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PREFACE

This thirteenth annual report on the implementation of the Electric and Hy­
brid Vehicle Research, Development and Demonstration Act of 1976 (Public Law 
94-413), referred to as the Act, complies with the reporting requirements estab- 
lished in section 14 of the Act. In addition to informing Congress of the progress 
and plans of the Department of Energy’s Electric and Hybrid Vehicles Program, 
this report is intended to serve as a communication link between the Department 
and all of the public and private interests involved in making the program a 
success.

During FY 1989, significant progress was made in this program. There has 
been continuing interest shown by both the automobile manufacturers and supply 
sectors of our economy in electric and hybrid vehicles. The three major domestic 
automobile manufacturers all are devoting some effort towards electric vehicles. 
Their participation includes cost-shared contracts with the Department of Energy 
and the Electric Power Research Institute as well as independently funded activi­
ties. Research and development efforts in batteries and propulsion components 
continue to achieve significant progress in providing industry with technology 
options that will result in vehicles that will be more economically competitive and 
more acceptable to the public.
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1. Introduction
The Department of Energy’s (DOE) Electric and Hybrid Vehicles (EHV) Program is conducting 

research, development, testing and evaluation activities to encourage the use of electricity and al­
ternative fuels for transportation.

The transportation sector is the single, larg­
est user of petroleum; it consumed 63% of all 
petroleum used last year. Only a smallfraction 
(5%) of electricity is generated from petroleum. 
Electric vehicles (EV), which are themselves 
virtually pollution-free, present an excellent 
link between low petroleum electricity genera­
tion and the high use of petroleum by the 
transporation sector. Electric vehicles could 
play a key role in helping to reduce our severe 
urban pollution problems and dependence on 
petroleum, particularly imports. It is the 
program’s goal to develop the technology in 
cooperation with industry that will lead to the 
production and introduction of pollution-free 
electric vehicles into the Nation’s transporta­
tion fleet and substitute cleaner sources of 
energy for petroleum-based fuels.

Public Law 94-413, the Electric and Hybrid 
Vehicle Research, Development and Demon­
stration Act of 1976, was intended to, inter alia, 
“...encourage and support accelerated research 
into, and development of, electric and hybrid 
vehicle technologies...”. Congress provided an 
appropriation for the Electric and Hybrid Ve­
hicles Program of $13.9 million in FY 1989. The 
FY 1988 appropriation for this program was 
$14.1 million.

The Electric and Hybrid Propulsion Divi­
sion within the Office of Transportation Sys­
tems is assigned to manage the program. Some 
supporting battery research has been conducted 
by the Office of Energy Storage and Distribu­
tion. The current program structure and prin­

cipal responsibilities of the organizational units 
are shown in Figure 1.

The major participants in the Electric and 
Hybrid Vehicles Program are listed in Table 1. 
They include major automotive companies, 
battery companies, component and propulsion 
system companies, universities, and electric 
vehicle users from private firms, utilities, the 
U.S. Navy and State and local government 
agencies. On Table 1 the cost sharing commit­
ment of the participants is also given. Figure 2 
is a milestone chart of major programmatic 
efforts completed and planned under each of the 
program elements.

The emphasis of the Electric and Hybrid 
Vehicles Program in FY 1989 continued to be on 
battery and propulsion systems development 
up to the level of the testing and evaluation of 
proof-of-concept vehicles in the laboratory and 
in fleet operations. The progress being made in 
developing electric and hybrid vehicle technolo­
gies will be described, beginning with high­
lights of recent accomplishments in FY 1989. 
Detailed descriptions of the program activities 
during FY 1989 will be given on battery and 
propulsion systems developments and the test­
ing and evaluation of new technology in fleet 
site operations and laboratory testing. In accor­
dance with the reporting requirements of the 
Act, the Annual Report contains a status report 
on incentives and use of foreign components 
and concludes with a List of Publications result­
ing from the DOE program.
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Table 1

Major Participants in the Electric and Hybrid Vehicles Program

Automotive Companies Cost Share of Contract*
Ford Motor Company 5%

Component and Propulsion System Companies
Delco/GM 50%
Booz-Allen & Hamilton (BA&H) 32%
Eaton Corporation 5%
Energy Research Corporation (ERC) 27%
General Electric (GE) 5%

Battery Companies
Beta Power, Inc. 25%
Chloride Silent Power Limited (CSPL) 19%
Eagle-Picher Industries (EPI) 5%
Johnson Controls, Inc. (JCI) 25%
Westinghouse 8%

Universities
Georgetown University (GU)
Massachusetts Institute of Technology (MIT) 
University of Alabama (UAH)
Virginia Polytechnic Institute (VPI)
University of Florida

14%

Fleet Testing Site Operators 1/
GTE 73%
Long Island Lighting Co.** (LILCO) 60%
Detroit Edison (DECO) 60%
Arizona Public Service (APS) 42%
University of Hawaii 38%
City of Alexandria, Virginia** 50%
United States Navy 80%

1/The variance in the cost-share percentage by site operators is due to the different activities and
contractual arrangements with the site operators. The United States Navy is using its own operation 
and maintenance funds to operate the electric vehicles transferred at no cost by the Department of 
Energy from completed site operator contracts. Therefore, the cost share from the Navy is relatively
high (80%).

* All contracted efforts are with fee waiver.
** Operations completed in FY 1989
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Figure 2: Milestone chart
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2. FY 1989 Accomplishments
Significant progress was made in each of the Electric and Hybrid Vehicles (EHV) Program 

areas during FY 1989. The following are highlights of achievements.

Research and Development

• Johnson Controls, Inc. (JCI) fabricated 
and delivered two flow-by cells and a 6- 
volt flow-by module based on the use of a 
forced electrolyte flow. Test results ob­
tained at Argonne National Laboratory 
(ANL) indicated that the performance of 
these cells are able to meet the peak power 
requirements of the Simplified Federal 
Urban Driving Schedule (SFUDS) at up to 
96% depth-of-discharge.

• Testing of a 36-volt lithium/iron sulfide 
module manufactured by Westinghouse 
Ocean Systems Division and a vacuum- 
insulated case developed by Meyer Tool 
and Manufacturing, Inc. was completed at 
Argonne National Laboratory.

• DOE initiated a joint program with the 
Electric Power Research Institute (EPRI) 
to complete the development and evalu­
ation of a full-scale proof-of-concept lith­
ium-alloy/iron sulfide battery for an elec­
tric van.

• Westinghouse Electric Corporation di­
rected its iron-air battery research and de­
velopment (R&D) efforts at increasing the 
power and extending the cycle life of prac­
tical bifunctional air electrodes. Cycle life 
was doubled from 150 to 300 for 40 cm2 air 
electrodes operating at constant current 
in half-cell tests.

• A 64-volt, sodium-sulfur EV battery fabri­
cated by Chloride Silent Power Limited 
(CSPL) successfully completed over 200 
test cycles at ANL. Results of simulated 
electric vehicle driving tests indicate a 
projected range of 148 miles for an electric 
van on the Federal Urban Driving 
Schedule.

• Johnson Controls, Inc., continued the 
engineering design of the zinc-bromine 
battery and began the fabrication of a flow 
frame specific for EV applications. The 
R&D program encompassed the develop­
ment of almost every component of the 
battery and included studying efficient 
means of battery packaging for an EV.

• A cost-shared, one-year contract for a 
design study of high-performance sodium/ 
metal chloride batteries for electric ve­
hicles was awarded in August 1989 by 
DOE to Beta Power Inc.

• DOE awarded a two-year, 50% cost-shared, 
contract in September 1989 to the Delco 
Remy and Hughes Divisions of General 
Motors for the development of a thermoe­
lectrochemical (TECH) system for trans­
portation applications.

• The electric vehicle analysis software 
package (MARVEL) developed by ANL 
was upgraded with additional battery and 
vehicle datasets to reflect recent progress 
attained in battery and EV technologies.

• The second Dual-Shaft Electric Propul­
sion (DSEP) vehicle successfully under­
went limited durability and system relia­
bility and compatibility testing in all 
weather conditions at the Chrysler 
Chelsea Proving Grounds in Chelsea, ML 
Also, the vehicle either met or exceeded 
the program goals during performance 
testing.

• The third vehicle in the DSEP Technology 
Development Program was completed and 
delivered to Idaho National Engineering 
Laboratory (INEL) for extensive test and 
evaluation. The completion and delivery 
of TB-2 marked the end of the 64-month 
development effort with Eaton Corpora­
tion.
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• All subsystems developed in the Single- 
Shaft Electric Propulsion System (ETX-II) 
Technology Development Program were 
integrated into the testbed Aerostar mini- 
van and extensive control software devel­
opment was initiated.

• A sodium-sulfur battery developed for elec­
tric vehicle application was evaluated 
successfully in the ETX-II testbed vehicle. 
Chassis dynamometer tests indicate that 
this battery (in combination with the en­
ergy efficient powertrain) will provide a 
range of over 160 km (100 miles) on the 
Federal Urban Driving Schedule (FUDS).

• The team ofBooz-Allen & Hamilton, Chrys­
ler Pentastar Electronics, and Fuji Elec­
tric completed the design and fabricated a 
brassboard system of a liquid-cooled phos­
phoric acid fuel cell/battery propulsion sys­
tem for an urban bus.

• The team of Energy Research Corporation 
(ERC), Los Alamos National Laboratory, 
and Bus Manufacturing, Inc. completed 
the design and fabrication of a brassboard 
system of an air-cooled phosphoric acid 
fuel cell/battery propulsion system for an 
urban bus.

Test and Evaluation
• Project and contract management of the 

Site Operator Program was moved from 
Booz-Allen and Hamilton Inc., to Idaho 
National Engineering Laboratory. Each of 
the Site Operators was issued a new con­
tract with E.G.& G. Idaho to continue their 
fleet testing of electric vehicles.

• New software was developed by DOE for 
the Site Operator field test data. The soft­
ware places the actual database in the 
hands of each fleet manager for entry and 
access of data. INEL will maintain a master 
file to be used for analysis.

• The test period for the six GM Griffon vans 
located at Detroit Edison was extended to

1991. The vans continue to operate relia­
bly in a variety of missions including 
commuting, demonstrations, delivery and 
special testing. Detroit Edison also com­
pleted the testing of the Chloride EV Sys­
tems Indirect Battery Heating System and 
the Aachen Range Prediction Device.

• The Energy Research Corporation com­
pleted the DOE contract to develop and 
build an electric vehicle sized nickel-cad­
mium battery based on their roll-bonded 
technology. Two battery modules were 
delivered for testing and a final report was 
submitted to INEL.

• The University of Alabama at Huntsville 
(UAH) successfully tested a single wire 
data collection system to replace a multi­
wire harness used by the charge controller 
to monitor module voltages and the ability 
of their system to control the simultane­
ous charge of multiple vehicles.

• Experimental nickel-iron batteries con­
structed by Eagle-Picher Industries (EPI) 
with fiber electrodes successfully com­
pleted over 800 cycles in tests conducted 
at Argonne National Laboratory.

• INEL conducted a series of performance 
tests on a DC powertrain in an electric 
passenger car, incorporating an inverter 
driven air conditioner and electric heater/ 
defroster. The vehicle was built by the 
Soleq Corporation and purchased for use 
in the Site Operator Program by Arizona 
Public Service.

• A series of acoustic noise tests conducted 
by INEL determined that interior and ex­
terior noise levels in an electric passenger 
vehicle were noticeably lower than a com­
parable internal combustion engine (ICE) 
vehicle during acceleration and idle condi­
tions, while essentially equivalent at con­
stant speeds.

• INEL conducted a series of performance 
tests on a DC propulsion system devel­
oped by the Soleq Corporation with par­
tial DOE sponsorship and installed in a
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full size van. The system incorporated two 
parallel battery packs for enhanced relia­
bility and a modified automatic transmis­
sion with no torque converter.

• The INEL battery laboratory tested a 
number of near-term or commercially 
available batteries to determine their 
suitability for electric vehicle applications, 
including sealed lead-acid batteries built 
by Johnson Controls, Concorde and Son- 
nenschein.
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3. Research and Development
Research and Development activities are conducted to advance the technology to the point that 

transfer to the automobile industry for application-oriented R&D becomes feasible. The functions 
are carried out in the following elements: Battery Technology, Fuel Cell Technology, and Propulsion 
System Technology. The activities conducted in FY 1989 within each of these R&D elements are 
described below.

Battery Technology
The objective of the Battery Technology 

Research and Development Activity is to ad­
vance promising battery technologies to levels 
of maturity that will allow industry to make 
quality decisions regarding their potential via­
bility as foundation technologies for commer­
cial product development. To this end, research 
and development was conducted on flow-by 
lead-acid, lithium aluminum/iron sulfide, so­
dium/metal chloride, sodium/sulfur, zinc/bro­

mine and iron/air battery technologies during 
FY 1989. Major R&D contracts have been 
awarded to industrial developers of these bat­
teries for electric propulsion. Each of these 
contracts will culminate with the fabrication 
and delivery of full-size battery systems for 
evaluation and testing in electric vans. Table 2 
provides the current status of these electric 
vehicle battery technologies. Additional bat­
tery development and testing efforts are de­
scribed in Section 4.0 under Technology Engi­
neering.

Table 2

Electric Vehicle Battery R&D Technology Status

Battery Developer Designation Status*

Specific
Energy

(Wh/kg)

Specific
Peak Power 
at 50% DoD 

(W/kg)

Projected 
OEM Cost

11989$/kWh)

Cycle
Life

(Cycles to 
80% DoD)**

Cost/
Cycle/
kWh

(1989$)

Flow-By Lead-Acid JCI C472 M 53 104 130***
(Pb/A) BG 56 79 72 450 0.16

Zinc/Bromine JCI J-1 M 55 98 142***
(Zn/Br2) BG 75 79 75 600 0.12

Lithium Aluminum/ ANL/ 38V M 90 86 130***
Iron Sulfide Westinghouse
(Li AI/FeS) BG 100 106 91 600 0.15

Sodium/Sulfur CSPL PB M 96 130 261***
(Na/S) BG 100 106 91 600 0.15

65a 70a

Iron/Air Westinghouse W-3 c 70 50 200-300a***
IFe/Air) BG 100 106 91 600 0.15

^Status: C, Cells; M, Modules; B, Battery 
**Depth of Discharge.

•^•Current R&D Core Program is Aimed at Improving Cycle Life While Maintaining Specific Energy & Power.
BG: Mission Directed Goals for EV Battery R&D Based on IDSEP Van and Tested Under Simplified Federal Urban Driving Schedule (SFUDS).

Note: a - Projected from 40cm2cells operating at 25 mA/cm2 
to full-size cells operating on SFUDS.
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power densities needed to meet transportation 
requirements. This effort will accelerate the 
development and proof of concept of the PEM 
fuel cell technologies for transportation appli­
cations. The program would move the technol­
ogy through the research and development 
phases to laboratory evaluation of the fuel cell 
system.

Proton Exchange Membrane (PEM)

The PEM fuel cell, when fully developed, 
may offer significant advantages over the 
phosphoric acid fuel cell for transportation 
applications. These include reduced size and 
weight, faster start-up, better transient re­
sponse, increased reliability and potentially 
lower cost. The DOE program goal is to develop, 
analyze and evaluate the PEM fuel cell system, 
thus providing data and information for indus­
try to make decisions on the merits of develop­
ing the PEM fuel cell power source as a future 
commercial product for transportation applica­
tions.

A major new initiative for the development 
of the PEM fuel cell for transportation applica­
tions is being undertaken by DOE. A competi­
tive procurement for this effort is being pre­
pared by DOE. An announcement of DOE’s 
intent to solicit potential sources for this effort 
was published in the Commerce Business Daily 
in September 1989. Contractor selection and 
award of a cost-sharing contract is expected in 
FY 1990.

The overall program will be divided into 
four phases with a go/no-go decision between 
each phase. Phase I, Feasibility Evaluation, 
will lead to the demonstration of a 5-kW bread­
board system. Phase II, Proof-of-Feasibility, 
will be directed at proving feasibility by means 
of a 25-kW brassboard system. Phase III, Sys­
tem Scale-Up, will result in the laboratory evalu­
ation of a full-scale 50-kW propulsion system. 
In Phase IV, Proof-of-Concept, this full-scale 
system will be installed and evaluated in a test­
bed vehicle.

The objective of Phase I of this project is to 
evaluate the feasibility of the PEM fuel cell

technology for vehicle applications. The techni­
cal efforts of the Phase I work will include (1) 
development of a conceptual propulsion system 
design, based on trade-off studies and economic 
analyses, to establish the component specifica­
tions required for transportation applications 
and to identify the limiting components, (2) 
R&D on limiting components to advance the 
technology to meet system needs, (3) develop­
ment and fabrication of controls and interface 
systems, and (4) integration of a complete 5-kW 
subscale breadboard system and its evaluation 
as a potential power source for transportation 
applications. A 2-year period for Phase I is 
contemplated. The desired outcome of the Phase 
I work is an evaluation of the feasibility of an 
electric propulsion system based on a PEM fuel 
cell system and an identification of the critical 
problems that must be resolved in system scale- 
up and integration into a vehicle.

Thermo-electrochemical (TECH)

This fuel cell program was initiated in FY 
1989 for the development of a TECH system for 
transportation applications. The TECH system 
uses a cation-exchange-membrane in an elec­
trochemical cell with thermally regenerative 
reactants to convert methanol fuel or heat into 
electrical power for propulsion. In September 
1989, DOE awarded a two-year, 50% cost- 
shared, contract to the Delco Remy and Hughes 
Divisions of General Motors for the develop­
ment of the TECH system for transportation 
applications. A two-year program is planned to 
establish system feasibility and to conduct a 
laboratory-scale demonstration of the TECH 
system. The initial activities will include a 
conceptual design of a TECH system for trans­
portation applications, and cost and design 
tradeoff studies. Additional activites will in­
clude development and the design, fabrication, 
and evaluation of a 1- to 5-kW demonstration 
unit. This unit will demonstrate the feasibility 
of the system and supply information neces­
sary for engineering assessment of overall sys­
tem efficiency and scale-up requirements. A 
major emphasis in this development effort will 
be on demonstrating high efficiency at a reason­
able projected cost for the system.
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Propulsion System Technology
The objective of the Propulsion System Tech­

nology Development Activity is to advance 
battery and powertrain technologies concur­
rently in a mission-oriented, integrated fashion 
within the context of a total propulsion system 
perspective. These technologies are to be ad­
vanced to levels of maturity that will allow in­
dustry to make quality decisions regarding their 
potential viability as foundation technologies 
for the development of commercial products 
suitable for electric vehicle applications. In 
order to enhance the transfer of these technolo­
gies to potential manufacturers of derivative 
commercial products, contracts for development 
of the technologies have been placed with in­
dustrial teams that not only have the necessary 
development expertise but also have the capa- 
bility to manufacture related products.

Dual-Shaft Electric Propulsion System 
Program (DSEP)

The Dual-Shaft Electric Propulsion (DSEP) 
System Technology Development Program was

successfully completed on September 30,1989. 
It was aimed at advancing electric propulsion 
technology through integrated development of 
a nickel-iron battery, an AC motor and controls, 
and an automatic, two-speed transaxle within a 
light-weight van suited for use in an urban/ 
suburban environment.

The DSEP program’s industrial research 
team was comprised of Eaton Corporation’s 
R&D Center, Southfield, MI, the prime contrac­
tor, with responsibilities for powertrain tech­
nologies and propulsion system integration; 
Eagle-Picher Industries, Joplin, MO, respon­
sible for battery technology; and ASC, Inc., 
Southgate, MI, responsible for vehicle modifi­
cation.

The 64-month program effort designed, de­
veloped, sequentially built, and evaluated three 
advanced proof-of-concept propulsion systems 
installed in vehicles. The first vehicle system 
was used for testbed evaluation, the second for 
performance testing, and the third for delivery 
to the Department of Energy as a demonstra­
tion vehicle for further testing, evaluation and 
site placement.

Table 3

Actual Results
Goals DSEP-1

Vehicle
DSEP-2
Vehicle

Acceleration
0-80.4 km/h (50 mph) 20 sec. 20.5 sec. 18.6 sec.
0-48.3 km/h (30 mph) 10 sec. 8 sec. 7 sec.

Top Speed 90.6 km/h 
(60 mph)

112 km/h 
(70 mph)

117 km/h 
(73 mph)

Gradeability
from rest greater than 20% 28% 32%
maintain 88.5 km/h on 3% grade 4% 4%

(55 mph)

Range at 72.4 km/h 104.7 km 109.4 km ** 117.6 km **
(45 mph) (65 mi) (68 mi) (73.5 mi)

** with the battery capacity at its nominal 170 ampere-hour rating
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The nickel-iron batteries demonstrated and 
met the performance goals for power at 80% 
depth of discharge and energy storage capacity 
in vehicle tests. The goal for cycle life fell short 
of the expected 1200 cycles as life cycle battery 
tests at ANL and at Eaton Corporate R&D 
Detroit Center were terminated at 650 and 900 
cycles, respectively. Although the life goal of 
1200 cycles was not achieved, the failure mode 
was determined to be caused by the defective 
manufacture of the iron electrode and is ex­
pected to be solved with improved quality con­
trol of the manufacturing process for future 
battery development.

A life cycle cost estimate of the entire DSEP 
vehicle/powertrain system was completed; it 
indicates a disadvantage relative to a gasoline- 
powered vehicle. Several factors contribute to 
this, namely, the initial cost of the system, the 
shorter-than-expected battery life, and the 
unavailability of “gliders”, e.g. vehicle chassis 
minus the conventional powertrain. Another 
development phase for the system aimed at 
reducing the cost of some subsystems and es­
tablishing the durability of others is believed 
necessary in order to enhance prospects for 
successful commercialization.

Second Generation Single-Shaft Electric 
Propulsion System Program (ETX-II)

The Ford ETX-II research effort is concen­
trating on technologies that will adapt the ETX 
concept to a small commercial van and take the 
major subsystems a step closer to production. 
As in the ETX-I program, General Electric is a 
major subcontractor and is responsible for the 
electric subsystem, which includes the motor, 
its controls, and the inverter, including the 
power modules. Powerplex Technologies, Inc., 
is also a major subcontractor and has supplied 
the sodium-sulfur battery used in the program. 
Major technological advances that have been 
accomplished include; a new interior perma­
nent magnet (IPM) motor for the transaxle 
assembly, which is integrated into the rear axle 
of the van, development of the control algo­
rithms required for control of the interior per­

manent magnet motor, further development of 
the unique power modules, improvements to 
the inverter to reduce its size and weight, and 
integration of the vehicle controls and the elec­
tric subsystem controls to provide a system 
controller that is in command of the entire 
propulsion system. In addition, specification 
and integration of an advanced sodium-sulfur 
battery is included in the program to assure 
that this important portion of the propulsion 
system is included in all system trade-offs. In 
addition to Powerplex Technologies, Inc., Chlo­
ride Silent Power Limited will also supply a so­
dium-sulfur battery, developed under a sepa­
rate contract with DOE, for test in the ETX-II 
propulsion system.

FY 1989 has been used for system integra­
tion, development, test and demonstration. The 
vehicle was shown publicly for the first time at 
the Ninth International Electric Vehicle Sym­
posium (EVS-9) in Toronto and then was tested 
at Powerplex in Toronto with two B-ll sodium- 
sulfur batteries installed on the cargo floor and 
operated on a chassis dynamometer (See Figure 
8). After initial testing was completed the 
vehicle was delivered to Dearborn, Michigan for 
test at the Ford facility. The vehicle was oper­
ated on the FUDS and successfully achieved 
over 160 km (100 miles). The vehicle was also 
shown publicly and demonstrated in Washing­
ton, D.C. in conjunction with a Ford Alternate 
Fuels press conference in April.

Major achievements for the year include the 
integration and refinement of the closed loop 
upshift control algorithms and the design, 
development and test of the lube pump control­
ler. Several sequences on sodium-sulfur batter­
ies from Powerplex and ABB (the European 
joint venture company ASEA, Brown and Boveri) 
have shown that the propulsion system has 160 
km (100 mile) capability when operated on the 
FUDS. Measurements taken during these tests 
indicate that the propulsion system can be 
expected to meet its goals of energy consump­
tion less than .25 kWh/km and acceleration to 
80 km/h in less than 20 seconds. In addition to 
propulsion system development, two electric 
power steering systems have been procured 
and tested.
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4. Test and Evaluation

Test and Evaluation (T&E) activities are performed on newly developed and existing technolo­
gies to characterize their performance potential in laboratory and field environments. The 
functions are carried out in three separate elements: Site Operators, Technology Engineering and 
Engineering Evaluation Testing. The activities conducted in FY 1989 within each of these T&E 
elements are described below.

Site Operators
During FY 1989 management of the Site 

Operators Program was transferred from Booz, 
Allen and Hamilton to the INEL. This was 
done to provide closer contact and better coordi­
nation between the site operators and ongoing 
laboratory testing and other activities (e.g. pro­
pulsion system R&D) conducted or managed by 
INEL. Existing subcontracts with the private 
sector operators were closed out and new sub­
contracts were placed by INEL. In conjunction 
with this, the public sector contracts and coop­
erative agreements were transferred from the 
Nevada Operations Office to Idaho. This trans­
fer of responsibility will also provide closer 
support for the industry sponsored User Task 
Force.

The Site Operator Program is concentrating 
on identifying new technology vehicles and other 
components (especially batteries) for field test­
ing, and on tailoring the data collection activi­
ties to focus on these newer vehicles and compo­
nents.

A new, more user friendly computer data­
base has been established for the collection, 
retention and retrieval of drivers’ log and main­
tenance data. The program uses standard for­
mats for collection of routine data, allowing the 
site operators to input data directly into a 
computer readable format. This data is sent to 
INEL on a monthly schedule where it is com­
piled into the master database. The master 
database is organized to allow retrieval of se­
lected data based on one or more variables, such 
as specific site, vehicle type, and/or battery 
type. This permits rapid retrieval of data for 
the evaluation of performance parameters and

trends. Use of this program will begin in FY 
1990 with four private sector and three public 
sector participants. These are shown in Table 4.

The program continues to work toward im­
proved EV acceptability through careful match­
ing of vehicle capabilities with mission require­
ments. This has been made possible to some 
extent by the familiarity with, and data col­
lected on, the current generation of vehicles and 
batteries. There is also a renewed effort to 
introduce the EV into areas where internal 
combustion engine vehicles (ICEs) have previ­
ously provided the only option. Several pro­
gram participants have organized activities to 
temporarily replace ICEs in fleet operations 
with EVs chosen for their ability to perform 
specific missions. This serves a dual purpose in 
allowing fleet operators to gain experience with 
the use and capabilities of the EV, while also 
providing test data and user evaluation for the 
vehicles under actual service conditions.

FY 1990 activities will include the introduc­
tion of a new generation of vehicles and new bat­
teries for testing. Prototypes of the General 
Motors G-Van will be delivered shortly after the 
beginning of the fiscal year, with early produc­
tion vehicles scheduled for delivery later in the 
year. The G-Van is an electric powered version 
of the GM Vandura van. It is manufactured 
cooperatively by the General Motors Corpora­
tion, Vehma International Inc., (a subsidary of 
Magna International Inc.), and Chloride EV 
Systems. The vehicle has a top speed of over 50 
mph with a range of about 60 miles. It is 
available in either cargo or passenger configu­
rations, with available payloads of approxi­
mately 1500 and 1000 pounds, respectively.
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Table 4

Electric and Hybrid Vehicle Program Site Operators 
(Operating During FY-89)

Private Site Operators

GTE Service Company Arizona Public Service Company (APS)
Honolulu, Hawaii Detroit Edison Company (DECO)
Pomona, California Long Island Lighting Company (LILCO)*
Irving, Texas Southern California Edison Company (SCE)**

Public Site Operators

Sandia National Laboratories University of Hawaii

U.S. Navy

Naval Underwater Systems Center Naval Weapons Support Center
Autec, Bahamas Crane, Indiana

Naval Air Station Naval Air Station
Moffett Field, California Bermuda

Naval Ordinance Station Pacific Missile Test Center
Louisville, Kentucky Point Mugu, California

Naval Supply Center Naval Shipyard
Pearl Harbor, Hawaii Mare Island, California

* Operations completed in FY 1989.,
** New site operator added in FY 1989

Standard equipment includes power steering 
and brakes, with air conditioning available as 
an option. It is estimated that the G-Van has 
the capacity to replace 60,000 ICE fleet vehicles 
in the Los Angeles area alone.

Two Eaton developed Dual-Shaft Electric 
Propulsion vans have been delivered to DOE 
and are currently undergoing preliminary test­
ing. These vans incorporate new generation 
propulsion systems with AC traction motors, a 
new nickel-iron (Ni/Fe) battery design, and state- 
of-the-art controls, manufactured using the body 
and chassis of the Chrysler T-115 Mini-Van. 
One of the vehicles is at the INEL where it will 
undergo laboratory testing in FY 1990 prior to

being made available for field use. The other 
has been delivered to Detroit Edison Company, 
one of the Site Operators, for on-the-road test 
and evaluation.

Results of prehminary testing on the Son- 
nenschein 6V160, sealed cell lead-acid battery, 
indicate that it may provide a solution to prob­
lems with short life experienced by other sealed 
lead-acid batteries. The University of Hawaii 
has installed these batteries in an Evcort (elec­
tric Ford Escort) with good results to date. The 
vehicle is providing approximately a 40 mile 
range with an overall energy use of 0.34 kWh/ 
mile.
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Arizona Public Service (APS) has increased 
the size of their E V fleet through the addition of 
three Jet Escort sedans transferred from LILCO 
and three SCT VW Rabbit pickups transferred 
from Northrop Corporation in Los Angeles. This 
brings the fleet to eighteen vehicles, including 
a 1915 Detroit Electric, possibly the oldest EV 
currently in use in the country. It is used in a 
variety of public awareness programs, includ­
ing parades and displays, throughout Arizona. 
The remaining vehicles in the fleet are loaned to 
various operating organizations within the 
company for evaluation as to suitability for a 
variety of missions. They also provide routine 
transportation for personnel within the EV 
program. Data is collected on significant oper­
ating parameters and maintenance activities.

APS has also participated in the testing of 
“Smart Chargers” and state of charge instru­
mentation. The APS Smart Charging system 
monitors individual module voltages within a 
battery pack so that the entire pack is charged 
to the same potential. State of charge instru­
mentation informs the vehicle operator when 
any of the modules drop below operating volt­
age, allowing the driver to take the necessary 
actions to prevent damage to the batteries 
through over discharge.

Detroit Edision Company (DECO) contin­
ues its over the road evaluation of the GM 
Griffon Electric Van. This effort provides a 
basis for comparison with the new GM G-Vans 
scheduled for delivery starting in FY 1990. 
Since the beginning of the evaluation seven 
vehicles have been used in both commercial and 
commuting applications. Collectively they have 
been driven over 125,000 miles, ranging from a 
low of 1400 miles to a high of 43,000 miles per 
vehicle. They have averaged 28 miles/charge 
and 0.98 kWh/mile, and have demonstrated the 
ability to replace ICE vehicles for a range of ap­
plications. During the past year testing was 
completed on a battery heating system designed 
to allow the lead-add batteries in the Griffon 
vehides to operate at low ambient tempera­
tures. The system demonstrated the ability to 
extend the useful operating temperature of the 
vehides to around 15°F.

These vehicles will be retrofitted with sev­
eral new components in FY 1990, including a 
new generation of battery chargers, traction 
motors, motor controllers, and a second genera­
tion battery heating system. The vehicles will 
continue operation with these components. 
During the coming year DECO will also operate 
two G-Vans and one of the DSEP prototypes. 
This provides the opportunity to evaluate three 
electric van technologies in a side by side com­
parison.

GTE continues its partidpation in the pro­
gram with an Eaton Lynx in Texas and fleet op­
erations in California and Hawaii. The Lynx is 
a current technology design featuring an ad­
vanced DC powertrain and two speed auto­
matic transmission. The vehide is performing 
well in a daily commuting capadty. Fleet op­
erations in California and Hawaii continue to 
concentrate on battery test and evaluation. 
GTE is currently in the initial stages of testing 
five new battery types, including two gelled and 
three flooded-electrolyte types. Preliminary 
results on one of the gelled electrolyte types 
indicate a much longer life expectancy than has 
been observed in the past.

Long Island Lighting Company (LILCO) 
completed the work covered by their subcon­
tract with the Site Operators Program during 
FY 1989. For internal budgetary reasons com­
pany management made the dedsion not to 
continue the program and the contract was not 
renewed. LILCO has donated the vehicles and 
equipment from their operation to Arizona 
Public Service, the University of Alabama in 
Huntsville, York Technical College in South 
Carolina, and the U.S. Navy.

Southern California Edison (SCE) joined 
the program at the end of FY 1989 with a sub­
contract to test and evaluate fifteen preproduc­
tion prototype G-Vans which are scheduled for 
delivery early in FY 1990. SCE will use these 
for both routine operations within their own 
fleet and as demonstration vehicles on loan to 
outside organizations in the Los Angeles area.

Sandia National Laboratories currently op­
erates a fleet of eleven Jet Electrica sedans. All
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eleven of the vehicles are in routine use with 
missions ranging from daily commuting to travel 
to and from remote construction sites. Since the 
beginning of the EV program at Sandia in the 
early 1980s, the vehicles have accumulated a 
total of over 80,000 miles with reasonable relia­
bility. The vehicles have replaced ICE vehicles 
and demonstrated a capability to perform an 
assigned mission and provide operator satisfac­
tion.

The EV program at the University of Ha­
waii continues to focus on the field testing of 
traction batteries. The island location provides 
a unique opportunity for testing batteries and 
vehicles in an environment with limited range 
requirements and a moderate climate.

The U.S. Navy continues to operate a large 
fleet of vehicles at bases from Hawaii to Ber­
muda. As has been the case in past years, this 
fleet is primarily composed of vehicles which 
have been declared surplus from commercial 
fleets. Work has begun on the installation of a 
solar powered EV battery charging station at 
the base on Bermuda, thus combining two in­
herently clean energy technologies. The system 
is scheduled to be in operation during early FY 
1990.

In addition to the present program partici­
pants, the Los Angeles Department of Water 
and Power (LADWP) has expressed an interest 
in becoming a site operator. They have joined 
the EV Users Task Force and are participating 
in task force activities.

Technology Engineering
Technology Engineering activities under­

take the development and evaluation of im­
proved-technology components that are likely 
to enhance the capabilities of early state of the 
art EVs in site-operated fleets. These compo­
nents are evaluated in laboratories; on test 
tracks in vehicles; and in sheltered (outdoor 
laboratory) on-the-road vehicles to verify their 
suitability for incorporation into site-operated 
EVs. Factors, such as temperature, road shock, 
moisture, electromagnetic interferences, dura­
bility and safety, are evaluated along with the

actual performance measurements for the com­
ponent under test. Battery technology improve­
ments discovered through integrated independ­
ent testing of new process components offer the 
greatest opportunity for enhancing EV per­
formance. Improved controllers, battery charg­
ers, battery monitoring instrumentation, auxil­
iary systems (air conditioning, heating and 
fighting) and EV safety issues also are evalu­
ated when enhanced EV capabilities may result 
from incorporation of these technologies.

The University of Alabama completed the 
characterization of Energy Research Cor­
poration’s roll-bonded Ni/Cd battery. The final 
analysis, supported by testing at Rutgers Uni­
versity Medical School by Dr. Alvin Salkind, 
showed that this particular battery technology 
cannot provide the high currents required in 
traction service. The problem is a diffusion 
limitation or the ability of the electrolyte to 
reach the active material in the plates at a rate 
fast enough to maintain a workable voltage 
level while producing high current. The Rutgers 
University analysis showed a 40 to 48 percent 
porosity compared to 80 percent and higher for 
standard traction batteries. Concluding re­
search by ERC did not improve the power capa­
bilities of the roll-bonded technology; however, 
the battery has proven to be useful in applica­
tions where the energy demand is slower than 
the two hour rate. In concluding the DOE con­
tract, ERC produced a final report describing 
the four year development effort. The Ni/Cd 
program will continue with a new solicitation 
designed to cooperatively develop a sealed or 
very low maintenance battery based on the 
nickel fiber technology showing success in the 
nickel-iron battery program.

UAH is continuing the fife testing of the 
Johnson Controls Phase IV Gell/Cell batteries 
using an inhouse developed charging algorithm. 
The charging system uses a microprocessor to 
continuously monitor the status of each battery 
module in the vehicle, providing a uniform 
charge to the entire battery pack (18 modules 
per pack). The battery pack under test has 
accumulated over 100 charge/discharge cycles 
while maintaining a balanced charge through­
out the pack, in comparison to field tests with
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standard chargers which typically require 
module replacement within 50 cycles due to 
charge imbalance. The system has also proven 
the operation of a greatly simplified data collec­
tion system, necessary to monitor the voltage of 
individual modules, and the ability of the cen­
tral processor to control two chargers simulta­
neously, reducing the cost of the system to the 
fleet operator.

A project was initiated with the NAVY to 
install a Solar Photovoltaic (PV) charging sta­
tion in Bermuda. The station will consist of a 
13.5 kw PV array that will feed power to a large 
storage battery during the day which will in 
turn, charge five electric vehicles at night. Three 
of the vehicles will be charged by conventional 
means and the other two will use the system 
developed by UAH. Initial operation of the site 
is expected late in FY 1990.

A research program to advance the develop­
ment of nickel-iron (Ni/Fe) batteries for electric 
vehicles was continued during FY 1989 by Eagle- 
Picher Industries, Inc., under a 4-year, $2.1 
million cost-shared contract. The effort at EPI 
is directed toward reducing the cost of improved 
nickel-iron batteries.The work is focused on 
the development of fiber-type nickel electrodes. 
Because nickel metal is the major cost driver in 
the manufacture of nickel-iron batteries, the 
lower nickel requirements of the fiber-type 
approach is expected to provide significant cost 
reductions potential for future nickel-iron bat­
teries. During FY 1989, EPI continued to make 
steady progress in the development of fiber- 
based nickel electrodes and fabricated full-size, 
fiber-based Ni/Fe modules for evaluation.

Recent nickel-iron batteries have experi­
enced reduced lifetimes due to the deteriorated 
quality of iron electrodes obtained from SAB Ni/ 
Fe of Sweden. The problem may have been re­
lated to a relocation of equipment and the as­
signment of new personnel in Sweden. Since 
EPI has a license from SAB NIFE for rights to 
the technology, EPI is proceeding with a plan to 
acquire, with support from DOE and EPRI, the 
equipment necessary to begin fabrication of 
iron electrodes at their Joplin, MO facility. This 
capability will allow EPI to have direct control

over the iron plates produced. Installation of 
the pilot line for iron electrode fabrication is 
scheduled to be completed in late FY 1990.

Evaluation of developmental nickel-iron 
modules fabricated by EPI is performed by 
ANL. During FY 1989, a full-size fiber-based 
module achieved over 800 cycles in testing at 
ANL. In other developments, test results indi­
cate that a post-impregnation addition of a 
surface film of cobalt hydroxide on the nickel 
electrodes may ameliorate the iron poisoning of 
nickel electrodes caused by iron plates of poor 
quality; a full/size NIF-220 module with cobalt 
hydroxide is maintaining its full rated capacity 
of 220 Ah after 150 cycles to date at ANL.

The ruggedness and long life of nickel-iron 
batteries developed under this program contin­
ued to be confirmed in in-vehicle tests. Nickel- 
iron batteries performed well after seven years 
in commercial fleet operations at industrial 
sites. A complete nickel-iron battery system 
has powered an electric vehicle for over 47,000 
actual miles of operation to date at Electrotek’s 
Electric Vehicle Test Facility in Chattanooga, 
TN.

Engineering Evaluation Testing
Under the Engineering Evaluation Testing 

Activity, dynamometer and laboratory tests are 
conducted to evaluate technology outputs in 
circumstances that duplicate or simulate ac­
tual EV operation and environments under 
repeatable and well defined conditions. For this 
reason, test and evaluation programs are in 
process that (1) subject batteries to the actual 
electrical loads of high-technology EVs on a 
dynamometer and in test bed vehicles; (2) inte­
grate advanced EV drive systems in vehicles 
and test them on the track, road and dyna­
mometer; (3) test and characterize auxiliary 
systems, such as battery chargers, state-of- 
charge indicators, and battery monitoring and 
thermal management systems in a realistic EV 
environment; and (4) test advanced batteries by 
electrically loading them with complex driving 
cycle power profiles in a controlled laboratory 
environment over a range of operating tem­
peratures from -20°C to +80°C.
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Table 5

Vehicle & Powertrain Engineering Evaluation Testing Results

Chrysler/GE ETV-1 
(for reference only)

Soleq Evcort Soleq Dual Battery Van

Vehicle Type Passenger Car Passenger Car Full Size Van

Teat Weight (kg) 1723 1968 3713

Battery Mase Fraction 0.31 0.34 0.32

Battery Manufacturer/Type JCI Phase 3 Gel/Cell
Sealed Lead-Acid

Concorde 6250
Sealed Lead-Acid

JCI Phase 4 Gell/Cell
Sealed Lead-Acid

Transmission (No. Speeds) Single Five (Use only 3) Three

Road Load Power Required 
at 88 Km/h (kw) 9.6 12.5 23.8

Acceleration, 0-80 km/h (seconds) 23.6 25.6 24.0

Net DC Energy Consumption:
Federal Urban Driving Schedule (FUDS) 

(Wh/km)
174 212 471

48 km/h (Wh/km) 94 119 235

88 km/h (Wh/km) 129 160 361

Powertrain System Efficiency 
at 88 km/h

84% 84% 75%

performance for a 3700 kg full size vehicle. This 
testing also demonstrated noticeable efficiency 
improvements from the use of modem low- 
rolling-resistance radial tires, compared to con­
ventional light truck tires. The range of the 
vehicle was substantially compromised by the 
older sealed lead-acid batteries used with it; 
however, these batteries served to identify po­
tential concerns in maintaining balanced pack 
conditions in a dual battery configuration.

As part of a continuing effort to monitor the 
state of near-term battery development for 
DOE site operators and other potential EV 
users, the INEL battery laboratory tested a 
number of commercially available lead-acid 
batteries for potential EV application, along 
with several other batteries which are not yet 
being manufactured. Table 6 summarizes the 
results of the batteries tested by INEL in FY

1989. Sealed lead-acid batteries from Johnson 
Controls, Concorde and Sonnenschein, along 
with an improved tubular lead-acid battery 
from Chloride, all proved to have good (for lead- 
acid) initial performance. The Concorde bat­
tery deteriorated rapidly in use and was deter­
mined to be unsuitable for EV use without 
further design refinement. The Sonnenschein 
and Chloride batteries are mature designs which 
are expected to give reasonable field service if 
they are properly charged, although they are 
significantly more expensive than the golf car 
batteries typically used by site operators in the 
past. Availability of suitably flexible charg­
ing systems for EV use is an area of concern for 
all batteries tested recently except for the Chlo­
ride batteries, which were designed as part of a 
complete battery system for the G-Van and are 
scheduled to be available in the U.S. during
1990.
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An advanced lead-acid battery using a pri­
vately-developed materials technology by Elec­
trosource was tested in full-size EV modules, 
which proved to have high energy density and 
good power performance; however, process 
problems have prevented the attainment of a 
useful life for these batteries to date. Fabrica­
tion limitations are also believed to be a princi­
pal cause for the very short life achieved by pri­
vately-developed zinc-air cells by DEMI which 
were tested in FY 1989.

Improvements in INEL computer network­
ing capability permitted the implementation of 
enhanced methods for handling both test and 
simulation results. This enhanced capability 
was used for several investigations, including a

comparison of AC and DC powertrain perform­
ance based on various testbed vehicles, an 
evaluation of the expected performance of sev­
eral advanced batteries now under develop­
ment for new-generation vehicles, and the 
development of an approach for characterizing 
power and velocity profiles of EVs based on field 
and road test data. The AC vs DC comparison 
illustrated that AC propulsion systems tested 
to date have not yet achieved the high efficiency 
of the best DC systems (which have a much 
longer history of development), although their 
performance is comparable in other respects 
and superior in some. Further improvements in 
efficiency are projected for newer generation 
AC systems which have not yet been tested.

Table 6

Battery Evaluation Summary Test Results

Battery
Description

Battery
Type

Module
Weight

(Kg)

Battery 
Capacity 
3Hr Rate 

(Ah)

Specific
Energy
3Hr Rate 
(Wh/Kg)

Volumetric
Energy
Density
(Wh/L)

PefiPefr
50% DCf>
15s
(W/Kg)

Battery 
Coulombic 
Efficiency *
<*>

Battery
Energy
Efficiency
m

Lucas Chloride 6ETX-100 Tubular
Lead-Acid

32.3 90 32.3 72.06

* '

107 60 66

Eagle Richer NIF-170-5 Nickel-Iron 24.1 158 40.3 69.39 119 76.5 58

Johnson Controls GC-2 Sealed
Lead-Acid

28.1 115 24.0 54.86 129 95.6 82

Concorde GR 6250 Sealed
Lead-Acid

38.2 173 26.9 83.19 92.5 75

Sonnenschein 6V180 Sealed
Lead-Acid

31.8 150 28.0 73.80 125 95.7 84

Chloride 3ET 205 Tubular
Lead-Acid

32.5 176 31.4 76.63 90 84.9 71
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5. Incentives

The major incentives-related activities included the Corporate Average Fuel Economy 
(CAFE) and Loan Guarantee activities.

CAFE Regulations
Section 13(cXl) of Public Law 94-413 di­

rected the Department of Energy

... to conduct a seven-year evaluation pro­
gram of the inclusion of electric vehicles in the 
calculation of average fuel economy... to deter­
mine the value and implications of such inclu­
sions as an incentive for early initiation of 
industrial engineering development and initial 
commercialization of electric vehicles in the 
United States.

This 7-year evaulation program was con­
ducted by DOE and a final assessment report on 
this activity was completed in February 1987. 
DOE’s final recommendation was that the BV 
CAFE provision be continued, to the extent that 
the CAFE regulation remains intact, in the 
average fuel economy calculations under the 
Motor Vehicle Information and Cost Savings 
Act.

DOE has initiated action to update the fac­
tors that are necessary for calculating the CAFE 
credits for electric vehicles published in 10 CFR 
474, dated April 21,1981. When completed, the 
new factors will be published in the Federal 
Register.

Planning Grants
There was no activity in this incentive pro­

gram during FY 1989.

Loan Guarantees
DOE authority for making principal and 

interest assistance contracts under the Electric 
and Hybrid Vehicle Loan Guaranty Program 
expired on September 17,1983, as provided for 
by the notice of final rulemaking published in 
the Federal Register on May 31, 1979 (44 FR 
31510).

Since inception of this program in FY 1979, 
ten formal applications were provided to DOE 
and two loan guarantees were issued, both of 
which were terminated due to default. The 
assets of one company were liquidated in 1982 
recovering approximately $83,000, which re­
sulted in a loss to the government of $2,363,000. 
A workout agreement was negotiated in Janu­
ary 1983 with the second company (Jet Indus­
tries) providing for full payment of the 
$2,170,000 principal outstanding pending liqui­
dation of real estate and other assets.

In FY 1989 Jet Industries continued their 
efforts to sell the real estate and pay off the 
remaining balance of the loan but an acceptable 
offer has not been obtained.
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6- Other Activities

Studies and Assessments
Impact Studies

Section 13 of Public Law 94-413 requires a 
continuing assessment of material demand and 
pollution effects from electric and hybrid ve­
hicles (EHVs). No new studies of material 
demand were conducted in FY 1989 because 
earlier studies indicated that the availability 
and production of materials for EHV produc­
tion could be readily increased to meet any 
plausible level of EHV production dining this 
century.

Section 13 of the Act also requires a state­
ment of activities related to research on incen­
tives to promote broader consumer acceptance 
of EHVs. No new activities were initiated in 
this area during FY 1989.

Hybrid Vehicle Evaluation

The Department of Energy continues to 
monitor domestic and foreign developments in 
hybrid vehicles. Improvements in batteries, 
powertrains, engines, motors, and computer 
modeling, etc. are monitored for possible effec­
tive use toward consideration of future hybrid 
systems.

Volkswagen (VW) is proceeding with plans 
to fabricate two pre-production prototypes of 
their diesel/electric hybrid vehicle, designed 
around the VW Golf, in 1990 with fifty more to 
follow in 1991. Field testing of the prototype 
vehicles will be conducted in Zurich, Switzer­
land with support provided by the Swiss Gov­
ernment.

Contractors* Coordination Meeting

The Electric and Hybrid Vehicles Program 
Contractors’ Coordination Meeting was held on 
September 6-8,1989, at INEL. Some 120 people 
were in attendance to exchange technical infor­

mation on the development of electric vehicle 
technologies, participate in the ride and drive of 
various electric vehicles and to tour the INEL 
facility.

EV Battery R&D Program Plan

Utilizing the results of DOE’s 1988 EV 
battery assessment study, INEL generated a 
multi-year battery R&D program plan for DOE 
during FY 1989. Technical plans were estab­
lished for each of the nine most-promising 
advanced-battery technologies, as identified in 
the battery assessment. The technical plans 
incorporate technology-specific information in 
the areas of: technology background, projected 
capabilities, goals, status, critical issues, and 
R&D schedules which include major milestones 
and tasks.

Estimates of R&D effort and funding were 
developed for advancing these technologies to 
an advanced engineering level, referred to as 
the refined engineering battery. Industry should 
be in the position to make quality decisions re­
garding commercial product development based 
on analyses and evaluation of refined engineer­
ing batteries. The R&D funding estimates form 
part of the implementation plan, which estab­
lishes a technology-based decision-tree process 
for use in implementing a prioritization of EV 
battery technologies for DOE sponsorship. Tech­
nologies offering the highest probability of 
impacting early EV markets and personal-use 
EV markets are recommended for considera­
tion as top-priority candidates.

Battery Test Working Task Force

The EHV Battery Test Working Task Force 
was formed in 1983 to coordinate the battery 
evaluation work at several DOE and EPRI 
funded laboratories. Present member laborato­
ries are ANL, INEL, LANL, SNL, and Electro­
tec. The group has met twice each year since 
then to discuss testing procedures, results,
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reporting methods, and special techniques. 
Several new evaluation procedures have been 
developed, tested and implemented. The task 
force has recommended improvements in test­
ing procedures used at each represented labo­
ratory, and most have been accepted.

Dining FY 1989, a key accomplishment of 
the task force was the completion and publica­
tion of a glossary of battery testing terms devel­
oped by the task force. It provides a set of 
carefully written definitions for use by all who 
need to understand and interpret battery test 
results.

Task force members are submitting raw 
point by point data to INEL to be incorporated 
into the Electric Vehicle and Battery Test Data­
base. This database format was developed at 
INEL in cooperation with the task force to serve 
as the central repository for test results of se­
lected batteries based on maturity of develop­
ment and significance.

Future activities include developing addi­
tional standard testing procedures and further 
work on the testing database. Also, the group 
will continue its important task of coordinating 
the diverse battery testing activities of member 
laboratories to insure accurate results and avoid 
duplication of effort.

Computer Modeling

In support of the DOE Electric and Hybrid 
Propulsion (EHP) Program, ANL developed 
software packages for technical analysis and 
modeling of batteries and electric vehicles. 
During FY 1989, the software package named 
MARVEL was improved to increase its effec­
tiveness as an analytical tool. MARVEL exam­
ines the allowable battery design tradeoffs and 
derives the characteristics of an EV battery 
which provides the least-cost optimization for 
any specified electric or hybrid vehicle and for 
any specified mission. ANL performed selected 
battery analyses and comparative evaluations 
in support of the DOE/EHP Division programs 
using the simulation models. These have in­
cluded evaluation of candidate batteries for 
specific end-uses and development of mission- 
directed goals for battery research. During FY

1989, MARVEL was used to evaluate the range 
capability and user costs for various electric 
vans (ETX-II, DSEP, G-Van) with state-of-the- 
art and advanced batteries being developed in 
the DOE program. MARVEL, which is a user- 
friendly system available for the IBM-PC, has 
been distributed to many different battery de­
velopers, EV developers, and EV users for their 
use.

ANL also continued development of a bat­
tery software package named DIANE which 
enables the accurate prediction of EV perform­
ance by modeling the battery’s second-by-sec- 
ond current/voltage relationship as a function 
of battery age and usage. This model also oper­
ates on a personal computer, and it is struc­
tured with interactive capability. The accuracy 
of the updated model was validated by compar­
ing the results of the model calculations against 
measured data obtained for 3 different battery 
types, 3 different electric vehicles, and 3 differ­
ent driving profiles; in all cases, the DIANE 
range predictions matched measured test re­
sults to within less than 6%. A plotting menu 
which allows the user to select the desired 
graphical output of results was also added to 
improve data presentation.

Database Development

INEL developed a battery R&D database 
using the dBase IV data management system. 
The objective of this project is to consolidate EV 
battery R&D information, from a variety of 
sources, into a single easily-accessible data­
base. It is organized into eight (8) information 
modules, each containing different battery R&D 
information: (1) Programmatic Information, (2) 
Projections, (3) Technology Status, (4) Battery 
Goals, (5) Battery Assessment, (6) Reference 
Information, (7) Test Results, and (8) Battery 
R&D Program Plan. Consolidation of the bat­
tery R&D information into a single database 
will facilitate locating relevant information on 
any major EV battery technology. Also, it will 
facilitate the updating of battery R&D informa­
tion.

The relational features planned for this da­
tabase will allow an authorized user to access 
information from several different information
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modules without the need to return to the 
Master Access Module for transferring from 
one to the other. A compiled demonstration 
version of this database was delivered to DOE 
in mid-year to obtain feedback concerning its 
content and functionality.

Use of Foreign Components

Section 14 (2) of Pubhc Law 94-413 requires 
the Department to examine “the extent to which 
imported automobile chassis or components are

being used, or are desirable, for the production 
of vehicles under section 7, and of the extent to 
which restrictions imposed by law or regulation 
upon the importation or use of such chassis or 
components are impeding the achievement of 
the purposes of this Act.”

No further vehicle purchases are being made 
under the provisions of section 7 of the Act. 
Activities following the development progress 
of foreign made batteries, drivetrain compo­
nents and vehicle systems are continuing.



7- Recommendations for Initiatives

The Department of Energy is not considering any new legislative initiatives to further the 
purpose of the Act. The current legislation is sufficient to stimulate the advancement of EHV 
technologies to the point where the private sector can determine their viability as transportation 
options and continue their development into marketable products.
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