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PREFACE

This report is required by Section 512(b) of Title V of the
Motor Vehicle Information and Cost Savings Act, as ammended by
Title III, part A of the Energy Policy and Conservation Act,
(P.L. 94-163 which states:

"Sec. 512(b) (1) Within 180 days after the date of
enactment of this title, the Secretary shall prepare
and submit to the Congress and the President a com-
prehensive report setting forth findings and con-
taining conclusions and recommendations with re-
spect to whether or not electric vehicles and

other vehicles not consuming fuel (as defined in
the first sentence of section 501 (5)) should be
covered by this part. Such report shall include

an examination of the extent to which any such
vehicle should be included under the provisions

of this part, the manner in which energy require-
ments of such vehicles may be compared with energy
requirements of fuel-consuming vehicles, the

extent to which inclusion of such vehicles would
stimulate their production and introduction into
commerce, and any recommendations for legislative
action.

"(2) As used in this subsection, the term
‘electric vehicle' means a vehicle powered pri-
marily by an electric motor drawing current from
rechargeable batteries, fuel cells, or other
portable sources of electric current."

89 STAT. 916

This report was prepared by the Transportation Systems Center,
Cambridge, Massachusetts, under the direction of the Office of the
Assistant Secretary for Systems Development Technology.
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EXECUTIVE SUMMARY

This report is in response to the requirements of the Motor
Vehicle Information and Cost Savings Act as amended by Title I1I,
Part A of the Energy Policy and Conservation Act (PL 94-163). It

sets forth findings and contains conclusions and recommendations
with respect to:

0 Whether or not electric vehicles and other vehicles not
consuming fuel* should be covered by this part;

© The extent to which any such vehicle should be included
under the provisions of this part;

© The manner in which énergy requirements of such vehicles

may be compared with energy requirements of fuel-consuming
vehicles;

O The extent to which inclusion of such vehicles woulgd
stimulate their Production and introduction into commerce.

Based upon the findings of the report, the following con-
clusions and recommendations are given:

© These vehicles should not be covered by this part of the
Act.

O Electric vehicle manufacturers should not be required to
provide "fuel economy" labels for their vehicles, However,
they should be permitted to submit "fuel economy" informa-
tion to EPA and FEA for inclusion in the annual Fuel
Economy Booklet in accordance with EPA and FEA requirements.

© Energy requirements of such vehicles should be compared with
énergy requirements of fuel-consuming vehicles on the basis
of overall vehicle energy efficiency from primary source to
ultimate utilization in the vehicle.

*As defined in Section 501 (5), the term fuel means gasoline and
diesel oil.



o If these vehicles were to be regulated under the Act,
the resulting cost of implementation would have an adverse
effect on the consumer cost of these vehicles and retard
their production and introduction into commerce.

This report is based largely on previous and on-going research,
and is focused on the electric vehicle. It includes analyses of
current technology for the design and manufacture of electric
vehicles, performance characteristics, life-cycle costs, material
requirements and availability, and the market potential, with
particular emphasis given to the time period through 1985. There
has been no attempt to predict long range prospects for electric
vehicles other than to note that electric vehicle R&D may have much
importance for increasing personal transportation options in the
future.

The report compares the energy consumption of electric vehicles
and fuel-consuming vehicles which are functionally equivalent,
although the electric vehicle will be heavier, will not have
comparable acceleration or range performance,- and may not be
equipped with the full range of accessories normally found in
fuel consuming vehicles.

The following summarizes the major findings of the report on
which the conclusions and recommendations are based:

Non-Fuel-Consuming Vehicles
o The principal non-fuel-consuming vehicles include automotive
vehicles powered by propulsion systems using electricity,
butane, propane, hydrogen, ethanol and methanol.

o With the exception of the electric vehicle, the principal
non-fuel-consuming vehicles have performance character-
istics similar to the gasoline or diesel-powered vehicles,
but the fuel is more expensive to produce and/or the fuel
distribution network would have to be developed and built
for refueling such vehicles.



For non-fuel consuming vehicles other than the electric
vehicle, it does not appear that there will be sufficient
numbers of vehicles produced by 1985 to warrant considera-
tion for inclusion under the Act provided there is no
major shift in Government policy toward these vehicles.

Electric Vehicle Energy Use

© Based on conversion of petroleum to gasoline or to

electricity, present electric passenger vehicles have
about the same energy efficiency on a seat-mile basis

45 a comparable gasoline consuming vehicle over the

urban driving cycle. Over a multi-stop urban cycle, a
light duty electric commercial utility vehicle may be more
efficient than a comparable gasoline consuming vehicle,
because there are no idling losses when the vehicle is
stopped.

The potential for fuel economy improvement of the
electric vehicle by 1985 through modified vehicle design
appears to be less than that of the fuel-consuming
vehicles. However, the results of continued technology
development may alter this outlook.

Based on the Proportion of the electric power generated
by various sources, electric vehicles would obtain 80%
of their energy from non-petroleum fuels.

Since electric vehicles are likely to represent a very
small fraction of the U.S. automotive vehicle fleet in
1985, their effect on overall energy consumption should
be insignificant.

Electric Vehicle Economics

o]

While operating costs of the potential mass-produced
electric vehicles may be somewhat lower than the costs of
comparable fuel-consuming vehicles, the life-cycle costs
for electric passenger automobiles are estimated to be 10
to 40 percent higher. The life-cycle costs of electric

§-3



light duty commercial vans are estimated to be about the
same as or less than for comparable fuel-consuming vehicles.
These cost estimates are sensitive to the operational

life of batteries.

Electric passenger automobiles are expected to be weak
competitors with comparable ICE powered automobiles
through 1985, based on the estimated life cycle costs

and performance characteristics. On the other hand, there
may be a gradual increase in the sale of electric light
duty commercial vans for urban multi-stop usage.



1.0 1NTRODUCTION

This report is required by Title V, Section 512 (b) of the Motor
Vehicle Information andg Cost Savings Act (MVI and CSA) as amended
by Title III, Part A of the Energy Policy and Conservation Act.
It includes an examination of non-fuel consuming vehicles to deter-
mine whether or not any such vehicles should be included under the
pProvisions of the Act. It examines the wavs in which energy require-
ments of such vehicles may be compared with energy requirements of
fuel-consuming vehicles, the potential application of the Act to
such vehicles, the market potential of such vehicles, and the
effects of regulation on their production and introduction into
commerce.

The scope of the investigation includes light weight on-the-
road vehicles, not powered by gasoline or diesel oil, the two energy
sources defined as "fuel" in Title V. A number of potential propulsion
Systems were investigated; among these were batteries and combustion
engines using fuels such as alcohol, butane, pPropane and hydrogen.
A review of the status of technology, the operational characteristics,
and manufacturability was made to determine which vehicles were
likely to be available in the market by 1985.

The electric vehicle, which is the only non-fuel consuming
vehicle currently in production and for which the fuel distribution
system is in place, potentially could be in use in large numbers
during the period up to 1985. Therefore, the study focuses on an
evaluation of electric vehicles. Performance characteristics,
life-cycle costs, materials availability, and potential market
projections are developed for an electric passenger automobile
utilizing three battery svstems, lead-acid, nickel-zinc and
lithium/aluminum-iron sulfide. The same characteristics are de-
veloped for a light duty commercial van. The study emphasizes the
near term time including the decade of the 1980's and, therefore,
does not consider the potentially large improvements in the electric
vehicle technology that may reach commercial application after that
period.



This report is based upon a review of existing literature and
data on existing components and vehicles. The results reported here
are based primarily on the recent Jet Propulsion Laboratory Study,

Should We Have a New Enginel* and on earlier work by General
6-8,16-19,27,38

Research Corporation,2 Ford Motor Co3 and others.
Current cost information has been gathered from component and
vehicle manufacturers. The methodology for calculation of
electric vehicle costs generally follows that developed by the
Automobile Manufacturing and Maintenance Panel of the Task Force
on Motor Vehicle Goals Beyond 1980.4 Life-cycle cost estimates

use the same method and assumptions that are in the report of the

General Research Corporation.2

Chapter 2.0 discusses non-fuel-consuming vehicles and their
characteristics. The advantages and disadvantages of electric
vehicles are outlined and the performance characteristics of elec-
tric light duty commercial vans, when operated over their character-
istic driving cycles, are developed. Several kinds of electric
vehicles are described. 1In Chapter 3.0, the overall system effi-
ciencies are considered for converting the energy available as fos-
gil fuel in the ground to vehicle propulsion energy for electric
and gasoline consuming vehicles. An energy comparison of gasoline
and electricity as vehicle fuels is developed with both petroleum
and coal as primary sources. Chapter 4.0 discusses the production
of electric vehicles and their introduction into commerce. The
market potential for electric passenger vehicles and light duty
commercial vans is estimated based upon vehicle acquisition costs
and projected life cycle costs. Chapter 5.0 discusses the applica-
tion of Title V of the MVI and CSA to electric vehicles. Chapter
6.0 discusses the effects of regulation on the production and
introduction of electric vehicles into commerce. Chapter 7.0 sum-
marizes findings, conclusions and recommendations.

Appendix A contains a discussion of Range versus Energy
Economy for electric vehicles including consideration for regenera-
tive braking. Appendices B through G contain information on the

*Superscript numbers refer to references listed at the back of the
report.
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methodology and calculation of vehicle and component costs. The

Appendices also contain a8 summary of the material sent to the
Docket and list of references.

In the course of this analysis, no assumptions were made nor
conclusions drawn concerning the socie%al or political desirability
of an expanded electric vehicle fleet. The desirability of wide-
spread use of electric vehicles and the choice of appropriate
incentives to stimulate such use are separate issues beyond the
scope of this study. Instead, the report considers whether
regulation of electric vehicle fuel economy under Title V of the
MVI and CSA would significantly influence the production and use
of electric vehicles or create other public benefits and costs.






2.0 DESCRIPTION OF ELECTRIC VEHICLES

2.1 INTRODUCTION

A number of propulsive energy sources have been proposed as
alternates for gasoline or diesel fuel in automotive vehicles.
Among these are batteries, fuel cells and alternate fuels such as
synthetic gasoline and diesel fuel, methane, propane, methanol,
ethanol and hydrogen. Performance, fuel economy and emissions of
vehicles using the alternate fuels are comparable with those of
vehicles using gasoline and diesel fuel. Extensive reviews of
these alternate fuels have been presented in the recent pasts'6
and, based on these evaluations, the likelihood of their signifi-
cant use in transportation, either singly or in combination with
current fuels, in the next ten_years seems rather low for a variety
of technological, economic, availability or safety reasons. Thus,
synthetic gasoline and diesel fuel from coal, while compatible
with present storage and distribution networks and capable of
direct utilization in gasoline and diesel fuel burning vehicles,
have not yet been produced on a commercial scale, and major uncer-
tainties exist as to product cost and availability. Methanol would
require some vehicle modification and significant distribution
and storage network modifications. Methanol is currently
estimated to cost more than gasoline from petroleum. If methanol
were to be used as a gasoline extender, water miscibility prob-
lems would have to be solved. Furthermore, the near term avail-
ability of adequate methanol plant capacity is uncertain. 1If
methanol-gasoline blends at the 5 percent level were to be used,
the current automotive fuel consumption rate would require a five-
fold increase in U.S. methanol production. Hydrogen is quite ex-
pensive to manufacture and would require the development of an ex-
tensive distribution and storage network. Efficient, compact, on-
board storage of hydrogen remains an unsolved technological problem.

As a result of these considerations, this report is limited
to electric (battery powered) vehicles. Qualitatively, the per-
ceived advantages and disadvantages of electric vehicles are sum-
marized in Table 2-1.
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TABLE 2-1. SUMMARY OF CLAIMED ADVANTAGES AND DISADVANTAGES
OF ELECTRIC VEHICLE USE

Advantages Disadvantages
1. 1Independence of petroleum 1. Relatively low vehicle range.
resource base 2. Long "refueling" (recharge)
2. Energy conversion at fixed time
installations for more 3. Relatively poor road perfor-

easily optimized conversion
efficiencies and more
easily controlled emissions

3. Easier match between load
profiles and electric pro-
pPulsion systems in urban
and suburban driving 5. Potential crash safety prob-

lems

6. Possible large demand for
critical materials

mance (in terms of speed and
acceleration)

4. Potential vehicle handling
problems due to heavy battery
system weights

4. No idling losses

5. Some energy recovery
Possible during decelera-
tion and braking 7. Higher initial and life cycle

6. Less audible noise costs.

In the past ten years renewed interest in electric vehicles (EV's)
has produced many analytical studies and about two dozen experimen-
tal cars, usually powered by lead-acid batteries. Characteristic-
ally, these vehicles have a driving range of 20-50 miles, display
rather poor road performance, show significant range dependence

on battery age, driving conditions (terrain and temperature), and
recharge behavior, and have high initial and life cycle costs. In
this section, evaluations of range, energy economy and performance
have been developed or drawn directly from the Published literature
in order to assess better the merits of existing and future EV's
relative to conventional cars. The results reported here are
Primarily those of the recent Jet Propulsion Laboratory study1
which used the system shown in Figure 2-1. This system is described
in the following paragraphs.

A few candidate battery systems have been selected for this
study to represent the many potential options. These are the lead-
acid, the nickel-zine and the lithium/aluminum-iron sulfide



batteries. The first represents a well-developed technology cur-
rently available, the second is a near term future device showing
sufficiently improved energy storage characteristics to be attrac-
tive, and the third is an example of a long term future device to
which a considerable amount of attention is currently being devoted.

n= 35% n= 97%
gggg:klc n = 91% FIXED
—_— Iam—
FUEL GENERATING gwArgggG
PLANT

1

ENERGY
CONTROLLER [ STORAGE
SYSTEM
BATTERY
n = 98% n = 96%
MOTOR ja—————p» TRANSMISSION |e——»t DIFFERENTIAL

Figqure 2-1. Battery System Block Diagram

2.2 RANGE VS. ENERGY ECONOMY*

Various parameters of electric vehicles are of significance in
their overall evaluation. At the present time, the greatest tech-
nological obstacle to successful implementation of an EV system is
the battery, although significant improvements are possible in

* In the discussion which follows, thé term "energy economy" is used.
It is defined as the distance traversed by an electgic Yehicle on
expenditure of a given amount of energy (expressed in miles per
killowatt-hour).



motors, controllers, drivetrains and vehicle structure {both
design and weight). The following general discussion is restricted
to the battery.

A battery may be characterized in terms of a number of para-
meters. Among these are total energy capacity (watt-hours), charge~
discharge cycle efficiency as a function of rate, cycle life, speci-
fic energy (energy storage per unit of storage system weight,
watt-hours/pound), specific power (power output per unit of storage
system weight, watts/pound) and so on.

While all of these are relevant, special note should be taken
of the specific energy and specific power, since these are inter-
dependent to some extent. Put simply, the greater the power re-
quired, i.e., the more rapidly one wishes to withdraw energy from
a battery, the less the total energy which can be withdrawn. For
a first approximation, the performance of a given battery system
can be related to specific energy and specific power, but both
range and performance will be dependent on drive (duty) cycle
chosen as well as on the other factors mentioned above. Thus, the
conclusions derived from the Jet Propulsion Laboratory study,
while useful for intercomparison of battery systems, may not be in
complete agreement with other analytical studies developed using
different driving profiles.

In the JPL study, a baseline vehicle is assumed to be 2100 1b.
curb welght exclusive of batteries. For this vehicle, JPL assumed
a 20-hp electric motor and controller, a 3-speed manual transmis-
sion and differential for the drive train. A 40% weight propaga-
tion factor was included to account for vehicle changes necessary
to accommodate addition or removal of weight attributable to bat-
teries. Gear train efficiencies were as shown in Figure 2-1, and
motor and controller efficiencies were chosen from publlshed values.7
All comparisons included a 300 1b. payload weight. Energy and
power density values were assumed as follows: lead-acid, 18w-hr/1b
and 60W/lb; nickel-zinc, 40W-hr/1b and 80W/lb; lithium/aluminum-~
iron sulfide, 60W-hr/lb and 70W/1b. These three battery types
were chosen to represent the large variety of potential battery
types that may become available in the next ten years with
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continued development. There is no intent to slight other candi-
date batteries now in development.

To compare energy economy of electric and gasoline powered
vehicles, a gasoline energy content of 125,000 Btu/gal. was used,
and an equivalency factor of 12.5 kW-hr/gal between gasoline at the
pump and electricity at the wall plug was derived as discussed in
more detail in Chapter 3. Tire and aerodynamic loads were included
in the analysis. The speed-time mission profile used is shown in
Figure 2-2 and closely approximates the SAE~-J227 metropolitan driv-
ing cycle which is also shown.

60 1 ]

|
JPL ELECTRIC/ SAE J-227
A HYBRID CYCLE —\ ..... ) /_ METRO CYCLE _
.'. ‘.‘

SPEED, mph
W
[=]
T

. h
15 36.75 mp \ |
2 fi/sec? )
0. l L.
S0 . 100 150 200
Source: Ref. 1 TIME, sec

Figure 2-2. Speed-time Profile
An 80% charging efficiency and a 70% depth-of-discharge were
assumed. Finally, only vehicle accessories essential to the opera-
tion of the powerplant (motor-controller cooling blowers, overload
cutouts, panel instruments) were included. Safety related acces-
sories (headlights, taillights, horn, defroster, etc.), driving
assists (power steering, power brakes) and comfort equipment
(heating, air conditioning, radio, etc) were not factored into the
analysis although they would be additional loads on the battery.*

As a rough generalization, safety related accessories will de-
crease overall range and energy economy by 2-3% for the simulated
metropolitan driving cycle. Comfort equipment represents a high
Power requirement and can decrease range and energy economy by

as rmuch as 15-20% depending on powerplant and vehicle design and

driver decisions on the tradeoff between driving range and com-
fort level.
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In Figure 2-3, the relationship between energy economy and
range are presented for vehicles powered by the three battery sys-
tems. Range/economy data are for the JPL simulated metropolitan
driving cycle. Dashed lines permit direct comparison of range/
economy relationships for constant ratio of battery weight (Wb) to
vehicle weight (WV). Typical values for wb/wv for electric
vehicles range from 0.30 to 0.40. Based on this cycle, it can be
seen that vehicle range is about 30-40 miles for lead-acid, 85-120
miles for nickel-zinc, and 125-185 miles for lithium/aluminum-
iron sulfide. Regenerative braking would increase the range some-
what, as discussed in Appendix A. Energy economy is approximately
an inverse function of vehicle weight. Finally, while range in-
creases with high battery performance (higher energy density),
energy economy for a given W’b/wv remains fairly constant for all
three battery systems (22-30 miles/gallon of gasoline fuel economy
equivalent). While these energy economy results are comparable to
those of the same size internal combustion engine (ICE) car, such
as a 1976 Chevette or Datsun B210 in a similar driving cycle, the
ICE is considerably superior in terms of range, top speed, per-
formance, and rapid refueling (recharge) capability. The detailed
data from which these curves are derived are presented in Appendix
A,

2.3 PERFORMANCE SUMMARY OF TYPICAL VEHICLE SYSTEMS

Comparative performances of two battery systems (EV) and
approximately equivalent internal combustion engine (ICE) cars are
presented in Table 2-2. These are taken from the JPL study1 which,
in turn, was based on the results of GRC2 and Ford Motor Co.3
studies. While all four cars are subcompacts, the payload accom-
modations of the EV's are less than the ICE because of the in-
creased volume requirements of the batteries.

The level road acceleration of both vehicle types is accept-~
able, the differences reflecting design options (e.g., direct drive
or transmission). Grade and driving cycle range show more signi-
ficant differences. The nickel-zinc system is much better than the
lead-acid system reflecting the higher energy density and greater
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TABLE 2-2. PERFORMANCE SUMMARY

Battery Systems

Pb~acid, Ni-2Zn, Otto-Engine-
"Pinto" "4~Pass." Equivalent car

Otto engine horsepower - - 40 80
Electric motor power 40 85 - -
(peak hp).
Traction battery 960 1090 - -
weight, 1b
Vehicle curb weight, 2900 3230 1960 2100
1b
10-sec. accel. 335 370 285 405
distance, ft
50-mph range 5.6 60 215 230
6% grade, mi
Driving cycle 302 1452 445b 325b
range, mi
Driving cycle fuel 352 322 37b 27b
econ., mpg (with
regenerative braking)
60-mph fuel 26 25 33 28
econ., mpg
Emissions (g/mi) :€

HC 0.03 0.03 1.5

co 0.04 0.04 15.0

NO_ 0.44 0.48 3.1

So2 0.91 0.99 - 0.15-0.20

Particulates 0.09 0.10 0.15-0.40

2pased on SAE J=-227 Metropolitan Driving Cycle.
bBased on JPL Electric/hybrid vehicle driving cycle.

cEquivalent emissions for oil-fired generating plants. For coal-
fired plants, So2 and particulates could be considerably higher.

Source: Ref. 1.



independence of the energy density on power loading in the former
system. Neither of the EV systems is as good as the ICE vehicles

by a significant amount in both these range parameters. The driving
cycle fuel economy for EV and ICE systems is comparable, with the
former about 20% better than the 80 HP ICE. The EV 60-mph fuel
economy, however, is not as good. Differences between electric
vehicles in these parameters are more a function of the relative
curb weights than of intrinsic system differences.

The emissions of hydrocarbons and carbon monoxide produced by
the oil-fired power generating station for electric vehicles are neg-
ligible compared to those emitted by the ICE vehicles, while oxides
of nitrogen are roughly one fourth as high and emissions of oxides
of sulfur are four times greater. If the electricity is generated
by a coal-fired plant, the emissions of particulates and oxides of
sulfur can be expected to be even greater.

2.4 ELECTRIC VANS -~ CHARACTERISTICS AND PERFORMANCE

The characteristics of commercial urban delivery vehicles are
such that they have been considered by some to be the prime market
for electric on-the-road vheicles. The types of vehicles considered
in this classification include, principally, delivery vans and light
utility trucks and, possibly, taxis and small buses.

These vehicles tend to follow a predetermined schedule of lim-
ited range on a daily basis. They are required to operate at moder-
ate speeds and accelerations. They tend to make numerous stops and
starts, with considerable idle time. The vehicles spend a signifi-
cant portion of their use time either stationary or coasting, thus not
drawing energy from the batteries. They normally return to a base
of operations on a daily basis where batteries can be recharged
easily. All these route conditions suit the electric vehicles'
capabilities and do not greatly stress their limitations.

At the same time, internal combustion engines do not perform
best under these conditions. The significant idle time results in
a very low fuel economy. The low-speed stop-and-go characteristics
of this type of route stress the ICE vehicle, resulting in high
maintenance costs. The pollution aspects of the ICE vehicle are
especially pronounced in this type of use.
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Electric vans have been used commercially for a number of
years in England for delivery of milk (milk floats) (Harbilt).
The London postal system has been evaluating a fleet of 20 electric-
powered vans (Lucas). An electric urban vehicle is now being
offered by the same manufacturer. A number of German and Japanese
manufacturers are road testing electric vans.

In the United States, the primary impetus for the development
of electric vans has come from the U.S. Postal Service which has
been experimenting with electric delivery vehicles since 1952.

The experience gained by this organization is considered to pro-
vide a significant and reliable data base for electric delivery
vehicle use in this country.

An extensive test program being run by the Postal Service is
in operation in Cupertino, california® The experiment started in
August 1971 when an electric van was placed in service in the
Cupertino Post Office. This vehicle, a Harbilt van (Model HSV-2),
proved to be very reliable in operation on a daily basis. After
a year of successful operation of the Harbilt, it was decided to
place electric vehicles on each of Cupertino's thirty routes.
Thirty new Harbilts (Model HSV-3), leased from the manufacturer,
were placed in operation on March 4, 1974.

The specifications of the Harbilt HSV-3 van are presented in
Table 2-3. A photograph is shown in Figure 2.4. Their first van
has been in service for nearly five years, while the 30 newer
vehicles have been in operation for over two years. Operating
results for these vans are presented in Table 2-4.

In the Cupertino experiment, the electric vans demonstrated an
energy consumption of 1.4 kW-hr/mi (0.21 m/kW-hr), which is equiv-
alent to 8.9 mpg of gasoline.9 This is 14% higher than the average of
7.9 mpg for ICE jeeps in the same service.lo Based on the Postal
Service's average vehicle utilization of 4152 miles/yearll and an
average fuel economy of 7.9 mpg, an ICE jeep consumes 526 gallons
of gasoline per year, while the electric van would consume the
equivalent of 465 gallons of gasoline per year.



TABLE 2-3. SPECIFICATIONS FOR HARBILT HSV-3 ELECTRIC VANS
USED BY USPS IN CUPERTINO. CALIFORNIA

Height 75" Deck Width 58"
Width 64" Deck Length 72-1/2"
Length 148" Rear Overhang 24"
Deck Height 28" Turning Circle 36!
Shipping Weight 3565 1lbs. Wheel Base 103"

Pay Load 600 lbs. Track 48"
Battery 2120 1bs.

Motor: BKB 72 Volt Series Wound, 12.5 H.P.
Controller: Cable Form - Thyristor

Batteries: Oldham Tubular Traction

36 Cells, 72 Volts, Lead-Acid, 282 AMP

Axle Front: 2800 1lbs. Axle Rear: 3600 1bs.

Springs: Leaf Layer

Brakes Lockhead Hydraulic - 9" Shoe, Self
Adjusting

Body: Jelco Fiberglass

Battery Charger: Hobart Model 3R36-200 440/480 Volt

Charge Time: Four to Six Hours
Maximum Speed: 35 Miles Per Hour
Tires: 155 x 12 Michelin Radial

Source: Ref. 8.
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Figure 2-4. Harbilt HSV-3 Electric Type Van Used
by USPS in Cupertino, California
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TABLE 2-4. SUMMARY OF OPERATING RESULTS OF HARBILT ELECTRIC VANS
IN U.S. POSTAL SERVICE OPERATIONS, CUPERTINO, CALIF.

Period Covered

Original Test Vehicle - Harbilt HSV-2 8/21/71 to 2/1/76
Thirty Test Vehicles - Harbilt HSV-3 3/4/74 to 2/1/76
Average Postal Route Miles per day 10.9
Average Postal Route Hours per day 4.6

Total Miles Traveled 197,506.9
Average Miles per Vehicle for Test 6,371.1
Period

Total Electricity Used, kW-hr 277,430.0
Average kW-hr Used per Vehicle 8,949.3
Average kW-hr Used per Vehicle/per day 15.4
Average kW-hr per Mile 1.4
Total Operating Days 17,980.0
Down Days (Vehicle Out of Service) 33

Source: Ref. 9.
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The Postal Service considers the low maintenance required for
these vans as quite significant. The very low down-time allows the
Postal Service to reduce considerably the size of its reserve
which is now 5% of the operating fleet. In particular no maintenance
has had to be performed on the original Harbilt HVS-2 acquired in
1971. This vehicle is still operating with its original battery
pack.

Based on the performance of the Harbilt vehicles in the
Cupertino experiments, the USPS procured 350 additional electric
delivery vans in order to carry out more extensive field-evalua-

tion trials on a national basis.12

The specifications for the
11 The Post Office

driving cycle mentioned in the specifications is shown in Figure

electric van selected are presented in Table 2-5.

2-5. The electric vehicles were delivered during the later part
of 1975. These vehicles were assigned to various locations as

shown in Table 2-6.13

Because of the limited experience obtained to date, the USPS
has not released any of the operating data acquired to date on
this fleet. It is anticipated that this information will become
available during the later part of this year after the electric
Jeeps will have been in service for a full year.

A second significant experiment, which is still under way, is
being sponsored by the Electric Vehicle Council. In this study,
onée hundred and seven battery powered vans were acquired by 62
power companies in the U.S. and Canada. The vans were manufac-
tured for the Electric Vehicle Council by the Battronic Truck Cor-
portation, a division of Boyertown Auto Body Works, Boyertown, Pa.
The specifications of these vans are presented in Table 2-7.

14 on the tests

The results published in a preliminary report
indicate that the average electric consumption of all these vans,
driven under widely varying conditions,was 1.4 kW-hr/mile. Over
a total of 111,396 vehicle miles, electrical consumption ranged from
0.9 kWw-hr/mi to 1.8 kW-hr/mi. It is interesting to note that the
average electric fuel consumption in these tests is the same as

the one observed by the US Postal Service in its Cupertino experiment.
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TABLE 2-5,

TRIALS

SPECIFICATIONS OF ELE
U.S. POSTAL SERVICE F

AM General DJ-5E

Specifications

CTRIC DELIVERY VAN SELECTED BY
OR ITS 350 VEHICLE FIELD

Performance Data
(U.S. Postal Service Driving Cycle
at rated GVwW)

* Cruising speed: 33-40 mph

* Acceleration: 0-30 mph/20
seconds

* Gradeability: 10% grade at 16 mph

* Range: 300 Stop/Start Postal
cycle. .. 29 miles

Propulsion Motor

* Type: DC compound, enciosad

* Insulation: Class H

e Size: 11.72 in. dia. x 16.2 in. tong
s Weight: 263 Ibs.

Controlier

¢ Integrated functions:
Motor speed and
directional contro!
Charge regulator
Auxiliary power
converter-regulator
Battery stata of charge
sensor
Cooling — ventilating fan

o Weight: 100 Ibs.

Propulsion Battery

* Type: lead-acid semi-industriat
EV 27-86E-11

¢ No. of cells: 27

e Capacity: 330 Ah (6-hr. rating)

* Size: 19 x 29 x 23 in. high

* Weight: 1300 ibs, (including tray)

Auxiliary Battery
* Type: Gould Power Breed
= Rating: 83 Ah (20 hr.),
165 min. at 25 amps
e Size: Group 27 —
12x 7 x 9in. high s
» Weight: 53 Ibs.

Vehicle Weight
e Curb weight: 3625 Ibs.

* GVW per U.S. Postal
Service spec: 4300 ibs.

All specificati

Source: Ref. 11.

Ofi-Board Charger

* Recharge time: 10 hours maximum

* Input: 240 or 480 volts, 20/10 amp,,
single phase

*Size:22x 14 x 27 in. high;
stackable

* Weight: 250 Ibs.

On-Board Charger

* Recharge time: 10-16 hours

o Input: 120 volts, 20/15 amp,,
single phase

* Size: 10 x 18 x 14 in. nigh

* Weight: 80 Ibs.

Axle

o Front: Reverse Elliot Tubular,
load range: 2500 Ibs.

* Rear: semi-floating, flanged
shafts, load rating: 3500 Ibs.,
ratio: 5.89 to 1

Body
¢ Closed type with two sliding doors
and full opening rear door

Brakes

* Service: Servo, self-adjusting with
split hydraulic system, size front
and rear 117 x 27; effective tining
area 180.48 square inches

* Parking: hand iever actuated;
operates on rear wheels

Frame
* Section modulus 1.821 cubed

subject 1o change without notice.

2-15

Miscellaneous

o Lights: head, parking, tail and
stop, direction signais, 4-way
hazard fiaghers, side safety marker
lights, back-up lights

¢ Dual horn

* Electric washers and 2-spesd
electric windshield wipers;
defogger, heater available

*3 rear-view mirrors, one located
inside, and one each left and
right side

Seat

o Driver full foam bucket (adjustable)

Shocks

* Front and rear, double sction type

Springs

o Front: longitudinal multi-leaf;
semi-eliiptical; spring rate 330 Ibs,
per inch

* Rear: longitudinal multi-leaf,
semi-elliptical; spring rate
200 Ibs. per inch

Steering

»Worm and roller ratio: 24 1o 1
turning diameter 35 feet

Tires

s Four CR 78-15 radial ply type,
conventional tread, load range C

Wheels

* Four 15 x 5.5 K rims

Cargo Space

* 80 cu. ft.
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TABLE 2-6. LOCATION OF ELECTRIC JEEPS PURCHASED BY
U.S. POSTAL SERVICE

Number of
Location Vehicles
San Bernadino, Calif 295
Falls Church, va 10
Cherry Hill, NJ 10
Charleston, s.C. 10
Evansville, IND 10
Decatur, ILL 5
Hartford, CONN 5
New Haven, CONN 5

Source: Ref. 13.
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TABLE 2-7. CHARACTERISTICS OF BATTRONIC ELECTRIC VAN
ELECTRIC VEHICLE COUNCIL TEST PROGRAM

HEIGHT 92 IN
WIDTH 78 IN
LENGTH, OVERALL, 145 IN
WHEELBASE 94.5 in
LOADSPACE DIMENSIONS
LENGTH 71 1IN
WIDTH 69.5 IN
HEIGHT 63.4 IN

VOLUME 161 CU FT

VEHICLE CURB WEIGHT: 5600 1lbs
PAYLOAD 800 lbs

GROSS VEHICLE WEIGHT 6400 lbs

BATTERY:
WEIGHT 2000 1bs
TYPE: DUAL MODULE INDUSTRIAL BATTERY

300 AH at 6 HR RATE

MOTOR: 112 VOLT, 42 HP DC SERIES WOUND TRACTION MOTOR

Source: Ref. 14.
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3.0 ENERGY UTILIZATION EFFICIENCIES OF
FUEL-CONSUMING AND ELECTRIC VEHICLES

3.1 INTRODUCTION

In this Chapter, the overall system efficiencies are con-
sidered for converting the eénergy originally available in fossil
fuel in the ground to vehicle propulsion energy for fuel-consuming
and electric vehicles.

In order to determine the relative energy utilization effi-
ciencies of electric vehicles ang fuel-consuming vehicles powered
by internal combustion engines (ICE), it is hecessary to examine,
in each case, the fraction of the energy originally available in
the primary fuel source, as found in nature, that is ultimately
used to drive the vehicle on the road. This involves an examina-
tion of the relative efficiencies of alternate fuel manufacturing
Processes as well as the on-board efficiencies of the two types of
vehicle. »a comparison of the énergy conversion of electricity
drawn from the Plug for the electric vehicle to that of gasoline
at the pump for the fuel—consuming vehicle is not sufficient, for
reasons which are discussed in the following subsections.

3.2 ENERGY UTILIZATION EFFICIENCY OF ALTERNATE FUEL PRODUCTION

Fossil fuels can be used to produce either gasoline or
electricity, the alternate power sources of ICE-powered and elec-
tric cars. The comparisons in this discussion will be limited to
the production of gasoline or of electricity from either crude oil
Oor coal as outlined in Figure 3-1 because of the relevance for the
time period before 1990. 1In general, relatively little energy,
compared to the contained energy, is required to recover, trans-
port, refine and distribute the various fossil fuel products that
are the practical sources of energy in our society. Based on
figures commonly quoted in the literature15’16'17: it is estimated
that:



Petroleum

Coal

Recovery and
Transportation

Eff.=98%

Recovery and
Transportation

Eff.=97%

Refining and
pistribution of
Gasoline

EE£f. 913

Overall
Production
Efficiency=89%

Source:

Figure 3-1.
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a)

b)

c)

d)

e)

The gasoline Pumped into the fuel tank of an automobile
contains 89% of the énergy associated with the crude oi}
from which it was derived,

Fuel o0il delivered to a power plant containsg approximately
91% of énergy content of its crude oil. fThis assumes

that gasoline refining and distribution losses are greater
than those invelved in the Production of fuel oil,

Only 3% of the eénergy content of coal is required to

mine, process and ship it to a power plant. fThe coal fed
to the furnaces of a power Plant or to a Synthetic gaso-
line plant contains 97% of its original energy. '

The synthesis of gasoline from coal is a fairly ineffi-
cient process. The production of synthetic gasoline from

énergy content of the coal. With additional losses in
refining and distribution, Synthetic gasoline at the pump

The combustion of fuel to generate electricity is a
fairly inefficient Process. while some modern steam
power plants have efficiencies approaching 40%, the U.s.
national average efficiency, including nuclear Plants, is
only of the order of about 35%.15 Due to losses in the

Power plant to the consumer, 91% of the generated
electricity is available for consumption. As shown in
Figure 3-1, about 30% of the original energy content

of a fossil fuel (either coal or oil) is available to the
consumer in the form of electrical energy.

In comparing gasoline and delivered electricity, one notes that
a given quantity of énergy in the form of gasoline from petroleum
required significantly less original fuel than the equivalent
quantity of eénergy in the form of electricity, or in the form of
gasoline derived from coal.
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3.3 ENERGY COMPARISON OF GASOLINE AND ELECTRICITY AS VEHICLE FUELS

The above discussion establishes a basis for comparing the
energy contents of gasoline pumped into the tank of an ICE-powered
vehicle and electricity used to charge an electric vehicle.

Since a given amount of fossil fuel in the ground can be con-=
verted to either gasoline or electricity, the equivalence is based
on the relative production efficiencies of these alternate vehicle
fuels as delivered to the user.

Referring to Figure 3-1, approximately 3.3 kW-hr of fossil
fuel energy, either as coal or petroleum, are required to produce
1 kW-hr of electricity. This same fossil fuel could have been used
to produce gasoline. Petroleum with an energy content of 3.3 kW-hr
could have also been used to produce gasoline with an energy con-
tent of 3.0 kWw-hr. If coal were used to synthesize gasoline, coal
with an energy of 3.3 kW-hr could have been used to produce gasoline
with an energy content of 1.63 kW-hr. Since gasoline has a heating
value of 125,000 Btu/gallon, and 1 kW-hr = 3413 Btu, one kilowatt
hour of electricty corresponds to 0.080 gallons of gasoline derived
from petroleum or to 0.044 gallons of gasoline derived from coal
on an energy equivalency basis.

These ratios were used to prepare the energy economy equivalency
lines presented in Figure 3-2. For example, 25 miles per gallon is
equivalent to an electric energy economy of 2 miles per kilowatt
hour, if gasoline is obtained from petroleum. However, if gasoline
is obtained from coal, 25 mpg is egquivalent to an electric energy
economy of 1.12 mi/kW-hr. This is because of the energy losses
jncurred in synthesizing gasoline from coal.

3.4 VEHICLE ENERGY UTILIZATION EFFICIENCIES

The energy utilization efficiencies of ICE-powered and electric
vehicles are summarized in Figures 3-3 and 3-4. As shown in these
figures, there are energy losses associated with each part of the
propulsion system and drivetrain. In the case of the electric
vehicle, the propulsion system is consxdered to include the battery
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charger which need not be on board the vehicle. The assigned
efficiency values are representative of values quoted in the

literature for average driving conditions.ls'ls’19

As shown in
Figure 3-4, approximately 41% of the electric power drawn into the

battery charger is utilized to drive the vehicle.

The equivalent diagram for an ICE powered vehicle is pre-
sented in Figure 3-3. The ICE drive efficiency is representative
of values of state-of-the-art engines obtained by Malliaris.

The value of the drivetrain efficiency is that assigned by
Salihi.16 As shown in the diagram, (Fig. 3-3) about 14% of the
energy content of the fuel (gasoline) in an ICE powered vehicle
is utilized effectively.

3.5 OVERALL SYSTEM EFFICIENCIES

The overall system energy utilization efficiencies for ICE
and electric vehicles are presented in Figure 3-5 which melds the
results of the figures already presented in this section. This
figure indicates that the overall energy utilization of electric
and gasoline automobiles, based on primary fuels are very similar.
In the case of the ICE-powered vehicles, fuel production is effi-
cient on an energy basis, buﬁ operation of the vehicle is ineffi-
cient. Operation of an electric vehicle is more efficient than
an ICE vehicle, but production of fuel is much less efficient. 1In
both cases, the most inefficient step is the combustion of a
hydrocarbon to obtain motive power. Improvement in the energy
utilization of the combustion would be the most effective means of
improving the overall energy utilization efficiency of either
system. As far as electricity generation is concerned, it is
doubtful that advanced power cycles such as MHD, that offer the
promise of power plant efficiencies of about 60%, will be commer-
cially on stream by-1985. Because of this, and because of the
already high efficiencies of the other operations in the system,
the overall energy utilization efficiency for electric vehicles is
not expected to change significantly within the next 10 years. On
the other hand, significant improvements in the energy utilization
efficiency of ICE powered automobiles are expected between now
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and 1985. These improvements in fact will be required if ICE-
powered vehicles are to meet 1985 Federal energy guidelines. As
outlined by Malliaris,20 5, average energy efficiency of about
25% (an improvement of about 50% over what is now achieved) coulgd
be realistically obtained by evolutionary development. If this
energy efficiency were to Occur, an overall system efficiency of
about 18% would be obtained. These projections are also shown in
Figure 3-5,

Thus, there is little difference in the overall energy
utilization efficiencies of present ICE powered vehicles and
electric vehicles. Technical improvements expected within the
next 10 years probably will have small impact on the energy util-
ization efficiency of future ICE powered vehicles compared to
those presently in operation

The above discussion assumes the availability of petroleunm.
If gasoline has to be synthesized from coal, the projected improve-
ments in the efficiency of the internal combustion engine would be
offset by the energy losses in the gasoline synthesis process.
Under these circumstances, the overall energy efficiency of the
Projected ICE powered automobile would be 10%, which would be less
than the energy efficiency projected for electric vehicles. Such
a reversal of relative overall energy efficiency between ICE and
electric powered automobiles is not likely to occur before the
end of the 1980's because of the years needed to establish a
synthetic gasoline industry.
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4,0 PRODUCTION OF ELECTRIC VEHICLES AND THEIR INTRODUCTION
INTO COMMERCE

4.1 INTRODUCTION

The U.S. electric vehicle industry is now in a formative stage.
A few domestic firms are producing small numbers of on-the-road
electric vehicles. Complete data are unavailable, but current
sales probably are in the order of one thousand vehicles per year.
The future growth of the industry and introduction of electric

21

vehicles into commercial and private use will depend on a variety
of factors: consumer acceptance, demand at different levels of
performance and price, production costs and potential economies
of scale, and availability of capital, among others. The
fundamental issue, however, is guite simple: will there be
adequate return on capital investments to achieve higher levels
of production?

The scarcity of data on electric vehicles and their buyers, as
well as uncertainties about the future availability and price of
petroleum-based fuels, currently prevents a confident analysis of
probable growth in the electric vehicle industry. But, it is
clear that electric vehicles must compete with conventional vehicles
while petroleum is available. Therefore, an assessment of the
performance and cost characteristics of electric vehicles relative
to those of petroleum-powered vehicles can provide an indication of
potential growth in the industry.

To simplify the analysis, the functional attributes of electric
vehicles relative to their competitors will be considered separately
from cost characteristics. By focusing on the "representative"”
electric vehicle designs described in Chapter 2, probable consumer
acceptance may be judged. First, consumer acceptance is judged in
terms of the ability of electric vehicles to functionally replace
conventional vehicles in actual use, without regard for costs.

This assumption defines an approximate maximum potential market.

4-1



Then, constraints on electric vehicle penetration of this potential
market, including ownership costs associated with the assumed set
of functional attributes, are evaluated to estimate probable

future production and sales levels.

It is assumed throughout that electric vehicles will compete
with petroleum-powered vehicles in a market largely free of direct
government intervention, and that petroleum-based fuels will remain
available, although perhaps at higher prices than today. The
importance of these assumptions will be discussed later in the
evaluation.

4.2 POTENTIAL MARKETS FOR ELECTRIC VEHICLES

In comparing functional attributes, electric vehicles are clearly
superior to conventional vehicles in exhaust emissions and noise of
operation, and (except for the battery) appear likely to excel in
durability. 1In contrast, their acceleration, cruising speed, and
range are inferior to those of conventional vehicles with current
or forseeable technology. Little is known about the importance
consumers place on such attributes, but it seems possible that
reduced noise, exhaust emissions, and maintenance costs might
compensate for minor deficiencies in acceleration and cruising
speed in typical driving.

Even in typical driving, however, electric vehicle range is
sufficiently inferior to constrain market potential. As noted in
Chapter 2, current lead-acid battery systems offer a nominal metro-
politan driving range of 30-40 miles, while advanced batteries
might extend this to 150 miles by 1985. These nominal figures can
be significantly reduced by modest hills, cold weather, slippery
road conditions, under-inflated tires, and battery deterioration.
While nominal range estimates will be used in this analysis, the
optimism implicit in these estimates should be recognized.

Coupled with range limitations is the problem of battery re-
charging. Since effective recharging takes a minimum of several
hours, on the road "refueling” in the fashion of conventional cars
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is virtually impossible. 1Initially, at least, electric vehicle
owners will have to recharge their own battery systems with
private electrical facilities. The most frequently envisioned
procedure is overnight recharging during periods of off-peak
electricity loads.

Under such a scenario, the market for electric vehicles would
be limited to:

o replacement for vehicles driven less than the electric
vehicle range on a daily basis, and

o users having off-street parking and electrical facilities
available.

In this context, two separate market components may be evaluated,
secondary passenger automobiles and light duty commercial fleet
vehicles.

a. Private Automobiles

Although private passenger automobiles are driven only some
30-35 miles per day on the average, their daily mileage exceeds
this amount a significant fraction of the time.22 Lead-acid
battery powered electric vehicles, therefore, could largely satisfy
the average demand for mobility, but there would be no additional
range capacity for frequent travel requirements in excess of the
average. To surmount this problem, it is usually assumed that
electric vehicles would replace only secondary cars in multi-car
households. The primary ICE-powered auto could then be used for
longer trips when necessary.

Restriction of the market to secondary cars, however, is in-
sufficent by itself. Occasionally, all the drivers in a household
will simultaneously have daily travel requirements in excess of
the electric vehicles's range. The driver of the electric vehicle
would then have to change modes or give up a long trip. The extent
to which such an inconvenience might be tolerated would depend on
frequency of occurrence as well as on any benefits the electric
vehicle could offer in return.



Finally, households operating electric vehicles would require
off-street parking allowing installation of private recharging
facilities. fThis would currently eliminate most households in
multi-family dwellings, leaving households in single-family homes
with off-street parking and owning two or more cars as the principal
market,

There are insufficient data on the national level to permit a
detailed analysis of this market. A study of the lLos Angeles
region,23 however, found that 28 percent of area households fell
into the above category. Assuming that drivers of electric
vehicles would be willing to give up long trips or change their
mode of transportation one day out of every 20, the study found
that 17 percent of the region's cars could be replaced by lead-acid
battery electric cars.

The same fractions appear to hold approximately true for the
nation as a whole. Some 30 percent of U.s. households own secondary
cars,2 while there are about 50 million single-family residences
in the nation.25 Thus, around 15 million households are initial
candidates for electric vehicle ownership. Assuming a l2-year
vehicle life, this implies a maximum steady-state demand of 1.3
million electric vehicles per year.

In the longer term, if advanced battery systems and additional
recharging facilities become available, the maximum market potential
for electric vehicles would clearly grow. Even with ranges of
100-150 miles, however, electric vehicles would remain incapable
of satisfying all trip requirements. But, assuming that all
secondary cars could be replaced, some 31 percent of the fleet,
or about 30 million vehicles, would represent the potential market.,
This implies a steady-state annual demand of 2.5 million vehicles.

b. Light Duty Commercial Vehicles

The potential market for electric vehicles in commercial uses
is much smaller. Unfortunately, the lack of data on duty cycles
of such vehicles and the size of the total fleet make even a

rough approximation of this market difficult.



Of the 14 million light trucks and vans on the road in 1972,
55 percent were used for personal transportation.26 It is assumed,
however, that trucks were chosen over automobiles for this purpose
because of more strenuous load requirements and driving cycles, so
electric vehicles are likely to be poor candidates for replacement,
at least in the next decade. An additional 27 percent of the fleet
was used for applications in agriculture, manufacturing, mining, etc.

The reﬁaining 2.5 million light duty trucks and vans were used
in wholesale and retail trade, utilities, services, and other
applications which may involve relatively constant duty cycles
covering short distances on a daily basis. Of particular interest
are multi-stop delivery vans whose duty cycles comprise gentle
acceleration, low cruising speeds, and frequent idling periods.
Such driving conditions preclude long daily travel distances, while
severely reducing the fuel economy and durability of conventional
vehicles. In addition, commercial fleet owners could provide
recharging facilities with relative ease because of the more
efficient scale of operation.

Unfortunately, the number of vehicles currently driven over
multi-stop cycles is unknown. The 2.5 million vehicles remaining
after apparently strenuous uses are excluded represent an optim-
istic estimate of market potential. Based on the Postal Service
goal of a ten-year life for their electric vans, this translates
to a steady-state demand of 250 thousand vehicles in annual sales.
Since range is a minor factor for multi-stop delivery vehicles,
advanced battery technology should not significantly increase
market potential.

4.3 CONSTRAINTS ON MARKET PENETRATION

The above estimates of potential electric vehicle markets,
annual sales of 1.3-2.5 million passenger automobiles and 250
thousand commercial vehicles, represent no more than approximate
upper boundaries. Clearly, financial or other incentives could
induce at least some households and businesses to restructure their



driving patterns in conformance with electric vehicle capabilities,
increasing market size. On the other hand, the choice of electric
vehicles, even by consumers with minimal travel requirements,

entails a loss of mobility for which they will demand compensation.

Manufacturing and ownership costs of electric vehicles are,
therefore, the principal constraints on market penetration. Only
if electric vehicles offered significant cost savings could they be
expected to approach their.market potential, Manufacturing costs,
however, depend on production quantities and whether economies of
scale can be achieved. 1In addition, the establishment of an infra-
Structure to support electric vehicle owners might stimulate
market penetration or increase market size. Thus, availability
of capital to electric vehicle manufacturers is a possible
longer~-term constraint.

@. Current Production and Ownership Costs

Estimates of current production costs, retail prices, and over-
all life-cycle ownership costs are summarized in Tables 4-1 and 4-2
for electric automobiles and light duty vans. Each table contains
a comparison with an equivalent conventional ICE-powered vehicle.

The derivation of these estimates is discussed in detail in
Appendices B through G and I.
As Table 4-1 indicates, the production cost of electric auto-

mobiles (limited production) is higher than the retail price of
equivalent ICE automobiles. Electric cars are about three times
as expensive initially. On a life-cycle basis, despite some
possible savings in direct operating costs, electriec cars are
estimated to be 70-120 percent more expensive. The assumption that
batteries will have to be replaced after three years (30,000 miles)
significantly adds to total life-cycle costs. The development of a
long life battery, if achieved, could substantially reduce the cost.
Electric vans in commercial fleets, Table 4-2, are potentially
much more competitive, even in limited production. Although the
initial price is twice that of ICE vans, significant savings are
possible in direct operating costs. 1In addition, electric vehicles
have an expected 10 year life while ICE vans have an average 6 year
life. As a result, overall operating costs are more nearly equal.
It should be noted, however, that ?his result is based on the
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extremely limited and unvariable duty cycle of postal Service
vehicles and unproven expectations of electric vehicle durability.

b. Availability of Capital and Mass Production Cost Estimates

Lack of investment capital by manufacturers might constrain
the market penetration of electric vehicles if it prevented
achievement of competitive ownership costs or establishment of
important service infrastructures. To assess the constraining
influence of capital availability, however, it is necéssary to
determine whether economies of scale or service infrastructures
could make electric vehicles significantly more competitive with
ICE vehicles.

Estimates of mass production initial prices and ownership
costs of electric vehicles are summarized in Tables 4-3 and 4-4.
To provide an optimistic comparison with ICE vehicles, the tables
assume that gasoline prices will rise to 70 cents per gallon,
excluding taxes, while electricity rates remain constant. Details
of the economic projections are described in Appendices C, E and
F. ;

Despite 40 percent reductions in manufacturing costs for
electric automobiles from the limited production case, estimated
mass production retail prices still are 40-70 percent higher, and
the life-cycle costs are 8-37 percent higher than they are for
equivalent ICE vehicles. Increases in battery life and/or large
cost reductions for components would make the electric automobile
more competitive.

Mass production of electric vans, on the other hand, could
decrease their estimated life-cycle costs well below those for ICE
vans. Thus, if mass production could be achieved, electric vans
would be an attractive alternative to ICE vans for commerical
multi-stop applications.

Based on these cost estimates, it appears, that investments
to achieve mass production of electric automobiles would be un-
warranted by the available cost reductions. Even with full econ-
omies of scale, electric cars could not effectively compete with
conventional autos. For electric vans, economies of scale could
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TABLE 4-4. ESTIMATED COST COMPARISON OF MASS PRODUCED LIGHT DELIVERY

VANS IN FLEET USE

ELECTRIC VAN
(LEAD/ACID BATTERY

Estimated Manufacturing Cost, § 2,610

Estimated Fleet Acquisition Price, $ 4,200

ESTIMATED LIFE CYCLE OPERATING COSTS

(cents/mile)
Cost of Fuel (1) 4.5
Total Operating Cost 30.9
NOTE (1) ELECTRICITY 3.2¢/kW=hr
Gasoline 70¢/gallon (excluding taxes)

(2) All costs in December 1975 dollars.

4-11
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make a considerable difference in competitiveness. The potential
market, however, does not appear large enough to support mass pro-
duction. At a sales level of 250 thousand vehicles per year, only
one mass production line could operate. Thus a single manufac-

" turer would have to monopolize the market and reach a market
penetration of 100 percent before mass production would be feasible.

In addition to production capacity expansions, the electric
vehicle industry might require capital for establishing service
infrastructures in support of owners. The most important potential
infrastructure service is "refueling". If electric cars could be
recharged on the road in the same way that conventional cars fill
up with gasoline, the problem of range limitation could be reduced.
Some form of battery leasing system in which depleted battery packs
are traded for newly charged packs seems most likely to achieve
consumer acceptance. Such an infrastructure would require substan-
tial capital investments. Battery stations would have to be con-
structed, equipped with specialized electrical facilities, and
stocked with a large inventory of battery packs, each worth from
$1,000 to $2,000. The use of battery swapping facilities, however,
probably would increase fuel costs for electric vehicle owners and
make the overall cost of ownership even less attractive than the
preceding estimates. Thus, a recharging infrastructure probably
would not stimulate sales of the electric vehicles, and lack of
capital to invest in such an infrastructure cannot be viewed as a
major constraint on industry growth.

Maintenance and repairs are additional services requiring
some form of infrastructure to support vehicle owners. A selling
point of electric vehicles, however, is their very low level of
required maintenance and their durability. Thus, vehicle manu-
facturers should be able to offer maintenance instructions and
assistance through dealerships, like conventional auto companies,
with no major additional capital investments required.

4.4 PROBABLE GROWTH OF THE ELECTRIC VEHICLE INDUSTRY

The outlook for major growth in production and use of electric
vehicles as private passenger automobiles is rather bleak. Although
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they have a considerable potential market, even with limited
range, their estimated life-cycle costs of ownership are non-com-
petitive with conventional ICE-powered automobile. Even the scale
economies of mass production would not eliminate the excess life-
cycle costs of electric vehicles, so, capital availability cannot
be viewed as a serious problem. Further, it seems unlikely that
advanced battery technology will provide significant cost advan-
tages in the next 10 years based upon developérs cost estimates.
For these reasons, therefore, it is difficult to imagine that the
electric automobile market in the next 10 years will exceed a few
thousand vehicles per year.

For electric vehicles in commerical use, the prospects are
still uncertain, but may be promising. Over multi-stop delivery
cycles comprising large percentages of idling and low speed driving,
the estimated life-cycle costs of electric vehicles are comparable
to ICE vehicles. If mass production could be achieved, electric
vehicles might offer major cost advantages. Unfortunately, the
number of vehicles driven over such duty cycles is currently
unknown. It is not known whether the market is large enough to
support mass production, although the projected cost reductions
of 15-25 percent over conventional vehicles could conceivably in-
duce additional commercial users to restructure their driving
patterns to match electric vehicle capabilities. 1In any case,
commerical acceptance would occur slowly and grow only if electric
vehicles demonstrate their hypothetical advantages in actual use.

Obviously, the situation could change if the availability of
petroleum-based fuels were drastically reduced. Also, the situation
could change if the Federal Government were to intervene in the
market. Indeea, government encouragement of the electric vehicle
industry could act as an insurance policy against complete dependence
on largely imported petroleum-based fuels. The disparity in costs
between electric vehicles and conventional .vehicles, however, implies
that major subsidies or new gasoline taxes would be required to
stimulate any significant use of electric passenger automobiles
so long as petroleum is available. Such an insurance policy,
therefore, would require high premiums.
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5.0 APPLICATION OF THE ACT TO ELECTRIC VEHICLES

5.1 INTRODUCTION

Title III of the Energy Policy and Conservation Act estab-
lishes a Federal program to regulate the fuel economy of passenger
and nonpassenger éutomobiles. This chapter reviews the implica-
tions for electric vehicles and their manufacturers if electric
vehicles were made subject to this program.

5.2 SUMMARY OF THE ACT

Title III of the Energy Policy and Conservation Act® amends
the Motor Vehicle Information and Cost Savings Act to add a new
title, "Improving Automotive Efficiency." The provisions of this
title establish average fuel economy standards applicable to
manufacturers of passenger automobilesb and authorize the Secre-
tary of Transportation to set average fuel economy standards
applicable to manufacturers of nonpassenger automobiles.® an
"average fuel economy standard" is a performance standard specify-
ing a minimum average fuel economy (in miles per gallon) which an
automobile manufacturer's output must achieve in a model year.

a
P.L. 94-163, 89 Stat. 871, 1975 U.S. Code Cong. & Ad. News 871.

b§30!. of the Energy Policy and Conservation Act, P.L. 94-163,
a@dlng §502 (a) (15 U.S.C.52002(a)) to the Motor Vehicle Informa-
tlon'and Cost Savings Act (15 U.S.C.§§1901 et seqg.). Citations
herein refer to the added sections of the latter act.

©§502(b), 15 U.S.C. 52002 (b).

d§501(7), 15 U.Ss.C. §2001(7). "Fuel economy" is defined in Title
III as "the average number of miles traveled by an automobile per
gallon of gasoline (or equivalent amount of other fuel) consumed,
as determined by the EPA Administrator in accordance with pro-
cedures established under Section 503(d)."™ § 501(b), 15 U.S.C.
§2001 (b) (emphasis added). Section 503(d), referred to in the
above definition, directs the EPA Administrator to develop fuel
economy test and calculation procedures, and to "determine that
quantity of any other fuel which is the equivalent of one gallon
of gasoline." § 503(d)(2), 15 v.S.C. §2003(d) (2). The conference
committee's report states that "It is anticipated that the EPA
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Title III specifies the average fuel economy standard for
passenger automobiles applicable in model year 1978 (18.0 mpg),
1979 (19.0 mpg), 1980 (20.0 mpg), and 1985 and thereafter (27.5

mpg).e The Secretary of Transportation is directed to establish
passenger automobile average fuel economy standards for model

years 1981 through 1984,f and to establish standards for nonpas-
senger automobiles.? Average fuel economy standards are to be set
at the maximum feasible average fuel economy levelh considering
technological feasibility, economic practicability, the effects of
other motor vehicle standards on fuel economy, and the nation's
need to conserve energy_.i An "automobile" is defined in Title III
as a 4-wheeled highway vehicle propelled by fuel which either:

(a) is rated at up to 6,000 1bs. gross vehicle weight; or (b) (i)

is rated at between 6-10,000 1bs. gross vehicle weight, (ii) is of

a type for which standards are feasible, and (iii) either is of a
type such that the application of fuel economy standards will result
in significant energy conservation, or is of a type used for the same
purposes as are vehicles in the 0-6,000 1bs. gross vehicle weight
category.j "Fuel" as used in the above definition means gasoline
or diesel oil, and may include other liquid or gaseous fuels if

the Secretary determines thai their inclusion is consistent with

d(cont'd)

Administrator, in determining equivalent amount of other fuel,
will make such determination on the basis of Btu equivalency of
different quantities of various fuels, taking into account energy
required to process such fuels." §S. Rep. No. 516, 94th Cong.,

lst Sess. 154 (1975).

®s502(a) (1), 15 U.S.C. §2002(a) (1).

f§502(a) (3), 15 U.s.C. 52002(a) (3). Such standards are to be set
at the maximum feasible average fuel economy level and are to
result in steady progress toward the 1985 standards,

g§502(b), 15 U.S.C. §2002(b). These standards are to apply to non-
passenger automobiles manufactured in model years beginning 30
months after enactment (Dec. 22, 1975).

h§502(a)(3), 15 U.s.C. §2002(a) (3) (passenger automobiles); §502
_(b), 15 u.s.C. §2002(b) (nonpassenger automobiles).

“§502(e), 15 U.S.C. 52002 (e).
J§501(1), 15 u.s.c. s2001(1).
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the need to conserve energy.k A "passenger automobile" is an
automobile (with exceptions not relevant here) manufactured pri-
marily for transporting not more than 10 persons.1 Although
"nonpassenger automobile" is not explicitly defined, by implication
it includes any vehicle which otherwise falls within the definition
of "automobile" and which is not a passenger automobile.™

Manufacturers of less than 10,000 passenger automobiles in a
model year may apply to the Secretary of Transportation for ex-
emption from that model year's passenger automobile average fuel
economy standard. 1If the Secretary issues such exemptions, he
must also prescribe alternative average fuel economy standards for

exempted manufacturers.®

Manufacturers may also apply to the
Secretary for modification of certain passenger automobile average
fuel economy standards based on changes in emission, safety, noise,
and property loss reduction standards from model year 1975 base

year standards.®

A manufacturer of passenger (or nonpassenger) automobiles
who fails to meet the average fuel economy standards applicable
to it is liable for a civil penalty in the amount of five dollars
for each tenth of a mile per gallon by which its average fuel
economy fails to meet the standard, multiplied by the number of
passenger (or nonpassenger) autos it manufactured during the

§501(5), 15 v.s.c. 2001(5).

1§501(2), 15 U.S.C. §2001(2). The term "passenger automobile" does
not include automobiles "capable of off-highway operation," that
is, any automobile which has a feature equipping it for off-
highway operation (other than 4-wheel drive), and either is a 4-
wheel drive auto or is rated at over 6,000 lbs. gross vehicle
weight. §501(3), 15 U.S.C. §2001(3).

TMrhe conference committee's report provides several illustrative
examples of nonpassenger automobiles: certain light duty trucks,
recreational vehicles, and other multipurpose vehicles. S. Rep.
No. 516, 94th Cong., lst Sess. 153 (1975).

"g502(c), 15 U.S.C. §52002(c).

®s502(d), 15 U.S5.C. §2002(d)
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model year.p A manufacturer whose average fuel economy exceeds
the applicable standard in any model year is entitled to a
similarly calculated financial credit to be applied against
penalties imposed in the Previous model year or which may be
assessed in the following model year.q Civil penalties may be
compromised by the Secretary of Transportation under certain
specified circumstances.?t

Title III of the Energy Policy and Conservation Act also
imposes a labeling requirement on automobile manufacturers.
Effective in the 1977 model year and thereafter, a manufacturer
must affix on each automobile it produces a label which states
that auto's fuel economy,s the estimated annual fuel cost associated
with that auto's use, and the range of fuel eéconomy available with
comparable autos, whether or not produced by the same manufac-
turer.t Comparability of automobiles is to be determined by the
EPA Administrator, and may be based on factors such as interior
Space or performance characteristics, Y

—_
Pss08, 15 u.s.c. §2008.

q§5oa(a)(3), 15 u.s.c. 52008(a) (3).
¥s508(b) (3), 1s U.S.C. §2008(b) (3).

s .
Tpe meaning of the term "fuel economy" ag employed in
Title III is discussed in note 4, supra.

t
§506(a){ 15 u.s.c. §2006(a). The precise form and content .
of required labels is to be established by the EPa Administrator.

u
S. Rep. No. 516, 94th Cong., lst Sess. 158 (197s5).



5.3 APPLICATION OF TITLE III OF THE ENERGY POLICY AND INFORMATION

ACT TO ELECTRIC VEHICLES

To bring electric vehicles within the scope of Title III, it
would be necessary to expand the meaning of the term “"fuel" as
used in Title III to include electric energy. Manufacturers of
electric automobiles whose vehicles otherwise fit Title III's
definition of "automobile"V would then become subject to the same
passenger or nonpassenger fuel economy standards now applicable
to manufacturers of gasoline- and diesel-powered automobiles.¥
In order to calculate the fuel economy of an electric automobile,
the EPA Administrator must first determine how much electric
power is equivalent to a gallon of gasoline.x While the analysis
contained in this report makes this determination on the basis of
overall energy equivalency of a quantity of electricity (in
kilowatt-~hours) with one gallon of gasoline,y the electricity-
gasoline equivalency determination could also be based on petro-
leum equivalency, that is, the amount of petroleum actually used
to generate a quantity of electricity. The latter approach
assumes that it is the purpose of Title III to conserve only

VMost (over 95%) electric vehicles now manufactured would not fit
within the Act's definition of the term "automobile." These vehi-
cles are either 3-wheeled, and/or are not manufactured for use on
public streets and highways. See Appendix F.

YIf electric automobiles were to be made subject to average fuel
economy standards, an interesting question is presented as to how
the performance capabilities of electric passenger autos should
be considered in estalbishing interim (1981-84) passenger auto-
mobile average fuel economy standards (§502(a)(3), 15 U.S.C.
§2002(a) (3), or in recommending a change in the 1985 passenger
auto standard (§502(a) (4), 15 U.S.C. §2002(a) (4).

Xg5 501(6), 503(d)(2); 15 U.s.C. §§ 2001(6), 2003(d) (2).

Yas observed earlier (see note d, supra), this approach
is suggested in the report of the conference committee.



petroleum-based fuels,z and would take into consideration the fact
that electricity is increasingly being generated by non-petroleum
eénergy sources. Application of this approach would seem ultimately
to require a difficult social policy decision balancing the
desirability of petroleum consumption versus consumption of other
energy sources.

Electric passenger automobile manufacturers producing fewer than
10,000 autos per model year would be eligible to apply for ex-
emption from the average fuel economy standard generally applicable
to makers of passenger automobiles.®2 The Secretary may grant the

Zseveral submissions to the public docket established in connection
with this report assert that Title III of the Energy Policy and
Conservation Act is concerned Primarily with the conservation of
petroleum-based fuels, rather than with achieving an overall re-
duction in automobile energy consumption, regardless of the type
of fuel consumed. Under this suggested interpretation, the EPA
Administrator would be required to determine the petroleum
equivalency of the alternative fuel, that is, the.amount of petro-
leum embodied in (either directly or in the production of) an
alternative fuel, rather than the overall energy equivalency of
an alternative fuel. This approach appears to ignore the intent
of Congress as expressed (see note d, supra) in the conference
committee's report: it would not consider the Btu equivalency of
alternative fuels. That energy conservation rather than just
petroleum conservation is the intent of the Congress is also indi-
cated by the general statement of the Energy Policy and Conserva-
tion Act's purposes contained in § 2 of the Act. In stating the
purposes relating to conservation, particularly with regard to
automobiles, this section speaks of energy conservation, not just
the conservation of petroleum: ‘

"The purposes of this Act are - ...

"(4) to conserve energy supplies through energy
conservation programs, and, where necessary,
the regulation of certain energy uses;

"(5) to provide for improved energy efficiency of motor
vehicles, major appliances, and certain other
consumer products;..."”

8210 be eligible for this exemption, a manufacturer must have made
fewer than 10,000 passenger automobiles in the second model year
preceding the model year for which the exemption is sought, and
must actually produce less than 10,000 vehicles in the model year
for which the application is made. §502(c), 15 U.S.C. §2002(c).
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exemption if he determines the otherwise-applicable standard "is
more stringent than the maximum feasible average fuel economy
level” the applicant can attain.bb The Secretary must then estab-
lish an alternative average fuel economy standard applicable to
the exempted manufactuer. Instead of establishing a separate
alternative standard for each electric passenger automobile manu-
facturer qualifying for exemption, the legislation permits the
Secretary to establish an alternative standard applicable to entire
"classes" of passenger automobiles. One possible class in this
instance could be the class of all electrically-powered passenger
autos.®® In any event, the alternative standard must be set at
the maximum feasible fuel economy level for manufacturer (s) to
which the standard applies.dd

Manufacturers of nonpassenger automobiles are not eligible
for the less-than-10,000 vehicles-per-model-year exemption avail-
able to makers of passenger automobiles. Some flexibility is
permitted to the Secretary of Transportation in establishing average
fuel economy standards for nonpassenger automobiles, however, in
that different standards may be set for different "classes" of

A ee
nonpassenger automobiles. For example, this provision would permit

Pbeso2(c), 15 v.s.c. §2002¢(c).

“CNeither the legislation (§502(c), 15 U.S.C. §2002(c)) nor the
conference comnittee's report (S. Rep. No. 516, 94th Cong., lst
Sess.) provides guidance as to how classes of passenger auto-
mobiles are to be established. Defining such categories on the
basis of common propulsion technology or common energy source,
as proposed here, appears to be one of several alternative
approaches. Classes could also be based on vehicle weight or
passenger carrying capacity. Another classification scheme
could focus on the function or use for which passenger vehicles
are designed or to which they are put, e.g., taxicabs, minibuses,
commuter use, etc.

4d¢502(c), 15 U.5.C. §2002(c).
©€5502(b), 15 U.S.C. §2002(b).



establishment of an average fuel economy standard applicable to
the entire class of electric nonpassenger automobiles (grouped
together based on their common technology and common energy
source). Alternatively, classes could be based on vehicle weight.
Or, a series of separate fuel economy standards could be estab-
lished, with each standard applicable to a specified functional
class consisting of both electric and conventionally-powered non-

£f These classifications would be based

passenger automobiles.
on the functions or uses for which such nonpassenger automobiles
are designed or to which they are put.gg Because of the relatively
fuel-efficient performance of electrically-powered automobiles in
urban stop-and-go delivery operations, a fuel economy standard
applicable to nonpassenger automobiles in this functional category
could be based on the electric vehicle's average fuel economy.hh
Manufacturers of nonelectric nonpassenger automobiles competing
within this functional class would then be forced either to improve
the fuel economy of their vehicles to meet the standard or to pay

any penalties which may be assessed for noncompliance.

Inclusion of electric vehicles as "automobiles" subject to
Title III of the Energy Policy and Conservation Act would also
bring electrics under the mandatory fuel economy labeling provision
of this Title. To facilitate comparison of electric automobile

f X
& "'Class' would be defined by the ST [Secretary of Transporta-

tion], and could be based on functional classifications or
other factors." S. Rep. No. 516, 94th Cong., lst Sess. 155
(1975).

99The latter classification scheme could be accomplished by estab-
lishing representative driving cycles descriptive of typical non-
passenger automobile usage patterns.

hhThis discussion assumes that nonpassenger automobiles are used

for these functions. If passenger autos were put to this use,
their manufacturers would still be required to meet the appli-
cable passenger automobile fuel economy standards.

ll§506, 15 U.s.C. §2006. As an alternative to application of
Title III's entire fuel economy regulatory scheme to electric
automobiles and their manufacturers, it would seem possible to
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fuel economy with the fuel economy of gasoline or diesel auto-
mobiles, an electric auto's label should probably state the
electric's fuel economy both in miles per unit of electricity
(kW-hr) and equivalent miles per gallon of gasoline.jj The
required estimate of annual fuel cost in connection with an
electric automobile's operation could be based on the average cost
of electricity in the United States.kk

Several alternative approaches are available for selecting the
autos whose respective fuel economies are to be compared with an
electric automobile's fuel economy. Under one alternative, an
electric auto could be compared with all other autos of similar
size, carrying capacity, or weight, regardless of the kind of fuel
used. Alternatively, an electric automobile could be compared

only with other electric automobiles.1l As a third alternative

ii (cont'd)
recast Title III such that only its labeling provisions were
applicable to electric autos, perhaps on a voluntary basis. This
alternative, which could be made generally applicable to other
alternative-fueled automobiles as well as to electrics, would
inform the public of the fuel economy performance of alternative-
fueled automobiles yet would not subject manufacturers of such
vehicles to the expense of extensive fuel economy testing or to
the risk of financial penalties for noncompliance. While this
alternative would still require fuel economy data, this informa-
tion could be supplied by manufacturers of eligible automobiles
in accordance with EPA procedures (comparable to procedures to

be used for testing conventionally-powered autos), and perhaps
spot-checked by EPA for accuracy.

JjSee notes x-z and accompanying text, supra, discussing methods
by which fuel economy of electric-powered automobiles can be
determined.

kkBecause electricity is not currently taxed as a motor fuel, a

comparison of the annual fuel cost of an electric automobile
with the fuel cost of a conventionally-fueled auto would favor
the electric vehicle. This inequitable situation could be
corrected with the institution of a tax on electricity used as a
motor fuel set at a rate comparable to the present level of tax
on petroleum-derived motor fuels.

These two options are derived from the conference report, which
mentions the factors of "interior space" and "performance
characteristics" as possible bases for selecting comparison
vehicles. S. Rep. No. 516, 94th Cong., lst Sess. 158 (1975).
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functional usage categories could be established and comparisons
made among all nonpassenger automobiles designed or used for the
same function, regardless of the fuels used. ag indicated earlier,
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6.0 CRITERIA FOR REGULATION OF ELECTRIC VEHICLES

6.1 INTRODUCTION

A decision to subject electric vehicles to average fuel
economy standards should be based on concrete benefits which the
standards would achieve. Any anticipated benefits must be weighed
against the costs of regulation as well as the alternative con-
sequences of omitting such standards.

The most important criterion for this decision is potential
energy savings that regulation might achieve. The goal of the
enabling legislation is, of course, energy conservation. Coupled
with this broad objective is the more specific goal of reducing
domestic petroleum consumption and national dependence on foreign
oil.

Probable economic, environmental, and resource consumption
impacts, however, must also pe considered. Regulation could have
both beneficial and adverse economic impacts on vehicle manu-
facturers, suppliers, and owners, as well as implications for the
level and distribution of employment in the nation as a whole.
Similarly, any changes‘in the level of electric vehicle use
brought about by regulation conceivably could affect air quality
and consumption of natural resources used in the construction of
the vehicles. '

To evaluate these factors and assess net benefits and costs
of requlation, future levels of electric vehicles sales and use
must be anticipated. Although Chapter 4 provides some general
guidance in this effort, any quantitative forecasts must be viewed
as highly uncertain. Nevertheless, some clear qualitative findings
emerge., )

6.2 CONSEQUENCES OF NOT REGULATING ELECTRIC VEHICLES

In the absence of fuel economy standards and labeling require-
ments, the electric vehicle industry would be subject to normal
market forces in competition with petroleum-powered vehicles. As
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noted in Chapter 4, electric automobile ownership costs are sub-
stantially higher than their conventional competitors, and should
greatly constrain their production and use, so it is difficult to
imagine more than a small market with maximum annual sales of a
few thousand units for electrically-powered Private automobiles.
Electric commercial vans are more competitive in costs but their
potential market is limited and their capabilities are, as yet,
largely unproven. In the next decade, therefore, total annual
sales of electric vehicles should remain in the tens of thousands
rather than hundreds of thousands or millions.

By comparisoq, the total U.S. fleet of passenger automobiles
and light duty trucks now numbers about 110 million vehicles. Even
if 100 thousand electric vehicles were sold every year through
1985, they would amount to less than one percent of the total
fleet. Actual sales-volumes are almost certain to be much sSmaller.
Placed in this context, evaluation of the impacts of electric
vehicle production and use is greatly simplified.

Electric vehicles that are introduced will have energy
efficiencies roughly comparable to the conventional vehicles
they replace. As Chapter 3 indicated, however, fuel economy
improvements mandated for petroleum-powered vehicles should make
them substantially more efficient than electric vehicles. By 1985,
individual electric vehicles probably will consume more energy
than their conventional counterparts, but too few electric vehicles
will be in use to significantly influence national energy con-
sumption.

Individual electric vehicles will, nevertheless, consume far
less petroleum than conventional vehicles, since a small fraction
of U.s. electricity is generated with oil products. Again, however,
national petroleum savings would be minor because of the relatively
small number of electric vehicles in use.
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Nor would electric vehicles cause measurable changes in air
quality in the U.S. The small transfer of pollutant emissions
from mobile to stationary sources (i.e., power plants) would be
largely self-cancelling. Furthermore, findings of recent studies?3
iﬁdicate that even if electric vehicles replaced the majority of
conventional automobiles, concentrations of principal auto-related
pollutants such as oxides of nitrogen and photochemical oxidants
would decrease by onlv a feow Percentage points,

Consumption of some natural resources would change moderately
as a result of the anticipated production level of electric
vehicles. Material requirements, of course, will depend on the
types of battery systems used in electric vehicles. Even at pro-
duction levels of 100 thousand vehicles per year, only the
lithium system would cause a significant increase in resource con-
sumption. The U.S. demand for lithium would increase by about
125 percent on an annual basis. The absolute magnitude of this
increase, however, is only about 6 tons per day of lithium pro-
duction. The U.S. has sufficiently abundant reserves of lithium
to satisfy such a requirement easily. More detailed estimates of
material requirements and potential impacts on resource consumption
are presented in Table 6-1.

Anticipated growth of the electric vehicle industry should
have no impact on the national economy. Although minor employment
dislocations may occur, jobs lost in the conventional auto industry
will be largely replaced in the electric auto industry.

6.3 CONSEQUENCES OF REGULATING ELECTRIC VEHICLES

Regulating the fuel economy of electric vehicles would induce
some changes in the preceding scenario. As discussed in Chapter
5.0, inclusion of electricity in the definition of "fuel™ in
Title III of the Energy Policy and Conservation Act would impose
two requirements on manufacturers of electric automobiles:
average fuel economy standards and labeling of fuel economy and
fuel costs. The effect of these requirements will depend to some
extent on how electric vehicle fuel economy is compared with fuel
economy of petroleum-powered vehicles.
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Fuel economy comparison on the basis of overall energy
efficiency from primary source to final utilization in the vehicle
was suggested in Chapter 3.0 as the most clear-cut and objective
procedure. Such a comparison, however, will not account for dif-
ferences in the "social value" of various primary energy sources--
petroleum, coal, etc. If petroleum is viewed as a critical energy
source, then fuel economy might be compared largely or solely on
the basis of petroleum consumption, disregarding consumption of
other primary energy supplies. Effects of both alternatives are
considered below.

a. Average Fuel Economy Standards

If electric vehicle fuel economy were calculated on the basis
of overall energy efficiency, then electrics would be hard pressed
to match the mandated improvements of petroleum-powered competitors.
Market impacts of the standards, however, would depend on the
level of production reached in the electric vehicle industry.

As long as individual electric automobile manufacturers pro-
duce less than 10,000 vehicles per year, they can apply for
exemptions from the generally applicable fuel economy standards.
The Secretary of Transportation may then establish an alternative
standard for electric vehicles based on best practicable electric
vehicle technology.* Such a special class standard should have
little if any impact on the electric vehicle industry. Since
electric automobiles must compete with conventional automobiles,
average fuel economy standards for the latter establish de facto

e . .
Basling the fuel economy standard for electric automobiles on

best practicable electric vehicle technology would enable manu-
facturers of electrics to avoid penalties for noncompliance with
the generally applicable standards. This is possible only at low
production levels (i.e., 10,000 or less per year for a manu-
facturer). At higher production levels, the general standards
would automatically apply.



goals for the former. Market forces, therefore, will compel
manufacturers of electric vehicles to apply the best available
electric vehicle technology with or without fuel economy
standards.*

If individual manufacturers of electric automobiles reach
production levels of 10,000 or more vehicles per year, however,
the impact of fuel economy standards could be more severe. Such
manufacturers would be subject to the fuel economy standards
generally applicable to automobiles without the possibility of
exemption. As these standards grow more stringent, electric
automobile manufacturers would have to seek fuel economy improve-
ments through vehicle weight reductions, in the same manner as the
manufacturers of conventional automobiles. In electric vehicles,
however, weight reduction can significantly decrease vehicle
performance, most notably range, because most of the weight must
come from the battery system. 1In a lead-acid battery powered
electric, for example, a fuel economy equivalent to 23 mpg in
metropolitan driving will permit a nominal range of some 50 miles.
The range of the same vehicle would decrease to 40 miles in improv-
ing fuel economy to 27.5 mpg. Further, the sensitivity of electric
vehicle range to fuel economy increases as higher fuel economy
levels are sought.**

Requiring electric automobiles to meet the same average fuel
economy standards as conventional automobiles would therefore
reduce their already marginal competitiveness. Any electric
vehicle manufacturers approaching production of 10,000 vehicles
per year would have to weigh the implications of exceeding this

*Even with best available technology, electric automobiles will
be only marginally competitive. Use of less efficient tech-
nology would further reduce or eliminate the market for
electrics.

**See Chapter 2.0 and Appendix A,



production level in terms of a reduction in market size or fuel
economy-related civil penalties.* The application of such a fuel
economy standard would serve as a disincentive to higher production
levels.

If, on the other hand, electric vehicle fuel economy were
calculated on the basis of petroleum consumption rather than over-
all energy efficiency, electric vehicles would easily pass the
standards set through 1985. Since only about 20 percent of U.S.
electricity is generated with petroleum products, this method of
comparison would provide electric vehicles with an immediate five-
fold advantage in fuel economy-~-they can travel well over 100
miles per gallon of petroleum consumed. Thus average fuel economy
standards would be of little concern to manufacturers.

This method of fuel economy comparison, however, would not
significantly alter future levels of electric vehicle production
and use. If petroleum has greater importance than other energy
sources, this is not reflected in market prices. No matter how
electric vehicle fuel economy is calculated, their life-cycle
costs would be unaffected. Automobile manufacturers would have a
new incentive to sell electric vehicles, boosting their fleet-
average fuel economy levels, but consumers should be no more
inclined to purchase electric vehicles. While the persuasive
power of a careful marketing strategy and well-funded advertising
campaign might stimulate the market for electric vehicles, it could
not eliminate the competitive disadvantages of electric passenger
cars. Thus, no significant sales increases should result.

b. Fuel Economy Labeling

Including electric vehicles under the regulations of Title III
would also establish requirements for manufacturers of electric
vehicles to label their vehicles with respect to fuel economy,

.*Manufacturers could opt to pay civil penalties rather than reduce
range. Low production volumes would reduce the magnitude of the
penalty, and some portion of the penalty could be remitted to
pPrevent insolvency, bankruptcy, or a substantial lessening of
competition (15 U.S.C. 2008 (b) (3)).
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annual fuel costs, and relative fuel economy levels of comparable
vehicles. As Chapter 5.0 noted, there are several possible
approaches to determining comparable vehicles, as well as compar-
ing fuel economy.

Regardless of the method used for labeling, however, electric
vehicles will retain the same competitive disadvantages in the
market place. Even if fuel economy labels reflected the very low
petroleum consumption of electric vehicles relative to conven-
tional vehicles, the expected annual fuel costs, shown on the
same labels, would reveal that electric vehicles offer little, if
any, cost savings. The labeling requirement, therefore, should not
affect consumer decisions.

6.4 SUMMARY

Overall, inclusion of electric vehicles under the fuel economy
regqulations of Title III clearly would have little if any stimula-
ing effect on the electric vehicle industry. On the contrary,
costs to manufacturers for Preparing and supplying test vehicles
might adversely affect manufacturers. If electric vehicle fuel
economy is calculated in terms of overall energy efficiency,
manufacturers may face a trade-off between meeting fuel econamy
standards and decreasing the competitiveness of their vehicles.
Calculating electric vehicle fuel economy on the basis of petroleum
consumption would eliminate this trade-off, but would not offer
electric vehicles any advantage in the marketplace.

On balance, then, regulation would probably be detrimental to
the electric vehicle industry. Consequences for the nation as a
whole, however, would be minimal. The number of electric auto-
mobiles in use by 1985, with or without regulation, should be too
small to produce any appreciable impacts.

The number of electric automobiles in use by 1985 is expected
to be a very small fraction of the total automotive fleet whether
fuel economy regulations are imposed on electric vehicles or not,
Imposition of fuel economy standards for electric vehicles under



Title III of the Energy Policy and Conservation Act would probably
reduce the number of such vehicles in use.

Because of the small number of electric cars projected to be
in-use, their impact on energy consumption, air quality, the
economy and use of natural resources will be insignificant with
or without fuel economy standards. Imposition of standards should
serve primarily to mitigate these already small impacts, although
some direct costs of regulation would be incurred by the govern-
ment in setting and enforcing standards. .
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7.0 FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

7.1 FINDINGS AND CONCLUSIONS

Non-Fuel-Consuming Vehicles

(o]

The principal non-fuel-consuming vehicles include auto-
motive vehicles powered by propulsion systems using
electricity, butane, propane, hydrogen, ethanol and
methanol.

With the exception of the electric vehicle, the principal
non~fuel-consuming vehicles have performance character-
istics similar to the gasoline or diesel-powered vehicles,
but the fuel is more expensive to produce and the fuel
distribution network would have to be developed and built
for refueling such vehicles.

For non-fuel-consuming vehicles other than the electric
vehicle, it does not appear that there will be sufficient
numbers of vehicles produced by 1985 to warrant considera-
tion for inclusion under the Act provided thére is no major
shift in Government policy toward these vehicles.

Electric Vehicle Energy Use

o

Based on conversion of petroleum to gasoline and petroleum
to electricity, which is an appropriate assumption for the
near term, present electric passenger vehicles have about
the same fuel efficiency on a seat-mile basis as a com-
parable gasoline consuming vehicle over the urban driving
cycle. Over a multi-stop urban cycle, a light duty com-
mercial utility vehicle may be more efficient than a com-~
pParable gasoline consuming vehicle, because there are no
idling losses when the vehicle is stopped. Comparable
implies only that the electric vehicle will have about the
same roominess or cargo space and will be functionally
equivalent; however, the electric vehicle will be heavier,
will not have comparable acceleration or range performance
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and may not be equipped with the full range of accessories
normally found in Internal Combustion Engine powered vehicles
of the same size,

© The potential for fuel economy improvement by 1985 of the
electric vehicle by modified vehicle design is likely less
than that of the fuel-consuming vehicles. However, the re-
sults of continued technology development may alter this
outlook.

o Based on the proportion of the electric power generated by
various sources, electric vehicles will consume less petro-
leum than a comparable number of fuel-consuming vehicles.
However, the effect of electric vehicles on overall energy
consumption should be insignificant, because electric
vehicles are likely to represent less than one percent of
the U.S. automotive vehicle fleet in 1985.

© In evaluating potential savings of energy as contemplated
by the Energy Policy and Conservation Act, the fuel economy
of electric and fuel--consuming vehicles should be compared
on the basis of overall energy efficiency from primary
source to ultimate utilization in the vehicle.

Electric Vehicle Economics

© The current acquisition cost of the electric vehicle (in
limited production) is about three times the cost of a
comparable fuel-consuming vehicle. In mass production,
the overall cost of the electric vehicle without battery
is estimated to be about 20% higher than the cost of com-
parable fuel-consuming vehicles. Moreover, the cost of
the electric vehicle in mass production will be increased
further by the cost of the vechile battery. It is not
expected that mass production will significantly reduce
the cost of currently available batteries.

o While operating costs of the potential mass produced
electric vehicles may be somewhat lower than the costs of
comparable fuel-consuming vehicles, the life-cycle costs
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for electric passenger automobiles are estimated to be 15

to 45 percent higher than for comparable fuel-consuming
vehicles. The life-cycle costs of electric light duty
commercial vans are estimated to be about the same as or less
than for comparable fuel-consuming vehicles. These costs
estimates are sensitive to the operational life of batterijes.

Electric passenger automobiles are expected to be weak com-
petitors with comparable ICE powered automobiles through
1985, based on the estimated life-cycle costs and perform-
ance characteristics. On the other hand, there may be a
gradual increase in the sale of electric light duty commer-
cial vans for urban multi-stop usage provided the life
cycle costs of these vehicles are proven to be lower than
those of comparable ICE vehicles in the future, as the
analysis in this report projects.

Electric Vehicle Regqulation

(o]

Regulation of the fuel economy of electric vehicles under
the Act would not significantly change the impact on a
national level of materials availability, fuel consumption,
or air quality, because only a relatively small number of
electric vehicles is likely to be in operation in the United
States through the 1980's. 1If regulations were imposed,

the cost of preparing and supplying test vehicles would
probably have an adverse effect on the cost of manufacture
of electric vehicles.

Voluntary labeling of the "fuel economy"” of electric
vehicles by manufacturers would be useful for consumers
interested in their purchase. Mandatory labeling would
impose additional costs on the electric vehicle manufac-
turers and would be another obstacle to successful produc-
tion and sale.

7.2 RECOMMENDATIONS

© Electric vehicles should not be made subject to average

fuel economy regulations under Title V of the Motor Vehicle
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Information and Cost Savings Act as amended by the Energy
Policy and Conservation Act.

o The manufacturers of electric vehicles should not be re-
quired to provide "fuel economy” labels for their vehicles.

o The manufacturers of electric vehicles should be permitted
to submit information about the "fuel economy" of their
vehicles to EPA and FEA for inclusion in the annual fuel
economy booklet required by Section 506 of Title V.

A summary of weight and estimated costs of electric and ICE-
powered vehicles is given in Table 7-1.



TABLE 7-1.

SUMMARY COMPARISON OF ELECTRIC AND ICE VEHICLES

VEHICLE TYPE ELECTRIC VEHICLE
ACID NICKEL-ZIRC ]
yeul
VEHICLE SUBSYSTEM PERFORMANCE WEIGHT (LB) PERFORMANCE WEIGHT (LD)
CHASSIS 1625 1590
MOTOR, HP 85 pk/34 cont. s 85 pk/34 cont. s
CONTROLLER, current (amperes) 500 pk/200 cont. as $00 pk/200 cont. [ 1]
PATTERY
Power Density, W/lb 14 70
Energy Density, W hr/lb 13 40
Energy Storage, kW hr 20 ) 1500 4« 0%
Curb Weight 3825 3080
PRODUCTION COST (1973 dollars)
VEHICLE SUBSYSTEM PULOT PILOT
UNIT COST  ITEM COST | UNIT COST  ITEM COST | UNIT COST  ITBM COST l| TR EoET TTER CO5T|
CHASSIS 0.9/1b 1450 | 0.9/1p 1490 0.9/1b 1480 | 0.9/1b 1480
MOTOR 4.0/1b 1266 ! 1.2/1p 378 4.0/18 1260 : 1.2/1b 375
CONTROLLER 6.0/amp 1190 I 1.1/amp 225 6.0/amp 1190 | 1.1/amp 228
BATTERY 0.42/1b _630 { 0.42/1b _630 1.6/1b _1740 : 1.1/1b 1220
ESTIMATED MANUFACTURING COST 4570 | 2720 ss70 | 3200
ESTIMATED RETAIL PRICE 9100 : 5400 11300 : €500
1 1
VEHICLE TYPE ELECTRIC VEHICLE " ICE
LITHUM/ALUMINUNM-IRON SULFIDE If 1976 20 SU
VEHICLE SUBSYSTEM PERFORMANCE WEIGHT (LB) PERFORMANCE WEIGHT (LB)
CHASS1S 1555 1560
MOTOR, HP 85 pk/34- cont. s 1) et
CONTROLLER, current (amperes) 500 pk/200 cont. 85
BATTERY
Powar Density, W/1lb 60
Energy Density, W hr/lb 50
Energy Storage, kW hr i 170 I
Curb Weight 2728 2000
PRODUCTION COST (1975 dollars)
VEHICLE SUBSYSTEM _meg’?ﬁ‘m’jm‘s?‘msm-;osr UNIT COST  COMPONENT
CHASS1S 0.9/1p 1470 : 0.3/1b 1470
MOTOR 4.0/1b 1260 | 1.271p 375
CONTROLLER 6.0/amp 1190 : 1.1/amp 225
BATTERY 1.8/1b _1160 = 1.0/1b 10 _—
ESTIMATED MANUFACTURING COST 5080 1 2840 1.0/1b 1995
ESTIMATED RETAIL PRICE 10100 : 5700 1900
1

Note:

Includes Engine, Engine Components, Fuel System and

Exhaust System.







APPENDIX A
RANGE VS. ENERGY ECONOMY FOR ELECTRIC VEHICLES

A.l GENERAL

The figures from which Figure 2-4 was derived are shown in
Figures A-1, A-2 and A-3 in which the trade-offs between energy
economy and range for vehicles powered by each of the three
battery systems (lead~acig, nickel-zinc, lithium/aluminum-iron
sulfide) are presented.l'27 Dashed lines show the weight of battery
(W,) expressed as a fraction of total vehicle weight (wv) which
is required to achieve a particular range at constant speed.

The light solid lines are lines of constant Wb/wv‘ The heavy
solid lines show the relationship between range and energy
economy for the three battery systems operated over the JPL
simulated metropolitan driving cycle. These three curves (heavy
solid lines) comprise Figure 2-4 in the main body of the text.

It is apparent that the inverse relationship of energy economy
and vehicle weight holds at all constant speeds as well as for

the driving cycle. Also, range at constant speed is significantly
higher (except at 60 mph and low Wb/Wv) than for the driving

cycle compared at the same Wb/wv‘ This can be misleading. Thus,
at a wb/wv = 0.29, the range of an electric vehicle (EV)

powered by lead-acid batteries at a constant speed of 30 mph is
approximately 80 miles; its equivalent fuel economy is about 60-~65
miles/gallon of gasoline; the equivalent point on the driving
cycle curve shows a range of 25 miles and an equivalent fuel
economy of about 33 miles/gallon. As noted in the main text,
based on the JPL driving cycle, range for the three battery
Systems at typical values of Wb/wv are 30-40 miles for lead-acid,
85-~120 miles for nickel-zinc, and 125-185 miles for lithium/
aluminum-iron sulfide.

A.2 REGENERATIVE BRAKING

In the calculations on which Figures A-1, A-2 and A-3 (and
Figure 2-4) are based, regenerative braking was not included.

A-1
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In the normal (motoring) mode of operation, power passes from the
battery to the motor. By appropriate changes in the controller,
activated by braking, the motor may be made to act as a generator,
passing power to the battery and recharging it. Thus, a certain
portion of the kinetic energy of the vehicle is returned to the
battery by use of regenerative braking.

The value of regenerative braking is still under discussion.
The perceived advantages and disadvantages of regenerative
braking are summarized in Table A-l1. Estimates and field measure-
ments of range extension due to regenerative braking vary widely
(from 5 to 40%) and depend on system design, test cycle profiles,
amount of energy available for recovery and efficiencies of motor,
controller and battery during recharging.

TABLE A-l. SUMMARY OF ARGUMENTS FOR AND AGAINST REGENERATIVE

BRAKING
ADVANTAGES DISADVANTAGES
l. Improved vehicle range 1. Additional cost
2. Reduced brake wear 2., Additional complexity
3. Brake system redundancy 3. Higher maintenance costs
4. Battery performance 4. Adverse internal physical
improvement effects on battery

In their analysis of EV's, JPLl has estimated that a 10%
improvement in energy economy can be realistically expected as a
consequence of regenerative braking during average daily use.

This estimate was based upon currently available technology, and,
perhaps, improved techniques may be developed in the next ten years
to offer greater energy recovery capability. Further, the relative
advantage of regenerative braking can be expected to be higher for
a multi-stop delivery van.



Assuming a 10% improvement in range, the gain would be about
4 miles for a lead-acid battery system, about ten miles for a
nickel-zinc battery system, and about 15 miles for a lithium/
aluminum-iron sulfide system.

The cost of regenerative braking has beén variously estimated
at $1203 to $30028 depending on production levels. This will
add 0.3 to 1 cent/mile to the cost of operating an electric pas-
senger vehicle. The gain in energy economy (assumed to be 10%)
will decrease operating cost by about 0.2 to 0.3 cent/mile (fuel
at 3.2¢/kW-hr). Compared to the total life cycle operating costs
for electric passenger vehicles (Tables B-3 and C-3), the effect
is insignificant.



APPENDIX B
COST ESTIMATION FOR ELECTRIC PASSENGER VEHICLE
IN LIMITED PRODUCTION

B.,1 GENERAL

The manufacturing and operating cost estimates presented in
this section are those that would apply to a limited production of
electric vehicles (less than 50,000 vehicles/year). ' These costs do
not incorporate projected economies of scale that could occur if
electric vehicles were mass produced. Projections of electrical
vehicle costs at a volume limit which could incorporate probable
mass production economies are discussed in Appendix C.

B.2 ESTIMATION OF MANUFACTURING COST OF ELECTRIC VEHICLES

The manufacturing cost of an automobile is the sum of the
material cost, the labor cost and the cost of special components.
See Figure B-l.

The material costs includes the cost of material and transpor-
tation for tires, batteries, glass, steel, iron, aluminum, copper,
plastic and other materials. Labor Cost is computed by multiplying
labor hours by labor rate. Labor hours includes hours for workers
up through the foreman level for fabricating, processing, assem-

bling, inspection, receiving, storage, handling, packing, ware-
housing, shipping, maintenance, repair, janitorial and watchman
services, product development, auxiliary production for plants' own
use (e.g, power plant), record keeping and other services closely
associated with these production operations at the factory. Super-
visory employees above the working foreman level are included in
corporate overhead. Labor rate is estimated at $11.00 per hour.
This rate includes cost of labor and fringe benefits and in addi-
tion the cost of warranty, maintenance, expendable tooling, heat,
light, power and other factory overhead expense.

The cost of Special Components is the original equipment manu-

facturer's (OEM) price paid for the components by the vehicle
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Selling Price
Dealer
Mark-up
1
Return on
Corporate Wholesale
. Investment
Overhead Price a i 1di
and Profit Land, Buildings
Equipment and
Special Tools
Manufacturing
Cost
{ 1
Materials Labor Components
Includes: material | Hrs. X Rate - k OEM cost of com-

cost plus transpor-

tation for:
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batteries,
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ponents which
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cost of variable cost for
labor material and
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benefits. and profit of
Also in- vendors.
cluded
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cost of
warranty,
maintenance
and repair
tooling,
and other
factory
overhead.

Figure B~1 Simplified Manufacturing Cost Structure for Automotive

Vehicles



manufacturer and includes the transportation cost, profit and over-
head of the component vendor.

The unit wholesale price includes manufacturing costs, as well
as indirect costs not associated with the manufacturing facility.
The unit wholesale price includes a return on the capital invest-
ment in land, buildings, egquipment special tools to include and
components overhead and profit. The selling price to the customer
is the wholesale selling price marked up by the dealer for the
costs of distribution, transportation, and delivery expense.

A rigorous cost analysis of electric vehicle systems entails
an examination of all cost elements for which all of the required
data were not available. This analysis focuses on developing the
manufacturing cost of an electric vehicle.

In order to arrive at a first order estimate of manufacturing
cost, electric vehicleés (E.V.) were divided into two systems: a
drivetrain consisting of a battery pack, electric control elements
and electric motor; and a chassis containing everything else.
Price estimates for the drivetrain components were obtained from
the literature and by contacting manufacturers in the case of
state-of-the-art equipment being sold to the off-the-road electric
vehicle market. For developmental items, costs are based on esti-
mates published by the developers.

Detailed discussions of the pricing of motors, controllers,
and batteries are presented in Appendix F.

For the purposes of this estimate, it is assumed that elec-
tric vehicles will be powered by a DC series commutator motor - SCR
Chopper System. This system combines a standard traction DC com-
mutator motor, with a modern solid state controller which is used
on many of the newer electric drives. Packaged chopper controllers
are available commercially from several manufacturers as discussed
in Appendix F.

It is assumed that the chassis of an electric vehicle would
be very similar to the chassis of an equivalent ICE powered vehicle
as would be the cost of final vehicle assembly. It is recognized



that a transmission with different characteristics would be used.
Instrumentation would also be different, and the structural re-
quirements of an electric vehicle would be different because of

the need to support the heavy battery system. The cost differ-
ences which may apply to the transmission, instrumentation and
structure are assumed to be negligible. Furthermore, it is assumed
that the manufacturing facilities, the material costs per unit
weight, and the labor required to manufacture and assemble the com-
ponent parts of the chassis for an electric vehicle would be the
same as required for an equivalent ICE-powered vehicle. It is
estimated that the variable cost for an electric vehicle chassis
weighing 1560 lbs. would be $1473 (in Dec. 1975 dollars) (See
Appendix G.) Minor weight modifications in the chassis which
change the variable cost of materials, but not the labor content,
would change this figure by $0.25/1b (1600 1b. chassis would cost
$10 more than a 1560 lb. chassis, i.e., $1483).

In view of the fact that costs are estimated here for a limi-
ted production of electric vehicles, the costs may be under-
estimated.

The manufacturing cost of the electric vehicles described in a
recent study by General Research Corporation (G.R.C.) were estima-
ted.2
of on-the-road electrical vehicles that would be powered by a}ter-

The G.R.C. vehicle designs were assumed to be representative

nate battery packs of lead-acid, nickel-zinc and lithium-sulfur.
Vehicle characteristics are presented in Table B-1. In this study,
the lithium-sulfur battery was replaced by a lithium-aluminum-iron
sulfide battery

The following assumptions were made to arrive at the price
estimated presented in Table B-2:

a) The cost of the chassis is based on the discussion in
Appendix G.

b) The cost of the motor is assumed to be $4.00/lb., as
discussed in Appendix F.

c) The cost of the controller is based on present prices for
200 amp continuous duty controllers, with a 15% guantity

B-=4
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discount or $1190. It is assumed that the automobile
manufacturer does not assemble controllers but purchases
units from established suppliers.

d) The OEM (original equipment manufacturer) cost of bat-
teries is based on Table B-2 utilizing the more pessimis-
tic projected costs for the nickel-zinc and lithium/
aluminum-iron sulfide batteries. This cost is added to
the chassis cost to obtain the total manufacutring cost
of the vehicle.

Referring to Table B-2, the manufacturing costs of electric
vehicles, without their battery packs, are estimated to be ap~
proximately $3900. The additional OEM cost of the battery pack
would be from $630 (lead-acid battery) to nearly $1740 (niclel-zinc
battery). Based on these figures, the total manufacturing cost of
an electric vehicle is estimated to be between $4500 and $5700.

The same methodology was also used to estimate the manufac-
turing cost of a four-passenger lead~acid-battery-powered electric
vehicle that is presently being offered by Electric Vehic%e Assoc.,
Inc. of Parma, Ohio, as shown in Table B-3. The EVA vehicle is
considered characteristic of the electric passenger vehicles now
being manufactured. The estimated manufacturing cost of this
automobile is $4616.

For purposes of comparison, the manufacturing cost of a 1 ton
urban car with a lead acid battery pack was estimated to be $4000
(1974 dollars) by Stanford Research Institute29 or $4600 when
corrected for inflation.30

B.3 VEHICLE RETAIL PRICE

As discussed in Appendix G, the variable manufacturing cost
of a 2000 1lb. ICE automobile is estimated to be $1955 (December
1975 Dollars). It is noted that in October 1975, the 1976 models
of subcompact cars in the 2000 1lb. category, such as the Chevette,
Fiat 128, Datsun B210, the Volkswagen Beetle, the Volkswagen Rabbit,
Renault 12 and the Audi Fox, had dealer sticker prices (manufac-
turer's recommended retail price) that ranged from $2899 to $4850.31

B~-7
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The manufacturer's suggested retail price for the EVA vehicle,
which has an estimated manufacturing cost of $4616, is $9500,(49)
as shown in Table B-3.

The estimated dealer sticker prices of the other electric
vehicles discussed in the Previous section are presented in Table
B-4. The range of these estimates are based on the data presented
in the previous paragraphs. Comparable numbers for a 2000 1b. ICE
vehicle are also presented in Table B-4.

B.4 OPERATING COST ESTIMATES

Operating costs were estimated for the various model electric
vehicles presented in Table B-5. The methodology used was the one
developed by GRC. Except for the cost of electricity, the same
data were used for the capital insensitive costs as in the re-
ferenced study. The cost of electrical power was assumed to be
3.2¢/kW-hr which, according to the Edison Electric Institute,32
was the national average retail price of electricity in 1975.
Operating costs were also calculated at a price of electricity
of 4.2¢/kW-hr, the value used in the GRC Study. Capital sensitive
cost data were adjusted to reflect the retail prices assigned to
the various vehicles in Table B.4. An acquisition value of money

of 5% was assumed.33

This acquisition value reflects the use of a
constant value currency (U.S. dollar in 1975). This figure is
lower than quoted present commercial interest rates since these
have to provide for the devaluation of the currency due to infla-

tion.

Batteries were treated as capital sensitive items. The
replacement cost of batteries was based on the cost data presented
in Appendix F (Table F-1 and F-2).

As can be seen from Table B-5, it is projected that the oper-
ating costs of electric vehicles will be very high, varying from a
low value of 27.8¢/mile to as much as 36.0¢/mile. Capital sensi-
tive costs represent the major part of the total operating cost.
The high price of battery packs over the life of the car adds
significantly to the operating cost. Total operating costs are
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relatively insensitive to the price of electrical power.

These operating costs are significantly higher than the
operating costs of an equivalent internal combustion engine
vehicle (Table B-6). The same operating cost assumptions were
used as in the GRC Study, except that a higher acquisition price
of the vehicle was used to reflect the present cost of subcompact
automobiles. The same base price of gasoline of 40¢/gallon was
assumed. At 40¢/gallon, the energy cost in the form of gasoline
is equal to the cost of energy in electrical form at 3.2¢/kW-hr.
The bracketed higher value (70¢/gallon) is the higher value
projected by the Motor Vehicle Goals Study.33
the operating cost of equivalent electric and internal combustion

The disparity in

engine vehicles is further accentuated by the shorter life
assigned to the ICE vehicle (10 years) than to the electric
vehicle (12 years). This tends to moderate the capital costs
associated with the electric vehicle.

The cost estimates presented in this section are summarized
in Table B-7. 'giectric vehicles in limited production are more
expensive to manufacture and, thus, must sell for a higher price
to the consumer than mass produced ICE vehicles. This high
acquisition price results in total life cycle operating costs
for electric vehicles that are significantly higher than for the
equivalent ICE vehicle. For both vehicles, the cost of fuel
is low and represents only a small fraction of total operating
costs.

B-12



(L7L71)
(o5, )

(6T1°0T)

(¢e o)

(Lz°¢)

SL*8
96° 1
£G° 1
98°0
VA 2]
S6°T
81°0

LB° T

®TIW/S3aua) ‘s3so)

uorieb/seatTw
SOTTW
Jealk/satTu
siesk

dTOIHIAA DI IOVAWOD

butjexadg

006°€$
13 Al ¥4
000‘00T
000°‘0T
01

*SIBTT0Q SL6T I2qWadag UT S3IS0D  :ILON

SLSOD ONILWYAdO TVIOL

TYLOLENS
(Fe8x/3s0) uor3zrstnboy g¢ ®) s®ag - soxeg
(33TT I39A0 papunodwoo gg) 3s0) aoueuTg
uorjeroaaxdeq

§3S0D 9ATITSUSS Te3Tden

TYLOLENS

STTOL ‘bBurdieg ‘abeies

soueansuy

SduUBUSjUTER pPuR 8DTA3Q UOTINTTOJ
S9TI0SS30DY pue SI3IT]
sduerusjuTeN pue atedsy

IT0

(sexe3 bHurpnyoxa)
(uotTeb/0L°083) uoTTeb/0%°0$ ® SuTTOSED

§3S0D aAT]TSUaSuUT Te3rde)

90TId Trejay
uoridunsuo) aurTosen
SSTTW 3TOTYaA Te3joy
UOTIeZTTTIN STOTYaA
93TT STOTYSA

suotjdunssy

—~40S YOd SILYWILSH ILSOD ONILVHAdO °9-9 ATV

B-13



‘SIeTTOQ GL6T I2qwadag ur 83IsS0D :IALON

(sexe3 Hutrpn{oxa) uorTes/H0¥ INITOSYO

aY-MA/3Z°¢  ALIDIYNLOATA (T) dLON

adrdIns NOYI

¥°8¢2 Py T 00T’0T 080°‘S ~-WANIWNIV/WAIHLIT
§°6G¢ £9° 1 00E’TT 0L9’S ONIZ-TANIIN
8°L2 £6°2 00T°6 0LG’Y aIov-avdna
FTIOIHIA DIHLOATH
£°91 L8°T 006‘€ GG6°T ATOIHAA d D I
LS0D SNIIVYAdO ‘TV.LOL (1) 1dnd 0 ISOD § '@o1yud $ LSOD
(ITIW/SINID) SLSOD SNILVYII0 dTOXD IJIT TIVLIA ONTUNLOVINNYH
QdIVWILSH GaILVWILSH AdIVWILSH

SATOIHIA DIYLOATI ANV SIATOIHIA d D I AIONAOYd SSYW

NOILONAOYd CIALIWIT NI
JO NOSI¥VAWOD DIWONODI °L-€ JT4VL

B-14



APPENDIX C
POTENTIAL IMPACT OF MASS PRODUCTION ON COST OF ELECTRIC VEHICLES

C.l1 INTRODUCTION

Appendix B compares manufacturing and operating costs of
electric vehicles manufactured in limited quantities to the
manufacturing and operating costs of mass produced ICE vehicles.

It may be argued that such a comparison is biased in favor of the
ICE vehicles. 1In this appendix, an attempt is made to estimate
what the limiting costs of electric vehicles might be if these were
produced in mass production guantities.

C.2 MANUFACTURING COSTS

Estimated mass production manufacturing costs of the electric
vehicles described in Table B~l are summarized in Table C-l. 1In
arriving at these estimates, it was assumed that economies of
scale would principally apply to motors and controllers as dis-
cussed in Appendix F. The same cost was applied to the chassis
as in Appendix B since this is already a mass production cost.

As far as the costs of batteries are concerned, it was con-
sidered that the cost of lead~acid batteries would not change.
The cost of golf-cart batteries is comparable to that of standard
automotive batteries which are already manufactured by the
millions. As far as nickel-zinc and lithium/aluminum-iron sulfide
batteries are concerned, the lowest price projected by the battery
developers was assumed.

C.3 VEHICLE RETAIL PRICES

Projected retail prices for mass produced electric vehicles
are presented in Table C-~2. These prices are for the same class
of electric vehicles presented in Table B-4.

For purposes of comparison, the price estimates developed in
the GRC2 study for mass produced electric vehicles are also pre-
sented in Table C-2. The GRC data are presented as published in
1973 dollars and also in current dollars to account for inflation?0

C-1
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VEHICLES

BATTERY

LEAD=-ACID

PROJECTED RETAIL PRICE OF MASS PRODUCED ELECTRIC

LITHIUM/
ALUMINUM-

NICKEL-ZINC IRON SULFIDE

THIS STUDY (December 1975 Dollars)

Base Vehicle $4140
Battery 1260
TOTAL = Vehicle Retail $5400

Price

GRC STUDY (as published in 1973
Base Vehicle $2977
Battery _1200
TOTAL $4177

GRC STUDY (Base Vehicle in 1975

Base Vehicle $4120
Battery 1200
TOTAL $5320
NOTE (a)

$4100 $4160

_2400 _1540

$6500 $5700
Dollars)

$2945 $2795

_2930 __600 (a)

$5875 $3395
Dollars)

$4080 $3870

_2930 __600 (a)

$7010 $4470

- Lithium=-Sulfur Battery Assumed

Cc-3



An inflation factor was not applied to batteries. The price of
lead-acid batteries has not increased significantly since the
publication of the GRC report. As far as the advanced batteries
are concerned, GRC's prices were already projected prices pro-
vided by the developers. It should be noted that the price of

the nickel-zinc battery assumed by GRC is a representative

average projection, whereas a minimum projected Price was assigned
to this battery in this part of the study.

The low price assigned to a lithium=-sul fur battery in the
GRC study is based on a prototype battery design that is no longer
considered likely by Argonne National Laboratory. Argonne's
preferred present design, which was used in this study, is based
on a lithium/aluminum-iron sulfide battery, which is heavier
and more expensive. N

Aside from these differences, there is fairly good agreement
between the GRC estimates and the projected retail prices for mass
produced electric vehicles developed here. Even on a mass pro-
Quction basis, the retail price of an electric vehicle will still
be higher than the retail price of an equivalent I.C.E. vehicle.
The retail price of the base electric vehicle without battery
will be approximately $4,100 - $4,200, as compared to the retail
price of $3,900 for a comparable ICE vehicle. The retail price
of an electric vehicle is increased by the cost of the battery
pack, which will add an additional $1,200 to $2,440. This is
a significant amount, especially in view of the fact that the
battery packs will have to be replaced a number of times during
the useful life of the electric vehicle.

C.4 LIFE CYCLE OPERATING COSTS

Life cycle operating costs for mass produced electric
vehicles are presented in Table C-3. The operating costs pre-
sented in this table are significantly lower than those pre-
sented in Table C-1 because of the lower retail price assigned
to the electric vehicles. The lowest total operating cost
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projected in Table C-3 is 19.2¢ forla lithium/aluminum-iron
sulfide battery powered vehicle, assuming a cost of electric
power of 3.2¢/kW-hr. This pProjected figure, however, is still
higher than the projected operating cost of an ICE vehicle

of 17.7¢/mile, even assuming a price of gasoline of 70¢/gallon.

The cost estimates presented in this section are summarized
in Table C-4. It is projected that even on a mass production
basis, electric passenger vehicles will be more expensive to
manufacture, buy and operate than equivalent ICE-powered vehicles.
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APPENDIX D
COST ESTIMATION FOR FLEET SERVICE ELECTRIC VANS IN LIMITED
PRODUCTION

D.1 GENERAL

Manufacturing, fleet acquisition, and life cycle operating
costs of electric and ICE light delivery vans are compared in this
Appendix. The cost accounting procedure used is the same as the
one previously used to calculate the costs associated with a four
passenger urban vehicle. Data obtained from the U.S. Postal
Service (USPS) were used wherever possible in these computations.
The calculations are limited to lead-acid-battery powered electric
vans. As in the case of the electric passenger vehicle, cost
calculations were performed for a limited production (less than
250,000 vehicles/year) as well as for mass produced vehicles (See
Appendix E). Since the market for light delivery vehicles is
limited, mass production costs would only be applicable to elec-
tric vans if electric passenger vehicles were being mass produced.

D.2 MANUFACTURING COST ESTIMATE

The light delivery electric vans that were recently procured
by the USPS were used as models for cost estimation. Manufacturing
costs for these vehicles are presented in Table D-1 based on the
specifications presented in Table 2-5 and the methodology of Appen-
dix G. The specifications do not include an explicit electric
rating of the controller. The cost of the controller was assumed
to be equal to that used in the passenger vehicle calculations
based on an equivalent power rating.

The ICE vehicle used in service by the USPS is Model DJ-5C,
1/4-Ton Jeep that has a shipping weight of 2490 lbs.ll Based on
this shipping weight, a manufacturing cost of $2077 is calculated
for this ICE vehicle, based on the methodology developed in Appen-
dix G.
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D.3 FLEET ACQUISTION PRICE

The U.S.P.S procured its electric vans in April 1974 at a
price of $5595/vehicle.(ll) They would now cost an estimated
$6315 in December 1975 dollars. This price is lower than the pre-
sent retail price of approximately $8000 for this vehicle to the
individual buyer.

The present U.S.P.S. contract price for the DJ-5 Jeep (1976
Model) is $4074.(34) |

D.4 LIFE CYCLE OPERATING COSTS

The same accounting procedure used to calculate the life
cycle operating cost of the 4 passenger urban vehicle in Appendix
B is applied in this appendix to the calculation of the life cycle
operating costs of an electric van in Postal Service.

The following assumptions were used to arrive at the oper-
ating cost of electric light delivery vans presented in Table D-2:

a) The vehicle acquisition price is $6315 as discussed in
the previous section.

b) The vehicle will have a useful life of 10 Years. During
this period of time, it will be driven 4200 miles/year
which is the average for light delivery vans in the USPS.11

c) The battery pack will have a nominal 4 year life. The
replacement price of the battery pack is based on a unit
cost of $0.67/1b. which is 1.6 x times the o.e.m. price of
batteries. This assumes that a fleet user obtains a 20%
discount over the normal retail price.

d) Fuel costs are based on fuel consumption of 1.4 kW-hr/mile,
the average value obtained with English Harbilt vans in
the Cupertino, CA experiment of the USPS. In the evalua-
tion of the life cycle cost for the electric vehicle, the
assumed costs of electricity were 3.2¢/kW-hr, the pres-
ent national average, and 4.2¢/kW-hr the GRC forecasted
value.

D-3
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e)

Repair and maintenance costs are based on the experience
of the USPS with the Harbilt electric fleet in Cupertino,
California, which is summarized in Table D-3.

The life cycle operating costs of ICE Vans in equivalent

service presented in Table D-4 are based on the following

assumptions:

a)

b)

c)

d)

The vehicle is an American General 1976 DJ-5C Jeep which
has a fleet acquisition price of $3211.

The vehicle will have a useful life of 6 years. During

this period of time, it will be driven 4200 miles/year.

These figures are characteristic for light delivery vans
used by the USPS.

Fuel costs are based on:

1) A fuel economy of 7.9 mpg which was the average fuel
economy of ICE Jeeps used in the Cupertino
experiment.

2) A gasoline price of either $0.40/gal or $0.70/gal,
exclusive of taxes. These are the same prices as were
assumed in calculating the life cvcle costs of the
ICE urban passenger vehicles.

Repair and maintenance costs are obtained by the USPS
based on its total light delivery van fleet of 64,053 1/4
ton trucks for Postal Fiscal Year 1975.ll These costs
include parts and materials (2.3¢/mile) direct maintenance
labor (6.2¢/mile) and outside maintenance contract costs
(2.3¢/mile). These maintenance figures do not include any
overhead costs since these were not applied to the costs

of electric vehicles in the Cupertino experiment.

A comparison of Tables D-2 and D-4 indicates that with the
chosen assumptions electric vehicles are competitive with ICE

vehicles in van applications. The lower fuel and maintenance

costs of the electric vans offset their higher capital sensitive

costs,

Because of the higher fuel efficiency of the electric
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vehicles, they are less sensitive to changes in price of energy.
The comparison further favors electric vans if the vehicles are
driven more than 4200 mi/year, since this will decrease the
capital sensitive cost on a driven mile basis. A key assumption
that still has to be demonstrated is that an electric van will
have a useful life of at least 10 years. If this can not be dem-
onstrated, the capital costs will be significantly higher, making
the electric vehicles significantly more expensive than the ICE
counterpart.,

In deriving the life cycle costs of an electric postal van,
the capital costs were based on the price paid by the USPS for its
fleet of American General Electric Jeeps. Since these vehicles
have been only recently put into service, the USPS has not yet
been in a position to release operating data on the performance
of this fleet in the field. The direct operating costs are,
therefore, based on the experience obtained on the fleet of 31
Harbilt electric vans in Cupertino, California over a 2 year period.
Since these vehicles were leased by the Postal Service, and since
they were partially manufactured and assembled in England and the
U.S., a realistic fleet acquisition price does not exist for this
group of vehicles against which an estimated price could be
compared. Based on the specification in Table 2-4 it was estimated
that the Harbilt Van would have a manufacturing price of $3870 and
a fleet acquisition price of $6200 which is close to the price of
the AM General Jeep configuration.

The USPS leased the Harbilt fleet on a 2 year renewable con-
tract at a cost of $7.50/day for a 304 day year.10 This amounts to
$2280/year. Based on a vehicle utilization of 4200 miles/year,
this corresponds to a lease cost of 54¢/mile. This lease cost is
approximately 1.5 times the capital sensitive costs assigned to
an electric vehicle in Table D-2. This relatively high lease cost
probably reflects the experimental nature of the Cupertino program.

Table D-5 summarizes the comparison of the manufacturing
cost, acquisition price and life cycle operating costs of mass
produced ICE and limited production electric light delivery vans
in an equivalent duty mode for the USPS.

D-8
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APPENDIX E
POTENTIAL IMPACT OF MASS PRODUCTION ON COST OF ELECTRIC VANS

The methodology developed in Appendix C was used to project
the impact of mass production on the manufacturing cost of electriec
vans, and consequently, on their fleet acquisition price and life
cycle operating costs.

The mass production manufacturing cost of an electric Jeep is
projected to be $2,613 as shown in Table E-1l. This is 60% of the
limited production cost presented in Table D-1. As a result, the
fleet acquisition price of an electric vehicle and the capital
sensitive operating costs would also be 60% of the values assigned
to these vehicles manufactured in limited production. The revised
life cycle operating costs based on a fleet acquisition price of
$4,200 per vehicle are presented in Table E-2. These projected
costs are significantly lower than the life cycle operating costs
for an ICE van in the same service, presented in Table D-2. The
capital sensitive costs for the electric van are now only 4.2¢/
mile higher for the electric van than for the ICE van. This is
significantly less than the difference in fuel and maintenance
costs between these vehicles, which is at least 20¢/mile less for
the electric vehicle.

It is reemphasized that the basis of these operating cost
estimates rests on two key assumptions, namely that:

a) An electric van will have a useful life of ten years,
and

b) Urban electric passenger automobiles are also being mass
produced.

Since the market for electric vans is limited, the economies of
scale assumed in this section will not be achieved if only electric
vans are being produced.

E-1
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Table E-3 summarizes the comparison of manufacturing, cost

acquisition price and life cycle operating costs between mass

produced electric and ICE light delivery vans.

TABLE E-3. ECONOMIC COMPARISON OF MASS PRODUCED LIGHT DELIVERY

VANS IN FLEET USE

ELECTRIC VAN
(LEAD/ACID BATTERY)

Estimated Manufacturing Costs, $ 2613

Estimated Fleet Acquisition Price, $ 4200

ESTIMATED LIFE CYCLE OPERATING COSTS

(cents/mile)
Cost of Fuel (1) 4.5
Total Operating Cost . 30.9
NOTE (1) ELECTRICITY 3.2¢/kW-hr
Gasoline 70¢/gallon (excluding taxes)

(2) Costs in December 1975 Dollars.

ICE VAN

2077

3211

8.9
39.0



APPENDIX F
COST OF COMPONENTS

F.l COST OF BATTERIES

Performance characteristics and costs of the three battery
pPacks considered in the cost analysis of an electric urban passen-
ger vehiclea are presented in Table F-~1.

Lead-acid Battery - In the cost estimation, it was assumed
that the electric vehicle would be powered by-advanced golf cart
batteries. These are the type of batteries most commonly used in
the limited number of on-the-road electric automobiles now being
produced. Three leading battery manufacturers and a national
retailing chain were contacted in order to obtain wholesale
(o.e.m.) and retaiil prices for these batteries. These prices are
summarized in Table F-2. On a unit weight basis, the o.e.m. price
of these batteries ranged from $0.39/1b to $0.43/1b, with an
average value of $0.42/1b. This was the value chosen for the
manufacturer's cost of batteries in estimating the manufacturing
cost of electric vehicles and vans powered by lead-acid batteries.
The manufacturer's recommended retail prices ranged from $0.80/1b.
to $1.35/1b with an average value of $1.14/1b. The actual retail
price of such a battery in the automotive department of a major
retail chain is $41.99 (without-trade-in), or $0.70/1b. The
retail price of lead acid batteries for electric vheicles is
estimated to be $0.84/1b. This is a mass production figure.
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F.2 COST ESTIMATION OF DC TRACTION MOTORS FOR ELECTRIC VEHICLES
F.2.1. MOTOR CHARACTERISTICS

For purposes of cost estimation, it was assumed that electric
vehicles would be powered by a d.c. series wound motor used in con-
junction with an SCR chopper controller. This type of equipment has
been used successfully for a number of Years in electric locomotives,
fork lift trucks, delivery vans and golf carts and is thus avail-
able commercially. Their high starting torque, as well as their
simplicity and, reliability are attractive features of series
wound d.c. motors in this type of application.

While d.c. series motors have been the primary choice for off-
the-road commercial electric vehicles, and for the limited number of
on-the-road electric vehicles that have been built, these motors
have their limitations in terms of cost, maintenance and energy
conversion efficiency. As discussed in the literature, other
types of a.c. and d.c. moters are being investigated as potential
power sources for electric vehicles, which one day could supplement

or replace present d.c. traction motors. '

F.2.2 COSTs

Price estimates for the cost of DC motors of the type that
could be used to drive electric vehicles were obtained by con-
tacting electrical motor manufacturers to obtain o.e.m. Prices,
by contacting local dealers of fork l1ift trucks to obtain retail
prices, and from the literature. For purposes of comparison,
Prices were also obtained for equivalent non-traction DC motors.

F.2.3 O.E.M. MOTOR COSTS

The most reliable source of cost data for traction motors was
an August 1975 catalogue and price list obtained from a major
manufacturer of DC traction motors. The representative catalogue
pPrices are presented in Table F-3 for both low voltage, low speed



SPECIFIED HORSEPOWER 1lbs/HP

+ R. Bosch High Voltage Traction Motors
G.E. High Voltage Traction Motors

G.E. Low Voltage Traction Motors
CEF Experimental Traction Motors

Japanese Experimental Traction Motors
Conv. Japanese DC Motors

Reliance Nontraction DC Motors
(240V) DB56

g «4ab@® O

Established Commerical

Production
o]
A (]
[}
& A
Advanced
State-of-the-art
| 1
25 50

Motor Horsepower (1 hour rating)

Figure F-1. Specific Motor Output Vs. Motor Output



DC traction motors and high voltage, high speed DC traction motors.
Because of two price revisions since last August, present prices
(12/75) for the purchase of 50 motors or more are approximately
15% higher. The lower voltage motors in the 10 HP to 24 HP range
sell for an average price of $3.83/1b. (with a range of $3.46/1b
to $4.07/1b). On a horsepower basis, these motors cost approxi-
mately $89/HP on the average (from $100/HP at 10 HP to $78/HP at
24 HP). The higher voltage motors sell for an average of $5.76/1b
(range $4.46/1b to $7.47/1b) or about $62/HP (ranging from $57/HP
to $67/HP).

These prices are in general agreement with rough telephone
gquotations obtained from other traction motor manufacturers. They
are also in general agreement with the average o.e.m. price for
integral DC motors obtained from Census of Manufacturers, as shown
; 40
in Table F-4.

F.2.4 RETAIL MOTOR PRICES

A number of local fork lift truck dealers were contacted to
obtain prices for replacement motors for fork lift trucks. The
largest motor sold for these purposes is about 10 HP. Repre-
sentative telephone quotations are summarized in Table F-5.

Quoted price for 10 HP and 15 HP DC motors for non-traction use
are also listed in Table F-4. These motors sell for approximately
$10/1b from about $150/HP to $300/HP.

F.2.5 SCALE OF MANUFACTURE

The shipments of motors for land transportation uses are not in-
significant. 1In 1972, a total of 55,000 self-propelled golf carts
and related vehicles were shipped.41 It is estimated that about 70%,
or about 40,000 of these were electrically powered. Approximately,

F-6
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50,000 electric trucks and tractors were also shipped. Of these
2,900 were pedestrian cart motorized hand trucks and 19,200 were

riding vehicles.42

In 1972 the industrial truck industry consumed 59,800 integral
horsepower electric motors (1 HP and over) with a value of $9.6
million.42 Most of these were low horsepower motors. The total
value of motors and generators for Storage battery transportation
and electric buses shipped in 1972 amounted to $51.6 million.%0
This is approximately 45% more than the value of the 41,000 1 HP
to 50 HP DC motors and generators listed in Table F-4 that were
shipped for non-traction use in that year and which have similar
characteristics.

Based on the above, at least 200,000 DC motors of the general
type that would be used to drive electric vehicles are now
manufactured annually in the U.S. It is expected that the same
manufacturing technology and cost structure would apply to electric
motors destined for use in on-the-road electric vehicles.

Based on the above, it is expected that $4/1b is a realistic
O.e.m. price for motors for electric vehicles. This is representa-
tive of the price of low ﬁoltage fork lift truck motors that are
now manufactured in significant quantity. These motors would have
the performance characteristics of the higher advanced state of the
art motors described in Figure F-1. On a power output basis, these
motors would cost $32/horsepower (1 hour rating).

F.3 COST OF CONTROL ELEMENTS FOR ELECTRIC VEHICLES

In estimating the manufacturing costs of an electric vehicle,
it was assumed that the current to the motor would be controlled
by a SCR chopper converter without a regenerative braking capability.
These semiconductor based controllers are now commonly used to
control integral DC motors. Price and performance characteristics
of SCR chopper controllers are shown in Table F-6 and Figure F-2.
The price of these units varies with continuous current rating,
battery voltage, peak current capability, and the quantity
purchased.

F-10
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PRICE PER UNIT, $ (AT 100 UNIT SALES)

10

10

10

SCR CHOPPER

SWITCHING
TRANSISTOR

10

Figure F-2.
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Controllers without Acce

F=-12

Price of Electric Vehicle
ssories



A recent development is the commercialization of a switching
transistor to control the current of a DC motor. These units have
just been introduced to the market by manufacturer D. If these
switching transistors perform effectively in service, this will
result in a significant reduction in the cost.of DC current
controllers within a short period of time. The price of these
switching transistors is also presented in Table F-6 and Figure
F=-2.

In addition to the motor and controller, the eiectric circuit
of an electric vehicle contains a number of other elements which
contribute significantly to the cost of the circuit. These include
contractors, cables, analyzers, and meters. The prices of double
pole, double throw, high current contactors are presented in
Table F-7 and Figure F-3. The contactor rating specified is
usuvally 1.5 times the continuous current rating of the controller.

The other elements of the circuit which are not sensitive to
the current rating contribute about $250 more to the cost of the
circuit. For example, the manufacturing cost of electrical com-
ponents for an electric vehicle would be as follows:

200 amp SCR Controller (Figure F~2) $700

. 300 amp DPDT Contactor (Figure F-3) $240
Other circuit elements $250
TOTAL $1190

This price assumes that the components are purchased in lots
of 100 units or more.

F.4 PROJECTED MASS PRODUCTION COSTS FOR ELECTRIC MOTORS AND
CONTROLLERS

F.4.1 D.C. TRACTION MOTORS

While it is impossible to present with great accuracy what the
exact cost of electric vehicle traction motors would be if these
were produced in millions, some guidelines can be obtained from
the data published in the 1972 Census of Manufacturers for SIC

3621 - Motors and generators.43 According to the Census, cost of

F-13
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materials represented $0.42 of every dollar of shipments. Con-
versely, the ratio of o.e.m. motor price to the cost of materials
that were used to produce this motor is 2.38.

The material composition of an electric vehicle DC traction
motor was published in a recent JPL report, and is presented in
Table F-B,l as are current material prices.44 Using a typical
manufacturing scrappage rate of 35%, it is estimated that the cost
of materials for this motor is $136.51 or $0.43/1b.

If millions of these motors were manufactured on an annual
basis, it would not be unreasonable to assume that industry
average statistics would apply to this item. Thus, the manu-
facturer's sale price could be assumed to be 2.38 x 0.43 or $1.02/
lb. The 315 1b motor mentioned in Table B-1 would thus cost $322
o.e.m. instead of $1260, a reduction of $938.

Unnewehr of the Ford Motor Company projected an o.e.m. DC
motor cost of $0.82/1b (1972 dollars).45 This value was multiplied

by the ratios of the wholesale price indices for December 1975
and 1972 to obtain a projected o.e.m. motor cost of $1.07/1b which
agrees quite closely with the value déveloped above.

Unnewehr alternately considered that the o.e.m price of mass
produced DC traction motors would not be significantly more than
that of automobile starter motors which are presently mass pro-
duced and have an o.e.m. price of $1.29/1b.46

The projected price of $1.13/1b. used for mass produced
traction motors is the average of the above three estimates.

F.4.2 CONTROL EQUIPMENT

It is believed that the price of controllers would decrease
significantly as well. According to the 1972 census, total value
of motors and generators for all land transportation was $270.3 MM,
while the value of control equipment was 60% of the cost of motors
and generators.43 Assuming this ratio would apply to mass produced
electric vehicles, the cost of the controller and other control
elements in the motor described in Table F-8 would be $214. At the
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1 million unit production level, Unnewehr45 projected an o.e.m.

price of $135 (current dollars) for a DC chopper for a 40 HP DC

motor without regeneration and of $254 (current dollars) if re-

generation were provided. These prices do not ineclude any other
components of the electric circuit.

If one includes the cost of all the electric circuit elements,
with the exception of the motor and the charger, in the cost of
the controller, the estimated controller price based on 60% of the
Price of the motor does not seriously disagree with Unneweher's
Price for a controller without regeneration. This was the approach
used in the mass production estimates presented in Appendices C
and E,.

F-18



APPENDIX G

MANUFACTURING COST OF AN AUTOMOBILE CHASSIS

G.1 METHODOLOGY AND ASSUMPTIONS

It was assumed that the chassis of an electric vehicle would
be similar to the chassis of an ICE-powered vehicle. It is assumed
that the material costs per unit weight, the production facilities
and tooling, and the labor required to manufacture and assemble the
component parts into a vehicle, other than for the cost of the
engine and accessores would be the same. Subtracting the manufac-
turing cost of the engine and accessories from the manufacturing
cost of the complete ICE-powered automobile, gives an estimate
of the manufacturing cost of the chassis including final vehicle
assembly for an ICE automobile, and by analogy, for the electric
vehicle.

G.2 MANUFACTURING COST OF ICE-POWERED VEHICLE

The manufacturing cost methodology used in this report is the
same as that used in Chapter 6 of the Working Draft of Report of
the Task Force on Motor Vehicle Goals Beyond 1980.(50) This
manufacturing cost (Cp) is the sum of the following:

Cc

Cm +C.+C

P L
where
Cn = Cost of purchased raw and finished materials
Co = Cost of components
C, = Cost of labor

Table G-1 gives the unit cost estimates for raw and finished
materials and special components.



TABLE G-1 - UNIT COST ESTIMATES FOR RAW AND FINISHED
MATERIALS AND SPECIAL COMPONENTS FOR AN
AUTOMOTIVE VEHICLE IN 1975 DOLLARS

Raw and Finished Materials

Steel

Iron
Aluminum
Copper
Plastic

Tires
Batteries
Glass

Other

Total Vehicle

Special Components
Catalytic Converter

$.18 per pound
.12
.59
.89
.79
.54
.42
-42
.37

$.25 per pound
$58.00



The cost of labor is computed by multiplying labor hours times
the cost of labor per hour. It was assumed that labor hours were
independent of vehicle size for vehicles of equal complexity.

Labor hours of 127 hours per vehicle were determined from an analy-
sis of the 1972 Census of Manufacturers. Labor included hours of
workers up through the working foreman level engaged in fabrica-
tion, assembly, inspection, storage, receiving handling, packing,
warehousing shipping, maintenance, repair, janitorial and watchman
services, product development auxiliary production for plants' own
use (e.g., power plant), recordkeeping, and other services closely
associated with these production operatins at the plant. Super-
visory employees above the working foreman level are included in
corporate overhead. The labor hours included all the labor re-
quired to manufacture and assemble all the components of the vehi-
cle except the catalytic converter which was treated as a purchased
component.

The cost of labor was $11.00 per hour. This cost includes
labor cost, benefits and the cost of warranty maintenance and re-
pair tooling and other factor overhead.

The manufacturing cost of a 2000 lb. ICE-powered vehicle is
given in Table G-2.

G.3 MANUFACTURING COST OF AN INTERNAL COMBUSTION ENGINE AND
ASSOCIATED PARTS

The internal combustion engine and associated parts of an
ICE-powered vehicle consisted of the engine and accessories, the
fuel system, and the exhaust system. These are the parts of an
ICE-powered vehicle that would be replaced by an electric motor,
controller and battery system in an electric vehicle.

As determined from Appendix I, the engine and associated
parts generating plant for a 2000 lb. ICE-powered automobile would
weigh approximapely 440 lbs and would have a manufacturing cost
of $482 (Dec. 1975 dollars).



TABLE G=-2

MANUFACTURING COST OF 2000 LB ICE AUTOMOBILE (*)

Units
Raw Materials 2000 1bs.
Labor 127 manhours
Components (Catalytic
Exhaust System)** 1 ea.

TOTAL

Sources (*) Ref. 50

(**) Ref. 51

NOTE: Costs are in December 1975 dollars

Unit Cost
0.25/1b.

$11/manhour

$58

Cost
$500
$1397

58

$1955



G.4 MANUFACTURING COST OF AN AUTOMOBILE CHASSIS

By substracting the manufacturing cost of the engine and
associated parts from the cost of the total vehicle, the manufac-
turing cost of the chassis and reset of assembling of the vehicle
is obtained.

From Table G-2, the cost of the 2000 1lb of $1955 vehicle is
obtained. Subtracting $482 for the cost of the engine and associa-
ted parts yields an amount of $1473 for the manufacturing cost for
a chassis weighing 1560 1lbs.

For vehicles in the same general category, variations in
chassis weight would only effect the amount of materials required
and not impact the labor costs. The production costs, Cp of chassis
that weight W lbs. can be expressed by the following equation.

Cp = $1473 + (W-1560) (0.25)

G.5 CAPITAL INVESTMENT FOR A VEHICLE MANUFACTURING FACILITY
(250,000 VEHICLES/ANNUAL CAPACITY)

I1f the propulsion subsystem of an electric vehicle is con-
sidered to consist of purchased components, the capital investment
required to mass produce electric vehicles at given annual produc-
tion rate would be equal that required to mass produce ICE vehi-
cles less the capital investment required to manufacture the power
generation plant.

A detailed analysis of the capital investment required for a
manufacturing complex with an annual production capability of
500,000 ICE automobiles was recently published by the Task Force
on Motor Vehicle Goals (50). These results are presented in Table
G-3. The only investments that would not be regquired to manufac-
ture an equivalent number of electric vehicles would be those needed
to build the engine line and the foundry. Even though the foundry
makes castings for other sections of an automobile than the engine
(e.g., the transmission), the total cost of the foundry assigned to
ICE power plant since most of the castings made go into the engine.
To balance this exagerating assumption, no capital investment was



TABLE G-3 - TOTAL LAND, BUILDING FACILITIES AND EQUIPMENT
COSTS FOR A MANUFACTURING COMPLEX FOR THE ANNUAL
PRODUCTION OF 500,000 AUTOMOTIVE VEHICLES

Engine Foundry Stamping Trim Vehicle (1) Trans-

Assy mission
Land 0.8 0.8 0.1 0.1 5.0 .7
Land Improvement 16.8 30.0 3.4 1.2 26.8 14.3
Buildings 68.6 129.5 173.6 58.5 100 52.0
Materials Handling 3.9 34.9 22.8 7.6 43.8 3.0
Environmental Control 28.0 5.5 16.7 5.5 40.0 20.0
Power House 11.5 22.3 16.1 5.5 34.0 10.0
Tooling 37.7 9.6 105.3 10.0 77.4 15.0
Equipment 106.1 35.0 50.0 40.0 372.7 40.0
Launching 25.4 6.4 21.3 10.0 68.8 20.0
Total 298.8 274.0 409.3 138.4 769.5 175.0

Grand Total 2065.0

(1) Includes component manufacture and assembly by vehicle
manufacturer.

NOTE: Cost are in millions of 1974 dollars
Land: 1900 acres of $4000 per acre
Buildings: 9 x 108 £t.2 at $77 per f£t.2 average



assigned to the manufacture of components of the fuel and exhaust
systems that were made in-house. Based on Table G-3, 72% of the
grass roots costs of an ICE automotive manufacturing facility would
be required for an electric vehicle facility.

The capital investment requirements in December 1975 dollars
for a complex manufacturing 250,000 vehicles a year are presented
in Table G-4. It was assumed that the capital investment is di-
rectly proportional to the production rate, or half the values
presented in Table G-3. The wholesale price index for all indus-~
tries (50) was used to adjust the as published costs (in 1974 dol-
lars) to December 1975 dollars.

Accordings to Table G-4, at the 250,000 vehicle/year produc-
tion level, an ICE manufacturing facility would require an invest-
ment of about $1.2 billion. An equivalent E.V. manufacturing
facility would require an investment of about $850 million. If a
twenty year life is assumed for these facilities, the capital in-
vestments per vehicle are respectively $237 and $171 for the two
vehicles.

The difference of $66/vehicle is due to the elimination of
the capital requirements for the engine plant and foundry for the
ICE vehicle. Because the motor, controller and battery are compon-
ents manufactured by others than the vehicle manufacturer, the
capital requirements required for the manufacture of these compon-
ents will be borne by the vendors and is reflected in the price of
these components. '

This small difference of $66 per vehicle in capital require-
ments is only about 1% of the projected purchase price of the
vehicle, and thus will not effect it significantly.



TABLE G-4

CAPITAL INVESTMENT REQUIRED FOR A MANUFACTURING COMPLES
FOR THE ANNUAL PRODUCTION OF 250,000 ICE AUTOMOBILES

Facilities

Tooling, Equipment,
Launching

Total

Facilities

Tooling, Equipment,
Launching

Total

Foundry & Chassis & Total
Engine Plant Vehicle Assembly Facility
Plants ICE Auto-
mobiles

CAPITAL INVESTMENT* {(Million $)

205 378 583
128 476 604
333 854 1187

CAPITAL INVESTMENT (PER UNIT PRODUCED**)

$41.0 $75.6 $116.6
$25.6 $95.2 $120.8
$66.6 170.8 $237.4

(*) In December 1975 Dollars
(**)Based on a 20 yr Facility Life



APPENDIX H
PUBLIC DOCKET SUBMISSIONS

To assist in the preparation of this report, a public docket
was opened to solicit information and comments. On March 3, 197s,
the following notice was published in the Federal Register (Vol. 41,
No. 43, page 9221):

FUEL ECONOMY STANDARDS FOR ELECTRIC AND OTHER
NON=-FUEL VEHICLES

Request for Information and Public Comment

The Department of Transportation is conducting a
study of the advisability of including electric vehicles
and vehicles that operate on fuels other than gasoline
or diesel fuel within the regulatory framework for
increased motor vehicle fuel economy established in
section 301 of the Energy Policy and Conservation Act
(Pub. L.95-193). That act added a new Title V to the
Motor Vehicle Information and Cost Savings Act of
1972 which provides for mandatory fuel economy standards
for new motor vehicles powered by gasoline and diesel
fuel. Section 512(b) of Title V requires the Depart-~
ment to report to the Congress and the President on
the advisability of including electric and other non-
fuel vehicles within the coverage of Title V. Non-
fuel vehicles are defined as those fueled by other
than gasoline or diesel fuel. Section 512(b) addresses
attention to four items:

1. The extent to which electric and other non~
fuel vehicles should be covered by Title V.

2. The manner in which the energy requirements
of such vehicles may be compared with the energy re-
quirements of fuel-consuming vehicles.

3. The extent to which inclusion of such
vehicles would simulate their production and intro-
duction into commerce.

4. Any recommendations for legislative action.

To assist in the study, the public is invited to
submit information and comments relevant to the four
issues above, plus any other information and com-
ments pertinent to the object of the study. Com-
ments (three copies, if possible) should identify the
file number (OST file No. 42) and be sent to the
Docket Clerk, Office of the General Counsel, TGC,
Department of Transportation, Washington, D.C. 20590.
The target date for submission of the report is
June 1, 1976; therefore, all comments received by
the close of business Friday, April 9, 1976, will be
considered. Material submitted to the file will be
available for public inspection and copying, and for
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responsive comment, in the Office of the Assistant
General Counsel for Operations and Legal Counsel,
Department of Transportation, Room 10100 Nassif
Building, 400 Seventh Street, SW., Washington, D.C.,
between 9:00 a.m. and 5:30 p.m. local time, Monday
through Friday, except Federal holidays.

Issued in Washington, D.C., on February 26, 1976.

Dr. Richard L. Strombotne,
Chief, Energy and Environment
Systems Division.

[FR Doc. 76-6106 Filed 3-2-76;8:45 am]
[OST FILE NO. 41; Notice 76-1]

Ten groups submitted materials and opinions: Chrysler
Corporation; the Electric Vehicle Council; Ford Motor Company,
Inc.; General Motors Corporation; General Research Corporation;
Lucas Industries Limited; Sebring Vanguard, Inc.; the U.S. Energy
Research and Development Administration; the U.S. Environmental
Protection Agency; and the U.S. Postal Service. Opinions diverged
on each of the four items raised in the notice.

Most respondees asserted that fuel economy standards for
electric and other non-fuel-consuming vehicles would be pPremature,
and should consider only petroleum consumption rather than total
energy consumption. Opposition to regulation was based largely on
the assumption that no significant petroleum savings would accrue.

Opinion was evenly divided on whether fuel economy should be
compared based on overall energy efficiency from primary source
to final utilization or on petroleum consumption alone. Some con-
cern was expressed that currently used driving cycles do not pro-
vide adequate comparison of electric and conventional vehicle fuel
economy, and that electric vehicles should not be penalized for
inefficiencies in electricity generation.

Submissions disagreed as to whether regulation would stimulate
the market for non-fuel-consuming vehicles. Several respondees
believed that a valid comparison of fuel economy would stimulate the
market, particularly in some applications and if comparison were



based on petroleum consumption. The balance of the respondees
asserted that regulation would have no stimulating effect, and
could discourage small manufacturers.

Recommendations for legislative action centered on continued
support for research on new technology, data collection, and demon-
stration of electric vehicle technology. 1In addition, fuel economy
labeling of electric vehicles was recommended to assist consumer
decisions, without accompanying fuel economy standards.

Individual responses are summarized in Table H-1 for each
major item defined in the request for information and public com-
ment. The full text of the submissions is reproduced on the fol-
lowing pages.
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S.L.TERRY

CHRYSLER

CORPORAﬂON

VICE PRESIDENT _ .
PUBLIC RESPONRSIBILITY

L cous.w!ﬂ AFFAIRS Appil 7, 1976

Docket Clerk

Office of the General Counsel .
TGC

Department of Transportation
Washington, D. C. 20590

Re: OST File No. 42
Request for Information and Public Comment
"Fuel Economy Standards for Electric and
Other Non-Fuel Vehicles"

Chrysler Corporation submits the attached comments on the reference
notice published in the Federal Register, Vol. 41, No. 43, March 3,
1976, Page 9221.

Attached are our comments on each of the four specific questions
listed in the notice.

Also attached is a copy of Chrysler Corporation's comments to Senator
Moss on proposed legislation involving electric vehicles. Other than
Federal support of electrical car research as outlined in that state-
ment, we recommend no additional legislation at this time with
respect to Title V.

Sincerely,

SL Ty by ek

/ms

Attach.

P.O.BOX 1919, DETROIT, MICHIGAN 48231
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CHRYSLER CORPORATION COMMENTS
ON
DOT REQUEST FOR INFORMATION AND PUBLIC éOMMENT
REGARDING "FUEL ECONOMY STANDARDS FOR ELECTRIC

AND OTHER NON-FUEL VEHICLES"

RFERENCE: OST File No. 42; Notice 76-2;
Notice in Federalg&ggister,
Vol. 41, No. 43, March 3, 1976,
Page 9221

The following comments are provided in response to the four specific items noted
in the above reference notice:

(1) "The extent to which electric and other non-fuel vehicles should
be covered by Title V."

The basic purpose that fostered Title V was conservation of petroleum
in order to reduce the use of our petroleum resources in the United
States and to reduce our dependence on uncertain foreign supplies.

If and when electric or other non-fuel powered cars are substantial
users of petroleum for their basic power source we believe they

should be covered by Title V. However, in view of the small number

of such vehicles now involved, and the possible conversion of much of
the electric generating capacity of the country to non-petroleum energy
sources such as coal and nuclear energy, we recommend that they not be
included at this time. .

(2) "The manner in which the energy requirements of such vehicles may be

compared with the energy requirements of fuel consuming vehicles."

Miles/Gallon of Gasoline = Miles X
Kilowatt-hours

6 Kilowatt-hours X
Lb. Gasoline

6 Lbs. Gasoline =
Gal. Gasoline

Miles/Kwh x 36
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(2) (continued)

Knowing the electric vehicle's consumption in miles/kwh, the
"equivalent" miles per gallon of gasoline may be calculated.

Line losses and losses at the generating plant have not been
included in determining the kwh input to the electric vehicle.
Since these losses apply to lighting and other electric appliances,
and the electric car is a potential efficiency improver for the
utilities by virtue of its load leveling use of off-peak power,

it would not be fair to penalize the electric vehicle for ineffi-
ciencies it cannot control.

(3) "The extent to which inclusion of such vehicles would stimulate their
~ production and introduction into commerce."

Electric vehicles have many inadequacies at their present stage of
development. These include higher initial cost, poor performance,
excess weight, and very limited range (50-100 miles on level ground
at B0°F with dramatic reductions if the temperature drops or the
vehicle must climb hills). Until these technological problems are
resolved to make electric vehicles more competitive with currently
available vehicles, we do not believe their inclusion or exclusion
will have any material effect to stimulate their introduction into
commerce, or to induce American consumers to purchase them.

(4) "Any recommendations for legislative action."

Attached is a statement giving Chrysler Corporation's views on electric
vehicles and legislation pertaining to such vehicles. As indicated in
that statement we believe "The total welfare of the country would be
best served by government support of the substantial research and
development required to realize a viable electric vehicle, rather than
the premature, subsidized introduction of an at best marginal product.

"When a viable electric vehicle results from the products of this
recommended research, the economies of the marketplace and the competitive
nature of American industry will combine to dictate the prompt production
of this, or any product, which can truly serve the public need."
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The Honorable Frank E, Moss . -

Chairman ot
Subcomnuittee for Consumesrs T Taen L]
Commitice on Cummerce . -

United States Scenate
Vashingtlon, D. C, 20510

Decar Senator Moss: | : T e
This is in reply to your reccut letter te J. J. Riccurdo, Chaiviman of
the Doard, Chrysler Corporation, jnviting us {o connmnent on S, 1632
and H. R, €800, the Electric Vekicle Research, Developmcint and
Demonsiration Act of 1975, - .

; ) : v .-
Attached is a statemoent giving Chyysler Cnrpara.!ion's;- views on
electric vebicles and legislation Leing coasidered. ‘The sfatement
also answveers most of the questions submitted with your letter, We
hope it will be uselul to you and the Commnittee in your delibevations

. -

on thesc bLills, ; i .
. . [N Y .
We reqguest that G st=toment Le included in the record of the Sznate

.Comimecrce Cormittee's hearings on clectric vebicles, - |

7 i
. ;{. . Vo'f.thr W, Jr.l * .
. I © YDirector-Rescarch
JDW:irng . ' < e
Attachineut
be: G. F. Dutts
R. Connors ' ' Boaris

J. Lunan
R. O. Sosrnson
D. M. Tcague
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CHRYSLER CORPORATIOM COXMENTS ON S.1632 AND H.P. 8800

_As a manufacinrer of rantor vehicles Clhivysler Corporation is fully aware of
the necessily of reducing transpovtation cnergy requiremsnts, particularly as
they relate to petroleum products. To this end, we have maintained a subh-
stantial rescarch and development effort on aliernate power plants, including
electric vehicles as well as fucl cell and battery research. :

In tirne we believe that clectric vehicles will play an increasingly important

role in private transportation, However, there is much fundamental research
and engineering development that has to be done to improve the limited perfor-
mance currcently available in clectric vehicles, before they will meet with

gencral public acceptance. Therefore, while we feel that the objectlives of
‘5.1632 insofar as they promote the technologies necessary to the development

of a successful electric vchicle are to be commmended, we cannot ag{ree that a
purchase demonstration plan using currently available vechicles is the optimum
way of encouraging the necessary development. Our assessment is that currently
available clectric vehicles powered wiih lead-acid batteries can be used cificienily
only in specialized applications with limited ranges, such as urban mass transit,
delivery and service vehicles. Present performance of currecutly available
electric passenger cars is not adequate for safe intermixture with regular vehieles
in normal urbun and suburban traffic. In our vicw their operations would be

best Jimited to restricted rights of way, such as in resorts and retirement villages.
The encrgy available from lead-acid batteries, and the encrgy required, regard-
less of source, for a safe, minimally acceptable vehicle (in terms of pexformance,
traffic mixing, ete.) diffcr by a factor of from 4 to 10. Usc of electrical acces-"
sorics would further widen this gap; passenger compartment heating would «lmost
certainly require fossil fuels. We feel that these conclusions have beon demon-
" strated by Chrysler and others, and well documented in the literatlure, and
indicate that immediate large scale demonstrations of available cleatric passenger
- vehicles would serve no purpose in advancing technology, btmt would rather show
the limitations of the present state-of-the-art, and may inhibit public acceptlance.-

We would like to suggest an alternatc course of action which in our opinion
would lead more rapidly to a vehicle accepted by the public, and suitable to
a2 mass market, :

As stated before, we belicve that stored clectrical eaergy is one viable alterna-
tive to the present internal combustion engine in certain applications, but only
if such a vehicle can compete on near equal terins with a heat-engined counter-
part, sizc for size. In our opinion, this caunot Le donc by simple adsptation

or conversion of existing vehicles to cleciric power. To realize the full poteatin
of clectric vebicles, it will be necessary to undertzke, or conlinuc substantinlly
Junded rescarch and engineering development programs oau:
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Improved biatteries, including advanced lead acid and allaline cells
for the short and near term, and molten salt for the longer term.

. Light weight, hig._,: f:cxcm.y traction rnotm s, and associaled power
trains, including trinsmissions.

Design of light weight vehicle structure and runuing gear, with
maximura strengl 1/\\ eizht ratio, reduccd nceds for power assists,
and minimum acrodynar ‘¢ and road losses. ’

Such a program, undertaken and admieistered by E.R.D.A. would be a more
rapid and cost effeciive method of introducing a2 more viable clectric vehicle,
than prematurc mass de.--ons*ratmus of current tcclmo'ogy

In parallel with, and possible preceding thesc technical developments, a study
should be made of the nationwide role of the clectric vehicle, as has been done
for the Los Angeles area. Inputs concerning the most likely usage of a vehicle
may alfect the direction of research programs. It is not anticipated that )

within the next 8§-12 years any single clectric vehicle can be built as a specific
replacement for most passenger cars. It is more likely that the first gencration
of elcctric passenger vehicles will be sub-compacts, increas mﬂ in s ze whcrc

nccessary as encrgy storage systems improve. : . ]

s

. . -

.-

In offcrin'g.thc foregoing alternate to an immediate purchase/demonstration of
clectric passenger vehicles we have been guided by our engineering judgment,
expericnce and knowladge of other alternate pewer plants, the'state-of-the-aw

of cleciro chemistry as it pertains to energy sources, and the economics of .

the marketplace. It is our opinion that the magaitude 2nd long-term rature of
We research still required is such that it is apprepriate to have Federal govern-
ment support. Equally, givén the requisite technology, the introductiion of 2

new product can best be left to private industry.

In the above gencral discussion, we have addr :ssed some of the points raised

in your questions particularly in regards to the program approach. The .
. following offers further comments on some of the technical questions. -

Even with possible improvements in energy density and cycle-life, we do not feel
that the lcad-acid battery is a serious conlender as 2 means of encrgy storage.
Nickel-zinc is the best candidate for a near term {19807?) "stop-gap' vehicle
battery, but the encrgy density (88 watt-hours/kg) is only about twice that of

the lead-acid cell, Cycle life is still 2 problem aund nickel is rot a low cost
matevial, For the longer terr (19 85 1992} the molicn salt lithiwm-sulfur and
sodium sulfur ccll may achieve 300-350 vatt-hours/kg. In both these and

10



sirailar cclls, the operating temperatures of 700-1200°5 pose secvere cnz;inccriﬁg
problems. Assuming no safety problems, this energy density would be adequate
for a madium to hg]\t weight vebicle. In both cases, the time table would depend
greatly on the level of research funding. Given the present lavel of public and
private funding, it i our opinion that there will not be adcquate improvements .
in the most promising deyclopmental batteries (sodimum-salphur, lithium-.sulfur

and lithium-chloride). ‘ | : i

The hy'bz"id vechicle has been offered as a power plant combining the best features

£ the I. C. and clectric power plants, but, again bascd on our own enginecring
information, and the results of several government funded studies (AiRescarch,
TRW, Hamilton, etc.) as well as the most recent Fordifunded study by J, P, L.
.on Alternatc Power Plants, we feel that the hybrid vehicle cannot mest any
reasonable cost benefit criteria, and shows little, if any, advantage with respect °
to emissions and fuel economy. Hybrid vehicles, and at this time, cven clectric
vehicles, would not offer any major reduction in petroleum consumption and will
probably incrcasc total (211 fuels) energy consumption. Total environmental
-impact with fossil fucled power plants would not be lessened; simply transferred
back to the central power station. . ' : . .
Further, bascd on our e'}agiuecring judgment and cxperience, as well as that of
others, most recently the Jet Propulsion Laboratory of the University of Cali-
fornia, we believe that other power plunts, such’as the gas turbine, Stirling,
Diescl and certain types of stratified charge engines have the potential for -
greatevr fucl'savings. ) R P R S

.

"As for the required inf{rastructure, this would be 2 major long r.a.nge problem
corrclative to any transporiation system with a significant electric vehicle
component. It is an cxcellent example of the type of problem that must be con-
frouted and solved before embarking on a large purchasc/demonstration program
of the scope sct out in 8. 1632. A gracdual, orderly increase in the electric
vehicle population will bring in its wake public charging facilities sponsored by
local government and private sector entrepreacurs. Service facilities would
grow with private dcalerships. : C

- e " SUMMARY

A mass purchase of available clectric passenger car vehicles, and those likely
to be obtainable in the next 18-24 months, would serve no purpose other than
to confirm presently documented problems and limitations. - -

Substantial [unding for energy storage rescarch and development would be more
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productive in accelerating the introduction of an clectric vehicle that could
“®onipete cconomically in the private trausportation sector. Parallel, unbiased
studies on a nationzl scale could define the probable role of various electric
vehicles, and resolve the presently clouded issues of totzl energy and enwvicvon-
mental impacts. ¢ :

The total welfare of the country would be best served by government support of
the substantial research and developrnent rcquired to realize a viable clectric
vehicle, rather than the premature, subsidized introduction of ar at best
.marginal product. B

\WWhen a viable electric vehicle results from the products of this recommended
research, the economiecs of the marketplace and the competitive nature of
Americaii industry will combine to dictate the prompt productfon of this, or
any product, which cana truly serve the public neced. . . "y
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ALAN I, ROBERTS,
Director, Office of
Hazardous Matcrials Operations.

{FR D0o¢.76-5789 Filed 3-2-76;8:45 am)

|OBT FILE No. 12; Notice 76-2]

FUEL ECONOMY STANDARDS FOR ELEC-
TRIC AND OTHER NONR-FULL VEHICLES

- Request for Information and Public
. Comment

The Departiment of Transportalion is
conducting a study of the advisability of
fncluding clectric vehicles and vehicles
that operate on fuels other than gusoline
or diesel fuel within the regulatory
framework for jncreased motor vehicle
fuel cconomy establishied in section 301
of the Encrgy Policy and Conservation
Act (Pub. L. 94-1G3). That act added o
new, Title V to the Motor Vehicle Infor-
mation and Cost Savings Act of 1972
which provides for mandatory fucl
economy standards for new motor ve-
hicles powered by gasoline and diesel
fuel. Section 512(b) of ‘Tiile V requires
* the Department Lo report to the Con-
gress and the President on the advisabili-
ty of including clecetric and other non-
fuel vehicles within the coverape of Title
Y. Non-fuel vehicles are defined ns those
fueled by other than gasoline or diescl
fuel. Section 512(b) addresses attention
to four jlems:

1. The extent to which cloctric and
other non-fucl vcehicles should be covered
by Title V.

2. The manner in which the energy
requirements of such vehicles may be
comparcd with the energy requirements
of fucl-consuming vehicles.

3. The extent to which inclusion of
such vehicles would stimulate thetr pro-
ductlion and introduction into commerce.

WOFRITING |

BOFR T |
WOFR 1B buat

[ER M 3 [ 3¢ & 2

— .

.. To ship ligquefied ethizkene In a carpo
tonk” comprived of sy nluwintn
et tond,  fisubsted with yolye
uretliane covering, sud an cuter
steel facket goade 1),

.. Te muke & Flimo shipmacnt of an
eliologic sgeut, spclally pachnged,
via alr (mode b),

. To ship lirwatbaniate  wimant
verscls Joarded st annicolnted facilities
Gnode 3),

To umbke & lmited wumber of ship-
monts of xolid wazie (rlass ) poisou)
in covered open tup  senitrailers
(node 1),

4. Any reccommendations for legislative
action,

To assist in the study, the public is
invited to submit information and coin-
ments relevant to the four issues above,
plus any other information and com-
ments pertinent to the object of the
study. Comments (three copics, i pose
sible) should identify the file number
(OST file No. 42) and be sent to the
Docket Clerk, Office of the Generul
Counscl, TGC, Depnrtment of Transpor-
tation, Washingtion, D.C. 20590. The (ar-
get date for submission of the report is
June 1, 1976; thercfore, all comments
reeeived Ly the close of business Friday,
April 9, 1976, will be considered. Mate-
rial submitted to the file will be avaflable
for public inspeclion and copying, and
for responsive comment, in the Office of
the Assistant General Counsel for Oper-
ations and Legal Counsel, Department of
Transportation, Room 10100 Nassif
Bullding, 400 Seventh Street, S\V., Wash-
inglon, D.C., between 9:00 a.m. and 5:30
p.n. Jocal time, Monday through Friday,
except Federal holidays.

Issued in Washington, D.C., on Fcbe
ruary 26, 1976.

Dr. Riciarp L. STROMDOINE,
Chicl, Encrgy.and Environment
Systemns Division,

{FR Duc.76-6100 Piled 3-2-76;6:45 am]

{OST FILR No. 41; Notice 76-1)
FUEL FLOW METERS
Request for Information and Publie
5 Comment
The Departinent of Transportation s
conducting n study of the advisabiiity of
requiring that each new automubie be
equipped with a fuel flow . instrumend

reading divectly in miles per gallon an-l
the nost feasille means of equippii:
used automobiles with such fstrument ..
The study will resmit In a report 1o (e
Congress and the Prestdent as required
by section 532t of the Motor Vohirl.
Information aud Cost Savines Act o
1872, ns udded by scclion 301 of (1
Energy Policy and Conservation Act
(Pub. L. 91-163). Scction 512«n) ¢-
dresses attention to four ftems:

1. The effcctiveness of such instru-
ments in promoting voluntary recuction s
in fuel consumplion.

2. The cost of such struments,

3, Means of encouraging autmnalils

| purchasers voluntarily to purchase st -

mobiles equipped with such mstiwned -

4. Any other factor bearing on e
cost and effectiveness of such in<tiu-
ments &nd their use.

‘To assist in the study, the public i« j~-
vited to submit Information and co.i-
ments relevant (o the four issues above,
plus any other information und com-
ments pertinent to the objects of the
study. Specific attention is invited, how-
ever, to the following questions:

.1. Would meters reading direetly in
miles per gallon be cffective n promnt-
ing a reduction in fuel consumption?

2. What is an appropriate basis fo:
deciding whether cach new automaobile
should be equipped with such a device va
either a mundatory or optional basis?

3. Under what conditions would it be
approprinte for used nutomobiles to Le
equipped with such devices?

4. What total price is reasonable (o
pay for such a device installed in an
automobile and why?

5. What savings in fuel cost would jus-
Lify costs of the mneter?

6. What other driver aids merit con-
sideration? What reasons and supportive
datn exist for fudging thelr effectiveness?

7. If meters reading directly In miles
per gallon arc effective, how can their

*use be stimulated effectively?

Comments (three copies, if possible)
should identify the file number (OST
File No. 41) and be sent to the Docket
Clerk, Office of the General Counsel,
TGC, Department of Transportation,
Washington, D.C. 20590, The target date
for submission of the report is June 1,
1976; thercfore, all comments received
by the close of business Friday, April 9,
1876, will be considered. Materinl sub-
mitted to the file will be available for
pudblic inspection and copying, and for
responsive comment, in the Office of the
Assistant General Counsel for Operas
tions and Legal Counsel, Department of
Transportation, Room 10100 Nassif
Bulldirg, 400 Seventh Street, 8SW.,
Washinglon, D.C,, between 9:00 aan. and
5:30 pan. local time, Monduy through
Friday, except Federal holidays.

Issued in Washington, D.C., on Febru-
ary 26, 1976.

Da. RI1c1ARD L. STROMBOTNE,
Chicf, Encrpy and Environment
Systemns Division.

{FRL Doc.76-0105 FMilcd 3-2-70;8:456 am])

FEDERAL RIGISTER, VOL 41, NO. 43—WEDNESDAY, MARCK 3, 1976

B=-13



P
[z ~ oL L et - n L A n

, :_'_‘,. .':--. -t 1r 1f‘f»|.l P ﬁr,,—, B ;
u.zn.J \‘rlw‘qd H\V \-/"s:?d ol \57&\47 :OUHC
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April 8,1976

RE: OST File # 42

Docket Clerk

Office cf the General Counsel,TGC
Department of Transportation
Washington, D.C. 20580

RE: Fuel Economy Standards for Electric Vehicles

1. The extent to which electric vehicles should be covered :
I'll come back to this at the end.

2. The manner in which energy requirements of such vehicles
may be compared with fuel-consuming vehicles :

As we understand the present standards, fuel economy means
the average number of miles travelled by an autcnobile per gallon
of gasoline consumed, as tested by ER 1975 procedures (55%
urban cycle, 45% highway cycle).

There are two facets of this procedure to which we would like
to address ourselves : (A) In the testing of gasoline-powered
automobiles, the reference is what we would call "on-board fuel,"
ie., gasoline in the tank. If any standard were developed for
comparing electric vehicle fuel econcmy, it should therefore
also be "on board fuel," namely battery energy. Battery energy
consunmed- in a fuel economy test can be measured by replacing
the energy in a re-charge process and determ:nzng the energy
replaced in AC XWH. The method of determining the state of
battery charge at the start of the test and at the finish of
the recharging is set forth in standards such as SAE J227(A) and

IEC-TC69. Having determined the AC XWH used, this can be converted

to BTU (3412 BTU per KWH) and compared with the energy content
of gasoline. (B) The use of the EPA driving cycles and the mix
between urktan and highway could probably not be applied to
existing electric vehicles, and would also not address itself
to some of the prime advantages of electric power. First, the
driving cycles : most present electrlc vehicles could not
achieve the highway cycle (they won't go fast enough nor long
encugh). The only suggestion we could offer in 1976 would be
to test elsctric vehicles according to SAE 3227(n) and test
gascline vehicles in the same driving cycle, in order to make
a comparison. The second part of this ("B") statement concerning
the advantages : The eiectric vehicler would be consuming nd
gasoline and emitting no pclluulon of anv sort ; pre:ent day
electric vehicles are suited to "second car" use in urban and

‘i Loyt _'r'\
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suburkan commuting and shopping which are primarily apar: from
highway ériving ; yet they would rect most of automobile users'
needs, since 85% of all trips are 15 miles or less ; the average
of all automobile use is only 26.3 miles per day ; 54% of all
autombile use is for commuting. )

What we're getting at is that the EPA fuel economy driving
cycles do not represent average use for any kind of passenger
vehicle, gas or electric (since, for instance, they are not
used 45% on highways). A driving test should, ideally, be
representative of vehicle usage.

But there is another electric venicle advantage which would
not be revealed by an EPA test, and that is the fact that the
€.v.consumes no energy when standing still...at traffic lights,
in traffic congestion,etc.

In the USPS tests at Cupertino, California, they compared
the performance in use on regular daily delivery missions
with gasoline-powered jeeps doing the same worE. The gasoline
powered vehicles averaged cnly 6.65 miles per gallon, largely
because a great deal of time was spent with the motor idling,
since the driver found it advantageous to leave it running
while delivering on foot. Electric powered vehicles at this
location, when their power consumption was translated in to
the same (BTU) terms, were four times as efficient as the
gasoline vehicles !

For these several reasons, we do not believe a valid comparison
of fuel economy between electrics and gasoline vehicles could
be made, based on present EPA procedures for gas vehicles.

3. IF, h owever, valid and satisfactory comparisons could
be made, we believe it would stimulate the introduction of
electric vehicles , for the inescapable advantages of the
electrics would be made valid by Government measurements.

1. Coming back to the first question, concerning the extent
to which electric vehicles should be covered, we believe they
should be covered if and only if (A) the procedure were confined
to on-board fuel, as described in # 2 akove and (B) the testing
procecure were one designed for use with electric vehicles, such
as the SAE (Society of Autmotive Engineers) or IEC (International
Electroe~technical Commission) standards mentioned in ¢ 2 above.

If such were not the case, we would be strongly opposed
to including elegtric vehicles in the Fuel Economy Standards
as suggested in the Request for Information and Public Comment
to which this letter is addressed.

Thank you for the opportunity to mzke these comments. We
would be happy to prov ide more detailed explanations if
requested.
Cordially
J? y
-] ',. . .‘! ’
&t {.:;fca*- 4 fuot

Léward A Canpkil
Executive Secretary
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Apri) 8, 1976

FORD MOTOR COMeLIY RESPOLEE 00 U, S, DECAVTYENT OF TRANSPORTATION
FOR L Gis Vi ion o ek ‘!_l.__’n't‘,' STatiiiinn tot RLECTRIC AND OTHER
NORSPUVL VGHICRY, (Kot OST 1T #42s NUTICE 76-2)

Ford Muter Gompany (Ford) e reby tespouds to the Lepartuent of Transportation's
request for inforsation and coneont on the advisability of issuing regulations on
electric veliicten cid vehiclen that eperate on fucls ather than gacoline or diesel
fuel (43 F.R, 9271, larch 3, 1927€). lovd, a mamn aclurer of motor vehicles, cngines
and notor vehicla equipnint, has consideiable rescaveh and development cxperience
on ncw concepl storage battecies and on experimeatal cleetric vcehicles.

Set forth below are res pnnues to the specific ftems listed in the Noticc.

ITEM 1. The extent o which eleetrie and cther nen-fuel thi -les shou]d be
covered by Title V (of tle anrgy Policy and Comservation Act,
Pub. L. 94-163),

RESPO!ISE

To the exteant that electricity for elcctric (ond other "non-fuel™) vechicles 1is
chicfly generated from petroleum, the restrictions of Title V should apply to these
vehicles. If this clectricity is chiefly generated from non-petroleum sources, the
Title V restrictions should not apply to electric vehicles. IHowever, the application
of Title V to ¢lectric and other non-fuel vehicles is equally iwportant frou the
standpeint that such application will influence the future development and future
application of these vehicles, hopefully along energy conserviug paths, as it is
already influencing development and application of conventional vechicles. There is
much evidence to support the conclusior that there arec many applications for which
electric vehicles will not conscrve cnergyv in comparison to conventional vehicles.
The judicious application of Title V can, thercforc, serve as a guideline for the
developers of the newer, non-conventional vehicles.

ITEM 2, The manner in which the energy requirements of such vehicles may be compated
with encrgy requirements of fuel consuming vehicles.

RESPONSE

The following comments are made on the basis of electric vehicle studies, and,
therefore, may not be totally applicable Lo other non-fuel vehicles.

Energy requirements of electric vchicles should be made on the basis of "overall"
energy cousumption. The term, "overall"” energy consumption is mcant to describe the
total cnergy consumed betwcen the source of raw encrgy - coal, oil, nuclear cnergy,
etc., ~ and the highway as a vehicle is being driven. Many authorities have noted
that an electric power traln is much morc efficient - by a factor of two or more -
than a conventional internal combustion engine power train. llowever, the cnergy lost
or consumcd in bringing emergy to the elcetric vehicle from the source of raw cnergy
is much greater than for the similar process in a couventional vechicle.

Secondly, it is suggested that the encrgy requirereat be hased upon the vehicle's
driviag of the SAL Metropolitien Cyrle (SAFE, J227). This cycle results in approxinmatel-
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equal cnergy conseiptlon pey mile to that obtatned when dviving the wetro (CVS)
eyele, presently nncd to determing the "rotro™ fue-l ceonomy of convealiona)
vehicles by FPA,  fome clectric veliledos have not heen able to accelerate at

the rates specificd in the GVS eyele.  Tine SAL metropolitan cyele has somewhat
relaxed acecleration and Ligh speed roquirements compaced te the CVS cycle,

and is probahly more typieal ol the aceclevation Jevels to be expected in clectric
vekicle applications. Repeperative braking, when available, should be oprrittional
during the toest.

The calculation of overall encrgy consumptlon in kilowatt-hours/kilomcter
(Kwh/im) can be obtained aé follows:

A. Conventional wehicle

Raw Kwh

na s LY -————>Km on J 227

N

Energy :
0il Refinery Transmiesion and
Dist. of Czsoline

B. Electric vehicle

{ Kwh
}— — Ne r_1 N4 ne .___',‘Km on J22:
Elec. Gen. Eff. Elec. Trans and Batt. Charging
Dist. Eff. Eff.

The vehicle .energy input on the right side of the above diagrams can be obtained
by actual test track driving or by usc of a rolls dynarometer. The energy/mile can
then be referred back to "overall" energy/mile by working through the various conversien
efficicncies, right to left, as shown on the above diagrams. Several U.S. Government
agencies maintain statistical data from which efficicucies Mas Mps Ngs NG, N can be
accurately defined and impact of system changes predicted.

The third suggestion for comparing fuel consumption between conventional and non-
fucl vehicles is to include the vehicle pay load. Electric power trains tend to be
heavier than conventional pover trains - especially at the present time when lead-acid
batteries are the primary available energy device. This added power train weight often
requires, for a given load carrying capacity, greater structural weight, hence greater
propulsion energy rcqhircments. Since present EPA mecasurement of fuel cconony is based
on inertia weight, the load carrying capacity of the vehicle is not necessarily indi-
cated from the EPA teosts. Therefore, the following paramater for comparison of enerzy
requircments is suggested: :

Overall Kvh/Km on SAE-J227 Kuwh
Pay-load weight (Kg) Ry - Km

A low valee for tha above parameter signifies a low fuel consuription (or high fuel
economy) . ;
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ITEM 3. The extent to vhich inclusion of sach vehicles would stimulate
their production ond introduct ion into (omaerce.

RESFONSE

Most studics of veliicular encrgr consumption have shown that electric vehicles
are supccrior to conventional vehicles in terms of overall enerpy consumption only
for _driving mndes characterized by velatively low vn;uds, many stop-start qpernt,on",
and | many yor:ud. at ﬁLlud“Ll]J. Therefore, it is cxpected that introduction of this
proposcd enerpy consumpticn parameter will prowote the introduction of elcctric
vehicles into such npplicntlons as mail delivery, other types of city delivery
scrvice, city taxicabs, some won-frecvay comruting service, and inner city and

suburban "runabout” (many trips of very short length) service.

It is also expected that the usc of this parameter may promote further develop-
ment of hybrid power trains which combine electric and internal combustion cngine
systens In such a way as to mnke use of the best energy conserving features of both
systems,

ITEM 4. Any recomrendations for legislative action.

Electric and other non-fuel vehicles should be given a fuel consumption rating
Just ss are conventional vehicles. Due to the basic differences in the method of
supplying energy to variovus types of vehicles, this rating should be based upon
"overall" encrgy consumption 2s defined in Section 2 abova. If uniform, rcalistic
measurcments are required and if the public is made aware of the results, demand may
grow for cost-saving, energy-saving vehicles and vehicles will be produced to meet
that demand. No tax or other artificial incentives should be required to induce
the public to make a sensible, practical choice if it is informed.
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General Motors Response To

FUEL ECONOMY STANDARDS FOR ELECTRIC
AND CTHER NON-FUEL VEHICLES

OST File No.42

Submitted to:

U.S. Department of Transportation
Washington, D.C.

April 9, 1976
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Please Refer to: FE 0872

- s
T 1 Eovier siantg Jer, o Gyt
|
— iy Cenerdl Moters Corzsratan

Ry

General Motors Terhmi,a! Center

Vearren, Picigan $S0S)

April 9, 1976

Docket Clerk

Office of the General Counsel, TGC
Department of Transportation
Washington, D.C. 29590

Dear Sir:

Enclosed is General lMotors' response tc OST File No. 42;
Notice 76-2, Fuel Economy Standards for Electric and O*her
Non-Fuel Vehicles, Request for Information and Public Comment
which was published in the Federal Register, Vol. 41, No. 43,
Wednesday, March 3, 1976.

Very truly yours,

Gl ¢

™, M Fisher, Director
Automotive Emission Control

JEP/aaf/w/412

Enclosure
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General Motors Repoasce to ¢'R Doc. 76-€106
Fuel Economy Sitandards
for Electric and Other Non-fuel Vchicles

OST File No. 42

In order to fully evaluate the impaét on the nation's energy
resources, a consideration of "fuel economy" for electric
vehicles must recognize the gquantity and tyre of fuel used
at the electric generating plants (i.e., natural gas, coal,
0il, hydroelectric, nuclear, etc.). The intent of the
automobile fuel economy title of the Energy Policy and
Conservation Act of 1975 as it applies to gasoline and
diesel-povered vehicles is to achieve a reduction in the use
of "endangered fuels", the proposed irtent of any regulation
for electric and other non (petroleum) fuel vehicles should
also be to conserve these fuels.

Moreover, in order to fully protect the public interest i+
must also recognize the atmospheric emissions at the gener-
ating plant (particulates, sulfur compounds, nitrogen oxides)
resulting from the generation of additional electric energy
used to recharge these vehicles. '

Effect on the environment from exhaust emissions of gasoline
and diesel powered vehicles has been related to increases in
vehicle and operating costs. It seems, therefore, that the
same type of information should be developed in relation to
the operation of electric vehicles. .An example calculation
of power plant emissions attributable to operation of a
snall electric car is given.
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Enissions from Electric Genarating Plants

Grams/KWH

1980 NOx SO, Particulates
Coal 2% S 5.31 15.4 1.2
0il 1.3% s 2.91 6.76 0.29

To estimate power plant emissions per mile travelled by
an electric car, it is necessary to determine the motor
output in XKWH/mile for the driving cycle. Then, using
45% as the efficiency from electric power output at the
generating plant to motor shaft output (transmission,
distribution, battery charge and discharge, motor and
controls), the emissions can be estimated as follows:

For a very small, limited performance electric car
requiring a motor output of 0.1 KWH/mile, the pollutant
emissions in 1980 from generating plants per mile
travelled would be:

Grams/Mile
NOx S0z Particulates
Coal 2% S 1.18 3.43 0.267
0il 1.3% S 0.65 1.5 . 0.065

1

Regarding the advisability of including electric and other
"non~fuel" vehicles within the fuel economy regulatory
network: Simce the purpose of regulating vehicle fuel
economy is to conserve petroleum supplies, any vehicle that
requires petroleum for its energy source should be included
in the control network. However, because electric and other
"non-fuel” vehicles do not directly consume petroleum, but
rather use an energy source that may be only partially
produced through the use ¢ petrosleuvm, e.g., electricity,
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the vehicle petrolcum reguirenants will necéésarily have to

be estimatced. 1In the case of electric vehicles, the percentage
of electrical energy Generated at various intervals of the

day and night from crude oil, and possibly more scarce

natural gas, will have to be determined on a regional basis.
Then, the percentage of day and night charging as well as

the regional efficiency of producing electricity must be
applied to the actual vehicle energy requirement.

These energy use relationships are difficult to establish
and the actual setting of fuel economy standards for elec-
tric or non-petroleum fuel vehicles at this time would be
premature. The development of such vehicles is in an early
stage, as is the development of significant non-petroleum,
pollution-free electric generating capacity. Standards that
are compatable with the current level of development would
surely become obsolete as petroleum dependence is alleviated
through the adoption of non-petroleum energy sources such as
coal, nuclear, geothermal, solar, etc. Also such standards
could tend to discourage the development of electric and
non-fuel vehicles.

General Motors has recently completed a study of the energy
utilization of gasoline and electric vehicles which addresses
the key issues described in the D.0.T. request for informa-
tion and public comment. The results of this study are
attached as S.A.E. paper No. 760119, "A Study of the Energy
Utilization of Gasoline and Battery-Electric Powered Special
Purpose Vehicles".

EAS/Automotive Emission Control
4/7/76 APSYH/aaf/w/400
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A Study of the
Energy Utilization of Gasoline

and Battery-Electric Powered
Special Purpose Vehicles

Y

David C. Sheridan, John J. Bush,
and William R. Kuziak, Jr.

Research Labs.,General Motors Corp.

SCEETY OF AUTEMOTIVE ENG NEF =

nithendinntasuton

Automotive Engineering Congress and Exposition

Detroit, Michigan I 760119
February 23-27, 1976
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760119

.

A Study of the

Energy Utilization of Gasoline
and Battery-Electric Powered

ABSTRACT

Special Purpose Vehicles

David C. Sheridan, John J. Bush,

and William R. Kuziak, Jr.
Research Labs.,General Motors Corp.

The depietion of the supply of liquid
hydrocarbon fuels in the predictable future
has accelerated interest in vehicles powered
by different forms of energy. The battery is
one form of energy storage that has success-
fully found appiication in special-purpose
vehicles for nearly three-quarters of a cen-
tury. Heavy duty 'ift-trucks and tugs, golf
carts and delivery vehicles are among the
vehicle types powered by battery-electric
systems. Personal transportation needs have
been served to cnly a limited extent by elec-
tric vehicles because of the low power,
limited range and lack of durability provided
by the conventional lead-acid battery. How-
ever, recent changes in the energy avail-
ability picture have necessitated reconsidera-
tion of the electric vehicle.

In order to compare the efficiency of
utilization of the Earth's fossi) energy re-
sources (petroleum and coal) by battery-elec-
tric and gasnline powered special-purpose

urban vehicles, an analytic study was conducted.

The guidelines of this study restricted it to
three special-purpose cars that are smaller and
have lower performance than conventional sub-
compact cars and a delivery van. The vehicle
power train components represent demonstrated
current technolegy. The most important guide-
line of the study required the performance
levels and load carrying capacity of the
gasoline and electric-powered vehicles to be

the same. The results of the study indicate
that a lead-acid battery powered, two-passen-
ger shopper vehicle with a 40 km ranae ccn-
sumed about 907 more petroleum per kilometer
of driving than does its spark ignition
engine powered counterpart. With coal as the
prime source, they consume about the same
amount of energy. Increases in desired range,
performince and vehicle size beyond that of
the shopper increase the electric vehicle
energy consumption with respect to the gaso-
line powered version.

The position of the electric vehicle is
improved with respect to the gasoline vehicle
by the development of advanced batteries,
increased electric component efficiencies and
an actual electric vehicle mass less than
assumed due to a reduced mass compounaing
factor. An aspect related to the conven-
tionally powered vehicle that tends to recuce
the advantage over the electric is a potential
efficiency penalty of the spark ignitior engine
due to its small size. Incorporation of these
considerations into the study produce resuits
more favorable for the electric version. Tne
energy consumption of a nickel-zinc battery
powered shopper is only about 30 percent more
than its spark ignition engine powered counter-
part considering petroleum as the prime source
of energy. With coal as the prime source. the
advanced technology electric vehicle consumes
about 30 percent less than the spark igniticn
engine powered version.
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DISCUSSION

THE ENERGY UTILIZATION of battery-electric and
gasoline powered vehicles has received consi-
derable attention in recent years. The results
of studies indicate that battery-electric cars
require anywhere from one-third the energy [1]!
to about the same amount of energy [2] as a
similar gasoline powered vehicle. Such results
reflect the use of advanced high energy density
batteries, unusually high electrical comoonent
efficiencies, reduced electric vehicle rolling
and wind resistance or operation at steady,
level road operation. The gasoline powered
vehicle used as a basis for comparison is
generally the conventional passenger car manu-
factured in the U.S. today. It is logical to
ask if the same conclusions would be reached
without speculation or extrapolation beyond
current day battery and electrical component
technology and if the comparison was made
between two vehicles with similar load capacity
and performance capabilities. The answer to
this question is tne objective of this study.

Using the same basic guidelines, the
comparison should be extended using reasonable
assumptions concerning future battery develop-
ment, and electrical component efficiency
{mprovements. The question of how the elec-
tric-vehicle gasoline-venicle energy consump-
tion comparison turns out for the ultimate
improvement in battery technology (electrical
vehicle mass equals gasoline vehicle mass)
could also be answered. These two subjects
will be addressed after the primary objective
has been achieved.

GUIDELINES

The guidelines of this study were selec-
ted to insure a realistic comparison. A
variety of vehicle types was examined so that a
crossover in the results could be found if it
existed. The basic guidelines established for
this study were:

(1) The special-purpose vehicles examined
would be smaller and have significantly lower
performance than conventional subcompact cars.

{2) The performance levels and load
carrying capacity of the gasoline powered and
battery-electric powered vehicles should be
{dentical.

(3) Current technology supported by the
best available experimental data should be
utilized.

(4) Energy consumption, in terms of equi-
valent prime source energy (coal and petro-
leum), and driving range should be determined
for]operation over an appropriate driving
cycle.

! Numbers in brackets are References listed at
end of text.

VEHICLE DEFINITION

The vehicles selected for study are all
special-purpose vehicles intended for use in
urban and/or suburban areas. Minimal range and
performance capabilities would be expected from
these vehicles in contrast to one that would be
used for long distance, country driving. The
specific vehicle types and the curb masses A
associated with the gasoline powered version of
each are listed in Table I.

The masses of the shopper and commuter
vehicles are based on the 512 and 511 urban car
prototypes built for the General Motors Pro-
gress of Power Show of May 1969. The small
sedan would reflect the XP-883 design protctype
built for the 1969 POP show. Although these
vehicles were not built to the Federal Motor
Vehicle Safety Standards, it was felt their
application was justified for this amalytical
study. It should be noted that changes to
satisfy MVSS, if required by such special
purpose vehicles, should result in more added
mass in the electric version and an increase in
energy consumption relative to the gasoline
version. The delivery van selected for study
would be similar to a 240 cm wheel base, 330 kg
payload, electric mini-van that is commercially
available,

Determination of the mass of the battery-
electric powered version requires some critical
assumptions and an actual vehicle prototype
would be required to verify them. In this
study, the electric powered version curb mass
was assumed to reflect a 50 percent mass “com-
pounding" factor. Simply stated, this reens
that for every 100 kg of battery required,

50 kg of vehicle structure must be added for
suppert. The electric vehicle mass also re-
flects the estimated difference between gaso-
line and electric powertrain masses. An ex-
pression defining the curb mass of the electric
vehicle (EV) for a particular battery mass is
shown below:

Meurndev = Meurn?st = Mp/rdsy + Mo pdey

+M,  +M M

Bat omp
where a(nms“ =0.20 x (M, )e; (2)
Meomp = 0-50 x (Mg,,) (3)

The SI vehicle powertrain mass includes
the engine, fuel and exhaust systems, radiator
and grille. The 20 percent factor used to
estimate this mass is based on data for vehicles

ranging from sub-compact to full size. Al-

Table I - Gasoline Vehicle Curb Masses

Shopper {two-passenger) 426 kg
Commuter (two-passenger) 544 kg
Sedan (four-passenger) 816 kg

Delivery Van (454 kg payload) 1360 kg
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though determined for powertrain components of
conventional automobiles, the 50 percent mass-
compounding factor was employed because sub-
stantiation for a lower factor that might be
applicable to small, low performance vehicles
does not exist. .
Besides mass, other vehicle parameters
that require defir:ng so that an accurate
characterization can be made are frontal area,
tire size, rolling resistance and drag coeffi-
cients. The gasoline and battery powered
vehicles were both assumed to have the same
frontal area although in reality the EV would
undoubtedly be sorewhat larger in area to
accommodate the volume of batteries on board.
Little error would result however at the rela-
tively low speed driving cycles to be consi-
dered in this study. The frontal areas, tire
size, drag and rolling resistance coefficients
for the four vehicles are listed in Table 11.
The passenger car .vehicle coefficients are
based on experimental values determined for an
imported mini-car operating with radial tires.
They include transmission and axle spin losses.
The rolling resistance coefficient for the van
also includes spin losses and is based on tests
with LR78-15 radial tires. Wind tunnel test
measurements produced the drag coefficient.
Performance criteria established for the
four vehicle types were based on the assumption
that acceleration rates considerably less than
obtainable with conventional subcompact cars
would be acceptable in these special-purpose
vehicles. In order to avoid penalizing the EV,
range requirements felt to be the minimum
acceptable for each type of vehicle were chosen.
Such low level requirements should produce the
most favorable comparison for the battery-
electric vehicle. Increases in performance and
range would require additional batteries and
increase the electric-vehicle energy consump-
tion with respect to the gasoline version.
Listed in Table Il are the various performance

criteria established for each of the vehicle
types. Corresponding values for a typical SI
subcompact are shown for comparison.

It should be noted that these criteria are
not necessarily compatible with one another and
were set down as minimum guidelines to be
satisfied.

POWERTRAIN CHARACTERIZATION

The performance of the gasoline and elec-
tric powerplants were both defined using ex-
perimentally determined characteristics. The
electric motor performance was obtained from a
chopper controlled, series-wound 15 kW DC motor
designed for vehicular application [3]. The
characteristics of this motor are shown in
Figure 1. The efficiency levels for this
particular motor controller combination are
considered representative of currently avail-
able hardware of this type.

The mass of each electric motor considered
in this study was estimated using the corre-
lation shown in Figure 2. It is based on data
from the A. D. Little report [4] replotted as
shown. Other data obtained from the literature
along with that for the motors considered in
this study are also indicated.

The spark ignition engine performance used
for each vehicle type was scaled from experi-
mental data for a 1.2-liter, 4 cylinder, Euro-
pean car engine. This data is shown in Figure
3 a5 power-speed characteristics with specific
fuel consumption contours indicated. Scaling
to output levels less than the 42 k¥ rating of
this engine was done assuming efficiency was
unaffected. Such an assumption was ‘justified
using best specific fuel consumption dita from
a variety of engines plotted as a function of
percent of maximum output power. These dat.,
shown in Figure 4, indicate that all but one of
the engines considered, which have a 6 to 1
range of displacements, show minimum fuel

Tadle I « Yenicle Parsmeters

Frontal Arsa  Tire Size
al rev/in Drag Coef. Relling Regis. Coef.
Shopper 1.67 97 0.62 0.0133
Commyter 1.86 §97 0.62 0.0133
Sedan 1.6 597 0.62 0.0133
Yan 3.% “7 0.5 0.013)
Table 111 - Vehicle Performance Criteria Silea
griterfa Shopper  Cowmter Sedan Van  Compact
fasimm cor speed, km/h
2- grade, 24 km/h heacwing n» n
02 grade, 0 kn/h headwing n ~97 92 89 M2
Distence in & seconds, m 15 - - 12 23
Distance in 10 seconds, m - ] L ] - 122
0-48 km/h time, 3 20 - - [ 1] L3
0-72 ka/h time, 3 X X - 114
§2 grede speed, km/h 24 H ] (] 28 -
202 grade speed, tm/h -0 ~0 ~0 ~0 -
Electric vehicle range, tn L1 ] 120 ] n/a
Outy cycle, GHPG Central  Suburban Suburban Central
Business Business
District District

H=27



Fig. l-Characteristics of 15 kW direct cuzrent
motor with chopper control

1. Micias Sundarnew
2. GuA x¢P
3 CC. 0w
4 Ford-Lmm

T

Sooed ~

’

rig. 2-Relationship of dircct current motor mass

with rated cutput and speed

consumption levels within 20 percent of one
another. It was reasoned that scaling to 21 kW
or half the 4-cylinder rating is acceptable, as
a8 2 cylinder version would provide such perfor-
mance. In addition, scaling as much as another
67 percent to 7 kW at the same efficiency was
minimally permissible with some room for debate
as to its validity. :

The mass of the components unique to the
spark ignition enqine powered vehicle was
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Fig. 3-Engine performance map for 1.2 1, 4-cyl.
engine
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fig. 4-Minimm engine specific fuel consumption
versus percent of maximun output

assumed to be 20 percent of the curb mass as
was explained in the section above.

The remaining portions of the vehicle
driveline, including syncromesh transmission,
rear axle, clutch, and tires were also charac-
terized on the basis of current experimentally
determined information. In Table iV, the effi-
cfencies used throughout the study are listed.

A final consideration for each vehicle
powertain is the definition of the accessory
loads being driven. Two levels of load were
considered: a minimum load to provide for
ventilation, radio, power steering and power
brakes; and a much higher level to account for
maximum lighting, wipers, air conditioning or
an auxiliary heater if necessary. The power
requirements for the accessories are based on
data obtained from late model car equipment or



Table IV - Driveline Component Efficiencies

Tires 0.95
Rear Axle 0.96

Transmission:

12

Ratio 1

4.5 0
2.5 0.
1.5 0
1.0 1

equipment proposed for future production. The
gasoline powered vehicle accessories were
assumed belt driven in the conventional manner.
Figure 5 illustrates the variation in the
accessory requirements with accessory speed.
Drive ratios were selected to maintain ratios
of accessory speed (rev/min) to vehicle speed
(km/h) of 29.7 and 74.6 for the air condi-
tioning compressor and alternator, respec-
tively. In Table Vv, the accessory loads at

§6 km/h in 4th gear are shown for comparison
with the electric vehicle accessory loads.
Note that the maximum load assumed for the
gasoline powered van does not account for air
conditioning as it was felt none would be
required.

.96
.98
.0

-0

ATOn
ACONn
- N—ates. Lot

ARerngeer /'-"-l-l-

4000
Ascruary Sowd — rewimin
Fig. S-Accessories power requirements for SI en-

gine powered special Purpose vehicleg )

Tadle ¥ - Gasoline Venicle Accessory Loads
At 56 im/n, 4th Gear, Matts

Ninimm Hax fonm

Alternator 190 1000
Afr Conditioner (Shopper & Commuter) ] 10
Afr Conditioner (Sedan) 40 . 17%
Total - Shopper § Corrmter 230 2480
= Seden 220 210

« Delivery VYon 1% 1000

Table VI below lists the accessory loads
for the electric vehicle. They were assumed. to
be a constant load powered by the main battery
pack. HNote that the maximum load for the

electric powered van {ncludes an auxiliary
heater, which was assumed to be a 2.05 kW load.

Operation of the entire vehicle-powertrain
system was simulated using a complex system of
computer programs developed for this purpose
[5]. Standing-start, full-throttle accelera-
tion performance, gradeability and driving
schedule operation for the battery-electric
and spark ignition engine powered vehicles were
examined during the course of the study in
order to satisfy the performance criteria
established.

BATTERY MODEL

The battery model used for this study
consists of three basic constituents: (1) A
specific energy vs. specific power variation
for vehicle range determination; (2) an effi-
ciency value to account for internal battery
losses during the discharge and charge pro-
cesses; and (3) a charger efficiency.

The specific energy vs. specific power
characteristic reflects the amount of energy
(watt-hours) available from a given mass of
batteries discharged to a particylar terminal
voltage at a constant power level (watts).
Figure 6 {1lustrates the experimentally deter-
mined characteristics for a Delco-Remy lead-
acid battery developed in the late 1960's for
an electric vehicle prototype [6]. Also shown
in the figure are the characteritics for a
typical automotive SLI (starting-1ighting-
ignition) battery and a heavy duty traction
battery. Initially, the study was carried out
assuming the use of the high-energqy lead acid
batteries. It was later extended to include
nickel-zinc cells, also characterized in
Figure 6. It should be noted here that these
characteristics all reflect the use of bat-
teries operating at 294 K {70°F) with few
accumulated duty cycles.

In applying the battery characteristic to
driving cycle operation, it was assumed that
the amount of energy (kilowatt-hours) available
from the batteries is the value from Figure 6
at a power drain equal to the maximum demand of
the motor. When the available quantity of
energy was withdrawn, the next vehicle maneuver
requiring maximum power would result in the
battery terminal voltage dropping below a
specified "cut-off" level. The distance
traveled by the vehicle prior to *his instant
was then defined as its range. For example,
the energy consumption during operation over
one cycle of the driving schedule and the
maximum power demanded by the motor from the
batteries is calculated by the vehicle simu-
lator computer program. The total energy
available, assuming it is drained at this
maximum power rate, can be determined from the
battery characteristics in Figure 6. The ratio
of the tota) energy available to that used for
the single driving cycle calculation is the
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Table VI - Electric Vehicle Accessory Loads, Watts

Minimum Maximum

Radio k)| 3
Blower 144 144
Headlights 154
Brakelights 48
Wipers 55
Air Conditioner (Shoper & Commuter) 1640
Air Conditioner (Sedan) 2050
Power Brakes 10 10
Power Steering 70 70
Heater (Shopper & Commuter) 1640
Heater (Sedan & Delivery Van) 2050
TOTAL - Shopper & Commuter 255 2152

- Sedan & Delivery Van 255 2562
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Fig. 6-Specific cncrgy versus power characteris~-
ties for various lead-acid batteries and an ad-
vanced zinc-nickel battery

total number of cycles that can be driven at
the same vehicle performance levels.

This method of energy {watt-hours) addi-
tivity s a modification of the method of
charge (ampere-hours) additivity described by
Agruss [7], which is accepted as an accurate
method of electric vehicle range determination.
Cairns, et 21. [8], and Unnewehr [9], both
emphasized the importance of using the charge
additivity method. Although underestimates of
range were anticipated using the energy addi-
tivity method, paraliel calculations employing
the charge additivity method for one of the
vehicle types produced range increases of less
than S percent.

It is worth noting that considerable
energy is left in the battery, i.e., 40 to
50 percent, at the point where vehicle range is
determined by the driving cycle demands.
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Operating at reduced power levels would enable
additional range to be obtained at terminal
voltage levels above the "cut-off" value.

The efficiency of the charge-discharge
process was determined after making some addi-
tional assumptions. If charging is done over
an 8 hour period with a charger that allows a
Vinear current variation with time, as shown in
Figure 7, calculations made using the charge
characteristics obtained from Mueller [10] and
shown in Figure 8 produced a value of 2.26
watt-hours per ampere-hour added. Adding 10
percent more amgere-hours than were removed is
recommended by lueller and others to quarantee
a full charge. High energy Delco battery
discharge data at the 2 hour rate, indicates
1.93 watt-hours per ampere-hour drained.
Combining these values produces a charge-
discharge efficiency, o of about 78 percent.

nep - 1.93(-h/Ah)y  1{A-h), )
0 226w /AR) XTI .78 {4)

This value for charge-discharge efficiency
was used throughout the study. The efficiency
of the charging device was assumed to be 90
percent. This value is representative cf a
diode-reactor battery charger, a type suitable
for on-board vehicle applications.

Charge recuperation affects the available
range of lead-acid battery powered vehicles in
that, if left in the open circuit condition for
several minutes, the charge lev-1 of a battery
will rise. Driving habits that result in idle
or stop time that is substantially longer than
driving time will provide increases in range if
vehicle cold start effects do not become a
significant counteracting influence. The recu-
perative effects of such long idle periods were
not considered in this study.

Regenerative braking is another means of
{ncreasing vehicle range which was not consi-
dered in this study. Lead-acid batteries are
not aptly suited for the high charging rates
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Pig. 7-variatien in lead-~acid battery charge
rate with time

which would be encountered. Furthermore, {t is
the concensus of mest investigators [1, 6, nJ
that range would increase by less than 10 per-
cent.

VERICLE RANGE, PERFORMANCE AND ENERGY
CONSUMPTION

Each of the four vehicle types were
evaluated using the characterizations described
in the previous sections. The battery mass
carried by the EV's was varied to determine the
exact amount required to satisfy the driving
schedule range criterion. Al EV's were
assumed to have a 3-speed syncromesh trans-
mission to satisfy the gradeability require-
ments. The electric motor was sized and axle
ratio selected to satisfy the maximum vehicle
speed criterion regardless of the battery mass
carried. The spark ignition engine powerplant
for each vehicle type was sized similarly., A
4-speed transmission was assumed to provide
gradeability and a driving “feel® similar to
the electric version.

Vehicle acceleration performance was

H-31

BT T T T T 110

100

0

80
:
1
: :
8 &
: :
3
“

20 1 1 | | 1 1
0 10 20 30 40
Charge Rate — A/(100-A-h)

Fig. B-Lead-acid battery charging characterig-
tics (10)

determined assuming the minimum accessory load
in each case. Driving cycle range and energy
consumption was determined for both minimum and
maximum accessory loads. In Tables VII, VIII,
IX and X a summary of vehicle specifications,
performance, range and energy consumption are
shown for the shopper, commuter, sedan and
delivery van respectively. The mass of the
electric vehicles includes 150% of the battery
mass required to provide the range specified
due to the “compounding” effect discussed
previously. The performance and range criteria
initially specified are indicattd in paren-
theses. Only the range and maximum speed
criteria are satisfied exactly. The others
were used only as minimum value guidelines,
Except for the two-passenger shopper, the
gasoline powered versions accelerate somewhat
better than their electric counterparts.
Improving the performance of the EV's so that
their acceleration was identical to that of the
SI version would require increased motor output
and more batteries for the same range. Satis-
fying the maximum speed criterion therefore



Tadble Y11 - Two Passenger Shopper -

. Spark
Tectrt fonition

Yehicle Specifications:
Curd Mass {w/o Powertrain), kg 3 M
Rotor and Controls or Engine, k9 61 5
Satteries (High Energy Delco), kg 227 -
Mass Compounding £ffect, kg 114 -
Lead, kg 1% 138
Test Mass, 49 a’m 62
Transmission 3-speed 4-speed
Powerpliant Rating, ki 7.93 7.49
Performance Summary: .
Maz. Car Speed. ta/h 2) n n
Distance in 4 5, m 1$) 16.8 15.3
Distance in 10 5. ® €9.9 68.7
0-48 wa/h Time, 3 (20) 16.6 16.3
S pct. Grade Mas. Speed. km/h (24) )] 49
20 pce. Grade Sceed, km/h {-0) 1 1}
Driving Scnedule Range, tm

min, Accessories (40) 40.6 -

Mas. Accessories 2.1 -

Driving Schedule Lnerqy Consurption ot

AC Outlet or Service-Statian Pump, m)/km
Rin, Accessories . o.727 1.18
Maz. Accessories LN

Teble ¥i11 - Two Passenger Commuter

Spark
Qectric ~ lgnition

VYenicle Specivicetions:
Curp Mass ‘w/0 Jowertrain), kg 4% 435
motor ana Conzro's or ingine. &g 8 129
Batteries (nign cnergy Selcoj, &g 748 -
sass Cocpounaing iffect, kg b ) -
Loso, a3 136 136
Test ™e%8. «g un 620
Transaission 3-speed 4-3peed
Powerplent Rating, ¥ 23.47 17.94
Perforcence Sumrary:
Mas. Car ipeec. en/n

24 wmin neadwing, 2. Srage  (72) n n

0 kn/h Neacwing, 0. Grace 10l L 24
Distance in S s, & 9.4 48
Distence in 10 5. 2 193) 83,8 94.%
0-72 aavk Turam, s (30) .5 1.9
0-97 ks/n Time. 8 1.3 4.4
S pct. Grade Men. Speed, Lo/h 2¢) 9 %
20 pet. Grace Soeed, bo/n (-0} 20 ”
Drivirg Scneduie dunge. \n

“in, Accessorivs {80} 8.5 -

Maz, Accessories 5.4 -
Driving Scned.'e iner oy Consuruition at
AC Cutiet vr Service-S2aticn Pump, MJ/kn

Nin. Accessories 1.27 1.89

Max, Accessories 1.53 2.13

resylts in a lower 1imit estimate of the elec-
trical vehicle energy consumption.

The energy consumption values listed for
each vehicle refer to the amount obtained from
an AC outlet during battery charging or from a
retaf) gascline pump. To add meaning to these
values, converting the units from megajoules
per kilometcr to miles per gallon for both the
battery-electric and the spark ignition engined
vehicles is helnful.?

Reflecting on the values in Table XI
several things must be kept in mind. First,
the EV and SI economies are not directly com-

2
MPG =

(6.28 1bm/ca1){18600 Btu/1bm)(3.6 MI/kHh) _ 76.5
(%’n—) (3613 Btu/kWh)(1.609 km/mi) LY

Tadle 1X - Four Passenger Sedan

Spark
flectric Ignition
Yehicle Specifications:
Curd Mass (w/0 Powerteain), &9 653 €53
Motor and Controls or Engine, kg 136 163
Batteries (Nign Enrergy Delco), kg 1200 .
Rass Compounding Effect, &g 850 -
Load, kg 204 204
Test Mass, kg %40 1020
Transmiss ion 3-speed 4-speed
Powerplant Rating, kW 3%.19 20.36
nr'ocmnu Summary:
Max. Car Speed
24 km/h Hesdwind, 23 Grade  (72) r n
0 km/h Weacdwind, 0 Grade 109 9
Distance ind s, & 15.1 18.4
Distance in 10 8. ® ‘9! n.y 8.0
0-72 kn/h Tire, 3 30 3.5 22.3
0-97 km/h Time, s 0.3 6.8
$ pct. Grade Max. Speed, ka/h (2e) 50 €9
20 pct. Grade Speed, dm/h (>0) 16 4]
Driving Schedule Range, ke
Rin, Accessories (v20) 120.2 -
Max. Accessories 103.8
Oriving Schedule Energy Conswsption &t
AC m?n or Service Station Pump, Mi/km
Hin. Accessories .23 2.0!
Max. Accessories 2.5 2.67
Yadle I - Delivery Ven
Spark
flectrie lgnition
Vehicle Specifications:
Curd Mass (w/o Powertretin), g 1088 1088
Motor and Controls or Engire, Lg 168 72
Battleries (High Energy Delco). kg 1455 -
Rass Compounding Effect, &g 728 -
Loed, kg s 454
Test Mass, ke 389 1814
Transmission 3-speed $-speed
Powerplant Rating, kW n».2 25.08
Performence Swwmary:
Max. Vehicle Speed, ha/h iu.s) .5 88.%
Distance in 4 5, © 12) 14,3 15.3
Distance in 10 s, & 65.4 69.2
0-48 ka/h Tize, (1s) 17.6 13.7
0-72 ka/h Time, 3 9.8 n.i
§ pet. Grace Maa. Speed, ta/n (24) o 114
20 pct. Grade Speed. kna/h (-0) 1 29
Oriving Schedule Ramje, b0
Ni=, Accessories (e0) 0 -
Man, Accessories -] -
priving Schedule Energy Consu=ption at
AC Outlet or Service Station Pump, Ml/ka
Nin, Accessories .82 3.59
Max. Accessories 3.29 3.79

parable as the efficiency of producing and
distributing their energy supply has not yet
been considered. Second, the extremely high
values are a result of the small size and very
low performance capabilities built into each
vehicle. Third, the rapid drcp in electric
vehicle economy going from the shopper to the
sedan is due to the large increase in vehicle
mass, most of which is due to required bat-
teries. Such a2 large battery mass, particu-
larly in the small sedan, would never be con-
sidered practical, However the vchicle range
Iimitation of lead-acid batteries is aptly
illustrated.

Comparing the efficiency of gasoline and
battery powered vehicles without taking into
account the differences in energy consumption
which refiect vehicle mass differences is
commonly done. Such a comparison is meaning-
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Table X1 - Equivalent Oriving Cycle Econpmy
in Rtles per Gallon « Minimm Accessories

Shopper ter  Sedsn Ve
Battery-Electric 105 0 u 27
Spark Ignition [1] o 3 21

less, but the actual values can be of interest
{f not taken out of context. Determination of
the average operating efficiency over their
duty cycle revealed the values shown in Table
XIT for the electric and spark ignition engine
powered vehicles.

To illustrate the constant-speed level-
road range and energy consumption of the
vehicles at both accessory load levels, Figure

» 10, 11 and 12 are shown. Again, energy
consumption is referred only to the gasoline
pump or AC outlet. Of particular interest in
these four figures is the driving range at
steady speeds and over an operating schedule,
which is plotted on the ordinate. The impor-
tance of determining réange on a driving cycle
fs readily apparent. The same observation
concerning energy consumption can also be made
when comparing the Steady speed consumption
with the driving schedule consumption which is
also plotted on the ordinate.

ENERGY PRODUCTION AND DISTRIBUTION
The amount of energy consumed or lost

producing and distributing electricity and
gasoline nust be considered so that the util{-

1
2 ~ PASSENGER SHOPPER

Leag-Acsd Battery Elecwric
Sourk tprvtion Engane

- MMm
»
o

4

-
n

-
b

os

Energy Commmption ot AC Ovtist or Pumo

Venicie Sp0ed - hm ;
Fig. 9-Range and encryy consumption of two-~
Passenger shopper

. small scale pilot plant operation [12].
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Fig. 10-Pange and energy consunption of two-pa-~
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2ation of the Earth's

rime energy sources by
gasoline and battery-e

ectric powered vehicles
can be evaluated and compared. There are many
stepc involved in transforming crude oil to
electricity and even more in producing syn-
thesized gasoline from coal. Estimates on the
efficiency of these processes vary consider-
ably, sc care must be taken not to select
values that may bias the conclusions of any
energy utilization study. Listed belcw are the
efficiency estimates used for this study.

The only efficiencies shown in Taple XIII
that may vary considerably are those of elec-
tricity generation (32-38) and coal lique-
faction (35-85%5). Only the latest, very large
(700-1000 MW) generating plants have effi-
ciencies near 38 percent so a representative
value of 35 percent was selected. The onily
large scale liquefaction plant in operation has
an efficiency of aboyt 35 percent and the two
most practical processes being examined today
have efficiencies of 55 to 65 percent based on
A
value of 55 percent was used in this study.

The overall production efficiency of gasoline
and electricity originating from the two prime
sources, petroieum and coal, are fllustrated in
Figure 13,
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4 = PASSENGER SEDAN

Lesd-Acid Battery Elecrre

Enorgy Conmuenption ot AC Ovtiet o Purmg - MUAm

Fig. l1-Fange and energy consumption of four-pas-

senger sedan

VEHICLE PRIME SOURCE ENERGY UTILIZATION

Factoring in the production efficiencies
of gasoline and electricity to the calculated
energy requirements of each vehicle enables a
direct comparison between the requirements of
the battery-electric and spark ignition engine
povered versions to be made. These comparisons
are shown in Figures 14, 15, 16 and 17 for the
shopper, commnuter, sedan and van, respectively.
They are in the form of prime source energy
consumption in megajoules per kilometer over
the specified driving schedule as a function of
vehicle mass. The energy consumption of the
battery-electric vehicle is shown as a broad
band (reflecting the effect of accessory load)
increasing as vehicle mass is increased by the
additfon of batteries and associated structure.
The electric vehicle mass corresponding to the
desired range (i.e., 40 km for the shopper
vehicle with minimum accessory load) available
from the high energy lead-acid batteries con-
sidered in the study is indicated. The energy
consunption of the spark ignition powered
counterpart at its maximum and minimum acces-
sory load levels is plotted at the appropriate
vehicle mass.

In the top graph of each figure, a band
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indicating the significant effect of accessory
1oad on electric vehicle driving range is
shown. It should also be noted that the effect
of accessory load on spark ignition engine
powered vehicle range is also very significant
assuming a particular gasoline storage capa-
city. However, increasing the fuel-storage
capacity of the ICE-powered vehicle to provide
for accessories does not materially increase
its mass, which is in contrast to the EV case.
The data from all four vehicle types is
compared in Figure 18 assuming coal as the
prime source. Log-log coordinates enable the
broad range of vehicle mass and energy con-
sumption to be compared in the same figure.
Note that the data points spotted for each of
the special purpose vehicles is at the minimum
accessory load. Also shown is the driving
cycle energy consumption for a variety of
battery-electric powered vehicles as found in
the literature [1, 2, 6, 10, 13, 14, 15] or
reported publicly [16]. Equivalent encryy
consumption of the small General Motors' 512
spark ignition engine powered experimental
shopper [6], and three 1975 Chevrolet auto-
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Fig. 13-Production and distribution efficiencies
©of gasoline and electricity from petroleum and
coal .

mobiles [17], i.e., a d-cylinder Vega, a 6-
cylinder Nova and an 8-cylinder Impala are also
shown. As a point of reference these values
represent fuel economies of 47.6, (measured on
8 city driving schedule) 22, 16 and 12 mp
(measured on the EPA urban test procedureg
respect.vely.

To summarize the comparison, the ratio of
battery-electric powered vehicle to spark
fgnition engine powered vehicle consumption is
shown in Table XIV.

ADYANCED BATTERIES

Considering availability, durability and
cost, lead-acid batteries are the only storage
cells that can currently be utilized for elec-
tric vehicle application. The potential of

11

000
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Fig. 14-Range and pPrime source energy consumpti-
on of two-rassenger shoprer operating over cenz-
ral business district ériving gchedule

other battery types, however, should not be
ignored. Nickel-zinc batteries are currently
the most advanced type adaptable to vehicular
application in the near term. Using the
specific energy-specific power variation shown
in Figure 6, vehicle range can be determined in
the same manner as for the lead-acid battery.
Figure 19 illustrates the significant vehicle
mass reductions possible when nickel-zinc
batteries are used in place of the high-energy
lead-acid type originally considered. [f the
overal) charge-discharge efficiency of 70 per-
cent assumed for the lead-acid batteries is
assumed for the nickel-zinc batteries, vehi-
cular prime-source energy consumption can be
obtained directly from Figures 14 through 17 at
the lower test masses required using the
nickel-zinc batteries. In Table XV, the
ratios of nickel-zinc battery-electric powered
vehicle to spark ignition engine powered
vehicle energy consumption are shown.

The 10 to 40 percent improvement over the
lead-acid battery based values of Table XIV

H=-35
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{1lustrate the desirability of advanced bat-
teries, particularly in longer range vehicles.
High temperature batteries, such as

Yithium-sulphur and lithium-chloride offer
potential increases in energy density of from 5
to 10 times that of the lead-acid battery.
Although such increases result in an energy
capacity less than two percent of gasoline

(~ 12000 Y-h/kg), these cells may make it
possible for a very limited range electric
vehicle to weigh no more than a comparable
gasoline fuelecd vehicle. Linearly extrapo-
lating the prime source energy consumption for
each battery-electric vehicle type to the test
mass of the comparable spark ignition engine
powered vehicles, enables a comparison of the
two vehicles to be made at equal test masses.
Table XVI lists the enmergy consumption ratios
obtained in this manner.

ADDITIONAL CONSIDERATIONS

With the exception of advanced battery

er operating over sub-

considerations, the study thus far has been
1imited by the guidelines and assumptions set
down at its onset. If some of these guidelines
are relaxed and projections are made of elec-
tric motor efficiency levels, advanced battery
performance, improved generating plant effi-
ciency, etc., the EV energy consumption is
improved with respect to the SI engine powered
vehicle. Conclusions based on any unsubstan-
tiated assumptions are without meaning and
therefore will not be made. However, consi-
deration of alternate assumptions and guide-

. 1ines, if based on sound reasoning, will lend
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credence to some projections for the fyture.
Electrical component efficiency increases
of 4 to 5 percentage points from the levels
shown in the motor performance of Figure 1 are
anticipated. Such increases could result from
jmproved chopper controller performance and the
use of a small choke (inductance) to reduce the
magnitude of the controller produced voltaye
pulsations seen by the motor. A dual chopper
system to 1imit the voltage variations reauired
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at part lcad conditions will also increase
motor efficiency, as will the use of a sepa-
rately excited motar in place of the series
wound type considored in this study. The
potential for an overall § percent reduction in
vehicle energy consumption over a driving
schedule is felt to be reasonable for these
reasons.

A critical assumption made at the study
onset is the 50 percent overall mass “com-
pounding” factor assumed for the electric
vehicles to account for the additicnal mass
required to support the batteries carried.
Although no substantiation for a lower factor
exists, the basis for the 50 percent value used
is a study of only conventional, relatively
high performance cars. It has been suggested
that since the vehicles under consideration are
very small and have low performance, consi-
deration should be given to a lower compounding
factor, such as 30 percent. .

One final consideration pertains to the
spark ignition engine efficiency levels assumed
for the study. Though reasonabie Jjustification
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exists for maintaining these levels for scaled-
down versions of the engine, there is still
room for debate as to the vatiditv of such an
assumption when applied to such a smal} poser-
plant. To allow for the possibility of luwer
efficiency levels in the scaled down engines, a
more or less arbitrary 20 peccent increase in
overall vehicle driving cycle fuel consumption
was considered for all the spark ignition
engine powered vehicles.

The three additional considerations out-
lined above were incorporated using the study
results previously obtained, for both lead-acid
and nickel-zinc batteries. Only the minimum
vehicle accessory load was considered. In
Table XVII, the results of these comsiderations
are presented as the ratio of battery-electric
to spark ignition engine vehicle energy con-
sumption.

In Figure 20, a summary of the calculated
prime source energy consumption for the four
types of vehicles powered by electricity and
gasoline are shown. The ranges of encrgy
consumption values indicated by the hatched
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Table X1V - Prime-Source [nergy Comsumption Ratio:
Lead-Acid EV/SI (Minimm Accessory Load)

troleus Cos)
Shopper 1.88 .97
Comuutar 2.8 1.26
Seden 3.3 1.78
Oelivery Von 2.4 1.2¢

sections at the top of the bars result from the
variation of the mass "compounding" effect and
the powertrain efficiency levels described
above.

In summary, it can be said that a battery-
electric powered vehicle utilizes petroleum
derived energy much less efficiently than an
jdentically performing spark ignition engine
powered vehicle. The use of advanced high
energy batteries, increased efficiency electric
components and significant EV mass reductions
will not reverse this situation. Only if
petroleum is unavailable for use is there any
energy ccnsumption advantage for electric
vehicles.
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Comments for OST File No, 42
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5383 HOLLISTER AVE. - p.0, 8OX 3587
SANTA BARBARA, CALIFORN)A 93108
TELEPHONE (805) 964.772¢ » Twx 910-334-1193

The following comments deal only wich electric vehicles, They are based
On experience obtained in Preparing comprehensive analyses of the impacts
of future electric car use in the Los Angeles, si, Louis, and Philadelphin

urban regions,l,2
1. Electric vehicles should not be covered by Tit

2. Energy requirements of electrie vehicles may b
energy Tequirements of fuel-consuming vehicles accor
use of the Primary énergy resources for electric ree
fuel oll, and nuclear materisls. Sych comparisong g
any general} conclusions, however, for Several reason

a. the mix of Primary eénergy sources which
provide recharge power for electrice vehi
from one urban region to another, and wi
region according to time of day and seas

Trecharges and the frequency with which ¢
"equalizing" charges in order to enhance
function;

8 are not directly compa

electric vehicle
vehicles ip driving range and Performanec
or impossible to select or define an "eq
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Comments for OST File No. 42 -- page 2 March 22, 1976

vehicle for energy comparison with a given electric
vehicle: typical electric vehicles ove much of their

low energy use to their low accelaration, topspeed, hill-
climbing ability, and driving range, all of which are
usually much less than those of gasoline vehicles with
equal payload capability. There is no reasonable way to
equalize all these factors simultaneously.

3. Inclusion of electric vehicles would discourage, not encourage,

their introduction into production and commerce. Most electric vehicle
production and development is now accomplished by small businesses, vhich
would find federal requirements for testing and documentation a considerable
impediment to marketing electric vehicles.

1n summary, we feel that energy economy standards for electric cars are
neither feasible nor desirable. The real importance of electric cars lies
in their ability to provide highway transportation from energy sources
other than petroleum. This they camn achieve regardless of their overall
energy efficiency.

AT e CL

William Hamilton

Director, Tramsportation Prograns .
General Research Corporation
Santa Barbara, CA

nr
REFERENCES
1. Impact of Future Use of Electric Cars in the St. Louis and

Philadelphia Regions, Report TEC-75-006, United States Energy
Research and Development Administration, Washington, September
1975.

2. Impact of Future Use of Electric Cars in the Los_Angeles Region,
Report EPA-460/3-74-020, U.S. Environmental Protcction Agency,

Ann Arbor, October 1974.
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LUCQS I“dustries Lucas Industries Limited

Central Legal Department
Shirley Solihull
West Midlands B30 4JJ

Telephone: 021-744 8522
Telex: 336749

The Docket Clerk 5 April 1976

Office of the General Counsel EHB/SEM
T - G - C L 3

Department of Transportation
Washington D.C. 20590
U L3 s IA -

Dear Sir

OST File No 42 - Notice 76-2

We enclose herewith the comments of our Electric Vehicle Development
Project on the above matter.

Yours faithfully

for and on behalf of
LUCAS INDUSTRIES LIMITED

. ’/-3.//
i Fer
- Ly )i

E H Blount (Miss)

Registered office Great King Sweet Birmingham 819 2XF Registered na.54802 London
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O5T FILE NO 42; NOTICE 76-2 Telephane : 021-744 8522

FUEL ECONOMY STANDARDS FOR ELECTRIC AND - Telex: 336749
OTHER NON-FUEL VEHICLES
RCQUEST FOR INFORMATION AND PUBLIC COMMENTS S April 1976

Joseph Lucas Limited ("Lucas") is a subsidiary of Lucas Industries Limited
and is carrying out a number of projects on the development of battery-
powered electric propulsion systems for road vehicles, and would comment
as follows.

1 Referring to the extent to which electric and other non-fuel
vehicles should be covered by Title V: Lucas observes that
fuel economy standards have been introduced for the purpose
of conserving liquid hydro-carbon fuel in the U.S.A. Electricity
can be produced without using such fuel and Lucas avers that
the application of fuel economy standards to electric vehicles
does not assist this primary purpose.

2 From observations made so far Lucas has reason to believe
that the standard test cycles used to compare gasolene-
engined vehicles with one another are inappropriate for
electric vehicles. Lucas intends to establish alternative
methods to enable the performance of electric vehicles to
be compared with one another and for electric vehicles to
be compared with gasolene-engined vehicles. It will be
some time before this work is completed.

3 Regarding the extent to which the inclusion of snch vehicles
would stimulate their production and introduction into commerce:
Lucas is of the opinion that an electric vehicle will be shown to
be no less efficient in its use of primary energy resources than
a gasolene-engined vehicle, even if the primary resource
considered was confined to liquid hydro-carbon. No proof
of this could be produced in the time available and further-
more Lucas considers that a bias exists against electric
vehicles because thoere is a certain fixation in the public
mindwith the ut:ili ation of refined gasolene. If electric vehicles
can be fairly ..  -<sed, they will he sitown to be efficient and
desirable, an.- i introduction an< production will certainly
be stimulated

4 Lucas has no recommendations for legislative action at
this time.
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ELECTRIC VEHICLES
NATIONAL SALES & SERVICE
453943 S HWY 27-S0UFH R -3 BOX 1963-ASEBRING, FLORIDA-A3B70/ PHONE (813} 285-6115--

Sebring Air Terminal, P. O. Box 1479, Sebring, Florida 33870
Telephone: (813) 385-1561

>y

March 8, 1976

4

Mr. Richard L. Strambotne

Chief, Energy and Environment Division
Office of the Assistant Secretary for Systems
Development and Technology

U. S. Department of Transportation
Washington, D. C. 20590

Dear Mr. Strambotne:

We are grateful to the Department of Transportation for the attention
you are giving to the develepment of the electric car industry in the
United States. '

To dispute your statement in a recent issue of TRANSPORTATION USA, I
am pleased to enclose some information on the energy efficiency of
CitiCar. It is quite self-explanatory.

If you have any other questions about CitiCar which I might be able
to answer, please do not hesitate to contact me.

Sincerely yours,

S ShA W =

Robert M. Stone 11
Marketing Manager

RMS:iah- Enclosures:

Fact Sheet/Calculation Sheet
Passenger Protection Plan
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ELECTRIC VEHICLES

NATIONAL SALES & SERVICE

Sebring Air Terminal, P. 0. Box 1479, Sebring, Florida 33870
Telephones: (813) 385-5116 and 385-1561

HOW MUCH OIL AND MONEY YOU COULD SAVE BY DRIVING AN ELECTRIC

CITICAR INSTEAD OF A GASOLINE-OPERATED SUBCOMPACT . -
ECLECTRIC CA2 GAS-OPERATED SJECCMPACT
‘Typical Daily Usage 25 Miles 25 Miles : =
Time Pericd One Year/365 Days One Year/365 Days
Total Mileage . 9,125 Miles 9,125 Miles
Energy Consumption Rate 3.92 Miles/KWH ® ? 20 Miles/Gal. of Gasoline
. (Kilowatt Hours) :
Total Energy Consumption 2327.8 KH 456.25 Gals. of Gasoline
Consumer Cost $93.11 (4¢ per kW) $273.75 (60¢ per Gal.)
No. of KWH Generated by K
Power Plant 0il 372.448 X\H #» NA =
+Gal. of Crude 0il Required 29.7 gﬂshgf Crude 543.2 Gals. of Crude 0il ##an

SAVINGS OF OIL, ELECTRIC VS. GAS: S513.5 GALLONS OF CRUDE OIL PER YEAR OR $180.641

* Bascd upon Octoter 1, 1975, Energy-Efficiency Test of 1976 CitiCar, with
standard equipment. A kilowatt hour is a unit of measure for electricity
usage. . :

*¢ Nationwide, only 16% of all electricity is oil-geperated.

aas Each gallon of crude oil can generate 13.5 KiMs of electricity, all trans-
mission inefficiencies taken into accoumt. Refining process of power plant
(distillate) fuels is about 93% efticient, -

#4488  Represents 843} overall efficiency in gasoline refining,

. If ten mil}ian Americans drove an electric car (an averags of 2S miles per day) instead
of a gasoline-operated subcompact, we could reduce our oil imports by over 121 millien
barrels per year.

Lo e - e TN eme-

HELP AMERICA BECOME ENERGY INDEPENDENT - DRIVE AN ELECTRIC CITICAR.

Revised SV-1/76
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ELECTRIC VEHICLES
NATIONAL SA! S & SERVICE

Sebrirg Air Terminal, P. O. Box 1479, Sebring, Florida 33870
Telephones: (813) 385-5i16 and 385-1561

WY CURRENTLY AVAILABLE ELECT.YC CARS OFFER A PRACTICAL
ALTERNATIVE TO THE GASOLIME AUTCMOBILE

33.7% of all autorobile travel is driving to and from work where the
average trip length is 9.4 miles and the average mumber of occu-
pants per car is 1.4. :

19.3% of all automcbile travel is for family business (shopping,
doctor appointrments, etc.) where the average trip length is 5.6
miles and average occupants per car nunber 2.0.

87.5% of all automobile trips are 15 miles or less, one way.

The average annual miles driven by male licensed drivers are 11,352

or 31 miles per day. The average annual miles driven by female

licensed drivers zre 5,411 miles or 15 miles per day.

There are about 24,000,000 households in the United States which

gt;n two or more cars. [This represents 33.8% of all U.S. house-
lds.

In 1973, the average miles per gallon travelled was 13.10 mpg. This
is lower than the 1972 figure of 13.49 mpg.

In 1973, the average miles per vehicle was 9,992 annually, down from
10,184 the ycar before. This is equivalent to 27 and 28 miles -per
day, Tespectively. *

* Compiled by the Motor Vehicle Manufacturers Association, 1975
AUTGMOBILE FACTS & FIGURES.

Hertz Leasing Corporation has reported that the cost of operating a
gasoline car is highest for cars driven 10,000 =iles a year or less.
The 1975 estimates show that casts range from Zi:'a mile for a sub-
compact, to 24¢ a mile for an jntermediate-size =o-door sedan, to
31¢ a mile for a standard-size car, all at the 1{.000 mile per year
Tate.

The cost of operating CitiCar 1s expected to be -aach less than a con
ventional car. All over America, thousands of prople are switching to
electric cars to save money and unccrplicate thsir lives. Examine
your own driving habits considering tne sbove in srmation. Perhaps
you, too, should own an electric car for most ~f your driving needs
and use a gasoline car or mass-transportaticn £:7 long distance travel.
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The 1976-1/2 CitiCar is equipped with the following standard features:

Integral rollbar-type passenger protection system

Bright impact-resistant space-age plastic body (Cycolac) rust
and corrosion-proof

“Silent drive' Dana Differential

Door/Window Locks

Fully Automatic Solid State On-board Built-in Charger

6 Horsepower G.E. Motor

Heavy Duty Electric Car Batteries by Exide

“"Fuel-less' Heater/Defroster System

Custom Sliding Windows

4-Wheel Bendix Brakes

Dual Master Cylinder

Drip Rail Moldings

Rear Carpeting

Custom Woodgrain Dashboard

Auxiliary Battery

High Impact Urethane TS

Laminated Safety Glass Windshield

Shoulder Harness Seat Belts

Inner Door Straps

Dual Speed Windshield Wiper

Windshield Washer

Emergency Flashers

Back Up Light

License Plate Light

Sideview Mirror

Rearview Mirror

Courtesy Light

25" HD Extension Cord

Speedometer/Odomete

Voltmeter :

Ashtray

Wheel Covers

Vinyl Top

tomorrow’s transportation here today!
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
q‘mo" WASHINGTON, D.C. 20460

9 t.il!-\' ) ‘," y
" OFFICE OF THE
ADMINISTRATOR

A-DOT-A86097~-00

Docket Clerk
Office of the General Counsel

Department of Transportation (TGC)
400 Seventh Street, S.W. ‘

Washington, D.C. 20590
Dear Sir:

This will respond to your March 3, 1976 Federal

Register, Request for Information and Public Comment on
two items: (1) Fuel Economy Standards for Electric and

Other Non-Fuel Vehicles (OST File Number 42; Notice 76-2):
and (2) Fuel Flow Meters (OST File Number 4; Notice 76-1).

Fuel Economy Standards for Electric and Other Non-Fuel
Vehicles ’

Enclosed is a recently prepared EPA fact sheet
entitled "Electric Vehicles as a Solution to Air Pollution
and Fuel Shortages." We believe you will find the
information to be helpful, especially with respect to
your question on the manner in which the 2nergy requirements
of electric and other non-fuel vehicles may be compared
with the energy requirements of fuel-consuming vehicles.

Fuel Flow Meters

The effectiveness of fuel flow meters in reducing
national fuel consumption will depend upon the degree to
which the instruments are heeded by the driving public.

One way to ascertain the probable effectiveness of

this type of device would be to install such meters on a
large group of in-service automobiles, monitor the fuel
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economy achieved by these cars over a given period of time,
and then compare those results with the fuel economy
achieved during the same period of time by an equally

large controlied group of cars (of identical specifications)
not equipped with the meters.

We believe, however, that an instrument, sensitive
to changes in throttle position might be a more effective.
device for promoting good driving habits than would be a
fuel-flow meter (such as you propose). Since instruments
that read directly in miles-per-gallon must necessarily
sense fuel-flow rate, probably between the fuel pump and
the carburetor, the instantaneous fuel-flow rate changes
that occur in the carburetor with throttle position
changes are to a degree damped out when measured up-stream
of the carburetor. A manifold vacuum meter or a set
of lights operated by manifcld vacuum would be sensitive
to and indicate the momentary changes in throttle position
caused by the driver, thus making it a more sensitive
and effective device than a fuel-flow meter. Of course,
effectiveness of even this type of meter would depend
upon the driver's heeding its readings.

If you have any questions regarding the above comments,
please contact elther Mr. George Kittredge of the Office
of Mobile Source Air Pollution Control (Tel. No. 426-2514)
or Ms. Meri Bond on my staff (Tel. No. 245-3006).

Sincerely yours,

IIQUL*£44& w. ,q';bwwrv~bN__—-

Rebecca W. Hanmer
Acting Director .
Office of Federal Activities (A-104)

Enclosure
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"¢ oot WASHINGTON, D.C. 20460
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Electric Vehicles as a Solution
To Air Pollution and Fuel Shortages

The Environmental Protection Agency has received many inquiries
about the feasibility of using electrically-powered vehicles as a
solution to air pollution problems and fuel shortages. This Fact
Sheet has been prepared to respond efficiently to those inquiries.

Technical feasibilitvy of Electric Cars

Electric vehicles were in common use early in this century.
However, with the gradual improvemeat in internal combustion engines
electric vehicles could ne longer compete in terms of range of
travel, ease of refueling, and acceleratiom and high speed character-
istics. Widespread use of electric cars was abandoned in this
country except for highlyv specialized and limited sheort range
applications.

The EPA has sponsored studies on the technological, energy,
environmental, and economic impacts associated with presently
available and projected future electric car technology and its
application. These studies are being contiaued by the Eaergy
Research and Deveiopment Administration.

Although there is room for seme engineering advances to
improve performance and efficiencies of electric vehicles, the
basic technolcgy required to build such vehicles is readily
available. However, the major obstacle standing in the way of
the widespread use of electric vehicles to meet urban transportation
needs is the unavailability of batteries of acceptable cost with
sufficiently high power and energy density to provide adequate
vehicle range and road performance, approaching that of conventional
gasoline-fueled vehicles of comparable utility. Unfortunately,
the lead-acid batteries in common use, and used in the few eiectric
vehicles on the market today, are inadequate to provide such operating
range and performance. .

Batteries currently available limit electric vehicles to a
range of from 30 to 50 miles of low-speced urban driving before
needing electric recharge. Development programs are in progress
to develop higher performance batteries, but the technolozy needed
to produce practical versions of advanced batteries is not expected
to be available beforaz 1980 at the earliest.

FS-19
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Relative efficiency of energy use by Electric Cars

Electric cars with advanced types of batteries could be of
comparable efficiency to their ICE counterparts; however the
major advantage of electric cars over the ICE is not improved
efficiency but their ability to utilize power generated from more
abundant energy sources. The electric car would still provide
reduced range. In addition, acceptance of electric cars would
necessitate scme changes in the ways the general public uses their
cars, to accomodate the lessened capability to support accesory
and comfort subsystems such as heating, air conditioning and other
power consuming accessories, as well as inherently reduced range.

Vith lead acid type storage batteries of the types available
today, an electrically powered car with performance features that
approach as much as possible those of comparable utility internal
combustion engine powered cars would consume more energy, if it
is assumed that the energy in both cars is derived from petroleum.
However, if the energy were derived from coal, the comparison
would favor electrically powered vehicles, because coal .can be
burned directly to generate el®ctrical power for tharging the
batteries of the electrics, whereas it must undergo extensive chemical
conversions having relatively low efficiencies in order tc be converted
into gasoline of a quality which can be utilized in internal combustion
engines. Thus, the real potential for widespread use of electrically
powered vehicles in future years lies in their inherent independence
on the type of fuel used to generate electricity, and thus their
ability to reduce petroleum consumption.

Until advanced batteries are developad, or until a shift is
made from petroleum to coal as a primary source of energy for both
electric power generation and for autometive transportation, it is
not realistic to expect a significant substitution of electric
cars for gasoline-powered cars, and thus not realistic to count on
environmental beneiits in terms of reduced air pollution from the
use of electric cars.

Over the very long term, the ability of electric cars to
utilize encrgy generated by nuclear power plants and hence
be completely independent of fossil fuel reserves, would scem to
be a compelling reascn to continue with research and development
on better batteries. . However, the increasing public concerns
over safety of nuclear systems would appear to cast some doubt
on the prospccts for rapid expansion in this directiom.

OMSAPC/March 1976
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UNITCD STATES
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
WASHINGTON, D.C. 20545

Aep g 1976

Docket Clerk, Office of General Counsel
TGC, Department of Transportation
Washington, D. C. 20590

Dear Sir:

This letter provides comments in response to the notice appearing in
the March 3, 1976, Federal Register (OST No. 42) for information
regarding the advisability of including electric and other non-fuel
vehicles within the coverage of Title V of the Motor Vehicle Infor-
mation and Cost Savings Act of 1972. These comments represent the
position of the Office of Conservation of the Energy Research and
.Development Administration. This Office has responsibility for
implementing the authorities of ERDA with regard to Research, Develop-
.ment and Demonstration of electric vehicles.

The statements presented in A and B below are based on the fact that the
mandatory fuel economy standards for new motor vehicles powered by gasoline
and diesel fuels were imposed with the purpose of limiting the future usage
of petroleum, and not for the purpose of regulating vehicle energy efficiency,
.per se. This limitation is important in that the issue of "relative value"

of petroleum-, coal-, and nuclear-based energy sources is raised when
considering the four questions specified in your request for informatiom.

A. Electric Vehicles

The term."electric vehicles", as utilized herein, refers to all vehicles
.designed specifically to obtain all or a major portion of their motive

. energy requirements from electric power generated by utility power plants.
It thus encompasses all-battery-powered vehicles, flywheel-with-electric-
-drive-motor vehicles, and battery or flywheel "hybrid" vehicles which
may also contain a heat engine for range extension or minor recharging
purposes. These vehicles are being offered with the principal objective
of shifting the resource base from petroleum-based gasoline and diesel
fuels to electric power generated by the current petroleum/coal/nuclear
utility system and by the future utility systems energy resource mix
(e.g., coal, nuclear, solar, geothermal).

1. The Extent to whicn Electric Vehicles should be covered by Title V

Title V imposes petroleun-bzsed fuel consumption restrictions on the
manufacturers of vehicles designed to use petroleum-based gasoline
and diesel fuels. The manufacturer of an "electric vehicle" (as
defined herein) in the strict sense has no control over the anount
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of petroleum being used by the United States utility system in
producing the electrical energy to be required by "electric vehicles".
Current and projected trends imply a gradual conversion from the
present petroleum/coal/nuclear mix to a less petroleum intensive
resource mix at some point in the future. To impose petroleum-based
fuel consumption restrictions on the manufacturers of electric vehicles
would requzre the establishment by the government of a "petroleum
equivalency" factor for utility power generation which could then be
applied to the energy requirements of the electric vehicle over a
federal test cycle. Such a "petroleum equivalency" factor would be
expected to change with time as the energy resource mix of the utility
system changes. Since the "electric vehicle" industry is not well
developed and projected sales in the time period of interest are small,
it would seem premature to consider covering them in Title V at this
time, in view of the foregoing uncertainties.

The Manner in which the Energy Requirements of such Vehicles may

be compared with the Energy Reguirements of Fuel-Consuming Vehicles

Assuming a given equivalent federal test cycle, the measured energy
requirements of the "electric vehicle" over the test cycle would have

to be adjusted to account for the efficiencies of battery or flywheel
recharging, electric power transmission from the power station to the
charging facility, and for power generation inefficiencies, in order

to compare the energy utilization characteristics of the two vehicle
classes. To compare on the basis of petroleum utilization, the
"petroleum equivalency" factor noted in 1 above could thea be applied

to the electric vehicle. If the utility resource mix were predominantly

"coal and nuclear, for example, the "petroleum equivalency" factor would

be near zero in this case, for all-electric vehicles. Hybrid vehicles
utilizing on-board heat engines would have to account for actual
petroleum consumed in the test cycle plus the "petroleum equivalent"
of the electric power used.

Based on current electric vehicle technology, on an energy basis of
comparison, electric vehicles and petroleum-base~fueled vehicles
consume approximately the same amount of energy when the inefficiencies
of power generation, transmission, and recharging are considered.

Thus, the major potential of the electric vehicle is not to save total
energy, but to aid shifting the resource base to non-petroleum
generated power.
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The Extent to which inclusion of such vehicles would stimulate
their production and introduction into commerce

Assuming that "electric vehicles" were included in Title V

(including the determination of the requisite "petroleum equivalency"
factor and similar values for recharging, generation, and transmission
losses), the net result should be that a manufactured electric

vehicle would be credited with or assigned a very high "equivalent-mpg"
value because of very low consumption of petroleum in the utility
power system resource mix. By being included in Title V, if the manu-
facturer also produced gasoline or diesel fueled vehicles, his

ability to meet the sales-weighted mpg requirements of Title V would
be considerably enhanced if he produced a sufficient number of
electric vehicles. On this basis, a manufacturer could be encouraged
to develop, produce, and market such vehicles, at least to a limited
extent. On the other hand, the extremely low "petroleum equivalency"
values (i.e., very high "equivalent mpg" values) for the electric
vehicles produced, for the stipulated mpg standards set forth in
Title V, would permit this same manufacturer to increase the petroleum
consumption of his gasoline and diesel fueled vehicles (decrease

their mpg capabilities) and still meet the standards.

Recommendations for Legislative Action

. It i8 recommended that continuing assessments of electric vehicle

technology, capability, and manufacturing status be carried out, perhaps
by ERDA for DOT, in order to advise the Congress at the appropriate time
as to the nature and extent of energy-efficiency regulations that are
compatible with electric vehicles.,

Other Non-Fuel Vehicles

The term "other non-fuel vehicles", as utilized herein, refers to all
vehicles designed specifically to obtain all or a portion of their motive
energy reéquirements from non-petroleum-based fuels carried on-board the
vehicle. It thus principally includes conventional type automotive
vehicles using coal-derived gasolines and distillates, methanol and
methanol-gasoline blends, and hydrogen.
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- 1. The Extent to which other non-fuel vehicles should be covered

by Title V

To the extent that Title V is aimed at reducing petroleum consumption,
the "other non-fuel" vehicle class accomplishes this purpose by direct
fuel substitution. However, the restrictions of Title V are imposed
upon the vehicle manufacturers, not the alternative fuel producers.
The inclusion of "equivalency factors" or "credits" for non~
-petroleum-based fuel use in Title V would not impose any hardship

on a motor vehicle manufacturer and possibly could encourage
cooperation between vehicle manufacturers and fuel producers which

in turn, could accelerate the use of non~petroleum-based fuels

.such as coal-based gasolines and distillates, methanol, and
-methanol-gasoline blends. In the case of hydrogen, it is generally
agreed there will be no substantial production in the next decade,

and still no definition as to its eventual form of storage on-board
the vehicle (e.g., liquid vs. hydride storage); therefore, it would
-seem inappropriate to include hydrogen at this time. :

2. The manner in which the energy requirements of such vehicles
may be compared with the emergy requirements of fuel-consuming
-vehicles

It is suggested that the most straightforward method of comparing
non-petroleum fuels with petroleum fuels is to compare their lower
‘heating values in Btu's, and to adjust mpg values in accordance
with the ratio of lower heating values.

In addition, in order to stimulate the use of non~petroleum fuels,
a system of "credits" or "equivalency factors" could be devised
to increase the mpg rating of a vehicle designed to operate on
non-petroleum fuel, based on the need and desire of the government
to stimulate such use.

3. The extent to which inclusion of such vehicles would stimulate
their production and introduction into commerce

As noted in item 1 above, if non-petroleum-based vehicles were
included in Title V and provided with an incentive in the form of
a credit or a mpg-multiplier factor, this could result in pressure
on the part of vehicle manufacturers to have such fuels made
available for more general use.
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- 4. Recommendations for Legislative Action

It is recommended that an analysis and assessment of methods
and .techniques for developing and establishing credit factors
.be carried out for non-petroleum-based fuel use for possible
. lat=c inclusion in Title V-type regulations in order to provide
guidance for the automotive manufacturers and fuel producers.

Sincerely,

Rene Andia

.Gene G. Mannella
Deputy Assistant Administrator
for Conservation

cc: E. Stork

R. Hemphill
T. Ratchford
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OPERATIONS GROUP
Washington, DC 20260

April 8, 1976

Docket Clerk

Office of the General Counsel
TGC

Department of Transportation
Washington, DC 20590

Subject: OST File No. 42; Notice 76-2, "Fuel Economy
Standards for Electric and Other Non-Fuel
Vehicles"

Gentlemen:

The U. S. Postal Service has experimented with electric
vehicles since the early 1900's. As new concepts with
potential for Postal Service use have become available,
they have been evaluated and tested. The fuel crisis of
1973 provided greater impetus to the electric vehicle
program and to the search for viable alternative fuels to
replace petroleum. Additionally, each one-cent increase
per gallon in the cost of gasoline costs the Postal Service
about $3.5 million per year.

Our studies and tests have clearly demonstrated the opera-
tional feasibility of using electric vehicles in mail
delivery on the shorter, more level postal routes. They are
non-polluting at least in ground level emissions, quiet and
essentially vibration-free when compared to conventional
internal combustion engine (ICE) vehicles. After 2 years of
testing 30 electrics our records reflect that they have
operated cheaper than ICE's in both maintenance and "fuel".
It is too early for valid life cycle cost projections but we
are encouraged by the program thus far.

The Postal Service procured 350 AM General electric, 1/4-ton,
delivery vehicles which have just been received. They are
Being placed in delivery operation and detailed cost account-
ing procedures installed. Data gathered, including energy
use, will be used to evaluate the vehicles and their ccst
effectiveness and to guide plans for procurement of additional
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electrics within the next year,

Our experience indicates that in the Postal Service delivery
cycle electric vehicles require only 75 to 80% of the total
BTU requirement of gasoline vehicles on the same cycle
(measured from oil well or coal mine to the vehicle drive
wheels). A major factor in this reduction is the impact of
engine idling on gasoline economy. '

From what we have learned in keeping abreast of developments
in other than electric vehicles (i.e. hybrid, hydrogen
fueled, energy flywheels, etc.) we conclude that their treat-
ment in relation to Title V should be similar to that of
electric vehicles. - .

Comments concerning Section 512(b) items are:

Item 1. The extent to which electric and other non-fuel
vehicles should be covered by Title V.

Comment. Electric and other non-fuel vehicles have not
enjoyed the widespread use necessary to establish a base
from which to determine valid fuel economies which may
reasonably be required of them. It is suggested that
mandatory fuel economy measures may be more equitably
applied when the vehicles have been more fully developed

and have accumulated more user experience and acceptability.
The uncertain future of petroleum supplies may require that
other fuels be used regardless of fuel economy. Should this
transpire, viable alternative vehicular systems must be fully
developed and rapid transition effected. It would appear
detrimental to new concept development to impose restrictive
fuel economy standards at this time. Developers must give
serious consideration to fuel economy béecause of its

growing importance in markcting their products.

Item 2. The manner in which the energy requirements of such
vehicles may be compared with the energy requirements of
fuel-consuming vehicles,

Comment. Comparison may be made in BTU from source (well,
mine, etc.), through the manufacturing/converting/exchanging
process, to the vehicle wheels (i.e., BTU per mile).
importance here, however, is the extent with which the

power source may be independent of petroleum, for example,
coal, water, nuclear and solar electric power.
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Item 3. The extent to which inclusion of such vehicles
would stimulate their production and introduction into
commerce,

Comment. It is not believed that inclusion of these
vehicles in Title V would stimulate their manufacture
and/or use,

Item 4. Any recommendations for legislative action.

Comment. Recommend legislation to assist developers

of electric and other non-fuel vehicles in large scale
user testing (several thousand) of any vehicular system
which demonstrates reasonable feasibility as replacement
for 10% or more of the presently used vehicles in the
United States.

While we recognize and concur in the importance of fuel
conservation and the fuel savings inherent in Title V, we
believe that mandatory fuel economy standards may retard

the development of alternative power sources at a time when
their use could become critical to the transportation require-
ments of this country almost overnight.

Sincerely,

Donn P, Crane, Director
Office of Fleet Management
Delivery Services Department
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APPENDIX I

(250,000 UNITS/YEAR)

I.1 DEFINITION OF POWER GENERATION PLANT

a) Engine and accessories such ag the radiator, the engine
electrical System (battery, alternator, etc.), the carburetor, etc.

b) Fuel System including, gas tank, fuel lines, fuel cannis-
ter, etc.

c) Exhaust system, including muffler, fuel pipe, catalytic
converter, etec.

I.2 METHODOLOGY AND ASSUMPTIONS

The following assumptions were made in deriving the costs
developed in this report: ' :

a) The engine manufacturing facilities were considered to in-
clude a foundry, the lines necessary to machine the major compon-
ents of the engine (such as the engine block, the engine cylinder
heads, intake and exhaust manifolds, valves, Pistons, connecting
rods and crankshaft) and the final assembly line.

b) Specializeg pParts and assemblies (such as the radiator,
the battery, the engine electrical equipment, catalyst for exhaust
System) are purchased from outside vendors,

The items assumed to be made in-house are listed in Table I-1,
The purchased component parts are listed in Table I-2, The compon-
ents listed in these Tables were obtained Principally form a recent
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MATERIAL OF CONSTRUCTION STEEL ALUMINUM

ENGINE

AIR CLEANER BASE
AIR CLEANER TIP
CAM SHAFT
CONNECTING RODS
CRANK SHAFT
ENGINE BLOCK
ENGINE HEADS
EXHAUST MANIFOLD
EXHAUST VALVES 2.0
3.0

0 [
L] .
(-] (.} o

FAN
FAN SHROUND
INTAKE MANIFOLD
MISCL. ALUMINUM
MISCL CAST IRON
MISCL STEEL 31.2
OIL PAN 6.3
PISTONS
PULLEYS
VALVE COVERS 3.4
WATER PUMPCASTINGS
SUB-TOTAL ENGINE €9.3

EXHAUST SYSTEM (NOCATALYST)

EXHAUST PIPE 10.9
MUFFLER 16.6
TAILPIPE 8.6
TAILPIPE HANGERS

SUBOTOTAL EXHAUST SYSTEM 36.1

FUEL SYSTEM

FUEL CANNISTER BRACKET 0
FUEL FILLER BRACE 0
FUEL FILLER CAP 0
FUEL TANK LOWER 13
FUEL TANK LOWER BRACKET 5
FUEL TANK UPPER 17
FUEL TANK SUPPORT 2
SUB-TOTAL FUEL SYSTEM 39.6

FEREOUS COMPO-
CASTING SITE

8.4
67.3
241.4

40.0
26.0

52.8
13.6

5.0
11.6

————

1.7

TABLE I-1 WEIGHT AND COMPOSITION OF COMPONENTS OF AUTOMOTIVE

POWER GENERATION PLANT ITEMS ASSUMED MADE IN-HOUSE

PLASTIC TOTAL
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TOTAL POWER GENERATION PLANT 187.0

SOURCE: Ref. 52
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TABLE I-2 WEIGHT AND COMPOSITION OF COMPONENTS OF AUTOMOTIVE POWER
GENERATION PLANT ITEMS ASSUMED TO BE PURCHASED COMPONENTS

COMPONENT
WEIGHT, LBS
ENGINE
AIR CLEANER FILTER 0.5
AIR CLEANER TUBING 0.7
AIR INLET CONDO 0.7
ALTERNATOR 16.4
BATTERY 40.0
BATTERY CABLES 0.6
CARBURETOR 7.0
- ENGINE DETAIL 24.2
FASTENERS 12.5
RADIATOR ASSEMBLY AND SUPPORTS 16.0
STARTER ASSEMBLY 18.3
STARTER SOLENOID 0.8
STARTER SWITCH 0.5
STARTER WINDINGS 2.0
VOLTAGE REGULATOR 0.7
SUB~-TOTAL ENGINE 140.9

EXHAUST SYSTEM
NONE

FUEL SYSTEM

FUEL CANNISTER 3.2
FUEL FILLER TUBE 1.7
FUEL HOSES 2.5
FUEL LINES 2.6
HOSE CLAMPS _ 0.2
SUB-TOTAL ~10.2
TOTAL POWER GENERATION PLANT 151.1
ADDITIONAL COMPONENTS NOT INCLUDED ABOVE
CATALYTIC EXHAUST CONVERTER 20.0
TOTAL WITH ADDITIONAL COMPONENTS 171.1

SOURCE: REF 52



study by Luetje and Martin (52) of Armco, who disassembled a 1973
Ford F-100 Ranger one-half ton pick-up truck and then photographed
and examined all the component parts of the vehicle. The data
include the component part, its weight and composition. The truck
was powered by a 302 cubic inch, 137 HP (53) V-8 engine. A number
of the Ford Motor Company's compact and intermediate size passenger
automobiles of at model year were powered by the same engine (54).
The information in the Armco report on the power generation plant
is therefore applicable to passenger automobiles as well as to
light trucks.

The vehicle examined by Armco did not have a catalytic con-
verter for emissions control, which would now be a standard compon-
ent. For this study, a catalytic converter is assumed tq be a
purchased component and was added to the list of items presented
in Table I-2.

Further assumptions include:

c) Based on available data on sub-compact cars in the 2000
1b range, it was estimated that the weight of the power generation
plant, as here defined, was approximately 22% of the vehicle curb
weight, or 440 1lbs., (55, 56).

d) The production cost, Cp/ of the engine was taken to be
equal to the sum

Cp = Cy + Co + Cp

where

[p]
]

M cost of purchased RAW materials
Cc = cost of vendor parts
cL = cost of production labor

e) In developing a production cost, it was assumed that the
cost of raw materials varies with the weight of the power genera-
tion plant, but that the weight and cost of the specialized compon-
ents (such as the battery, alternator and distributor) and the
amount of labor require to produce an engine, are essentially
independent of the size of the power generation plant.



I.3 ESTIMATION OF PRODUCTION COST

a) _Raw Materials

The unit cost of raw materials was based on the prices pub-
lished in trade journals, such as American Metal Market, in Dec.
1975 (44) and some recent automotive pricing studies (50) as shown
in Table I-3, and the relative amounts of these materials in the
in-house made parts. In manufacturing these parts, a scrappage
rate of 35% of the total material purchased was assumed. The
average price of these materials of 19.1¢/1lb. reflects this scrap-
page rate.

The amount. of raw materials used in the power generation plant
was assumed to be the difference between the total weight of the
power generation plant (440 1lbs) and the total weight of purchased
components as given in Table I-2 (171 lbs.). The weight and cost
of raw materials in the power generation plant are therefore esti-
mated to be 269 lbs and $51.

b) Vendor Parts and Components

The cost of vendor parts are presented in Table I-4. These
were principally derived from data published in the 1972 Census of
Manufactures (57), adjusted to December 1975 costs by using the
industry price indices published by the U.S. Department of Com-
merce (58), as shown in Tables I-5 and I-6. The price of a
catalytic converter was based on cost data for a threée-way cataly-
tic pellet converter for a 4-cylinder engine engine published in
1974 report by the National Science Foundation (51). The cost of
the voltage regulator solenoids was based on data on miscellaneous
automotive electric equipment published in the 1972 Census of
Manufactures. The cost of the fuel cannister is an estimate, for
lack of data.

¢) Production Labor

The number of man-hours required to manufacture the in-house
made parts and assemble the power generation plant were based on
the results of a study performed by International Research and
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ENGINE

DETAILS

TABLE I-4

AIR CLEANER FILTER
AIR CLEANER TUBING
AIR INLET CONDUIT
ALTERNATOR
BATTERY

BATTERY CABLE SET
CARBURETOR
FASTENERS

RADIATOR ASSEMBLY AND

SUPPORT

COST OF PURCHASED COMPONENTS

1972
Unit

Price (a)

l.60
0.51
1.12
16.11
11.29
2.43
15.07
0.48

26.97

STARTER MOTOR ASSEMBLY 16.30

CATALYTIC EMISSION
CONTROLLER (e)

TOTAL

a) Source: REF 57

b) Source: Table 1I-6
c) Source: Estimate Based on REF

STARTER SWITCH 0.74
STARTER SOLENOIf,

MISC. —(c) 5.95
_VOLTAGE REGULATOR

IGNITION HARNESS 2.26
DISTRIBUTOR 8.35
SPARK PLUGS 0.33
IGNITION COIL 2.53
CONDENSER 0.30
BREAKER POINTS 0.40
FUEL PUMP ASSEMBLY 2.76
FUEL FILTER 0.56
THERMOSTAT 0.89
BELTS 0.85
RADIATOR HOSES 0.66
| OIL FILTER 1.06
FUEL CANNISTER (d)

FUEL FILLER TUBE 0.18
FUEL HOSES 0.66
FUEL LINES 0.26
HOSE CLAMPS 0.48

d) Engineering Estimate

e) Source: REF 51

Infla-

tion

Factor
(b)

1.53
1.39
1.61
1.30
1.32
1.30
1.30
1.32

1.28
1.30
1.30

1.30

1.30
1.28
1.28
1.30
1.30
1.30
1.28
1.53
1l.28
1.39
1.39
1.53

1.60
1.39
1.60
1.32

57

12/75
Unit
Price

2.45
0.71
1.80
20.94
14.90
3.16
19.59
0.62

34.52
21.19
0.96

7.73

2.94
10.69
0.42
3.29
0.39
0.52
3.54
0.86
1.14
1.18
0.92
1.63
0.50
0.30
0.92
0.42
0.63

58.00

Units/
Vehicle

oo

(=2
~N
.

M O NUMCNINFENWHEREOE RO R U e s

ea
1b
1b
ea
ea
set
ea
1b

set

ea
ea
ea
ea
ea
ea
ea
ea
ea
ea
1b
ea
1b
1b
1b
1b
1b

12/75
Cost/Vehicle

$ 2.45
0.49
1.26

20.94
14.90
3.16
19.59
7.92

34.52
21.19
0.96

7.73

2.94
10.69
1.68
3.29
0.39
2.08
3.54
0.86
1.28
3.54
1.94
1.63
1.60
0.51
2.30
1.09
0.15

58.00
$232.62



TABLE I-S

ALL INDUSTRIES

IRON AND STEEL

FABRICATED STRUCTURAL METAL
PRODUCTS

GENERAL PURPOSE MACHINERY
AND EQUIPMENT

MISCL. MACHINERY

ELECTRICAL MACHINERY

MOTOR VEHICLES AND EQUIPMENT

MISCL. PRODUCTS

PULP, PAPER AND ALLIED
PRODUCTS

CHEMICAL AND ALLIED PRODUCTS

PETROLEUM PRODUCTS, REFINED

RUBBER AND PLASTIC PRODUCTS

Source:; REF 58

(1967 =

12/75
174.7
204.3
190.9

183.7
167.0
143.1
150.9
151.1

173.1
183.4
274.7
151.9

100)

INDEX OF WHOLESALE PRICES MANUFACTURING INDUSTRIES

DATE (Month, Year)

12/74
166.9
196.7
182.9

170.9
153.1
136.5
140.7
142.4

167.2
174.0
283.5
149.4

12/73 12/72 12/71 12/70
135.1 120.7 115.1 111.2
142.4 129.5 125.3 116.5
131.8 123.3 120.4 114.2
130.7 123.4 120.5 117.0
126.3 121.0 117.9 115.6
114.0 110.6 109.3 108.2
121.4 118.4 117.5 113.4
121.6 1l15.1 113.2 111.9
128.7 115.1 110.7 108.5
115.6 104.8 103.4 103.3
141.7 112.0 106.1 107.5
116.5 109.8 109.4 109.4

TABLE I-6 INFLATION FACTORS NORMALIZED TO DECEMBER 1975
BASED ON WHOLE PRICE INDEX

Time Periods Compared

ALL INDUSTRIES

IRON AND STEEL

FABRICATED STRUCTURAL METAL PRODUCTS
GENERAL PURPOSE MACHINERY AND EQUIPMENT

MISCL. MACHINERY
ELECTRICAL MACHINERY

MOTOR VEHICLES AND EQUIPMENT

MISCL. PRODUCTS

PULP, PAPER AND ALLIED PRODUCTS
CHEMICAL AND ALLIED PRODUCTS

PETROLEUM PRODUCTS,
RUBBER AND PLASTIC PRODUCTS

Source: TABLE IS5

REFINED

Dec 1975 Dec 1975 Dec 1975

1974 1972 1970
INDEX RATIO
1.16 1.48 1.57
1.20 1.60 1.75
1.21 1.43 1.67
1.22 1.51 1.57
1.20 1.40 1.44
1.14 1.30 1.32
1.15 1.28 1.32
l.14 1.32 1.33
1.17 1.53 1.60
1.27 1.76 1.78
1.41 2.52 2.56
1.14 1.39 1.39



Technology Corp. (IRT) for the U.S. Department of Transportation
(59) . According to this study, the direct labor content on a typi-
cal engine assembly line is approximately 4.5 direct man-hours per
engine. This estimate excludes casting, electrical components and
purchased components. The foundry labor is estimated to be about
two-thirds of the assembly labor, or 3.0 hrs. The total direct
labor content of an engine, excluding purchased components, is

thus 7.5 man-hours. Based on Chrysler employment data, IRT estima-
ted that total production labor, including the indirect labor asso-
ciated with engine manufacture (e.q. maintenance) was 2.36 times
the direct labor or 17.7 man-hours.

This figure was rounded off to 18 man-hours in order to allow
for the in-house manufacture of the components of the fuel and ex-
haust system not included in the IRT analysis. Assuming a labor
rate of §11.00/man-hour (including fringe benefits), the cost of
production labor for the power generating plant is thus $198.

d) Production Cost Estimate

The production cost estimate of $482 for a 440 1b ICE power
generating plant for a subcompact passenger automobile is presented
in Table I-7. It is the sum of the three components listed above.
This figure does not include any overhead costs, supervisory costs,
capital costs and allowance for profit.

TABLE I-7 PRODUCTION COST ESTIMATE OF 440 1b POWER GENERATION PLANT
( December 1975 Dollars)

UNITS UNIT COST COST
RAWMATERIALS 269 1lbs $0.191 $51.38
PURCHASED COMPONENTS 232.62
PRODUCTION LABOR 18 m-hrs. $11.00 198.00
TOTAL $482.00
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