tables 3.5, 3.7, 4.1, and 4.4 of this report.

Assumptions: See assumptions for each table listed above.

1
Urban fuel economies are presented which are about 87 percent of composite
fuel economy.

2
Assumes that conventional vehicles are comparable to EHVs, i.e., same basic
construction techniques and materials are used in all vehicles, with
engine efficiencies of the 1980’s.
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the dominant fuel, providing nearly 65 percent of all recharge energy.
Nuclear power would be used to satisfy approximately 25 percent of the
load (Fig. 7.2).

The fact that electrics do not use gasoline, hybrids use little
gasoline, and electric recharge energy could be generated using little
petroleum, provides the basis for estimating reduced petroleum consump-
tion through the use of EHVs. If EHVs were used uniformly throughout
the United States to electrify 20 percent of light-duty vehicular
travel, petroleum used for automobiles would be reduced by 14 to 18 per-
cent over the 1980-2010 time frame (Fig. 7.3).1 However, if EHVs were
selectively encouraged in those areas of the country where little or no
petroleum would be required to generate recharge energy, a savings of up
to 20 percent would result. The Mid-Atlantic, East Central, Southeast,
Mid-America, and Mid-Continent regions would be best, but the Southwest
and Texas regions also show some potential. The Northeast and West
regions, due to their dominant use of oil-fired power plants, would be
much less suitable on the whole. However, even in these areas, careful
analysis of the particular fuel mixes used to generate power for
selected cities could identify some with potential for saving petroleum.
Other considerations such as air quality, terrain, weather, etc., would
also enter into the selection of suitable areas for EHV use.

It would be possible to save even more petroleum if EHV market
penetration were higher. At 80-percent electrification of light-duty
vehicular travel, petroleum use by automobiles could be reduced by more
than 70 percent in the year 2010. If EHVs were first utilized in se-
lected regions, Up to 60 percent of light-duty vehicular travel could be
electrified with virtually no use of petroleum for generating recharge
energy by the year 2000, and up to 70 percent by the year 2010.

The impacts of 20-percent electrification of light-duty vehicular
travel on overall national energy use would also be significant (Table
7.3): a reduction of 3.8 percent in 1990 or 2000 and 4.2 percent in
20100 Though these percentages are small, they represent significant
absolute savings of petroleum, on 660,000 to 520,000 barrels per day.
Although overall national energy use would increase between 1980 and
2010, and oil consumption would be reduced in the absence of EVHs be-
cause of other actions, EHV use would result in an even greater shift
from petroleum to other sources of energy.

7*3 ENVIRONMENT

There would be little change in air pollution associated with 20-

percent electrification of light-duty vehicular travel. Although the
use of EHVs would result in a reduction in the amount of automobile
emissions, there would be an increase in power plant emissions. The net
effect would be only a slight improvement in overall national air qual-
ity. However, there would be larger regional variations that would

163



OIL

1 J
o 1980 1990 2000 2010
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Source: Recharge Capacity Projection System (RECAPS), General Research Cor-
poration

Assumptions: The RECAPS model schedules the use of nuclear, coal, and
hydroelectric facilities before oil and gas facilities, and base-load facilities before
intermediate and peaking facilities to minimize operating costs. Recharging is
controlled to maximize the use of off-peak power available during late night and
early morning hours when demand is lowest. The model makes use of capacity
and demand projections developed by the electric utility companies in 1979.
Energy required was assumed to be 0.5 kilowatt-hours per mile at the charging
outlet This value reflects a mix of cars and light-duty trucks to electrify 20 percent
of light-duty vehicular travel in 1980, 1990, 2000, and 2010 (Table 6.1). Vehicles were
assumed to be distributed uniformly across the Unlited States based on popula-
tion. They were also assumed to travel an average of 10,000 miles per year. Elec-
trical distribution system efficiency was assumed to be 90 percent.

Figure 7.2 Projected Use of Fuel for 20 Percent Electrification of
Light-Duty Vehicular Travel
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ELECTRIFICATION OF LIGHT DUTY ELECTRIFICATION OF LIGHT DUTY

VEHICULAR TRAVEL percent VEHICULAR TRAVEL percent

2000 2010
Source: Recharge Capacity Projection System (RECAPS), General Research Corporation

Assumptions: The RECAPS model schedules the use of nuclear, coal, and hydroelectric facilities before 011 and gas facilities, and base-load facilities
before intermediate and peaking facilities to minimize operating costs. Recharging IS controlled to maximize the use of off-peak power available during

late night and early morning hours when demand is lowest. The model makes use of capacity and demand projections developed by the electric utility
companies in 1979. Energy required was assumed to be 0.5 kilowatt-hours Per mile at the charging Outlet This value reflects a mix of cars and Iight-duty
trucks to electrify 20 Percent of light-duty vehicular travel in 1980, 1990, 2000, and 2010 (Table 6.1), Vehicles were assumed to be distributed uniformly
across the Unlited States based on population. They were also assumed to travel an average of 10,000 miles per year. Electrical distribution system effi-
ciency was assumed to be 90 percent. The  results have been adjusted to account for power plant efficiency of 35 percent, refinery efficiency of 93 per.
cent, and ancillary energy for oil recovery and transport of 34 percent

Figure 7.3 Petroleum Use by Electric, Hybrid, and Conventional Vehicles
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provide an opportunity to encourage the use of EHVs selectively where
they could have the greatest positive effect on air quality. The level
of expected improvement in air quality would decline somewhat between
1980 and 2010 as conventional vehicles become cleaner, thus limiting the
extent to which EHVs could improve future air quality.

Other environmental effects of EHV use are reduced urban traffic
noise, effects on public health and safety (resulting primarily from the
increased use of coal-fired and nuclear power plants) , thermal pollution
from power plants, and reduced dumping of waste crankcase oil. The use
of EHVs would reduce the urban traffic noise problem because these vehi-
cles are inherently quieter to operate than conventional vehicles, par-
ticularly when compared to those with small, high-speed ICE engines or
diesels. The other areas of concern would be little affected by 20-
percent electrification of light-duty vehicular travel, but are men-
tioned here because they have been of recent public concern. Though
their importance is difficult to estimate, especially in the case of
risks from nuclear reactors, fuels, and wastes, all appear to be rela-
tively minor considerations in relation to EHVs.

7.3.1 Air Quality
The amount of pollution produced by automobiles and electric

utilities would change as a result of the widespread use of EHVs. Since
EHVs do not emit pollutants when operating in the electric mode, except
for small amounts of particulate due to tire wear, automobile emissions
would be reduced in proportion to EHV miles driven. Power plant emis-
sions, on the other hand, would increase to the extent that fossil fuels
were used to generate the additional electricity needed for recharging.
Analysis of the projected contributions of conventional automobiles and
power plants to emissions between 1980 and 2010, in the absence of EHVs,
shows the effect of the Clean Air Act of 1970 and its amendments (Table
7.4). Percent contributions of both automobiles and power plants are
dropping. If the scheduled regulations are implemented and met in time,
nearly 90 percent of all automobile emissions will be eliminated by
1985. Additional Clean Air Act requirements will also result in im-
proved control of power plant emissions. These tend to limit the extent
to which EHVs can improve overall national air quality, no matter how
many are used to replace conventional vehicles. However, even at 20-
percent electrification of light-duty vehicular travel, sufficient
regional variation exists to warrant consideration of selectively en-
couraging EHV use in those areas where the greatest benefit could be
achieved.

The regional variation in air quality resulting from the use of
EHVs depends on the location of the power plants that serve the region,
the fuels used to generate recharge electricity, the vehicle miles
driven in electric mode, and to some extent, the characteristics of the
region, including local emission regulations and vehicle mixes. For
example, the population-weighted average of composite pollution indica-
tors for the 24 largest air-quality control regions (AQCRs) in the
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United States in 2000, given 20-percent electrification of light-duty
vehicular travel, shows a 2.4 percent improvement (Table 7.5). However,
two AQCRs--San Francisco and San Diego--would experience more than a 5-
percent improvement in air quality, and another eight--Boston, Seattle,
Denver, Los Angeles, Miami, Washington, D.C., Buffalo, and Dallas--would
experience an improvement of more than 3 percent. On the other end of
the spectrum, overall air quality would decrease if EHVs were used in
Pittsburgh. This is because those power plants required to generate
recharge energy are primarily located in the urban area itself. Fur-
thermore, these plants are primarily coal-fired, thus increasing the
urban sulfur-dioxide problem,

To set the impact of EHVs on air quality in perspective, it is
first necessary to understand the expected trends of future air quality
in the absence of EHVs (Fig. 7.4). In general, the main air pollution
problems through the year 2010 are projected to be total hydrocarbons
and total suspended particulate, which will increase 35 and 16 percent,
respectively, Both are now, and will continue to be, significantly
above the 1975 standard. On the other hand, new federal standards pro-
posed in 1978 for sulfur oxides, nitrogen oxides, and carbon monoxide
can be expected to control these pollutants. Although sulfur oxides and
nitrogen oxides will increase 6 percent and 14 percent, respectively,
they will continue to be below the standard. Carbon monoxide will be
reduced by 44 percent, but will still be slightly above the standard.
All these projections are based on 1978 state implementation plans
(SIPS), and will change as these plans are updated and new regulations
are promulgated.

The national impact on air quality of 20-percent electrification
of light-duty vehicular travel will result in a rise in sulfur oxides
and decreases in nitrogen oxides, total hydrocarbons, and carbon monox-
ide (Fig. 7.5). Total suspended particulate will be little affected.
Sulfur oxides in 1980 would be increased by about 3.5 percent, but would
decrease to less than one percent above the 2010 level over the next 30
years. Nitrogen oxides would be reduced by 1 to 2 percent over the
1980-2010 time frame. Total hydrocarbons would be reduced by 5 percent
in 1980, but would be about 2 percent under expected baseline levels in
2010. Carbon monoxide initially would drop by 10 percent in 1980, but
would stabilize at over 6 percent in 2010. This general trend of signi-
ficant initial impact, tapering off to modest levels by 2010, is primar-
ily due to the fact that federal standards for both conventional automo-
biles and power plants will tend to reduce the potential effect of EHVs
on national air quality.

7.3.2 Urban Traffic Noise
The importance of noise pollution and its control have been

recognized in recent years in legislation at all levels of government.
In particular, the Federal Noise Control Act of 1973 established as a
national policy the control of emissions of noise that are detrimental
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TABLE 7.5

CHANGE IN THE SEAS COMPOSITE POLLUTION INDICATOR

WITH 20 PERCENT ELECTRIFICATION OF LIGHT-DUTY VEHICULAR TRAVEL

Decrease in Pollution Indicator
Resulting from Use of EHVs, percent

Air Quality Control Region 2000

San Francisco
San Diego
Boston

Seattle
Denver
Los Angeles
Miami
Washington, D.C.
Buffalo
Dallas
New York
Atlanta
Detroit
St. Louis
Philadelphia
Minneapolis-St. Paul
Baltimore
Chicago
Cleveland
Milwaukee
Kansas City
Houston
Cincinnati
Pittsburgh

5.5
5.4
4.1
3.8
3.5
3.4
3.4
3.2
3.1
3.0
2.7
2.5
2.3
1.9
1.8
1.8
1.7
1.6
1.6
1.6
1.5
1.2
0.9

-1.6

Population-Weighted Average 2.4

Source: Regional Emission Projection System (REPS), General Research Cor-
poration; and Strategic Environmental Assessment System (SEAS), originally
developed by several private corporations for EPA and now under the control
of the Environment Division of DOE.

Assumptions: Industrial growth projections were for 1977, and were obtained
from the Department of Commerce OBERS model. Base year emissions data were
for 1975, and were obtained from the National Emission Data System (NEDS).
Electric utility growth projections were based on the Recharge Capacity Pro-
jection System (RECAPS) output generated both with and without EHV use.
Emission and air quality control levels were based on new source performance

standards proposed in 1978. Emissions from facilities built prior to
1978 were assumed to be controlled to the level defined in NEDS. These
projections, therefore, do not fully reflect the effect of the 1977
Amendments to the Clean Air Act which require that states submit revised
State Implementation Plans (SIPS) which assure that future air quality
will satisfy the national primary standard. Analysis was based on the 24
most populated air quality control regions (AQCRs) in the United States.
The results reflect population-weighted averages. The specific pollution
indicators were calculated using a formula developed for SEAS which weights
each major pollutant type according to impact on human health to arrive at
a single composite figure.
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Assumptions: Industrial growth projections were for 1977, and were obtained from
the Department of Commerce OBERS model. Base year emissions data were for
1975, and were obtained from the National Emission Data System (NEDS). Electric
utility growth projections were based on the Recharge Capacity Projection System
(RECAPS) output generated both with and without EHV use. Emission and air
quality control levels were based on new source performance standards proposed
or promulgated in 1978. Analysis was based on the 24 most populated air quality
control regions (AQCRs) in the United States. The results reflect population-
weighted averages.

Figure 7.4 Air Quality Projections Without EHVs
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1975, and were obtained from the National Emission Data System (NEDS). Electric
utility growth projections were based on the Recharge Capacity Projection System
(RECAPS) output generated both with and without EHV use. Emission and air
quality control levels were based on new source performance standards proposed
or promulgated in 1978. Analysis was based on the 24 most populated air quality
control regions (AQCRs) in the United States. The results reflect population-
weighted averages.

Figure 7.5 Percent Change in Air Quality with 20 Percent
Electrification of Light-Duty Vehicular Travel
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to the human environment, particularly those resulting from the use of
transportation vehicles.3 As a result, various regulations have been
established to reduce truck, bus, and motorcycle noise (Table 7.6).
Regulations have not yet been established for automobiles. Although
automobiles account for more than 90 percent of all urban traffic, their
contribution to total urban traffic noise in the mid-1970s was little
more than half. Consequently, a reduction in automobile noise would
have little noticeable impact unless also accompanied by a reduction in
truck, bus, and motorcycle noise.

It is interesting to note that the recent trend toward smaller,
more fuel-efficient vehicles may increase the contribution of auto-
mobiles to the overall noise problem. Automobiles powered by four-
cylinder gasoline and diesel engines produce from 3 to 5 dB(A) more
noise than conventional V-8 and six-cylinder engines.

Different levels of urban traffic noise affect different numbers
of people (Table 7.7). It is estimated that nearly 95 million people
are subjected to noise levels which begin to affect intelligibility of
speech (55 dB day-night equivalent sound level) . Although only slightly
more than one million people are subjected to relatively high noise
levels (75 dB), the resulting impacts can be much worse, sometimes
affecting human behavior. In fact, at sound levels above 85 dB, per-
manent hearing damage can occur if exposure is over a long period.

Electric propulsion of automobiles is inherently quiet. When
operating in the electric mode, EHVs do not use an engine, radiator fan,
air intake, or exhaust, all of which are major noise producers in a
conventional car. The electric motor of the EHV is typically much
quieter. A recent test by the Japanese government comparing electric
and conventional economy cars found electrics to be 15-25 percent quie-
ter when stopped, accelerating, and passing (Fig. 7.6).5 

Even when
traveling at constant speed, the electrics were about 5 percent quieter.

Consequently, desirable reductions in traffic noise are likely
with the widespread use of EHVs. Even though conventional cars may be
made considerably quieter in the future, substitution of EHVs could re–
duce the future level of noise impact substantially (Fig. 7.7). 6 After
current regulations have had their effects on truck, bus, and motorcycle
noise, the overall noise impact would be reduced to 57 percent of the
1975 level, if conventional autos grow no noisier. EHV use could reduce
urban traffic noise impact to as little as 27 percent of the 1975 level
(at 100 percent EHV market penetration).

7.3.3 Health and Safety
Large-scale use of EHVs might affect public health and safety be-

cause of increased generation of electric power, modifications in vehi-
cular design and capability, and changes in industrial working condi-
tions, primarily in the battery manufacturing industry. However, the
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ESTIMATED

At or Above Outdoor

TABLE 7.7

NUMBER OF PEOPLE SUBJECTED TO

URBAN TRAFFIC NOISE

Day–Night Equivalent
Sound Level, (dBl

People, millions

55 93.4

60 5900

65 24.3

70 6.9

75 1.3

Source: “Air Quality, Noise, and Health,” Report of a Panel of
the Interagency Task Force on Motor Vehicle Goals Beyond
1980, US Department of Transportation TAD-443.1, March
1976. Table 6-4.

1
The customary measure of the impact of urban traffic noise is com-
puted from outdoor day-night equivalent sound levels. The computa-
tion combines the level of traffic noise with the number of people
exposed at that level. It assumes that adverse effects of noise
begin at a specific criterion, 55 dB, and that they reach a 100-
percent level at 75 dB. At day-night equivalent sound levels of
55 dB outdoors, indoor levels may be near 45 dB, allowing 100 per-
cent intelligibility for all types of speech. After a 20-dB
increase above this level, intelligibility begins to drop very
rapidly with further increases, supporting the assumption that few
people would be adversely impacted at 55 dB, while at 75 dB, vir-
tually everybody would be adversely affected.
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Figure 7.6 Measured Noise of Japanese Test Cars
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Assumptions: Noise standards for trucks, buses, and motorcycles are assumed to
be in effect. Noise from sources other than transportation vehicles are assumed to
remain constant. Data used to prepare this figure are for 1975. Improved conven-
tional cars are expected to be about 3 dB quieter than present conventional cars.
Electric cars are assumed to be 3.3 dB quieter than improved conventional cars.

Figure 7.7 Effects of Electric Cars on Urban Auto Noise and
Traffic Noise Impact
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impact is expected to be small at 20-percent electrification of light-
duty vehicular travel.

The major factor to be considered is the effect of increased
generation of electric power to recharge EHVs. If EHVs were recharged
during off-peak hours, about 0.5 to 0.6 quadrillion additional BTUs
would be required to electrify 20 percent of light-duty vehicular travel
each year in the 1980-2010 time frame. However, since annual demand
without EHVS is projected to increase over the same period, the contri-
bution of EHVs to total electricity demand will decrease each year. In
1990,for example, the percentage of total demand attributed to EHVS
would be 4.5 percent, but would drop to 2. 1 percent by 2010.

Although it is not expected that 20-percent electrification of
light-duty vehicular travel would have much impact on public health and
safety, expert opinion on the impact of any increase in power generation
is divided, and much research in this area is currently being conducted.
Consequently, a brief discussion of the major issues is presented here.

The detrimental effects of power plants on public health and safe-
ty have been repeatedly analyzed in recent years, largely because of the
fierce public debate over the desirability of nuclear power.7 The analy-
ses show clearly that nuclear plants are not alone in presenting risks
to health and safety; coal plants are also detrimental, primarily due to

7.3.1). 8,9,10 While some parts ofincreased SOX emissions (see Sec.
these analyses are relatively secure, other very important parts require
assumptions which are little more than guesswork. It has therefore been
impossible to determine conclusively whether nuclear plants are prefera-
ble to coal plants. It is clear, however, that use of EHVs would in-
crease whatever the problems of nuclear and coal plants may be, even if
only slightly.

Overall, there seems little question that by requiring added gene-
ration of electricity, EHVs could detract slightly from public health
and safety. The effects, however, will surely be far less than propor-
tionate to the extra electric energy required by EHVs. Since no addi-
tional facilities would be required, other than those already planned to
satisfy normal future demand, EHVs need not cause an increase in the
number of nuclear reactors subject to accidents. Moreover, where diver-
sion of plutonium and sabotage of reactors are the serious risks, they
may not be increased significantly by EHVs. If reactors are already
numerous and shipments of nuclear materials among them are already fre-

quent, additional shipments may have little practical consequence for
would-be terrorists or saboteurs already presented with abundant oppor-
tunities for action.

Another detrimental impact of the generation of additional elec-
tric power using fossil fuels, primarily coal, is the creation of more
acid rain. Large fossil fuel plants emit sulfur oxides and nitrogen
oxides high into the atmosphere where they may be transported thousands
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of miles by  prevailing winds. Such pollutants are often converted into
sulfuric and nitric acids which eventually wash out in rain, sleet,
hail, and snow. Although acid rain does not directly affect human
health, it poses a real threat to both plants and wildlife which form
the bulk of the eco-system. Many studies are currently being funded by
the federal government to quantify the scope and severity of the acid
rain problem, and to formulate effective ways to eliminate or reduce its
impact. Although the technology needed to more strictly control power
plant emissions currently exists, it is quite expensive, thus creating
resistance by the electric utilities.

Crash safety of EHVs is currently in the early stages of research
and development. However, it appears that structural design to accom-
modate a heavy set of batteries, as opposed to a fuel tank filled with
gasoline, is well within current technology. In fact, batteries con-
taining acids, chlorine, and other potentially hazardous chemicals may
be less dangerous than a fuel tank filled with gasoline or diesel. This
is often overlooked because gasoline is commonplace and accepted; but it
is extremely flammable and can explode or burn upon impact. Since it is
likely that EHVs will have to meet the same safety standards as conven-
tional vehicles and will equal the lower-performance conventional vehi-
cles in acceleration, their overall influence on the number and severity
of auto accidents should be small. In fact, if lower-capability EHVs
encourage more prudent driving, there may be positive benefits from
their use. There are possibilities of electrical shock, explosive
fires, or chemical and toxic gas hazards when operating and recharging
EHVs, but these can be minimized through proper engineering and design.

Increased battery production using a variety of chemicals un-
familiar to the battery manufacturing industry could create new safety
concerns. However, careful design and construction of new facilities
and close monitoring by appropriate federal agencies should minimize the
risks.

7.3.4 Thermal Pollution
EHVs would be about as efficient overall as conventional vehicles

fueled from petroleum, if typical losses in electric utilities are in-
cluded. They would thus have little effect on total energy used and
eventually released as heat into the environment, In conventional
vehicles, however, almost all this heat is evolved when and where the
vehicles are driven. In EHVs, only about a third of the total heat
would be released in this manner. The remainder would be evolved at a
relatively few power plants during recharging, and concentrated releases
of heat can potentially produce changes in local weather patterns. How-
ever, it is not expected that 20-percent electrification of light-duty
vehicular travel would result in any significant impact on thermal
pollution.
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7. 3.5 Waste Oil
Lubricating oil in the crankcases of automotive engines is period-

ically drained and replaced with clean oil. The old oil is often col-
lected and used for boiler fuel, for road oiling, for asphalt, and for
other purposes. Nevertheless, substantial quantities of oil are more or
less indiscriminately dumped into the environment14particularly in rural
areas where collection is presently unprofitable.

EHVs have no crankcases and require no periodic oil changes. To
the extent that they were used, the problem of discarded oil from auto-
mobiles would be reduced. Overall, 20-percent electrification of light-
duty vehicular travel in the United States would eliminate the use of
about 130 million gallons of oil per year for automobile crankcase use.
This amounts to almost 15 percent of all automotive demand for lubri-
cating oils and 7 percent of all demand for lubricating oils.

7.4 ECONOMY

The substitution of electric and hybrid vehicles for conventional
automobiles could affect the economy in several major ways. Purchase
and operating costs affect consumers, changes in economic activity to
manufacture, sell, and service automobiles affect employment, the ex-
pansion and retirement of various production facilities affect business
capital investments, and changes in the importation of petroleum and
battery materials affect the national balance of payments.

7.4.1 Consumers
Perhaps the most pervasive effect of EHVs in the near term would

be the higher initial and life-cycle costs to motorists. Even with
longer life and inexpensive electricity, near-term EHVs are still more
expensive than conventional vehicles on a life-cycle cost basis at
today’s gasoline prices. If consumers are forced to spend more on
transportation, less of their disposable income is available for other
purchases. This decrease in non-automotive expenditures would be felt
throughout the economy. The higher cost of electric and hybrid vehicles
might make their purchase less attractive to consumers. If the govern-
ment wished to encourage electric or hybrid vehicle use, it might have
to subsidize either the producers or the consumers, which would affect
the national budget. In the future, an increase in gasoline price could
bring the cost of EHV use more in line with the cost of using conven-
tional vehicles, thereby negating these economic effects on consumers.
Increases in battery life or decreases in battery price beyond those
projected here are unlikely to reduce EHV costs by more than a small
amount.

7.4.2 Capital Investment
Capital investment will be necessary to expand the production

capacity to mine and process battery materials, to manufacture propul-
sion batteries, motors, controllers, and chargers, and to recycle
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battery materials. Little, if any, increase in investment for new
electric utility capacity will be required, assuming overnight, off-peak
recharging. Capital equipment associated with the manufacturing of
internal combustion engines would be retired. However, the penetration
of electric and hybrid vehicles will probably be accomplished over a
period of years, during which portions of the aging capital equipment
would be retired anyway. Major portions of the facilities and equipment
used to produce conventional vehicles can be adapted for use in the
product ion of electric and hybrid vehicles. The magnitude of capital
investment and retirement has not been estimated,

7. 4.3 Employment
The switch from conventional to electric and hybrid vehicles would

alter the employment in those economic sectors involved in production,
sales, and service. Overall, only 3.75 percent of US employment in 1974
was in potentially affected industries, with payrolls amounting to only
4.5 percent of the national total.

Major increases in employment will occur in industries associated
with propulsion batteries, including the mining and processing of mat-
erials, the manufacturing and sale of the batteries themselves, and the
recycling of the batteries to recover usable materials. Employment
would also increase in sectors involved in the production and servicing
of motors, controllers, and chargers. More people are involved in the
distribution and sales of vehicles than are involved in their produc-
tion. Distribution and sales of vehicles would continue with little
change; therefore employment and payrolls in these sectors would be
little effected.

Only some of the jobs pertaining to the manufacturing and ser-
vicing of internal combustion engines will be lost if hybrid vehicles
replace conventional vehicles. Production workers will still be re-
quired to manufacture internal combustion engines and other vehicle
parts, mechanics will still be required to service the ICE and other
vehicle parts for which they have already been trained, and sane service
station attendants will still be needed to pump gasoline. The level of
ICE-related work would depend on hybrid vehicle design: hybrids most
like ICE cars (high-performance hybrids) would lead to modest changes,
whereas hybrids most like electric cars (range-extension hybrids) would
lead to larger changes.

The maximum dislocation of jobs would occur if all conventional
vehicles were replaced by electric vehicles, since all internal combus-
tion engine production and service would disappear, gasoline production
and sales would vastly decrease, and huge increases would occur in
industries associated with propulsion batteries. If all vehicles were
electric in the year 2000, over 800,000 jobs would be lost in ICE-
related industries. Over half of these lost jobs would be from auto-
motive service stations. Other sectors experiencing large employment
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losses include: automotive repair shops (-143,000), automotive supply
stores (-107,000) , motor vehicle parts distribution (-84,000), and motor
vehicle body and parts manufacturing (-54,000). However, job losses i n
these industries will be more than offset by employment gains in elec-
trical equipment, mining, and battery manufacture, distribution, and
sales. If all vehicles in the year 2000 contained lead-acid batteries,
an estimated 850,000 new jobs would have been created; if lithium-metal
sulfide batteries are used, newly created jobs would number over two
million (Table 7.8). Although shifts between economic sectors occur,
the overall change in employment and payrolls is insignificant, even in
the extreme case of 100 percent electric vehicle penetration, amounting
to about a one-percent increase (Tables 7.9 and 7.10).

7.4.4 Balance of Trade
One of the major goals of EHV use is the reduction of petroleum

imports. Such a reduction would improve the nation’s balance of trade.
However, savings in petroleum imports will be offset to some extent by
imports of battery materials.

Assuming the current percentage imports of battery materials and
using their 1979 price, the cost of imported materials to electrify 20
percent of light-duty vehicular travel in the United States (25 percent
of the US light-duty vehicle fleet) would be approximately 3.8 billion
dollars if lead-acid batteries are used, or 20.3 billion dollars for
nickel-zinc batteries (Table 7.11). Few or no imports would be required
for lithium-metal sulfide batteries. These imports can be compared with
a savings of about 220 million barrels of oil annually in 2000, which,
at a nominal price of $30 per barrel for imported petroleum, yields a
6.6 billion dollar annual decrease in imports.12

Thus it appears that although initial requirements for battery
material might add considerably to United States imports, their value
would be recouped in a few years through reduced oil imports. There are
many uncertainties, however, including the amount of imported petroleum
used to generate electricity for recharging electric and hybrid vehi-
cles, the extent to which increased demand for battery materials affect
their price, and the extent to which additional demand beyond baseline
projections for battery materials would be met by additional imports.
The actions of cartels controlling petroleum, and perhaps some battery
materials, are impossible to project.

The use of electric and hybrid vehicles is likely to improve the
balance of payments in the future. By the year 2000, only a small
percentage of fuel used to generate recharge electricity will be
petroleum. In time, United States mining operations will be able to
supply a greater percentage of battery materials, cutting down on
imports if their prices have increased substantially. One of the major
factors leading to a reduction in the balance of payments will be the
development of efficient recycling which will develop once a significant

182



TABLE 7.8

IMPACTS OF 100 PERCENT USE OF ELECTRIC CARS

EMPLOYMENT AND PAYROLL, BY INDUSTRY

Standard
Industrial

Classification Industry

(independent of battery type)

3592 Carburetor, piston, valve manufacturing
3622 Electric controls manufacturing

3694 ICE electric equipment manufacturing

3711,3714 Motor vehicle body and parts manufacturing      

5012 Motor vehic le  par ts  d is t r ibut ion

5 1 7 1 , 5 1 7 2 Petroleum wholesalers

5531 Automot ive supply  stores

5541 A u t o m o t i v e  s e r v i c e  s t a t i o n s

7538,7539 Automot ive repair  shops

SUBTOTAL

(-lead-acid batteries)

1031,3332 Lead and z inc  min ing,  smel t ing

3691 Storage bat tery  manufactur ing

B a t t e r y  d i s t r i b u t i o n  a n d  s a l e s

SUBTOTAL

( n i c k e l - z f n c  b a t t e r i e s )

1031,3332 Lead and z inc  min ing and smeI t ing

Nickel  and cobal t  min ing

3691 Storage bat tery  manufactur ing

B a t t e r y  d i s t r i b u t i o n  a n d  s a l e s

SUBTOTAL

( l i t h i u m - s u l f u r  b a t t e r i e s )

Nickel  and cobal t  min ing

. L i th ium min ing

Molybdenum mining

3691 Storage bat tery  manufactur ing

B a t t e r y  d i s t r i b u t i o n  a n d  s a l e s

SUBTOTAL

Employment Change,
t h o u s a n d s
1980 1990 2000 

-24 -31 -37
33 38 41

15 14 11
-56 -57 -54
-57 -55 -84

-35 -22 -28
-67 -87 -107

-293 -350 -410

-93 -118 -143

-576 -667 -810

73 86 107

196 214 224

432 454 &67

701 754 798

55 60 57
43 37 35

518 587 622
l,084 1,140 1,172
1,700 1,823 1,887

11
27
12

699
1,317
2,066

ON

Payroll Change,
millions Of 1977 dOllars

1980

- 3 4 5

425

425

- 1 0 0 0

- 8 5 4

- 5 0 5

- 6 4 0

- 1 7 4 1

- 7 5 7

- 5 1 9 1

994

2 , 6 4 8

5 , 7 5 3

9 , 3 9 5

744

796

6 , 9 9 6

1 4 , 4 3 8

2 2 , 9 7 3

1990

- 4 5 0

497

230

- 1 1 7 3

- 8 1 9

- 3 3 9

- 8 5 8

- 2 1 1 2

- 9 4 8

- 5 9 7 2

1,254

2 , 9 8 5

6 . 5 3 6

1 0 , 7 7 5

868

915

8 , 1 9 7

1 6 , 4 0 4

2 6 , 3 8 4

2000

- 5 5 4

459
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1227

- 1 3 6 0

- 4 5 5

- 1 0 7 5

- 2 4 9 9

- 1 1 4 1

- 7 6 6 5

1 , 6 6 5

3,212

7 , 0 9 9

11,976

892

1 , 3 3 2

8 , 9 0 3

1 7 , 8 1 8

2 8 , 9 4 6

408

863

402

1 0 , 0 0 5

2 0 , 0 1 0

3 1 , 6 9 4

Baseline projections made by least-squares regression analysis of his-
torical data published in County Business Patterns. Adjustments were
made to the portion of activity estimated to be affected by electric
vehicle production and use.



TABLE 7.9

IMPACTS OF 100 PERCENT USE OF ELECTRIC CARS ON TOTAL

EMPLOYMENT

Type of Battery Used
In Electric Cars

Lead-Acid

Nickel-Zinc

Lithium-Metal Sulfide

IN INDUSTRIES DIRECTLY AFFECTED

Employment Change in Affected Industries

Thousands Percent US Employment

1980 1990 2000 1980 1990 2000

126 87 -12 0.14 0.09 -0.01

1124 1156 1077 1.27 1.19 1.02

1287 1319 1255 1.45 1.36 1.19

TABLE 7.10

IMPACTS OF 100 PERCENT USE OF ELECTRIC CARS ON TOTAL

PAYROLL IN INDUSTRIES DIRECTLY AFFECTED

Payroll Change in Affected Industries

Type of Battery Used
Millions of 1977 Dollars Percent US Payroll

In Electric Cars 1980 1990 2000 1980 1990 2000

Lead-Acid 4204 4803 4311 0.28 0.23 0.14

Nickel-Zinc 17782 20412 21281 1.19 0.97 0.70

Lithium-Metal Sulfide 19949 22813 24029 1.33 1.09 0.79

Basline projections made by least-squares regression analysis of historical
employment and payroll data published in County Business Patterns. Adjust-
ments were made to the portion of activity estimated to be affected by
electric vehicle production and use.
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TABLE 7.11

NOMINAL CUMULATIVE COST OF IMPORTED MATERIALS TO ELECTRIFY 20

Battery

Lead-Acid:

Lead

Nickel-Zinc:

Nickel

Zinc

Cobalt

LIGHT-DUTY VEHICULAR TRAVEL IN THE UNITED

Material
Requirement,

lb     X    106

35.0

1000

6 . 0

0 . 5

Percent
Imported*

30

50

50

100

1979 Price
per Pound†

0.36

2.24

0.20

16.95

STATES

PERCENT OF

Cost of Imports,
billions of dollars

3.8

11.2

0.6

8.5

*Current percent imported in absence of EHVs

†.
‘Source: L. G. Hill, The Impact of EHVs on Factor Prices and the Balance
of Trade, Discussion Draft 16, Argonne National Laboratory, Illinois,
October 1979.

level of EHV penetration is reached. Recycling will substantially
reduce the demand for new battery materials.

7.5

7.5,1

RESOURCES

Imports of Battery Materials
The United States currently imports nearly all the cobalt, graph-

IQ Dependence onite, and aluminum ore and over half of its nickel.
foreign sources for supplies of battery materials involves significant
political considerations, especially if the reserves are concentrated in
one or a few locations. The political stability of exporting countries
affects the reliability of continued supply. Concentration of resources
opens the possibility of market control in the form of monopolies or
cartels which could manipulate the price and availability of materials
required for batteries, A nickel cartel could be as damaging to an
electric vehicle industry based on nickel-zinc batteries as the OPEC oil
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cartel is to the present auto transportation system. Fortunately, most
battery materials are imported from Western-aligned nations, the major
exception being cobalt, the majority of which is imported from Zaire and
other politically unstable African countries (Table 7.12) .

Of all the battery materials considered in this report, the United
States is self-sufficient in or imports only snail quantities of boron,

TABLE 7.12

LOCATION OF BATTERY MATERIAL RESERVES AND

Material/Location. — - - - - - -  —

RESOURCES

Percent of
World Resources--. .- M a t e r i a l / L o c a t i o n.  ..-  — -.. . . . -

A l u m i n u m

A u s t r a l i a
Guinea
B r a z i l
Jamaica
Greece
Cameroon

Boron

United States
USSR
Turkey
China
Argentina
Chile

Chlorine

United States
Many Others

Cobalt

Zaire
Oceania
Zambia
Cuba
Canada
United States

Copper

United States
Chile
USSR
Canada
Asia
Sea Nodules

Graphite

Mexico
Malagasy Republic
Sri Lanka
United States

I r o n

26
26
16
6
4
4

21
17
17
4
3
5

31
17
12
10
6
4

27
13
13
9
4
8

Lead

25
25
25
13
6
6

United States
Canada
USSR
Australia

36
12
18
18

36
12
11
9

Lithium

United States
USSR
Canada
Africa

Nickel

New Caledonia
Canada
USSR
A u s t r a l i a
Indonesia
Cuba
Phillipines
United States

S u l f u r

A s i a / N e a r  E a s t
Canada
United States
USSR
Spain

Zinc

Canada
United States
Australia
USSR
Ireland

44
27
13
13

44
16
10
9
8
6
2

0.003

30
21
12
8
1

23
20
12
8
5

44
19
14
10

22
15
8
6
5

16
6

12

17
28
12
11
9

20
19
13

9
4

28
27
14
14
7

--

31
36
14
43
10
31

20
20

9
9
7

- -

20
11
6
8

10
20

Source: US
us

Bureau of Mines, Mineral Facts and Problems, 1975 Edition,
Government Printing Office, Washington, D.C. 1976.
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chlorine, copper, lithium, and SUlfur. Therefore, no problems in ob-
taining these materials are foreseen for the electric vehicle industry,
although significant expansion of US lithium production will be re-
quired. While the United States has large resources of most battery
materials, in the short run at least, it will continue to rely on
foreign sources to supply battery materials. One reason for continued
importation of these materials is that they can be obtained at less cost
from countries where labor is less expensive than in the United States.
Another reason is that higher-grade ores can be found outside the United
States. In the cases of aluminum, graphite, and nickel, new technolo-
gies would need to be developed before deposits in the United States
could be economically utilized. If the United States attempted self-
sufficiency, costs would most likely increase significantly because of
the use of more expensive labor, the development of new technologies,
and the capital cost involved in expanding domestic industries.

Lead-Acid Batteries. The primary materials required for the pro-
duction of lead-acid batteries are lead and sulfur. The United States
now produces most of the sulfur needed domestically. Environmental re-
strictions will enforce a substantial production of sulfur recovered
from petroleum refining, coal combustion, and other sources, so the
supply of sulfur for use in batteries should be plentiful.

The United States produces about two-thirds of the lead needed to
satisfy domestic primary demand (for new rather than recycled material) ,
but substantial increases in mining and smelting capacity would be re-
quired to continue supplying this percentage of projected primary demand
if mass production of lead-acid propulsion batteries occurs.14 Therefore,
demand for lead by battery manufacturers would probably precipitate an
increase in lead imports, at least in the short run, until recycling re-
duces the primary demand for lead for EHV batteries.

Nickel-Iron and Nickel-Zinc Batteries. The nickel-iron battery
requires principally nickel and iron, plus smaller amounts of cobalt
(used in the nickel electrodes), COPPer, lithium, and potassium.
Nickel-zinc batteries require the same materials except for the sub-
stitution of zinc for iron. Nickel, cobalt, and some of the iron or
zinc will be imported for these batteries.

Domestic primary production supplies only about 10 percent of the
demand for nickel in the United States, with scrap accounting for

13 over half of the nickel supply is imported,another 20 to 30 percent.
mainly from Canada. The potential supply of nickel from domestic
sources is high, but production will require marked improvement over
current technology for extracting nickel from low-grade ores. Deep sea
mining is another possible source.

Nearly all of the cobalt used in the United States is imported,
about 75 percent from Zaire. The political instability of nations in
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this area has recently caused interruptions in production. There is
also evidence of the existence of a cobalt cartel, which could control

15 Expansion of United States cobalt pro-cobalt prices and supplies.
duction is predicted, especially if nickel production is increased,
since cobalt is a by-product of nickel mining, or if deep sea mining is
implemented.

Approximately one-third of iron ore required by the United States
iron and steel industries is imported. The price and availability of
foreign ores may be influenced by organizations of producers. The USSR
has the world’s largest reserves and resources of iron ore, but it is
also abundant in the western world.

In the recent past, the United States has imported one-third to
one-half of its zinc requirements, principally from Canada. Zinc demand
for battery materials could be met with existing reserves, but signifi-
cant expansion of smelting capacity would be required.

Zinc-Chlorine Batteries. In addition to zinc, which is discussed
above, the primary materials needed for the zinc-chlorine battery are
chlorine and graphite. Chlorine can be readily supplied domestically,
but the United States' demand for graphite is almost entirely fulfilled
by imports from Mexico, Sri Lanka, and the Malagasy Republic.13

The
United States could increase its output of graphite, but at some expense
to reactivate domestic sources. Graphite can be manufactured, but with
present technologies the product is not suitable for all uses. Grades
of graphite differ considerably, so some level of graphite importation
will probably continue.

Lithium-Metal Sulfide Batteries. Aluminum, boron, chlorine,
copper, iron, lithium, potassium, and sulfur are used in lithium-metal
sulfide batteries. All the materials can be supplied domestically
except some of the iron and aluminum. The United States imports about
90 percent of the raw materials (buaxite and alumina) required to pro-
duce aluminum. Principal exporting countries are Australia and Jamaica.
Battery requirements for aluminum are a very small portion of total
United States demand, so EHV production will not significantly affect
aluminum imports. The United States has large deposits of lithium, most
of which are undeveloped because of low demand. However, the amount of
lithium needed for lithium-metal sulfide batteries will require exten-
sive development of these resources.

7.5.2 Battery Materials Versus Petroleum
All natural resources exist in finite amounts. Increased demand

for battery materials would spur exploration for new deposits, but the
amount of material in these deposits is unknown. Ultimately, battery
materials may not be any more plentiful than petroleum if the world
switches to electric and hybrid vehicles.
difference between the use of gasoline and
transportation propulsion: gasoline burns
tinual new supplies; battery materials can
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and is gone, requiring con-
be recycled, and therefore



new materials would be needed only
small amounts lost in recycling.

to enlarge the fleet and to replace

The United States probably has enough resources to be self-
sufficient in the supply of most materials for batteries. However,
self-sufficiency would involve considerable (presently unquantifiable)
expenditures on the development of new technologies to process low-grade
ores (especially in the cases of nickel and cobalt for nickel-iron and
nickel-zinc batteries and graphite for zinc-chloride batteries) and on
exploration and capital equipment to mine and process new resources.
Such expenditures would probably be unwarranted if exporting countries
maintain stable governments and good trade relations with the United
States continue. The probability of continuing supplies from exporting
countries is high, and the likelihood of cartel actions is low, except
perhaps in the case of cobalt.

7.5.3 Effect on Prices of Battery Materials
Historically, real prices of most minerals and metals have not

increased; that is, their cost trends have been stable or downward
relative to the costs of other goods and services. The sharp rise in
the cost of energy and the expense of pollution control in the 1970s
have caused the cost of materials to rise recently. Continued explora-
tion for new deposits and improved technologies for processing lower-
grade deposits offset the depletion of known reserves, thereby mitigat-
ing price increases which could arise from the scarcity of materials,
although materials from lower-grade deposits may be more expensive.

15 has concluded thatA recent study by Charles River Associates
estimated reserves of battery materials are sufficient to satisfy the
cumulative demand for these materials, even with widespread use of EHVs,
so that major price increases are not expected to occur, except in the
cases of lithium, nickel, and cobalt.

High levels of EHV production would create heavy demands for
lithium (if lithium-metal sulfide batteries are produced), or for nickel
and cobalt (if nickel-iron or nickel-zinc batteries are produced), which
could exert significant upward pressure on the long-run price trends for
these materials. Price effects have not been quantitatively estimated,
but if producers were given sufficient lead time* to increase explora-

*
“Sufficient lead time” is very difficult to quantify. If production
requires only the reopening of mines which have been shut down, suf-
ficient lead time might be a year. If exploration and the erection of
mining and processing equipment are required, five years might be a
minimum time before production begins. If new technologies must be
developed (as would be the case if domestic nickel, graphite, and
aluminum ore deposits were to be exploited), the lead time required
might be ten years or more. Another, perhaps
tion exists. Private firms will not begin to
the increased demand has raised prices to the
expect a reasonable return on investment.
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tion and production capacity, the long-run price increases seem unlikely
to exceed 10 to 20 percent. However, extremely rapid increases in pro-
duction of lithium, nickel, or cobalt, without time to plan an orderly
expansion, could result in a doubling or more of prices for these
materials.15

These predictions of price trends assume continued availability of
imports. A disruption of the world market for these materials, either
because of political upheaval in exporting countries or the formation of
cartels, could result in price fluctuations which are impossible to
predict.

7.5.4 Competing Demands for Battery Materials
Massive demands for battery materials for EHVs could drive up

costs and reduce supplies of materials for other applications. The
relative demand for materials for EHV batteries and other uses are dis-
cussed in Sec. 5.4.3.

The principal uses for lead have been in transportation, mostly in
storage batteries for starting, lighting, and ignition; in anti-knock
compounds added to gasoline (which is being phased out); and as sheath-
ing for electrical cable. Lead is also used in paints, ammunition, and
construction.

Nickel is widely used to make alloys which are strong, corrosion-
resistant, and useful over a wide temperature range. Such materials are
of strategic importance, used in aircraft, ships, motor vehicles, and
electrical machinery. The chemical and petroleum industries are the
principal end users of nickel, chiefly in the form of alloys. Sub-
stitutes for nickel exist for almost all its uses, but they are general-
ly more expensive and less effective.

Zinc is third among non-ferrous metals in terms of world consump-
tion, following only copper and aluminum. It is used for alloying,
protective coatings (galvanizing) , and in making rubber and paints.
Principal uses for cobalt are in heat-, abrasion-, and corrosion-
resistant’ materials, high-strength materials, and permanent magnets.
Cobalt is used in permanent magnets, aircraft and surface vehicle
engines, machine tools, construction and mining, and paints and chem-
icals.

The largest uses of graphite are for foundry facings to provide
for clean and easy recovery of metal castings, and for raising the
carbon content of steel. Graphite is also used in heat-resistant, non-
metallic ceramic materials, and lubricants and packings. It may also
find increasing use in graphite-reinforced plastics. The best-known
uses of graphite, in pencils and in brake and clutch linings, account
for only about 9 percent of the demand for graphite.
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Lithium compounds are used in the electrolyte of cells for pro-
ducing aluminum and in ceramics, glass, and lubricants. Lithium metal,
which accounts for only a small portion of current lithium demand, is
used for the manufacture of synthetic rubber, Vitamin A, and anodes for
premium primary batteries offering very high energy density and long
shelf life. Though the demand for lithium is presently very small,
rapid growth in demand is projected, though there is uncertainty about
the amount. The generation of power through nuclear fusion, if commer-
cially successful, could require amounts of lithium close to today’s
total identified resources, and substitution of other materials for this
purpose is unlikely.

7.6 TRANSPORTATION

EHVs can satisfy nearly all normal driving needs of the general
public, particularly in urban areas where travel distances and average
speeds are moderate. Motorists who purchase and utilize EHVs will
experience both advantages and disadvantages compared to owners of
conventional vehicles. In general, EHVs will provide owners with the
convenience of recharging at home using an assured electrical power
supply. They will also be quieter to operate and may be more reliable
and maintainable. The primary disadvantages will be that initial costs
will be higher and life-cycle costs will be greater, at least until ad-
vanced batteries become commercially available by 2000 or until real
prices of motor fuels rise substantially. Electrics, unlike hybrids,
will also have less range than conventional vehicles.

Most EHV owners who live in single-family residences would be able
to obtain electrical outlets for recharging at overnight parking places.
These people would thus enjoy the convenience of at-home recharging in-
stead of waiting in lines at service stations if the availability of
gasoline again becomes critical. This is extremely important because
the recent gasoline supply interruptions have clearly demonstrated that
motorists place a high premium on minimizing the necessity of waiting in
service station lines. Although hybrid vehicles will occasionally re-
quire gasoline, the vehicle’s range in electric mode will provide the
motorist with mobility in the total absence of gasoline, and with the
opportunity to be quite selective in determining the best time to
refuel.

Since EHVs are substantially quieter and more vibration-free than
conventional vehicles, motorists will experience a somewhat smoother,
more silent ride. In addition, the inherent reliability of electric
motors and controllers in comparison to internal combustion engines may
provide EHV owners with relief from many service and reliability
problems. Recent figures for on-the-road failures of automobiles cor-
roborate this expectation (Table 7.13). Nearly 85 percent of all on-
the-road failures can be attributed to the internal combustion engine
system.
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Cause of Failure

TABLE 7.13

ON-THE-ROAD FAILURES OF AUTOMOBILES

Engine

Fuel System

Cooling System

Ignition System

Starting/Charging System

Frequency, percent

8 . 6

13.6

27.3

18.2

16.4

Total - Engine Systems 84.1

Transmission 5.7

Driveline

Brakes

Suspension

Electrical

Other

1.7

1.2

1 .4

System 3.5

2.4

Total - Remainder of Car 15.9

Source: William Hatch et al., Analysis of On-Road Failure Data, US
Department of Transportation, DOT-HS-802 360, May 1977.

Battery reliability is also a legitimate concern because, until
now, the industry has concentrated primarily on the production of lead-
acid batteries used to start internal combustion engines. The wide-
spread use of EHVs will require the production of a variety of new types
of propulsion batteries which will experience greater loads under more
severe conditions. Since the reliability of these new batteries has not
yet been established, some concern is warranted. However, careful de-
sign, engineering, and production of batteries could result in total EHV
systems that are more reliable than comparable conventional vehicles.

Other types of service and repair of components other than the
electrical system and ICE should be similar for EHVs and conventional
vehicles.
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Hybrid systems may not be quite as reliable as electrics because
they are more complex. However, this depends largely on the particular
design selected for the vehicle. In the case of a simple range-exten-
sion hybrid, reliability may be comparable to that of an electric. In
more complex designs, it may be lower. In either case, however, actual
availability of the vehicle for driving may be greater than that of an
electric because of the possibility of operating in either of two dif-
ferent modes if one fails. If the ICE fails, operation can continue in
the electric mode. If the electric propulsion system fails, the ICE
system can be used to power the vehicle. Only in those cases where both
systems fail or the failure of one system precludes the operation of the
other would the vehicle be totally disabled.

Both electric and hybrid vehicles may also be more maintainable
than comparable conventional vehicles. A recent study of parts sales
and labor requirements for repair and maintenance of conventional cars

revealed that 72 percent of labor hours and 62 percent of parts sales
were required for the engine and its fuel, ignition, cooling, and
exhaust systems, none of which are present in an electric car. 6 Al-

though conventional car maintainability is expected to continue to im-
prove, current estimates indicate that maintenance cost per mile for
electric vehicles may be some 60 percent less than for conventional
vehicles. This is partly because electric motors are extremely re-
liable, and normally require very little maintenance. Periodic brush
replacement is generally all that is required, and this is only done
every year or two. Electronic components such as choppers and chargers
are constructed in a modular fashion and are normally replaced as whole
units, often at higher cost.

The only other major electrical component is the propulsion
battery pack. In an EHV powered by a lead-acid battery system, the
sheer number of cells needed greatly increases the chances of experienc-
ing at least one cell failure within the system, given current battery
technology. This is critical because loss of one or more cells can
severely affect battery performance and corresponding effective battery
range. This potential problem is further compounded in advanced battery
systems, such as zinc-chlorine and lithium-metal sulfide which are not
modular, but simply consist of a “black box.” Repair in these cases,
unlike a lead-acid battery, requires more than the simple replacement of
a Particular defective cell or module; instead, the entire system, in
some cases, must be removed and disassembled to effect the repair. TO

what extent improved technology can eliminate or reduce these potential
reliability problems is unclear.

Although hybrid vehicles utilize an ICE in addition to the
electric system, the ICE is used for as little as 20 percent of total
annual vehicle mileage. As a result, hybrid maintenance costs should be
substantially less than for a conventional vehicle, but greater than for
an electric. This is because most failures are a function of miles
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driven and conditions under which driving occurs. Cold-start driving
and short trips, as well as stop-start driving, are particularly hard on
a conventional vehicle; they present little or no problem for range-
extension hybrids, but may raise significant problems for high-perform-
ance hybrids.

The major disadvantage of EHVs that motorists would incur is high
initial cost (Table 7.14). It is estimated that near-term EHVs may
range from 60 to 80 percent higher in initial cost than conventional
vehicles. In the case of advanced vehicles, EHVs may range from 20 to
40 percent higher on a first-cost basis. This is important because
potential buyers tend to place a high premium on dollars invested ini-
tially in comparison to savings over the vehicle’s life cycle. Unfor-
tunately, higher initial cost is inherent in EHVs because batteries are
more expensive than gasoline stored in a tank, and heavy batteries re-
quire a heavier, more expensive vehicle structure.

Overall life-cycle costs in general will also be higher, at least
in the case of near-term vehicles (Table 7.14). Given current electri-
city and gasoline prices, near-term EHVs would range from 3 to 20 per-
cent higher than conventional vehicles. Even with the near-term zinc-
chlorine battery, the electric would cost more to own than a convention-
al vehicle over its entire life. In the case of the advanced batteries,
however, EHVs could be from 8 to 11 percent cheaper. If the public be-
comes aware that life-cycle costs rather than initial costs represent
the ‘bottom line,” this could present a strong incentive to switch to
EHVs.

The cost comparisons presented in Table 7.14 are all based on a
gasoline price of $1.25 per gallon and an electricity price of 3 cents
per kilowatt-hour. If gasoline prices rise relative to electricity,
EHVs will become more cost-effective from a life-cycle standpoint.

If gasoline prices rise, but electricity prices remain constant
(Fig. 7.8), all of the representative electric vehicles would have lower
life-cycle costs than conventional vehicles at gasoline prices of $3 per
gallon and above. In the case of hybrids, a price of $3.10 per gallon
or higher would yield the same results. Although, from a realistic
standpoint, electricity prices tend to follow a rise in the price of
gasoline, they do tend to lag behind at first and then “catch up” later.
This trend could create a large price differential much of the time.

Hybrids overcome the major disadvantage of electric vehicles,
namely, limited range. This is particularly important in households
having only one vehicle. However, advanced batteries are expected to
provide EV ranges of 150 miles or more between recharges by the year
2000. This range would be adequate for 98 to 99 percent of all motor-
ists in the largest urban areas on a given day, but it would suffice for
no more than 90 percent of all miles driven on those days.
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TABLE 7.14

COST COMPARISON OF ELECTRIC, HYBRID, AND CONVENTIONAL VEHICLES

Initial Cost, Life-Cycle Cost,
Vehicle 1980 dollars cents per mile

Electric

Near-Term:

Pb-Acid

Ni-Fe

Ni-Zn

Zn-C12

Advanced:

Zn-C12

Li-MS

Hybrid

Near-Term:

Pb-Acid

Ni-Zn

Advanced:

Li-MS

Conventional (ICE)

8,520

8,400

8,130

8,120

7,050

6,810

8,020

7,770

6,200

Near–Term 4,740

Advanced 5,140

23.9

24.9

26.6

22.0

19.4

20.1

23.7

26.0

19.4

21.4

21.8

Source: Tables 3.5 and 4.2

Assumptions: These cost estimates were developed using a cost estima-
tion model developed by General Research Corporation. The model used
the EHV characteristics described in Sections 3 and 4 of this report
as the basis for these estimates. Gasoline was assumed to cost $1.25
per gallon, and recharge electricity was assumed to be 3 cents per
kilowatt-hour.
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NEAR-TERM   ICE
ADVANCED ICE

NEAR-TERM
ELECTRICS

Ni-Fe
Pb-ACID

/ /
Zn-Cl

ADVANCED ELECTRICS
Li-MS
Zn-Cl 2

1
GASOLINE PRICE, dollars per gallon

a. Electrics

35—

30 –

25 –

20 —

15 —

NEAR-TERM ICE
ADVANCED ICE

NEAR-TERM  HYBRIDS
Ni-Zn

Pb-ACID

ADVANCED HYBRIDS

o 1 2 3 4 5

GASOLINE PRICE, dollars per gallon

b. Hybrids

Source: Tables 3.6 and 4.3

Assumption: The price of electricity was held constant at 3 cents per
kilowatt-hour and the price of gasoline was varied from $1.00 to $5.00
per gallon.

Figure 7.8 Life-Cycle Costs of Electric, Hybrid, and Conventional
Vehicles Versus Gasoline Prices
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7.7 MAJOR UNCERTAINTIES

The major areas of uncertainty which must be considered in assess-
ing the impacts of EHVs are the price and availability of hybrid fuels,
improvements in battery technology, future sales of EHVs, growth of the
electric utility industry, and improvements in conventional vehicles.
History has demonstrated that projections of expected improvements in
battery technology have tended to be overoptimistic. EHV sales are
primarily uncertain because the future price and availability of petro-
leum fuels are unknown, and because consumers preference are uncertain.
The electric utility industry is currently experiencing sharp declines
in the growth rate of both electric generating capacity and electricity
usage, making prediction of capability for recharging difficult. The
extent to which the fuel economy of advanced conventional vehicles can
be improved is also uncertain. If very fuel-efficient (60-100 mpg)
vehicles become available, the market potential of EHVs could be sharply
limited. Each of these major areas of uncertainty is discussed below.

7.7.1 Improvements in Battery Technology
It is clear that batteries are the key factor for practical EHVs.

Electric motors and controllers are highly developed; they can be ex-
tremely quiet and reliable, and reasonably light and inexpensive. Since
the beginning of the century, in contrast, it has been the batteries
that have limited the range and speed of electric vehicles and kept them
more expensive than automobiles with internal-combustion engines.

New kinds of batteries, however, offer prospects of greater im-
provements in the next decade than in the past eighty years. Improved
lead-acid, nickel-iron, zinc-chlorine, and lithium-metal sulfide bat-
teries are future possibilities which could double, triple, or even
quadruple the amount of energy storage provided by the lead-acid "golf-
cart” batteries now commonly used in electric cars. Developers of these
batteries also expect operating life to increase as much as eight-fold,
with corresponding reductions in life-cycle cost. Together, these
improvements might dramatically relieve the principal disadvantages of
electric drive.

Based on present progress and levels of effort projected for bat-
tery research and development, it seems likely that at least one of the
battery types identified above will be successful. However, past per-
formance clearly shows that battery development has usually not ap-
proached the expectations of developers. This may be due to the fact
that it is so much easier to foresee a battery’s potential performance
than its implicit practical problems. The estimates presented here are
intended to place reasonable upper and lower
future batteries.

7.7.2 Future Sales of EHVs
Under even the most optimistic battery

EHVs in competing with conventional vehicles
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.

depend primarily on the price and availability of gasoline relative to
electricity. Price tags of EHVs will remain high despite major techno-
logical advances, due to the dominant cost of the batteries and, to a
lesser extent, the fact that a heavier structure must be used to support
these batteries. Although they would probably last longer than conven-
tional vehicles because of the inherent longevity of their electric
drive trains and are expected to require less maintenance and repair,
large savings in fuel costs will be required to offset the extra initial
costs of EHVs, particularly in the near term. The future price and
availability of gasoline, however, cannot reliably be projected.

It is also uncertain whether buyers can readily adjust to vehicle
range restrictions. Although we assume that travel patterns will remain
the same, thus requiring EV owners to shift some travel to other vehi-
cles or other modes of transportation, it is not clear whether this will
actually occur. For example, rather than renting a conventional vehicle
for trips beyond the effective range of an electric vehicle, an owner
might simply prefer to forego many of these trips--and both the benefits
and expenses.

7.7.3 Growth of the Electric Utility Industry
For many years, growth in the electric utility industry was re-

markably predictable. With only minor variation from year to year,
overall capacity and peak demand grew about 8 percent annually, doubling
every eight to ten years. In the 1970s, however, this steady trend was
interrupted. Although annual growth rates are highly dependent upon
weather conditions, conservation measures, and the economic climate, it
is estimated that the current average growth rate is from 3 to 4 percent
per year.

Concerns for environmental quality and public safety have made it
difficult or even impossible to obtain sites and construction permits
for new power plants. Financing the huge expenditures needed to double
capacity every ten years also has become a major problem. In the wake
of the oil embargo of 1973-1974, the growth of demand dropped drasti-
cally, and utilities cancelled or postponed planned expansion accord-
ingly. The national commitment to develop nuclear electric power
faltered, future supplies of nuclear fuels began to appear uncertain,
and public initiatives to restrict or prevent construction of nuclear
power plants appeared in a number of states.

As a result, confident forecasting of supply and demand for
electric power is no longer possible. Conditions have been changing too
rapidly, and stability is not yet in sight. Since the 1973-1974 OPEC
oil embargo, each new annual projection by the utility industry has
embodied a lower rate of growth than in the previous year (Fig. 7.9).
The difference in resultant projections made just two years apart is
enormous: by 2000, it could be over twice the total peak demand
actually recorded in 1970.
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Figure 7.9 Recent Projections of Peak Summer Demand
for Electric Power
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On the supply side, there are uncertain prospects for making the
transition to nuclear and coal-fired power plants to reduce petroleum
consumption. Thus far it has been concluded that no additional power
plants, other than those already planned for by the electric utility
industry to meet normal future demand, would be needed to recharge EHVs
if off-peak electricity is utilized. However, if the utilities are
forced to build petroleum-fired power plants instead of nuclear and
coal-fired plants, the fuel mix required to generate recharge energy
would shift more toward petroleum, thus reducing the primary advantage
of EHVs. If they cannot build replacement plants, then available
capacity for generating recharge energy would be reduced.

This is a major area of uncertainty because the future status of
conventional nuclear plants is doubtful, given the concerns of public
safety, environmental protection, and the cost and availability of
nuclear fuels. The question with coal is whether or not emission con-
trol technology can be improved enough to meet air quality standards
without greatly increasing the price of electricity. The development of
unconventional oil and gas in the synfuels program is in the early
decision-making stages of development, and is also quite unclear.
Although the industry could begin implementing new power plants which
utilize more fuel-efficient equipment and retrofit some existing plants,
these steps require substantial capital which is difficult to justify
given demand that is down from earlier projections.

The prospects for transition to renewable resources such as solar
and geothermal are even more unclear, as are the potentials of the ad-
vanced nuclear breeder reactor and fusion power. Furthermore, these
sources are unlikely to have an effect until after the year 2010, rather
than in the time frame considered in this report.

7.7.4 Improvements in Conventional Vehicles
In order to evaluate the utility of EHVs, it is necessary to make

comparisons with those conventional vehicles that could provide the
greatest competition for EHVs, namely, small urban cars. For the year
2010, it was assumed that the average new car could achieve a composite
fuel economy of 55 miles per gallon, double the CAFE standard of 27.5
mpg for 1985. Light trucks were assumed to achieve about 37 miles per
gallon. Since these are averages, some small cars and trucks would have
higher fuel economy. However, there is great uncertainty as to whether
these fuel economies will be required, attained, or surpassed.

On one side is the automobile industry, which has tended to resist
external demands for rapid changes in technology. At the other is the
Federal Government, which is currently striving to reduce petroleum con-
sumption, with corresponding reductions in imports. Recent testimony
before the Senate Committee on Energy and National Resources recommended
that a target for Corporate Average Fuel Economy (CAFE) be set at 50 mpg
for 1990, and 80 mpg for 1995.16  whether or not these targets could be

200



achieved would depend largely on market characteristics and the asso-
ciated incentives or disincentives. In any case, however, an average
fuel economy of 50-80 mpg for new cars would entail major reductions in
vehicle size, capacity, and performance, even with major improvements in
automotive technology. If these levels of fuel economy are achieved by
1995, and continued to be improved upon, they would significantly reduce
the primary advantage of EHVs, making them much less competitive.
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