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Potential For Using Electric 
Vehicles On F nstallations 

Many high-performance conventional vehicles 
are being used by Federal agencies for tasks 
which could be handled by lower perform- 
ance vehicles that offer advantages of reduced 
costs, energy consumption, and air pollution. 

This report compares the performance, cost, 
energy use, and environmental pollution 
characteristics of electric vehicles with con- 
ventional vehicles. 

LCD-76206 X1976 



COMPl-ROLLER GENERAL OF THE UNITED STATES 
WASHINGTON. D.C. 20548 

B-135945 

The Honorable Gilbert Gude 
House of Representatives 

Dear Mr. Gude: 

As you requested, we have reviewed the potential for 
using electric vehicles on Federal installations. Our work 
was divided into two phases. Phase I explored and studied 
the characteristics of electric vehicles and compared the 
performance, economics of operation, use of energy, and en- 
vironmental pollution characteristics with conventional ve- 
hicles. Phase II assessed the potential of using these 
vehicles on Federal installations by visiting selected in- 
stallations to examine facility traffic characteristics and 
use patterns. We limited our review to battery-powered ve- 
hicles as opposed to electric trains or buses energized 
through rails or overhead lines. 

Only limited information on electric vehicle operational 
and maintenance costs is available. Consequently conclusions 
on replacing conventional vehicles with electric ones would 
not necessarily apply to all situations. However, we be1 ieve 
that many conventional, high-performance vehicles restricted 
to on-the-facility use could be replaced by electric vehi- 
cles or low-performance, gasoline-powered vehicles. Low- 
speed electric vehicles are economically attractive but many 
relatively high speed electricsr are not. Replacing conven- 
tional vehicles with low-performance vehicles of either elec- 
tric or conventional design would result in lower energy con- 
sumption and lower air pollution levels. 

Our work is summarized below. Additional detail has 
been provided in the appendix. 

--Electric vehicles can be grouped into two broad 
classes consisting of off-the-road and on-the-road 
type vehicles. Although electrics have been in use 
since the early 19OOs, few on-the-road vehicles are 
currently in fleet service. However, there are more 
than 400,000 off-the-road electrics in service and 
their market is considered established. (See p. 1.) 

--Electric vehicles are special purpose vehicles. Low- 
performance characteristics, such as short ranges, low 
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acceleration and poor hill climbing ability, and often 
low, top speeds restrict their usefulness. (See pp. 
4 to 6.) 

--Electric vehicles do not produce exhaust gas emissions 
but they do contribute to air pollution when they use 
electricity generated in power plants fueled by coal 
or oil. In 1974, about 62 percent of electricity pro- 
duced in the United States was generated from coal and 
oil fuel sources. Power plant stack gas emissions, 
like sulfur dioxide and oxides of nitrogen, can seri- 
ously aggravate the air pollution problem. (See pp. 
6 to 9.) 

--Electric vehicles use less petroleum. Much of the 
electricity used to recharge batteries of electric cars 
would come from generating plants using coal, nuclear 
energyr and hydropower. (See pp. 9 and 10.) 

--Electric vehicles are not necessarily energy conserv- 
ing. They will conserve energy as they replace high- 
powered conventional vehicles, particularly on routes 
characterized by low-speed, multistop driving. How- 
ever, electrics are unlikely to conserve energy when 
replacing conventional cars with similar weight-to- 
power ratios such as subcompact cars. (See pp. 9 and 
10.) 

--Compared with conventional vehicles, electrics may or 
may not be economically attractive. Off-the-road elec- 
tries are likely to be economically attractive because 
their acquisition cost is often comparable to, or mod- 
erately higher than, the conventional vehicles they 
replace. On-the-road electric vehicles may be un- 
attractive because acquisition costs often are between 
two to three times higher than those of comparable con- 
ventional vehicles. In such cases, the lower electric 
vehicle operation and maintenance costs are unlikely 
to offset acquisition cost during the lifetime of the 
vehicle. (See pp. 10 to 12.) 

--Many vehicles on Federal installations are over- 
powered for the tasks they are assigned to do and could 
be replaced by electric vehicles or low-performance, 
gasoline-powered vehicles. (See pp. 12 to 15.) 
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As agreed with your staff we plan to send copies of this 
report to selected congressional committees and executive 
agencies 5 days after sending it to you. 

Sincerely yours, 

Comptroller General 
of the United States 
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APPENDIX I APPENDIX I 

BACKGROUND - 

Electric vehicles were in common use during the early 
1900s but shortly thereafter on-the-road use was largely 
abandoned. Today few are being used on public roads. An 
attempt to market on-the-road electric trucks was made in 
the 1950s and again in the mid-1960s when interest for elec- 
tric cars resurged. Both attempts failed due to lack of de- 
mand. Interest was revived in the late 1960s because elec- 
tries were seen as one possible solution to the Nation's air 
pollution problem and recent interest was stimulated because 
of the gasoline shortage. However, high acquisition cost 
and performance limitations still restrict the demand for 
on-the-road electric vehicles. 

Off-the-road use, on the other hand, has been estab- 
lished. For example, more than 197,000 electric golf cart 
are being used, representing about 75 percent of the golf 
cart market. Similarly, more than 200,000 electric material 
handling forklift trucks and more than 20,000 electric in- 
plant vehicles are being used nationally. Off-the-road use 
has been popular because the vehicles serve special needs 
and they are often economically attractive. 

The pictures on pages 2 and 3 illustrate several types 
of off-the-road and on-the-road electric vehicles. 

ADVANTAGES AND DISADVANTAGES 
OF ELECTRIC VEHICLES--- _I-- --, 

Electric vehicles have many potential advantages over 
conventional vehicles. They (1).operate free of exhaust 
fumes-- although they indirectly contribute to air pollution 
through utility power plant emissions, (2) can use an alter- 
native energy source to gasoline, (3) may conserve energy, 
(4) are expected to be more reliable, and (5) are likely to 
be less expensive to operate and maintain than conventional 
vehicles. 

On the other hand, electrics have several major dis- 
advantages compared to conventional vehicles. First, per- 
formance limitations restrict use to special purpose appli- 
cations, such as short-range delivery vehicles or short- 
range commuter cars. Second, acquisition costs for on-the- 
road electric vehicles can be as much as two 'to three times 
higher than conventional vehicles; battery replacement costs 
can also be' high. Third, use of electrics may require re- 
training mechanics who are not familiar with the electric 
drive train and, at present, long lead times for spare parts 
may cause excessive out-of-service time a 
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The primary component restricting electric vehicle 
performance is the battery. Currently, low battery energy 
densities restrict vehicle range and limited power outputs 
restrict acceleration, top speed, and hill climbing ability. 
For example, as much as 500 pounds of battery may be re-” 
quired to provide the mechanical energy obtainable from a 
single gallon of gasoline. The equivalent of a, lo-gallon 
gas tank is therefore prohibitively heavy. 

Limitedzerformance restricts ------- 
ZiFcSrfb vekicles to ----F--y --VW-, 
zecial purpose applications -- ----- -- 

Today’s electric vehicles are restricted to special 
purpose applications because of their limited performance 
characteristics. They appear to be ideally suited for low- 
speed, multistop, fleet applications. Fleet vehicles can 
be directed to cover a relatively fixed daily range and re- 
turn to homebase at night where batteries can be recharged 
and trained mechanics can maintain and repair the electric 
drive train. Electric motors naturally adapt to low speed, 
multistop service; energy consumption is minimal because 
there is no energy consumption when the vehicle is stopped, 
coasting, or decelerating. For more general uses, the ap- 
parent advantages of electrics over conventional vehicles 
are offset by their short range, slow acceleration, low top 
speeds, poor hill climbing capabilities and cerain safety 
hazards as discussed below. 

Electric vehicles ------- 
have a short range ---.- - 

Limited range is the major restriction factor for elec- 
tries. Electric vehicle range is not only limited but varies 
significantly with driving and route characteristics. For 
example, a l/4-ton Postal Service jeep used on a route with 
300 stops needs its battery recharged after 29 miles. The 
same vehicle used for continuous driving at about 35 mph 
can travel 45 miles between rechargings. A l/%-ton delivery 
van can have a nonstop range of about 40 miles when driving 
at 30 mph. At a speed of 50 mph this range is decreased to 
26 miles and when operating in a residential driving environ- 
ment the approximate range is 30 miles. 

An electric golf cart can’ make two 18-hole rounds on 
flat courses before needing a charge, but can only be used 
for one 18-hole round if the golf course is hilly. In cold, 
winter weather vehicle ranges are likely to be less because 
battery energy storage capacity is estimated to be reduced 
by about 20 to 25 percent. 
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Electric vehicles accelerate ---_-__I____------~ 
slowly, have low top speeds, and ---r--T--;--- poorhTirciTrnbr;g capabilities II-_ --_-_--__ .------ -- 

Electric vehicle acceleration, top speed, and hill 
climbing ability depend largely on the amount of power avail- 
able from the battery. Battery limitations restrict power 
availability to much lower levels than those available for 
conventional vehicles. Moreover, power availability and 
vehicle range are inversely related. The higher the avail- 
able power levels the shorter is the vehicle range. Conse- 
quently designers have an incentive to keep electric vehicle 
power requirements low. 

There appear to be no uniform regulations specifying 
acceleration requirements for automobiles, nor is there any 
concrete evidence as to whether vehicle acceleration per- 
formance has a bearing on accident avoidance. A desirable 
condition seems to be that motor vehicles should not impede 
traffic. Studies conducted by the Copper Development Asso- 
ciation conclude that to keep up with light urban traffic 
requires an ability to accelerate to 30 mph in 10 seconds, 
moderate traffic requires reaching 25 mph in 10 seconds, and 
heavy traffic requires acceleration to 18 mph in 10 seconds. 

We observed that some on-the-road electrics meet the 
tested acceleration criteria. For example, an electric 
l/2-ton van met all three traffic requirements. Others, 
like the l/4-ton Postal Service mail delivery van in 
Cupertino, California accelerated to 20 mph in 9 second and 
to 30 mph in 15 seconds and thus only meets the heavy urban 
traffic acceleration rates. 

The new electric l/$-ton Postal Service mail delivery 
jeep will be slower and will require about 20 seconds to 
accelerate to 30 mph. The electrics have less than one-quar- 
ter the power of the conventional jeep. 

Compared to conventional vehicles, on-the-road electrics 
often have low, top speeds. For example, many conventional 
light trucks have top speeds exceeding 65 mph, while top 
speeds of most electric on-the-road delivery vehicles re- 
viewed range from 33 to 50 mph. 

Some electrics can climb more than 25 percent grades, 
but apparently only at low speed. For example, the l/4-ton 
electric jeep with a top speed of 33 mph, slows down to 16 
mph on a lo-percent grade. Data on a l/2-ton electric de- 
livery van with a top speed of about 50 mph indicates that 
the vehicle slows down to about 29 mph on a 5 percent grade, 
and to 10 mph on a 20 percent grade. 
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Safety hazards ---- - 1-e 

The electric vehicle batteries may be hazardous in an 
accident because exposure to diluted sulfuric acid from dam& 
aged batteries could cause skin burns or blindness. One 
study showed that locating the heavy batteries in one large 
container runs counter to current design trends,dictated by 
safety requirements. Batteries also have been known to ex- 
plode when improper charging procedures are used or when 
shorted. Charging and discharging lead acid batteries lib- 
erates hydrogen gas which can be ignited by a spark. Veh i- 
cle safety experts agree that light weight electric vehi- 
cles have definite safety disadvantages in mixed traffic 
accident situations. In addition, low vehicle top speeds 
can constitute a traffic hazard when mixed with faster traf- 
fic. 

Electric vehicles can ----~-__---~--- 
contribute to air pollution ---__l-- --- 

Whether or not use of electrics helps reduce air pollu- 
tion depends on the local characteristics of the electricity 
power generation process. While electrics do not produce ve- 
hicle exhaust gas emissions, they transfer the air pollution 
emission problem to the electricity generating plant. To 
the extent that the vehicles use electricity generated from 
such sources as hydropower and nuclear energy” they do not 
contribute to air pollution. However, electrics that use 
electricity generated from coal and oil sources contributes 
to air pollution. 

Electric vehicle use of electricity will vary. One 
test showed electric vehicles consuming .5 kilowatthour (kWh) 
per mile. If driven 30 miles a day it would consume 15 kwh 
daily. A 25-inch solid state console color TV is rated at 
-18 kWh. If used for 6 hours daily it would use about 
1 kWh per day. 

In 1974, about 62 percent of the electricity generated 
in the United States was coal and oil based. While the Fed- 
eral Energy Administration expects electricity production to 
double by 1985, most of the new electricity generation facil- 
ities are expected to be of the clean nuclear type. Con- 
sequently, by 1985 the relative share of such dirty fuels 
as coal and oil used for generation of electricity, is ex- 
pected to decrease to less than 50 percent. 

The air pollution characteristics of power plants dif- 
fer from pollution emissions of conventional vehicles in 
both type of pollutant and in the way the pollutant is 
emitted into the atmosphere. Power plants are the primary 
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source of sulfur dioxides, a very hazardous pollutant. Pdwer 
plants also emit large quantities of nitrogen oxides and par- 
ticulate matter. 

The power plant emission process also differs from that 
of automobiles. The former discharges pollutants generally 
from tall stacks which are removed from the ground surface 
while conventional vehicles emit pollutants at the street 
level. Consequently, the concentration of power plant orig- 
inated pollutants is usually substantially reduced at ground 
level due to dispersion in the surrounding air volume. 

Power plant pollution extends over wide areas. According 
to the Environmental Protection Agency: 

“The impact of power plants on air quality varies 
across the country. In some areas the impact of 
power plants is relatively slight, but in other 
areas power plants alone cause primary standards 
to be exceeded. Use of high-sulfur coal, for 
example, is predominant in our East-Central States 
where such coal is mined. The detrimental impact 
of power plants on air quality in these States is 
substantial, especially when these States are com- 
pared to those where gas or low-sulfur oil is used 
as a fuel.” 

Conventional vehicles are primary sources of carbon 
monoxides, hydrocarbons, and nitrogen oxides. Under appro- 
priate weather conditions hydrocarbons and nitrogen oxides 
react in the atmosphere to form photochemical smog. Both 
nitrogen oxides and photochemical, smog represent serious 
health hazards. 

Ongoing enforcement of vehicle emission controls is ex- 
pected to eventually reduce automobile-caused air pollution 
to secondary importance relative to stationary sources. 

A comparison of approximate pollutant emissions in 
grams per mile is shown in the table below for conventional, 
as well as, electric light duty vehicles. 
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Pollutant 

Comparison of approximate conventional 
automobile exhaust gas emission 

characteristics with electric vehicle * 
equivalent power plant emissions (note a) 

Hydrocarbons 
Carbon monoxide 
Oxides of nitrogen 

Sulfur oxides 
Particulates 

Total 

Conventional 
car Federal .T Electric vehicle 

emission equivalent power 
Estimated standards plant emissions 

precontrol (note b) 
emissions 1975 ---- 

(note c) 
1977 Coal Oil Gas -e-e -- 7 - 

---;-----~~~--L(g;ems per mile)--------------- 

8.00 1.50 0.41 0.03 0.03 0.00 
68.00 15.00 3.40 0.09 0.05 0.04 

8.00 3.10 d/0.40 e/4.67 1.70 1.39 
to 
1.53 

. 0.13 0.13 f/O.13 3.24 2.58 0.00 
e/O.86 

-Al _I_ 0.10 -- f/0.10 5037 0.13 0.03 

8,89 
to 

84.13 19.83 4.44 12.26 4.49 1.46 - - --- --- 
a/Data obtained from studies sponsored by the U.S. Environmental 

Protection Agency. Power plant emissions correspond to an elec- 
tricity vehicle energy consumption of 0.5!kWh a mile, and uncon- 
trolled emissions when burning l-percent sulfur content power 
plant fuels; power plant efficiency was assumed to be 35 percent, 
and electricity transmission efficiency as 91 percent. 

b/Emission standards refer to automobile emission levels after a 
certain number of miles have been driven. New cars have lower 
emission levels. 

c/O.5 percent sulfur content fuel oils would produce one-half the 
sulfur oxide emission levels shown in the table. 

a/The conventional car oxides of nitrogen emission standard of 
0.4 grams a mile is Iikely to be revised u.pward. 

e/Bituminous coal with 5.1 percent ash content. Emission levels 
vary with boiler type. Coals which emit higher levels of oxides 
of nitrogen emit lower levels of particulates. 

f/The Environmental Protection Agency issued no standards regarding 
automobile sulfur dioxide emissions. 

e/We obtained no data regarding automobile particulate emissions 
before adopting Federal emission standards. 
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The differences in pollutants emitted by the two types 
of vehicles are clearly visible. When power plant emissions 
are uncontrolled, electric vehicles can give rise to more 
than 10 times the amount of sulfur oxides emitted a mile than 
conventional vehicles. Emissions of oxides of nitrogen and 
particulates are also high, while hydrocarbon and carbon mon- 
oxide emissions are negligible. 

According to a representative of the Environmental Pro- 
tection Agency, power plant particulate emissions often do 
not represent a problem because stack gas screening devices 
have been fairly successful. However, the removal of sulfur 
and nitrogen oxides from the stack gases is more difficult. 

Many utility companies comply with sulfur oxide emission 
requirements by using scarce, low sulfur levels. For exam- 
ple r in Los Angeles where natural gas shortages recently 
forced a switch to low sulfur fuel oil, local regulations re- 
quired using 0.5 percent or less sulfur content. 

Electric vehicles can use an alternative 
source of energy to gasoline, but 
they are not always energy conserving 

Electric vehicles consume energy in that the electricity 
required to recharge batteries is derived from energy con- 
suming power plants. However, one argument for electric ve- 
hicles is their potential for using an alternative energy 
source to gas01 ine. This is expected to be particularly im- 
portant in the future when, according to the Federal Energy 
Administration, electricity generation is expected to be pri- 
mar ily coal, hydropower and nuclear power based. In 1972 
more than 60 percent of the electricity produced in the United 
States was derived from such sources and it is expected, that 
by 1985, plants using fuel oil and natural gas will decrease 
and more than 75 percent of the electricity will be derived 
from these alternative energy sources. 

When electrics replace high performance conventional ve- 
hicles they can conserve energy. For example, tests indi- 
cated that a conventional l/4-ton Postal Service mail deliv- 
ery jeep in Cupertino, California, consumes approximately 
21,000 British thermal units per mile while the electric vans, 
which replaced the jeeps, on the average consume only about 
13,900 L/ British thermal units per mile. This represents a 

L/In arriving at the cited figure we considered the energy 
lost to convert fossil fuels to electricity at power 
plants, as well as the energy loss in transmitting electric- 
ity from the power plant to the point of use. 
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decrease in energy consumption of approximately 34 percent. 
The difference is largely based on weight to power ratio con- 
siderations. The jeep has about five times the acceleration 
capability of the electric van and fast accelerations are 
energy wasteful. 

According to the Environmental Protection Agency, if in- 
ternal combustion engine vehicles were to be designed to offer 
a reduced performance equivalent to that of electric vehicles, 
conventional cars could provide equal or better fuel economy. 
A study regarding the impact of future use of electric cars 
in the Los Angeles basin found that the lead-acid battery car 
consumes more energy per mile than conventional subcompacts, 
such as the 1974 Pinto. The lead-acid electric car was esti- 
mated to consume about 8,000 British thermal units per mile 
(inefficiencies of the power plant and the distribution sys- 
tem were considered) versus about 6,000 British thermal units 
for the Pinto. Modest improvements in energy consumption ef- 
ficiencies offered by advanced batteries are likely to be 
offset by engineering improvements in conventional car de- 
sign. 

Electric vehicles may or may not 
be economically attractive 
for Government use 

From an economic viewpoint, the electric vehicle may 
offer advantages over conventional vehicles in lower mainte- 
nance and energy costs, and higher reliability. Disadvan- 
tages are often high first costs, high battery replacement 
cost, relative inflexibility concerning variable task assign- 
ments, and the potential need for training auto mechanics so 
that they can diagnose and repair problems of electric drive 
trains. 

The absence of reliable electric vehicles life cycle 
cost data makes detailed cost analysis impractical. A cost 
study by one vehicle manufacturer indicates that electricse 
tend to be economically attractive if (1) acquisition costs 
are less than about 200 percent of equivalent costs for con- 
ventional vehicles, (2) electricity cost is three cents per 
kWh or less, (3) gasoline costs are about 57 cents per gal- 
lon or higher, and (4) maintenance costs for electrics are 
about one-half those of conventional cars. Using these cri- 
teria we noted that off-the-road electrics, such as in- 
plant type vehicles, and low-cost# on-the-road vehicles would 
be economical to use at some Federal installations. These 
vehicles have acquisition costs comparable to the conven- 
tional vehicles they replace and annual battery replacement 
costs are relatively low. On the other hand, many on-the- 
road vehicles, such as the l/l-ton electrical Postal Service 
jeep, an electric l/2-ton delivery van, and a 25-passenger 
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electric bus are estimated to be economically unattractive. 
Based on the above considerations, high acquisition costs for 
these vehicles are not likely to be offset by lower mainte- 
nance and energy costs. 

On-the-road electrics may have acquisition costs more 
than twice as high as conventional vehicles purchased by the 
Government because (1) the electric vehicle drive train is 
often more costly, (2) the vehicles are often of sturdy, high 
quality construction, and (3 ) electric on-the-road vehicles 
are usually hand built because of low demand. 

For example, the cost of conventional gasoline powered 
three-wheel trucks, two-passenger electric cars and in-plant 
electric trucks (all off-the-road vehicles) ranged from about 
$2,000 to $2,500. The cost of a conventional l/2-ton pick-up 
truck was about $3,100. Recently 350 electric jeeps (on-the- 
road vehicles) were purchased by the Postal Service at a 
Unit price of $5,595 at a time when the conventional jeep 
was costing them $2,175. 

- 
Acquisition costs for electrics al:;0 often include costs 

of batteries, battery charger, extra bal:teries, and equipment 
needed to exchange batteries. Not incllJded is the cost of 
constructing a charging facility. If rc?quired, this cost can 
be substantial. For example, in one instance a bus company 
had to pay an unexpected $40,000 for construction of a charg- 
ing facility for three electric buses. 

In general, electric vehicle repair and maintenance costs 
vary with vehicle type, usage, and age. According to one man- 
ufacturer average maintenance costs can be assumed to be ap- 
proximately one-half those of convention!al cars. For example, 
national average data on electric forklift trucks indicate 
that maintenance material costs are 45 t,o 53 percent lower 
than for gasoline powered units. Also, lnaintenance labor 
costs are 30 to 39 percent lower. Elector ic vehicle mainte- 
nance costs are lower primarily because tthey have fewer mov- 
ing parts and no requirements for tuneup;;, oil changes, or 
other periodic services normally associat:ed with internal 
combustion engines. 

According to pub1 ished data, mainterlance cost variations 
associated with electric milk delivery trucks in Great Brit- 
ain indicate variations ranging from 56 percent cost reduc- 
tions, to 2 percent cost increases, when c:ompared to conven- 
tional trucks. One theoretical study polirlts out that re- 
moval of the internal combustion engine s]Jstem would elim- 
inate about 72 percent of the car service labor hours. Added 
service requirements of the electric power- train are expected 
to be minimal except perhaps for battery s:ervice requirements. 

11 
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The total battery replacement costs to be incurred during 
the'electric vehicles anticipated life span are often not known 

+ 

because of uncertain battery life expectancies. Battery life 
depends strongly on usage characteristics. Two types of bat- 
teries are being used. Light vehicles often use a series of 
automotive batteries which are relatively small. In 1974 the 
Federal Government paid about $180 to replace a battery set. 
Life expectancy is about 1 year. Heavy vehicles such as 
buses, delivery trucks, or the l/4-ton Postal Service jeeps 
use semi-industrial type batteries which are relatively bulky 
and cost from about $1,600 to $6,000 a set. The latter bat- 
teries.have life expectancies ranging from about 4 to 6 years. 

Electric vehicles are likely 
GT~moreTelia~----- - --------1__-1- 

Electric vehicles are considered to be more reliable than 
conventional vehicles because the electric drive train has 
fewer moving parts, fewer vibrations, and the motor provides 
slower vehicle accele'ration. Electric vehicle traction mo- 
tors have only two metal-to-metal moving parts, and they have 
a record of high reliability. 

For example, during almost 1 year of operation the U.S. 
Post Office in Cupertino, California experienced only 11 days 
when any of its 30 electric mail delivery vans were out of 
service. This amounts; to an out-of-service time percentage of 
approximately one-tenirh 0f 1 percent. According to the Postal 
Service's western region vehicle service manager this downtime 
was considerably less than that of conventional jeeps. 

USE OF ELECTRIC VBHIC:LES 
IN FEDERAL=--"- ------ ----ux.ET.em 

Special purpsse electric vehicles, such as material han- 
dling forklift trucks and g0l.f carts, are already in service 
on Federal installations on a routine basis. Other types of 
on-and off-the-road electric vehicles have performance char- 
acteristics which wculd favor their use, but the absence of 
reliable cost data nbakes it difficult to measure their eco- 
nomic attractiveness;. 

Various agencies have experimented with electric cars. 
For example, the Air Force assessed potential use of in- 
plant and on-the-roach electric vehicles for on-the-facility 
use in 1970 and 197.1. They concluded that off-the-road 
electrics, with 18 .to 13 mph top speeds, might be eco- 
nomically usable in areas with 15 mph speed limits. Some 
potential tasks would be transporting flight crews and 
maintenance equipment in flight line areas, and nighttime 
security patrols in housing areas. It was also concluded 
from the tests tllat: electrics could not replace conventional 
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vehicles for some of the work tasks. The Air Force also 
tested an electric on-the-road delivery van and a ll-passenger 
bus but recommended against using the vehicles primarily be- 
cause of the high purchase price and operations costs. 

The National Park Service in Washington, D.C., is 
testing more than 15 off-the-road electrics as well as an 
on-the-road 25-passenger bus. Vehicle performance appears 
to be adequate, but operations costs are not being monitored. 

The Goddard Space Flight Center has been experimenting 
with two 12-mph, off-the-road electric vehicles to provide 
transportation for maintenance supervisors. The electrics re- 
placed a conventional station wagon and a privately owned car. 
Users are apprehensive about personal safety while driving the 
low-speed electrics on facility roads which have 25 mph speed 
limits. In addition, the drivers mentioned that the small 
electrics slow down to objectionable slow speeds when driving 
up hill. 

The National Oceanic and Atmospheric Administration has 
been using 3 electrics for about 3 years. Top speed of the 
vehicles is 28 mph and use has been confined to facility roads. 
Performance and maintenance requirements have been judged 
adequate but operation and maintenance cost records have not 
been kept. 

In addition, the U.S. Postal Service has been evaluating 
the feasibility of using electrics for residential mail de- 
livery service for many years. Feasibility from a performance 
point of view has been demonstrated for selected routes but 
operational evaluations are still, in process. Unit lease 
costs, incuding energy and maintenance for 30 on-the-road ex- 
perimental vans used for mail delivery in Cupertino, Califor- 
nia, are about $7.50 a day. In contrast, the Postal Service 
average for a conventional mail delivery car lease costs is 
only $3.00 including fuel cost. 

To assess electric vehicle characteristics under fleet 
operating conditions, the Postal Service has ordered 350 elec- 
tr ic on-the-road jeeps. If on-the-road electrics prove suc- 
cessful, the Postal Service estimates that vehicles on more 
than 30,000 mail routes could be replaced by electrics. 

We believe that further potential exists for using elec- 
tric vehicles on Federal installations. For example, rela- 
tively high performance, conventional vehicles used for on- 
the-facility short range applications at three Department of 
Defense facilities are shown in the table below. 
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Facility 

McClellan Air 
Force Base 

Fort Ord Army 
Base 

Long Beach 
Naval Ship- 
yard 

Examples of conventional vehicles 
potentially replaceable by electric vehicles 

Vehicle type 

29-passenger 
bus 

l-ton metrovan 

l/l-ton 
pick-up 

3/4-ton engi- 
neering util- 
ity truck 

\ 
1!2-ton 
PyJ-%’ 

3/4-ton util- 
ity truck 

l/2-ton pick-up 

3-wheel, low- 
speed tr uc k 

Number 
of 

vehicles 
in class 

17 

40 

124 

126 

150 

29 

116 

41 

Vehicles 
estimated 
to be po- 
tentially 

replace- 
able by 
by elec- 

tries 
(note a) -- 

11 

40 

62 

63 

85 

12 

50 

41 

Aver age 
daily 

mileage 

49 

22 

46 

b/l7 

‘40 

26 

45 

s/l3 

Vehicle 
application 

and 
comments 

On-the-facility’ bus service 

Used for mail distribution, 
aircraft maintenance, and 
delivery of flight crews on 
base. 

Onbase repair parts and 
cargo distribution; secu- 
rity patrols. 

Onbase maintenance and re- 
pairs. 

Onbase cargo transportation 
and personnel transporta- 
tation; messenger service 

Onbase maintenance and re- 
pairs. 

Onbase delivery service; 
personnel transportation; 
security police. 

On-the-facility messenger 
and light repair service 

a/Criteria: Maximum daily use would be 40 miles and top speed requirement would be 25 
miles per hour. 

b/Based on a sample of 10 vehicles. 

c/Based on a sample of four vehicles. 
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The table contains estimates of the number of vehicles 
which could be used exclusively onbase. The average daily 
mileages shown include long distance offbase driving. Ve- 
hicles used only onbase can be expected to have shorter 
average daily travel requirements. For example, at McClellan 
Air Force Base most l-ton metrovans are used for onbase func- 
tions such as mail handling, moving flight line aircraft main- 
tenance tools and equipment, and transporting flight crews. 
Average daily mileage requirements are only 22 miles. On the 
other hand, many l/2-ton pick-up trucks have missions which 
require offbase driving and the average daily trips are much 
longer. 

Speed limits on the three military installations visited 
varied from about 8 to 35 mph. Generally, speed limits were 
25 mph, except at the Long Beach Naval Shipyard where the speed 
limit on the main thoroughfares was 20 mph. In special purpose 
areas I such as Air Force industrial areas and along the flight 
line, speed limits were 15 mph. On the other hand, speed lim- 
its on some facility approach areas seemed too high for many 
electric vehicles. 

CONCLUSIONS 

Acquisition costs for off-the-road electric vehicles are 
generally comparable or lower than the cost of conventional 
vehicles they could replace. However, acquisition cost for 
some on-the-road electrics such as the electric Postal Service 
jeeps, is over twice as much as comparable conventional vehi- 
cles currently used by Federal agencies. Acquisition cost is 
high because the electric drive train is more costly to. manu- 
facture than the drive train of conventional cars and battery 
costs are high. When electric vehicles replace conventional 
vehicles there is also a need for additional auxiliary equip- 
ment such as a battery charger, battery exchanger, and a bat- 
tery charging facility. 

It is estimated that electric vehicle maintenance and 
energy costs are considerably lower than those for comparable 
conventional vehicles. However, except for special cases, re- 
liable operations and maintenance data is lacking for life 
cycle analysis and does not allow a realistic economic cost 
assessment. 

Many high performance conventional vehicles are being 
used by Federal agencies to conduct tasks which could be 
handled with vehicles of lower performance characteristics. 
From a performance point of view we see no reason why these 
vehicles could not be replaced by electric vehicles or 
equivalent low performance gasoline powered vehicles. Use 
of low performance vehicles, wherever possible, would result 
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in lowered energy consumption, and in lower air pollution 
levels. Several Federal agencies have initiated independent 
experimental programs to assess usefulness of electric vehi- 
cles in their operations. 

SCOPE 

Our examination of the potential for using electric ve- 
hicle in the Federal Government included visits to three mil- 
itary installations, two Postal Service sites, and facilities 
of three. Federal civil agencies. Our observations are based 
on interviews, examination of records, and a review of perti- 
nent documents. In addition, we contacted representatives of 
pertinent Federal agencies, two trade associations, five elec- 
tric vehicle manufacturers, and potential commercial and mu- 
nicipal electric vehicle users. We also reviewed numerous 
publications depicting the current state of the art for elec- 
tric vehicles. 

Entities contacted are shown below. 

McClellan Air Force Base 
Sacramento, California 

Fort Ord Army Base 
Fort Ord, California 

Long Beach Naval Shipyard 
Long Beach, California 

Postal Service sites at 
San Bruno, California 
Cupertino, California 

Goddard Space Flight Center 
National Aeronautics and Space Administration 
Greenbelt, Maryland 

National Park Service 
Washington, D.C. 

National Oceanic and Atmospheric Administration 
Washington, D.C. 

Department of Transportation 
Washington, D.C. 
San Francisco, California 

Environmental Protection Agency 
Washington, D.C. 
Ann Arbor, Michigan 
San Francisco, California 
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National Science Foundation 
Washington, D.C. 

The Electric Vehicle Council 
New York City, New York 

The Battery Council Internatibnal 
Burlingame, California 

Various commercial companies and city transportation depart- 
ments 

Various electric and conventional vehicle manufacturers. 
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