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ABSTRACT 

Th~s report, which is divided ~nto five volumes, documents the 
evaluat~on of advanced electr~c and hybr~d vehicles for potent1al development 
by the early 1990s. Other volumes ~nclude Volume I, the Execut~ve Summary; 
Volume II, Subsystems Assessment; Volume IV, Support1ng Analyses; and 
Volume V, Appendices. 

This volume (Volume III) documents the advanced veh1cle systems analyses 
based on the subsystems technology assessment of Volume II. The systems 
analyses integrate the advanced component and veh~cle character~st~cs 1nto 
conceptual veh~cles w~th ident~cal performance (for a g~ven appl~cation) and 
evaluate the vehicles in typ~cal use patterns. In~tial and l~fe-cycle costs 
are estimated and compared to convent~onal reference veh~cles w~th comparable 
technolog~cal advances, assum~ng the vehicles will be ~n competit1on ~n the 
early 1990s. Electr1c vans, commuter vehicles, and full-s~ze veh1cles, ~n 

add~tion to electr~c/heat-eng~ne hybr~d and fuel-cell-powered veh~cles, are 
addressed in terms of performance and econom1CS. System and subsystem 
recommendat~ons for vans and two-passenger commuter veh~cles are based on the 
econom1C analyses in th~s volume. Techn~cal results from this volume, in 
addition to other subJect~ve measures, are used 1n the Preference Analyses of 
Volume IV to develop recommendat~ons for five-passenger vehicles. 

Specif1c areas of analysis addressed ~n this volume are m~ss~on 
definit~on, conceptual veh1cle design, performance analyses, and cost analyses. 
In add~tion, the sensitivity analyses (1) present the results for veh~cles 
designed, us~ng the projections of several battery developers (see 
Acknowledgment) to provide a d1fferent perspective than that of the battery 
review board, (2) describe the effects of different electric ranges on hybr~d 
vehicles, and (3) show the ~mpact of powertrain cost reduct~on. Several 
computer programs were developed to perform the analyses from veh~cle concept 
to life-cycle cost. Their use is descr~bed in this volume, and details can be 
found 1n Volume V, Appendices. 
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SECTION I 

METHOD OF ANALYSES 

The role of systems analyses in th~s assessment is to ~ncorporate 
advanced components in conceptual veh~cles, s~mulate the~r operat~on us~ng 

typical travel patterns, evaluate the vehicles in terms of econom~cs, and 
recommend further research in support of the most prom~s~ng nonpetroleum 
electric or hybrid vehicles (EVs, HVs). The analytical approach is top-down, 
that ~s, the performance requirements are the same for all veh~cles w~th~n a 
given application (i.e., m~ssion); the vehicle designs vary, depending on 
specific subsystem capabilit~es. 

The study method, shown in Figure 1-1, illustrates the central role of 
the systems analyses. Conceptual vehicle deslgns are formulated from the 
subsystem characteristics (Volume II) and the performance requirements from 
the mission def~nition. The performance is validated on the Federal Urban 
Driving Schedule (FUDS) with the Jet Propulsion Laboratory/General Research 
Corporat~on (JPL/GRC) vehicle s~mulation program, ELVEC, and further evaluated 
using a distribution of 24-h dr~ving schedules (to est~mate energy consumpt~on 
~n typical annual operation). In~t~al and life-cycle costs are est~mated and 
recommendations are made, based on relative economics and preference analyses 
(see Volume IV). 

In addition, advanced electric and hybrid veh~cles have been des~gned 
and evaluated economically w~th battery performance and cost projections made 
by developers of the advanced batteries. These results, which can be found ~n 
Section IV of th~s report, provide a d~fferent perspect~ve from that of the 
~ndependent battery review board. Therefore, a range of results has been 
supplied for interpretation, depending on the reader's level of optlmism. 

Implementat~on of the study method is based on computer simulat~on, for 
example: 

(1) The IBM PC program, AVSIZING, was developed to 
in~tially s~ze all vehicle components based on the 
performance requirements. 

(2) ELVEC ~s used for detailed simulation over driving 
schedules, us~ng an input file created by AVSIZING. 

(3) AVENERGY, an IBM PC program, was developed to 
statist~cally combine the ELVEC results from the 
distribution of 24-h driving schedules and est~mate 
battery life, based on the d~stribution of daily 
battery discharge levels. 

(4) AVCOST, another IBM PC program developed for this 
study, uses the vehicle specif~cations, energy 
consumption, and battery-life results from the other 
programs to estimate ~n~t~al and life-cycle costs. 
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SUBSYSTEM ASSESSMENT 
VEHICLE SYSTEMS 

ANALYSES 
AFTERMARKET 

ANALYSES 

Figure 1-1. Advanced Vehicle Assessment Study Method 

(5) Add1tional programs were developed to support the task, 
including a curve-fit program that calculates battery 
model coefficients for ELVEC based on user-suppl1ed 
battery data, spreadsheet and database programs that 
d1splay the advanced battery projections, and 
miscellaneous programs to calculate break-even fuel 
pr1ces and cost ratios relat1ve to present and advanced 
technology reference vehicles. 

(6) An existing JPL simulat10n program was used to combine 
1ndividual preferences and vehicle technical 
characteristics to rank veh1cles 1n the Preference 
Analyses. 
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SECTION II 

MISSION DEFINITION 

The purpose of m1SS10n definition is to identify the expected vehicle 
performance requirements and usage patterns to allow advanced vehicle (AV) 
concepts to be evaluated on a realistic basis. Vehicle performance was 
described in terms of the critical requirements of acceleration, range, and 
gradability as well as passenger/payload capacity and other vehicle 
characteristics. The key parameters needed to describe the veh1cle usage 
patterns are well defined driving cycles, trip lengths, daily travel 
parameters distribution, 24-h daily schedules, and the annual distance 
traveled. These parameters have been 1dentified through the use of the 
1978-1979 Nationwide Personal Transportation Study (NPTS) and projections of 
travel trends to the next decade. 

A. VEHICLE PERFORMANCE REQUIREMENTS 

Many powertra1n configurations and subsystem alternatives have been 
considered to overcome defic1encies of the typical EV. To compare vehicle 
candidates on any meaningful basis requires equalizing as many of the external 
variables as possible. Thus, the AV requirements were developed, which 
specify the vehicle capabilities in terms of its transportation function, 
i.e., on the basis of passenger/payload capabi11ties and several m1nimum 
performance standards. The assumption of 1nterna1-combustion engine (ICE) 
vehicle equivalence for comparison requ1red the development of projected 
minimum vehicle requirements for the 1990s, based on evolutionary trends. The 
original set of requirements for full-performance vehicles was circulated to 
representatives of the auto industry, subsystem manufacturers, and national 
laboratories for comment. The resulting m1nimum requ1rements are shown in the 
four- to five-passenger vehicle column in Table 2-1. Two-passenger commuter 
vehicle requirements were established after discuss10ns w1th representat1ves 
of the automotive industry regarding minimum acceptable performance for a 
limited-use vehicle of this type. The van requ1rements were based on 
discussions of preliminary requirements for a van of interest to the Electric 
Vehicle Development Corporation (EVDC), a conglomerate of utilit1es support1ng 
the development of electric vehicles. 

The acceleration requirement for the full-size passenger vehicles is 
considered to be "diesel-equivalent," which is obviously acceptable to a large 
and growing population of drivers even though the performance level is well 
below that of the average vehicle on the road. The decisions to purchase 
diesel vehicles were the results of giving up performance in the interest of 
fuel economy and perceived reliability. It 1S d1fficu1t to predict 1f more 
compromise may be acceptable within a decade, but with the continued 
availability of conventional cars, present-day diesel-engine vehicle 
performance was used as a likely limit for full-performance vehicles. 
However, it should be noted that slightly slower accelerat10n was cons1dered 
acceptable for commuter electric vehicles. The acceleration requirements for 
vans was chosen to be cons1stent with the power necessary for the "van cycle," 
a modified FUDS with 17% lower peak power. 
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Table 2-1. Advanced Vehicle Requirements 

Characteristics 

Passenger capacity 

Payload capacity,a kg 

Cargo capacity, m3 

Accelerationb to 88 km/h (s) 

Top speed,b km/h 

Gradab~lity, % 
at 88 km/h for 5 km 
starting from stop 

Range on FUDS,c km 

Max refuel time, h 

Max start-up time, s 

Safety 

Life, yr 
km 

Van 

1 to 2 

750 

27 

3 

8 

30 

Passenger vehicles 

2 

200 

0.2 

23 

100 

3 
30 

128 

8 

30 

4 to 5 

400 to 475 

0.4 to 0.5 

20 

110 

7 
30 

160 to 400 

0.5 

30 

Comparable to conventional vehicles 

10 
128500 

10 
118860 

10 
132360 to 
166100 

alncluding passengers. 
b Test payload of 136 kg for passenger vehicles, 295 kg for vans. 

cFederal Urban Driving Schedule. 

dModified FUDS with the period from 163 s to 346s removed. 

The range of 400 km for full-performance vehicles was chosen to 
correspond to the ninety-ninth percentile daily trip length of the average 
general-purpose vehicle, to compete with conventional vehicles. This 
requirement should ease the perception of l~mited range; however, it is not 
clear at this time what range is acceptable to the consumer. For example, 
current four- to five-passenger compact and mid-size cars that are comparable 
in passenger/payload requirements to the AVs described (~.e., Chevrolet 
Citation, Pontiac 6000) exhibit ranges of over 600 km (Reference 2-1). On the 
other hand, General Research Corporation concluded that the best overall 
combination of range, price, and annual cost for the average motorist results 
in a range of 200 to 240 km from cars with advanced batteries (Reference 2-2). 
Therefore, intermediate ranges of 160 and 240 km were investigated for 
five-passenger vehicles as well. Comments on the commuter vehicle range 
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indicate that much less range (128 km) would be acceptable for that market. 
The preliminary EVDC range requirement of 96 km was used although the van 
cycle was substituted for the less stringent Society of Automotive Engineers 
(SAE) J227aC schedule. 

Two factors that are not obviously important for conventional vehicles, 
but that can become critical for some AV candidates, are the times needed for 
start-up and for refueling or recharging. In deference to the known 
limitations of most AV systems, the times shown in the requirements have been 
extended to (or perhaps beyond) the perceived limits of consumer tolerance. 
The minimum recharge times greatly affect vehicle designs as well as the 
vehicle support systems and infrastructure requirements. 

B. VEHICLE USE PATTERNS 

The primary objective of this analysis was to characterize automobile 
travel in the 1990s, based on the 1977 to 1978 Nationwide Personal 
Transportation Study and projections of trends in vehicle use through the next 
decade (References 2-3, 2-4, 2-5, and 2-6). Specifically, automob~le usage 
was characterized in terms of travel patterns (distribution of daily travel on 
an annual basis) and typical driving conditions (driving cycles). 

The travel patterns for limited-range passenger vehicles (those with 
ranges of 128, 160, and 240 km) were derived from those of the full-performance 
vehicles by truncation of the trip-length distribution beyond the design 
range. Tr~p data for commerc~a1 vans are not readily available (compared to 
the NPTS for passenger vehicles), and a simplified, yet somewhat arbitrary, 
distribution was developed. The discuss10n of derivational procedures ~n this 
section of this report deals with the development of travel patterns for 
typical, unlimited-range vehicles. 

1. Method 

A major portion of this effort was the analysis of data contained 
in the 1978 NPTS. The results of this analysis were compared to the 1967 NPTS 
to identify possible trends for projection into the 1990s. 

The NPTS data are cross-sectional, describing ~n detail how 18,000 
distinct U.S. households used their automobiles on the survey day (24 hours) 
in terms of trips taken, trip lengths, and trip purposes. This survey was 
carried out from April 1977 to March 1978; however, each respondent provided 
data for only 1 day. Data collected included household information related to 
travel such as population, automobile ownership, and socio-economic 
variables. The annual mileage driven for each automobile, usually based on a 
respondent's memory, was also recorded. 

The primary purpose of this information is to develop an estimate of 
travel patterns. An ideal database for such an analysis would be travel 
diaries describing the details of trips taken by households over extended 
periods of time, such as a week or a month. However, such longitudinal travel 
data on a national popUlation sample do not exist in the public domain. 
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Because longitudinal data are not available, the annual travel patterns 
were constructed synthetically from the NPTS data by using a Monte Carlo 
simulation model. The number of trips made by a family-owned vehicle on a 
given day was assumed to have a P01sson distribution. A travel pattern was 
synthetically developed by randomly estimating the daily number of trips and 
their trip lengths from frequency distribution, result1ng in daily travel. 
Daily travel was then accumulated to yield an annual distribution of daily 
travel distances. This 1S the IItravel pattern" that forms the basis of the 
vehicle "mission." 

Another major aspect of this effort was the development of an extended 
driving schedule, based on the Environmental Protect10n Agency (EPA) cycles, 
to be used to characterize daily vehicular travel for a specific m1ssion. 
Driving cycles for internal-combustion engine (ICE) powered vehicles are well 
established, such as the EPA Urban and Highway Cycles and the SAE Metropolitan 
driving cycles. The characteristics of the ICE permit reasonable comparisons 
of fuel economy based on the EPA cycles because the engine (power source) and 
fuel tank (energy source) are virtually unaffected by daily driv1ng d1stances. 

However, the performance of some advanced vehicles could be affected by 
the daily driving cycle. The state of charge (SOC) of batteries, 1n most 
cases, determines the performance capability of an electric vehicle. Most 
batteries self-discharge thermally or coulombically; therefore, the period 
between trips and charging can lower the vehicle efficiency. High-temperature 
batteries and fuel cells are sensitive to the daily driving cycle, especially 
during the idle periods between trips. Thus, a comparison of the advanced 
vehicular technologies is more realistic if their performance is measured on 
the basis of how vehicles are actually used on an hourly basis. The NPTS 
contains information on parameters such as the times trips started and ended 
as well as on idle periods between trips, which are used to develop the daily 
driving cycles. In most studies simulating vehicle performance, it was 
assumed that a given daily distance was covered by vehicles driving 
continuously over a combination of driving cycles that added up to the daily 
distance. The t1me-tagged daily driving pattern developed by this study 
should produce more realistic results. 

2. Annual Travel Distributions 

The NPTS data represent the driving of a sample of veh1cles on a 
given day. The estimate of annual travel patterns should represent the 
driving of a typical vehicle over a year. The frequently held assumption that 
one represents the other is probably unfounded. 

A basic assumption in developing the travel patterns was that the trip
length frequency distribution reflected in the NPTS is a representation of 
trip lengths encountered by a typical household. The distribution of daily 
trips was assumed to be approximated by a Poisson distribution. The average 
trip length based on the NPTS (1977 to 1978) data was 13.2 km. 

Thus, a vehicle making 1,000 trips on an annual basis would be driven 
approximately 13,200 km, resulting in a mean of 1,000/365 = 2.73 trips per 
day. Using 2.73 as the mean of the Poisson distributed variable trips per 
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day, probabilities of making x trips on any given day can be estimated by 
using the relationship 

where x is an integer with values from 0 to 12, the upper limit of number of 
trips made by any vehicle on a given day. 

The Monte-Carlo simulation consisted of using the daily-trip frequency 
(number of trips) distribution and the trip-length frequency distribution to 
develop annual travel patterns. For each day of the 365 days in a year, a 
random number was drawn to estimate the number of trips on that day. For each 
trip, the trip length was drawn randomly from the trip-length frequency 
distribution. By accumulating the daily travel in this manner, annual travel 
patterns were constructed. 

The NPTS data was not sufficiently documented to identify whether a 
given vehicle was a four- or five-passenger, and the differences in their 
annual distances could not be estimated; therefore, no differences were 
assumed. Annual travel projections based on trends are shown in Table 2-2. 

Travel patterns were developed for a sixtieth-percentile vehicle with 
annual travel of 16,000 km, characterizing the general-purpose missions 
(Figure 2-1). The assumed van travel pattern is shown in Figure 2-2 for 
12,850-km/yr operation. 

3. 24-Hour Driving Schedules 

A primary concern in developing the driving schedules is to 
describe the driving environment accurately. Several of the battery 
technologies and fuel cells are affected in terms of energy consumption 
because of self-discharge and warm-up requirements. The range and energy 
consumption of these vehicles is affected by the driving pattern. Thus, the 
24-h driving schedules were developed to more accurately assess the impact of 
actual driving time on energy consumption. 

Table 2-2. Annual Travel for General-Purpose Vehicle Missions 

Travel, km 

Percentile 1969 1978 1990s 

50 16,000 12,800 12,800 

75 22,400 20,800 20,000 

90 36,800 32,000 30,000 
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In an 1deal case, the 24-h schedule can be applied to all 365 days, 
track1ng the vehicle movement describing each trip the vehicle makes on the 
vehicle simulation model. To reduce the complexity and cost of simulat10n, 
the annual driving was divided into up to 12 cells describing the daily 
driving range. The arithmetic mean of each range is assumed to be the 
approximate d1stance the vehicle is driven each day. The 12 cells represented 
distances of 4, 8, 20, 28, 40, 56, 72, 88, 112, 144, 240, and 400 km. Two 
distributions were developed to descrlbe (1) the starting time of the f1rst 
trip, based on the number of trips made; and (2) the time between trips when a 
certain number of trips were made on a given day. Using the Monte-Carlo 
simulation and these two distributions, 24-h schedules representing travel for 
365 days were developed. For each of the 12 daily travel distances 
represented, a driving schedule was selected (based on the times trips were 
made and trip lengths). 

The chosen trip lengths do not correspond to established driving cycles 
such as the Federal Highway and Urban Driving Schedules. For trips with 
lengths shorter than the Urban cycle (approximately 12 km), segments of the 
cycle were used in developing driving schedules. Complete cycles, either EPA 
Urban or Highway, were used whenever the trip lengths permitted. A breakdown 
of Urban cycle segments and descriptions of the 12 (24-h) schedules 
representing various daily driving distances can be found in Tables 2-3 and 
2-4, respectively. Table 2-5 describes the simplified schedule for commercial 
vans. Note that the park times assumed do not necessarily reflect typical use 
patterns but were specified to provide the correct relative percentage of 
vehicle idle time when combined with the repetitive driving schedule (in the 
interest of self-discharge, etc.). 
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Table 2-3. Segments of the Urban Cycle 

Speed, mph 
Segment Begin End, Period, Length, 
name time s s m1 Average Max 

URB1 0 163 163 0.674 14.9 32.4 

URB2 163 346 183 1.960 38.6 56.7 

URB3 346 402 56 0.368 23.7 36.5 

URB4 402 447 45 0.141 11.3 30.1 

URB5 447 510 63 0.448 25.6 36.2 

URB6 510 568 58 0.210 13.0 26.0 

URB7 568 645 77 0.252 11.8 27.0 

URB8 645 693 48 0.168 12.6 26.5 

URB9 693 766 73 0.324 16.0 28.6 

URB10 766 959 193 1.360 25.4 34.3 

URB11 959 1052 93 0.375 14.5 28.5 

URB12 1052 1100 48 0.208 15.6 28.3 

URB13 1100 1168 68 0.278 14.8 27.0 

URB14 1168 1196 28 0.068 8.7 23.5 

URB15 1196 1251 55 0.198 13.0 22.0 

URB16 1251 1337 86 0.293 12.3 29.1 

URB17 1337 1371 34 0.125 13.2 22.9 
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Table 2-4. Schedules (24-h) for l6,OOO-km/yr Passenger Veh1cle 

Cycle 

1 2 3 4 5 6 7 8 9 10 11 12 

URB1 URB1 URB1 Feda 1 URB1 Fed 2 Fed 2 Fed 2 b Hwy 4 Hwy 4 Hwy 15 Fed 1 

URB2 URB2 Pkc 5.16 Pk 0.95 to Pk 1. 04 Pk 4.57 Pk 0.S2 Pk 7.04 Pk 6.5 Pk 2.61 Hwv 16 

Pk 1.9 URB3 URB2 URB2 URB6 URBI URB1 Fed 2 Fed 1 Fed 1 URBI Pk 1.0 

URB3 URB4 to Pk 3.44 Pk 7.15 to Pk 0.60 Pk 0.15 Hwy 1 Hwy 4 URB2 Hwy 7 

URB4 URB5 URB6 Fed 1 URB7 URB9 Fed 2 Fed 2 Fed 1 Fed 1 Pk 0.57 Fed 1 

URB5 URB6 Pk 0.75 to Pk 0.S7 Pk 2.57 Pk 3.73 Pk 0.66 URB3 

URB6 Pk 5.01 URB7 URB17 URB1 Fed 1 URB1 Fed 1 to 

URB7 URB7 to Pk 1. 56 URB2 Pk 1. 3S URB2 URB9 

URBS to URB17 Fed 1 Pk 6.S3 Fed 1 Pk 0.216 

N 
URB17 Pk 2.77 Pk 6.S7 URB3 URB3 

I URB1 Fed 1 \0 to to 

to URB17 URB17 

URB9 Pk 1. 63 

Fed 1 

km 

6.7 11. 9 19.0 27.0 36.0 55.0 72.0 84.0 l1S.00 155.0 252 400 

Days/yr 

57 50 43 32 63 27 29 IS 19 S 7 2 

aFed EPA urban cycle. 
b 

Hwy EPA h~ghway cycle. 

c Pk Parked t~me ~n hours. 



Table 2-5. Schedules (24-h) for l2,850-km/yr Van 

Cycle 

1 2 3 4 

URBl URBl URBl URBl 

URB3 URB3 URB3 URB3 

! ! ! ~ 
URB17 URB17 URB17 URB17 

Pk 1.5 Pk 1. 5 Pk 1.5 Pk 1. 5 

URBl URBl URBl URBl 

URB3 URB3 URB3 URB3 

! ! ! ! 
URB17 URB17 URB17 URB17 

Pk 10.5 Pk 2.5 Pk 1.5 Pk 0.9 

! ! ! ! 
Repeat Repeat Repeat Repeat 
to 40 km to 56 km to 72 km to 88 km 

km 

40 56 72 88 

Days/yr 

163 62 25 12 
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SECTION III 

CONCEPTUAL VEHICLE DESIGN 

A. VEHICLE CONFIGURATION 

The primary objective of the conceptual vehicle design phase was to 
ensure that advanced vehicles with alternate techno1ogLes for power sources 
were compared on a consistent basLs. The vehicle configuration section 
includes common assumptions concerning the drivetrain layout, choLce of 
powertrain subsystems, and the resulting array of vehicles dictated by the 
technology choLces (i.e., different batteries or fuel cells). 

The drivetrain layouts are similar for all the vehicles. Front-wheel 
drive was chosen to be consistent with current trends and to allow more 
unencumbered space for battery packaging. In all cases, the motor and 
controls (and engine, when required) are packaged under the hood, and the 
batterLes are located in several areas depending on the weLght distrLbution 
and space requirements. AC motors and dLrect drive (with fLxed reductLon made 
possible by the high-speed motor) were chosen for the electric vehicles, 
primarily due to current promising developments and reliabilLty cons~derations. 
A four-cylinder engine and continuously variable transmission (CVT) were 
incorporated in the hybrid vehicles in a parallel configuration. An 
"either/or" strategy was chosen to simplify the simulation process and limit 
the dLfferences to energy-storage technologies. The HV drivetraLn layout 
(Figure 3-1) shows how the motive power can be supplied by either the electric 
drive system ~ the engine. 

No effort was made analytically to justify the choice of the hybrLd 
configuration or the control strategy; however, the objective of the study is 
to differentiate between subsystem technologies, and the relative merits of 
the primary subsystems (i.e., batteries) would most likely show up regardless 
of the control strategy. The overriding assumption concernLng the choice of 
the strategy was the desire to displace a substantial amount of fuel in an 

BATTERY 

CONTROLLER 

TRANSMISSION 
(CONTINUOUSLY 
VARIABLE) 

MOTOR AND 
FIXED REDUCTION 

Figure 3-1. Hybrid VehLc1e Configuration 
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efficient manner, and the way to do that is not to use the engine more than 
necessary. Therefore, initial operat~on on the electr~c drive was chosen for 
80 km. (Section VI of this report illustrates the advantages of choosing that 
electric range.) Concerning operation beyond 80 km, an engine runn~ng at 
constant speed connected to a continuously variable transmission is relat~vely 
efficient on the Federal Highway Driv~ng Schedule (FHDS), which makes up most 
of the driving at trip lengths beyond the electric range. Admittedly, the CVT 
is not critical in this analysis, but current ava~lab~lity of the transm~ss~on 
in the European market made it an attractive choice. At any rate, the 
parallel hybrid conf~gurat~on with 80-km electric range on the FUDS and an 
"either/or" control strategy is conunon to all HVs of this study. 

Perhaps the most obvious subsystem conunon to the veh~cles is the 
body/chassis. The advanced vehicles are based on vehicles with conventional 
construction although weight reduction was projected, assuming improvements ~n 
efficiency of design and material substitution. The relat~onship to 
conventional vehicles was assumed in lieu of costly safety analyses of new 
designs, in an effort to ensure that AVs would meet the same requirements as 
their competition. It was felt that AVs would have to take advantage of 
accepted manufacturing practices at the time if they were to benefit from the 
economy of high production volume. 

The reference veh~cles are shown in Figure 3-2. 1 For'a g~ven veh~cle 
size, the body/chassis is ident~cal; therefore, all non-propulsion technology 
is identical (i.e., aerodynam~cs, rolling resistance, etc.). The AV designs 
are developed by replacing the internal combustion engine and auxiliaries w~th 
electric or hybrid vehicle components and the appropriate structural weight 
propagation (30% of added weight). A matrix of the resulting vehicle options 
is shown in F~gure 3-3. Note that four-passenger vehicles were not cons~dered 
further in the analyses. Test runs early in the study showed that no new 
information concerning the relative merits of the subsystems was to be ga~ned 
by completing the analyses for four-passenger vehicles in addition to 
five-passenger vehicles, which provide the comparison to conventional 
full-size, general-purpose vehicles. 

B. COMPONENT SIZING 

Consistent component s~z~ng is necessary to ensure that the vehicles 
meet the primary performance requirements of acceleration, range, and 
gradability. Vehicle test cases with ELVEC showed that approximately constant 
power-to-vehicle weight ratios could be used initially to size the 
components. The most demanding requirement varied with each application, as 
shown in Table 3-1, which indicates the sizing criteria for each subsystem. 

lThe body style of the five-passenger vehicle is based on the Lancia 
Ganuna Sedan by Fiat, which was submitted to JPL in the~r Phase I report 
of the Hybrid Vehicle Development Project (Reference 3-1). The two
and four-passenger vehicles are similar designs. The van is based on 
the Chrysler T-van. 
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Curb Weight, Paylaad, Cargo Drag/Roiling 

kg kg Volume, m 
3 Coefficients 

~ 500 200 0.2 0.32/0 01 

2-Passenger EV 

Ffl 
~ I@ 670 400 04 0.32/0.01 

4-Passenger EV, HV 

4 II 
I ~ 8i5 475 o 5 0.32/0.01 

5-Passenger EV, HV 

~~ 1080 750 3.6 a 47/0 011 

Cammerclal Van 

Figure 3-2. Internal Combustion Engine Reference Veh1cles 

VAN 2-P EV 5-P EV 5-P EV 5-P EV 5-P HV 
(96 km) (128 km) (160 km) (240 km) (400 km) (400 km) 

Batteries 
Pb/Acid • • • • 
Blp. Pb/Acid • • • • • 
NI/Fe • • • • • 
NI/Zn • • • • • 
Zn/Br2 • • • • • 
Zn/CI2 • • • • • • 
Fe/Air • • • • • • 
LI/Fes • • • • • • 
Na/S • • • • • • 
AI/Air • 

Fuel Cell 
SPE • 
PAFC • 

Heat Engine 
4-cyl. 51 • 

Drivetrain 
ac Mootor/lnv. • • • • • • 

Transmissions 
Fixed Red. • • • • • • 
CVT • 

Figure 3-3. Matrix of Vehicles Simulated 
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Table 3-1. Component Siz1ng Criter1a for Advanced Veh1cle Applications 

Component 2-P EV 5-P EV 5-P HV Van FCV 

Battery 26 W/kg 26 W/kg 26 W/kg 20 W/kg NA 
(Cycle) (Cycle) (Cycle) (Cycle) 
and Range and Range and Range and Range 

Inverter 26 W/kg 28 W/kg 28 W/kg 20 W/kg 28 W/kg 
(Grade) (Grade) (Grade) (Cycle) (Grade) 

Motor 16 W/kg 25 W/kg 25 W/kg 18 W/kg 25 W/kg 
(0.9 Grade) (0.9 Grade) (0.9 Grade) (0.9 Grade) (0.9 Grade) 

Transmission 26 W/kg 28 W/kg 28 W/kg 20 W/kg 28 W/kg 
(Grade) (Grade) (Grade) (Cycle) (Grade) 

Engine NA NA 28 W/kg NA NA 
(Grade) 

Fuel Cell NA NA NA NA 28 W/kg 
(Grade) 

The power level is not the only consideration in sizing the components. 
The duration of operation at high power levels must be taken into account as 
well. For example, the grade power is required for 3.3 m1n, as opposed to the 
acceleration lasting only 20 to 27 s. It was assumed that the motor could 
produce twice the continuous power for the t1me required for acceleration, but 
only 10% more than the continuous rating for 3.3 min unless external cooling 
was provided (not assumed in this case). Hence, the motor was sized for 90% 
of the grade requirement. Power processors (inverters) were not assumed to be 
as tolerant as motors, and they were sized for the highest power required. 
The mechanical transmissions (both fixed reduction and CVTs) were sized for 
the highest requirement as well. Although engines may be operated above their 
continuous rating for some time, the lack of a thermal model in ELVEC led to a 
similar assumption of matching the rating to the most demanding requ1rement. 
The battery was not as straightforward as the other components because of the 
simultaneous requirements to meet the power for grade and acceleration as well 
as the energy for range. The sizing routines and ELVEC were updated to take 
into account the power capability versus state of charge for all the battery 
candidates, and the range was adjusted accordingly. 

C. VEHICLE DESIGNS 

The vehicle design procedure ensures that AVs meet all the performance 
requirements and that all components can be packaged in the available volume. 
The procedure of design and validation is semi-automatic in that the initial 
design is performed on an IBM PC computer, requiring minimal inputs; the 
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results are validated by submitting a prepared file to ELVEC (submitted by 
modem to the General Research Corporation). The ELVEC-predicted range must be 
compared to the desired range and the mass fraction of the battery (BMF) 
adjusted in the AVSIZING program and iterated to get a better answer, if 
necessary. This process is shown in Figure 3-4. 

The AVSIZING program was developed out of necessity to decrease the time 
required to make the initial estimate of the vehicle specif~cations because 
ELVEC is not a design program and requires an ~nput f~le describing the 
vehicle characteristics. The program estimates the BMF required to meet the 
range requirements (based on prev~ous s~mulat~on with ELVEC), which established 
unique relationships between BMF and range for each battery type and design. 
Component spec~fications are determined from the BMF, the subsystem 
capabilities, and the component sizing criteria (see Table 3-1), taking ~nto 
account the structural we~ght propagation and payload requ~rements. An ~nput 
file is created and stored for submission to ELVEC. Upon estab1ish~ng 
communications w~th the GRC computer and submitting the file, ELVEC calculates 
the "actual range," considering the battery energy capacity (using a 
fract~onal utilization model) and the battery power capabi1~ty as a function 
of state of charge. That is, the range predicted by the fract~ona1 
utilization model is adjusted by decreasing the range to the po~nt where the 
battery's 30-s power capability matches that of the peak power required on the 
cycle. If this range matches the des~red range within 5%, the analyses 
proceed by having AVSIZING create an input file with the necessary information 
for ELVEC to automatically s~mu1ate the vehicle on a distr~but~on of 24-h 
cycles with different daily travel patterns. Otherwise, a different BMF must 
be chosen to produce a vehicle that w~ll come closer to the desired range. 
AVSIZING redesigns the vehicle and prepares a file for submission to ELVEC; 
the procedure is repeated until the range is met. The details of the AVSIZING 
program are contained in Appendix M, Volume V. 

Tables 3-2 through 3-7 show the results in terms of the vehicle weight, 
battery weight, depth of discharge (DOD) at the design range, the energy 
consumption and fuel economy where appropriate. There are notable d~fferences 
in the DOD (because of the battery power versus DOD capability) and the energy 
consumption (due to differences in battery efficiency and veh~c1e weight 
differences). The ~mpact of battery power capability is explicitly shown in 
these tables, in the DOD at range. Note the differences between the bipolar 
Pb/Acid and the others in those applications requiring high power-to-energy 
(P/E) ratios (i.e., the vans, commuters, and hybrids). The compound effects 
of the weight differences and the battery efficiency can be seen in the energy 
consumption. 

The sizing routine for the fuel-cell vehicles was not an automated 
procedure due to the limitations of ELVEC (which simulates only one size 
system) and the uncertainties concern~ng the impact of scaling subcomponents 
on efficiency. The component sizing was based on scaling the subcomponents to 
meet the vehicle requirements. The details are beyond the scope of this 
report, but one section of the appendices of this volume describes the 
assumptions and details the system design and analyses for the solid polymer 
electrolyte (SPE) and phosphoric acid fuel cells. The comparative analyses of 
this volume presents only the results of the SPE fuel-cell vehicle because of 
its superior cost characteristics. 
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INPUTS 

DRIVING SCHEDULE 
VEHICLE TYPE AND CAPACITY 

BATTERY TYPE AND DESIGN 
DESIRED RANGE 

AVSIZING 
BMF =FTN (RANGE) 
SPECS = FTN (BMF) 

COMPONENT SPECS 
INPUT FILE FOR ELVEC 

ELVEC 
ACTUAL RANGE = 

FTN (BATTERY MODE LAND 
POWER vs SOC) 

ACTUAL RANGE 

NO 

YES 

24-h CYCLE SIMULATION AND 
PACKAGING STUDIES 

INCREASE BMF 

FTN - FUNCTION 
SOC - STATE OF CHARGE 
SPECS - SPECIFICATIONS 
BMF - BATTERY MASS FRACTION 

Figure 3-4. Vehicl~ Design Procedure 
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Table 3-2. 96-km Van Designs 

Curb Battery DODa at Wall-plug 
we1ght, kg we1ght, kg range, % electric, {Wh/km}b 

Pb/Ac1d 1735 453 84 239 

B1polar Pb/Ac1d 1510 293 95 186 

N1/Fe 1644 388 75 313 

N1/Zn 1455 254 87 230 

Zn/Br2 
1722 444 79 378 

Zn/C1 2 1591 350 76 350 

Fe/Au 1492 280 83 383 

L1/FeS 1486 276 69 279 

Na/S 1366 191 82 236 

ICEc reference 1080 NAd NA NA 

aDepth of d1scharge. 
b Energy consumpt10n on Van cycle {mod1f1ed Federal Urban Dr1v1ng Schedule}. 

CInternal combust10n eng1ne. 

dNot appl1cable. 

Table 3-3. Two-Passenger l28-km Commuter Vehicle Des1gns 

Curb Battery DOD a at 
we1ght, kg we1ght, kg range, % 

Pb/Ac1d 933 306 90 

B1polar Pb/Ac1d 808 217 96 

N1/Fe 849 246 81 

N1/Zn 735 165 91 

Zn/Br2 969 332 77 

Zn/C1 2 878 267 77 

Fe/Air 788 203 85 

L1/FeS 743 171 73 

Na/S 667 118 90 

IeEc reference 500 NAd NA 

aDepth of d1scharge. 
b Energy consumpt10n on Federal Urban Dr1v1ng Schedule. 

CInterna1 combust10n eng1ne. 

dNot appl1cab1e. 
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Wall-plug 
electric, {Wh/km}b 

128 

100 

161 

118 

206 

189 

203 

142 

119 

NA 



Table 3-4. Five-Passenger, l60-km Passenger Vehicle Designs 

Curb Battery DODa at Wall-plug 
welght, kg welght, kg range, % e1ectrlc, (Wh/km)b 

Pb/Acld 1768 590 93 212 

Blpo1ar Pb/Acld 1498 404 96 161 

Nl/Fe 1545 437 85 258 

Nl/Zn 1399 336 93 193 

Zn/Br2 1700 544 89 326 

Zn/C1 2 1499 406 91 290 

Fe/Au 1401 338 91 320 

Ll/FeS 1369 316 80 227 

Na/S 1266 245 92 192 

IeEc reference 895 NAd NA NA 

aDepth of dlscharge. 
b Energy consumptlon on Federal Urban Drlvlng Schedule. 

Clnterna1 combustl0n englne. 

dNot appl1cab1e. 

Table 3-5. Five-Passenger 240-km Passenger Vehicle Designs 

Curb Battery DODa at 
welght, kg welght, kg range, % 

Pb/Acld 2366 1001 98 

Blpo1ar Pb/Acld 2007 754 97 

Ni/Fe 1875 664 95 

Ni/Zn 1669 522 94 

Zn/Br2 2366 1001 98 

Zn/C1
2 

1955 746 93 

Fe/Au 1933 704 94 

Ll/FeS 1565 451 89 

Na/S 1421 352 94 

ICEc reference 895 NAd NA 

aDepth of dlscharge. 
b Energy consumptl0n on Federal Urban Drlvlng Schedule. 

CInterna1 combustion englne. 

dNot app11cab1e. 
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Wall-plug 
e1ectrlc, (Wh/km)b 

268 

201 

301 

220 

447 

370 

442 

251 

209 

NA 



Table 3-6. Five-Passenger, 400-km Passenger Vehicle Designs 

Curb Battery 
wel.ght, kg wel.ght, kg 

Zn/C1
2 2203 889 

Fe/ Au 1963 724 

Ll./FeS 1804 615 

Na/S 1545 437 

AI/Au 1995 746 

ICEd reference 895 NAe 

aDepth of dl.scharge. 
b Energy consumptl.on on Federal Urban Drivl.ng Schedule. 

cAl / Al. r battery refueled mechanically. 

drnterna1 combustl.on engl.ne. 

eNot appl1.cab1e. 

DODa at Wall-plug 
range, % e1ectrl.c, (Wh/km)b 

92 404 

93 447 

92 281 

93 218 

99 NAc 

NA NA 

Table 3-7. Five-Passenger Hybrid Fuel-Cell Vehicle Designs 

E1ectncl.ty/ 
Curb Battery DODa at methanol econ. 

weight kg wel.ght kg range, % (Wh/km/mpg)b 

Pb/ ACl.d 1747 410 77 213/18 

Bl.po1ar Pb/Acid 1436 224 94 158/20 

Nl./Fe 1618 333 74 273/19 

Nl./Zn 1445 229 77 199/20 

Zn/Br2 1783 432 77 333/17 

Zn/C1 2 1685 373 79 319/18 

Fe/ Au 1537 284 85 338/18 

Ll./FeS 1517 273 61 248/19 

Na/S 1340 167 82 203/21 

SPE FCVc 1205 216 NAd NA/40e 

rCEf reference 895 NA NA NA/23 

aDepth of dl.scharge. 

bEnergy consumption on Federal Urban Drl.vl.ng Schedule; average methanol mpg beyond 
80 km (drl.vl.ng cycles 9 to 12). 

cSoll.d polymer electrolyte fuel-cell vehl.cle. 
d Not appl1.cab1e. 

eNot l.nc1udl.ng warm-up fuel requl.rements. 

frnternal combustl.on engl.ne. 
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D. VEHICLE PACKAGING 

Packaging considerations were necessary to ensure that all the candidate 
vehicles had adequate space for passengers, luggage, and components. 
All-electric vehicles requ1red packaging the motor, controller, transmission, 
batteries, and spare tire. Components for the hybrid vehicles included the 
motor, controller, transmissions, batteries, engine, gas tank, and spare 
tire. The space allocated for components and luggage are the underhood space 
in front and trunk space in the rear for both the two- and four-passenger 
veh1cles and an additional tunnel in the five-passenger vehicle. Vans were 
assumed to have substantial usable space beneath the floor (with structural 
modifications). The volumes are shown in Table 3-8. 

The size, shape, and location of allocated space were different for the 
two-, four- and five-passenger vehicles and vans. The vehicles and ava1lable 
volumes are shown in Figures 3-5 through 3-8. The general approach to 
packaging the subsystems is listed below: 

(1) Front-wheel drive was to be ma1ntained. 

(2) The front space was utilized first, followed by the 
tunnel and the rear, to give an overall weight 
distribution that was front-biased, if possible, but 
not greater than 70% in the front. 

(3) In hybrid vehicles, the eng1ne and batteries were 
packaged in different locations due to access and 
maintenance considerations. 

Table 3-8. Component Volumes Availablea 

Vehicle type 
Component 
locations 2-Passenger 4-Passenger 5-Passenger 

Front 290 350 390 

Tunnel NAb NA 160 

Rear 400 400 450 

Beneath floor NA NA NA 

Total 690 750 1000 

a In liters. 

bNot applicable. 

cSubstantial structural changes required. 
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500 

NA 

NA 

1000c 

1500 



(4) The gas tank was placed beneath the rear seat 1n the 
four- and five-passenger vehicles and in a s~milar 
location in the two-passenger vehicle (below the floor, 
in front of the rear axle). 

(5) The spare tire was placed in the rear. 

(6) The battery was located as a single unit beneath the 
floor of the van, where possible. Although up to 
1000 liters (volume in F1gure 3-8) could be made 
available beneath the floor with substantial redesign 
of the vehicular structure (~.e., much wider frame and 
1ndependent rear suspension), the volume was not 
necessary because the largest battery considered was 
less than 450 liters. Therefore, the batteries were 
limited to a space 75 cm wide, which is approximately 
the available space between the primary frame rails of 
the Chrysler T-van. The batter1es were located as far 
forward as practical (noting the need for driven foot 
space) in the interest of the weight distr1bution. 

The results of the packaging efforts are shown on the vehicle data 
sheets in the appendices of th1s report. 
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SECTION IV 

PERFORMANCE ANALYSES 

This section deals with battery performance requirements for the var~ous 
vehicle applications and the results of the vehicle simulation, using 
24-h cycles. One objective of these analyses is to determine the effects of 
propulsion system parasitics (i.e., battery auxiliary and self-discharge power 
requirements) and different daily travel patterns on energy consumption. 
Relative energy consumption of vehicles designed for the same application is 
also presented. 

A. BATTERY PERFORMANCE REQUIREMENTS 

Battery performance requirements are strongly dependent on the vehicle 
application, as shown in Figure 4-1, with the requirements for batteries in 
specific vehicles of this assessment. The specific power and energy 
correspond to the requirements from the batteries for operation on the FUnS. 
Lines of constant power-to-energy (PiE) ratios corresponding to the different 
applications are shown to indicate the dependence on performance requirements. 
The PiE requirements are essentially constant for vehicle type, and the list 
below gives the specific values: 

Vehicle Type PiE Ratio 

96-km Van 2 to 2.1 
2-Passenger EVs 2 to 2.1 
5-Passenger EVs 

l60-km 1.6 to 1.9 
240-km 1.1 to 1.4 
400-km 0.7 to O.B 

5-Passenger HVs 
BO-km Electric Range 3.3 to 3.B 

It should be obvious (see Figure 4-1) that the most desirable battery 
capabilities would be toward the upper right on each line, that is, with the 
highest power and energy while maintaining the appropriate PiE ratio. Hence, 
the points shown for each of the examples are not the optimum requirements, 
but rather the plots reflect the limitations of each technology. For example, 
the bipolar Pb/Acid points indicate that it is extremely energy-limited 
because the high-power capability is not used except in the hybrid case. In 
other words, the energy capacity is so low (relative to the high power 
capability) that much more battery power must be used to supply energy for 
range than is required to supply power for acceleration and gradability. The 
reverse is true for the lithium/iron sulfide, which is power-limited. 

In summary, the PiE ratio is the primary consideration for batteries to 
meet the requirements of the various applications. The requirements stated 
are based on the performance that must be supplied to the ac motor assumed, 
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Figure 4-1. Battery Requirements versus Vehicle Application 

and the use of a dc system could require 15% higher pIE ratios in some 
maneuvers requ1r1ng maximum acceleration. 

B. EFFECTS OF TRAVEL PATTERNS ON ENERGY CONSUMPTION 

Twelve daily driving schedules were used to represent the variation in 
daily driving habits of a typical vehicle (refer to Section II for details). 
The 24-h driving schedules were developed to aid in assessing the impact of 
the parasitic losses of many of the advanced batteries or fuel cells. The 
losses are in the form of auxiliary power (fans, pu~ps, etc.), coulombic 
self-discharge, thermal losses due to high-temperature operation, or start-up 
fuel requirements for the fuel processor of a fuel cell. The assumed values 
for battery auxiliary power (when the vehicle is operating) and self-discharge 
(when the vehicle is parked between trips) are shown in Table 4-1. Note that 
only five of the batteries were projected to have noticeable self-discharge 
and/or auxiliary power. Some explanation is required for the high-temperature 
batteries' apparent lack of parasitics even though their heat loss is 
obvious. The loss is not coulombic, and the electricity required to make up 
for the lost energy has been considered in the estimate of discharge/charge 
efficiency. The AI/Air battery self-discharge is accounted for in its 
discharge curve. 

Figure 4-2 shows an example of how the energy is used in a zinc/bromine 
battery-powered commuter vehicle when operated on the Funs. When this vehicle 
was simulated on 24-h cycles, the impact of the parasitic losses were 
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Table 4-1. Efficiency Characteristics of Advanced Batteries 

Discharge/charge Auxiliary Coulombic self-
Battery efficiency, % power, W/kg discharge, W/kg 

Pb/Acid 75 0 0 

Bipolar Pb/Acid 85 0 0 

Ni/Fe 58 0 0.016 

Ni/Zn 70 0 0 

Zn/Br 2 56 1.12 0.080 

Zn/C1 2 53 0.44 0.020 

Fe/Air 50 1.67 0.040 

Li/FeS 60 0 0 

Na/S 66 0 0 

Al/Aira 50 5.00 0 

aEfficiency is based on aluminum plates to electricity; self-discharge 
accounted for ~n the battery discharge curves. 

128-km ZN/BR EV ENERGY USE - 329 Wh/mi 

BRAKES 

PARASITICS 

Figure 4-2. Example Energy-Use Characteristics on the Federal 
Urban Driving Schedule 
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substantial; in fact, the vehicle was projected to use up to 95% more energy 
per km on a day with only one short trip (6.7 km). The impact of the losses 
are lessened as the percentage of time spent driving is increased. This 
phenomena is shown in the curves of Figure 4-3, which illustrate the energy 
use as a function of the daily trip length for several battery types 
(normalized to the energy use on the FUDS). The bipolar lead/acid battery was 
included to show the impact of the differences caused by driving cycles alone, 
without the influence of parasitics. This figure implies major differences 
between the energy consumption on the FUDS and the 24-h driving patterns for 
specific batteries. A comparison with the average energy use per km (based on 
annual consumption) is shown in Figure 4-4 as a function of design range, for 
the same battery examples shown in Figure 4-3. Although the differences are 
not as great as in Figure 4-3, it is obvious that the more parasitic losses 
expected from a battery, the more important it is to use detailed energy 
analyses. 

C. RELATIVE ENERGY CONSUMPTION 

Electric vehicle energy consumption is significantly related to battery 
efficiency and is affected by the battery performance capabilities (i.e., the 
resulting vehicle weight) and parasitic losses. The previous discussion 
presented the impact of parasitic losses, and the following subsections deal 
with the relationship between vehicle energy consumption and battery 
discharge/charge efficiency. The five-passenger, l60-km EVs were chosen to 
illustrate the correlation. Figure 4-5 shows the ratios of the inverse of 
battery efficiency, energy consumption, and vehicle weight relative to 
Pb/Acid. Vehicle energy consumption tracks the inverse efficiency fairly 
well, with the Zn/Br as a possible exception (although it sustains high 
parasitic losses that would cause the consumption to be relatively high). 
Discharge/charge efficiency overshadows vehicle weight as the key ingredient 
of the relative energy consumption. 

Relative energy consumption of all the vehicles is shown in Table 4-2 
and summarized with respect to vehicle type in the bar graphs of Figures 4-6 
to 4-11. Note that the relative position of one battery to another remains 
essentially constant despite the application, and the reference line seems to 
move up or down. This is another indication of the importance of relative 
battery efficiency. 

Concerning the van mission, shown in Figure 4-6, it is notable (even 
though the electric vans are expected to weigh up to 60% more than the 
reference van) that the savings in source energy could approach 50%. The flow 
batteries (i.e., Zn/Br2' Zn/C12, and Fe/Air) are the least attractive in 
this respect, because of their low efficiency and high parasitic losses. Most 
of the commuter vehicles would save substantial amounts of energy as well (see 
Figure 4-7). The full-size, five-passenger vehicles are not as attractive but 
can still save energy with some battery types, up to 240-km range. At the 
400-km range, only the Na/S battery is expected to remain in the energy-saving 
category. The AI/Air battery results are somewhat deceptive in that the 
vehicle is not electrically recharged as the others, and the interpretation of 
energy efficiency is unique. If source energy is considered with the 
projected 18% overall efficiency, the vehicle would use over five times the 
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Table 4-2. Relative Energy Consumptiona 

Vehicle range, km 

Battery Van-96 2P-128 5P-160 5P-240 5P-400 HVs, FCVs-400 

Pb/Acid 239 129 209 257 NAb 214/18 

Bipolar 186 102 162 197 NA 159/20 

Ni/Fe 317 167 263 301 NA 280/19 

Ni/Zn 230 121 192 216 NA 201/20 

Zn/Br2 403 237 366 497 NA 378/17 

Zn/C1 2 355 197 295 368 394 328/18 

Fe/Air 391 215 330 445 443 355/18 

Li/FeS 279 144 226 246 270 250/19 

Na/S 236 122 193 209 218 204/21 

AI/Air NA NA NA NA 538c NA 

SPE FCd NA NA NA NA NA 190/29 

ICEd 367 177 239 239 239 239/23 

a Wh/km/mpg. 

bNot applicable. 
c . 1 Equ1va ent energy of aluminum fuel. 

dEquivalent energy based on coal source, 1 gal methanol = 8.8 kWh. 

energy of the reference. However, if the battery conversion efficiency of the 
aluminum plates is used (50%), the relative efficiency looks more attractive 
at 2.25 times the energy use of the reference vehicle. Either way, energy 
consumption is not the strong point of the aluminum/air battery. 

The advantage of the hybrid vehicles can be seen in the relative energy 
comparison of Figure 4-11. Although the electric vehicles with comparable 
range (400 km) saved little or no energy, some of the hybrids could save 
substantial energy in some cases. In addition, 70 to 75% of the reference 
liquid fuel could be saved. However, the fuel-cell vehicle is projected to 
save only 20% of the fuel due to the start-up fuel required, which almost 
negates the advantage of the efficiency (about three times that of the 
reference heat engine). Further discussion of the impact of warm-up fuel for 
the fuel processor can be found in Section VI of this report. 
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SECTION V 

COST ANALYSES 

Vehicles of the AV Assessment have been designed with the same 
performance capabilities; therefore, the remaining major discriminators between 
vehicle types are relative maintenance, safety, and cost. The importance of 
the first two of these is addressed in the Preference Analyses of Volume IV, 
and the cost is presented in this section. Initial cost, life-cycle cost, and 
the break-even fuel price (BEFP) are estimated for the vehicles, assuming mass 
production costs of the components (detailed in Volume II). The results are 
presented relative to the competition for each mission, that is, advanced 
internal combustion engine-powered vehicles operating on nonpetroleum liquid 
fuel (methanol). The results should be viewed in a relative sense even though 
the cost model produces absolute costs for each vehicle, hence the use of cost 
ratios throughout this section. 

A. ICE REFERENCE VEHICLES 

A separate discussion of the reference vehicles is presented because of 
their widespread use throughout this section and the necessity of under
standing the formidable competition to alternate vehicles in the next decade. 
When oil shortages signaled the demise of inexpensive liquid fuel over a 
decade ago, the U.S. automobile industry began a steady improvement of their 
vehicles and engines. The improvements have been substantial, and in many 
ways internal combustion engine technology has improved more than electric and 
hybrid vehicle technology. Further improved vehicles will be available by the 
time reliable and economical electric vehicles could be in production. For 
example, Figure 5-1 contrasts the life-cycle costs of a typical 1982 full-size 
vehicle (Reference 5-1) and the projected 1992 full-size reference vehicle. 
There are several notable items in this comparison. The life-cycle cost is 
expected to decrease (in 1982$), and the percentage of cost attributed to fuel 
is projected to remain about the same despite the much higher fuel cost per 
unit energy (methanol has about 1/2 the energy per gallon of gasoline). This 
is primarily due to the projected fuel economy of 23-mpg methanol (equivalent 
to 42 mpg on gasoline) compared to 19-mpg gasoline of the 1982 vehicle. The 
combination of a more efficient engine (due to leaning and high compression 
with methanol fuel) and a lighter vehicle makes for significant competition. 
The two-passenger commuter vehicle and the small van are not comparable to any 
large-production vehicle in 1982, and no direct comparison could be made of 
the relative efficiency; however, Table 5-1 shows the projected 
characteristics. Note that the costs are presented for the five-passenger 
vehicle for three annual distances because the same vehicle is used as the 
reference for all five-passenger vehicles. 

B. RELATIVE INITIAL COSTS 

Electric vehicle propulsion systems are more expensive than their 
counterparts in conventional vehicles (with the same power capability) and 
make up a larger percentage of the initial cost. The base vehicles were 
assumed to be identical for a given application, except for the additional 
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1982 - $25850 
INITIAL 
COST SALVAGE 

aS1 42/GAL GASOLINE (1982) 
ANO METHANOL (1992) 

1992 - $23710 

Figure 5-1. Comparison of 1982 and 1992 Full-Size Vehicles 

Table 5-1. Reference Vehicle Characteristics 

Curb Fuel economy Initial Life-cycle 
Reference weight, methanol, cost, cost, 
vehicle kg mpg 1982$ 1982$ 

Two-passenger 
commuter 

11886 km/yr 500 31 4424 17035 

Five-passenger 
general-purpose 

13237 km/yr 895 24 7210 21744 
15011 km/yr 23087 
16610 km/yr 23711 

Commercial van 

12848 km/yr 1080 15 8500 25785 
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structural weight required for the heavier propulsion system. The additional 
cost due to the structural weight propagation is not negligible although the 
propulsion component costs account for most of the higher initial cost. This 
can be seen in the example bar graph of Figure 5-2, which shows the initial 
costs of the electric van propulsion components relative to the base vehicle. 
In many of the EVs the base vehicle costs almost as much as the reference 
van. However, the costing method for the base vehicle (i.e., $/kg) combines 
the structural weight with the rest of the base vehicle components, many of 
which are relatively expensive (i.e., glass, trim, etc.), and the weight 
propagation costs may be overestimated. At any rate, the costs are universally 
applied, and the relative merits of the vehicle candidates remain evident. 

As presented in Section IV of this report, many of the vehicles have the 
potential to save energy (and/or displace liquid fuel) if they replaced 
conventional vehicles. The costs to realize this potential are substantial, 
as shown in the table of initial cost ratios (Table 5-2). The range of costs 
presented is the result of the variation in battery cost projections by the 
Review Board, which are detailed in the Subsystems Assessment, Volume II. 
Each of the vehicles is described in detail in the summary cost sheets 
contained in the appendices of this volume. 

Note that the least expensive of the vehicles cost 50 to 100% more than 
the appropriate reference vehicle and the strong dependence of initial cost on 
electric range. This is due to the compound effects of increasing battery 
weight for more energy, increasing the power of the motor/controller due to 
the weight increase, and structural weight propagation. In fact, by the time 
the range of the electric vehicles is increased to 400 km to compete with 
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Table 5-2. Advanced Vehicle Initial Cost Ratios a 

Vehicle range, km 

Battery Van-96 2P-128 5P-160 5P-240 5P-400 HVs, FCVs-400 

Pb/Acid 57-63 72-86 91-99 142-155 NA 106-114 

BipPb/Acid 41-50 49-62 68-83 119-148 NA 76-84 

Ni/Fe 77-82 93-104 105-112 147-157 NA 126-127 

Ni/Zn 49-51 53-56 86-92 115-122 NA 90-93 

Zn/Br2 57-77 77-121 84-111 137-178 NA 110-137 

Zn/C12 78-80 108-111 107-110 172-176 174-198 139 

Fe/Air 52-78 68-141 75-109 131-192 123-175 102-141 

Li/FeS 62-70 75-79 85-95 111-125 168-201 115-116 

Na/S 67-70 83-100 98-102 129-133 153-165 155-201 

AI/Air NA NA NA NA 155-201 NA 

SPE FC NA NA NA NA NA 143 

apercent greater than reference vehicle. 

full-performance conventional vehicles, the initial cost is 125 to 200% more 
than the reference vehicle. If initial cost is the primary concern, a better 
way to get full performance and substantial liquid-fuel displacement is with 
the hybrid vehicles although the initial cost premium may still be prohibitive. 
The least expensive of these is projected to cost 75 to 95% more than the 
reference vehicle. 

C. RELATIVE LIFE-CYCLE COSTS 

It is apparent from the previous discussion that advanced vehicles are 
not projected to compete on the basis of initial cost; however, in many cases 
they could be comparable in life-cycle cost. The reasons for this phenomena 
can be seen in the comparison of the life-cycle cost components of the 
electric vans and the reference vehicle (Figure 5-3). Only a third of the 
reference vehicle's costs are made up of the initial cost, with the remaining 
67% in operating costs. The relative initial and operating costs essentially 
reverse for the electric vehicles, with the smaller operating costs due to 
lower maintenance and fuel costs. In fact, these lower costs often offset the 
higher initial costs in the van category, adding up to lower life-cycle 
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Figure 5-3. Life-Cycle Cost Components of Advanced Vans 

costs. This is true in other applications as well, as shown in the table of 
relative life-cycle costs (Table 5-3). The relative costs are sensitive to 
the electricity and methanol costs, which were assumed to be $0.05/kWh and 
$1.42/gal, respectively (see Volume IV for more details). 

Van and commuter vehicle applications are the most attractive for 
electric vehicles in this respect. Most of the vehicles could produce 
life-cycle costs equal to or less than the reference vehicle, while saving 
substantial amounts of energy. The best battery technologies for these 
applications are those with high power-to-energy designs that match the 
vehicle demands, which includes conventional and bipolar lead/acids, nickel 
batteries, and the bipolar design of lithium/iron sulfide. Even the electric 
vehicles with l60-km range are not discouraging with regard to life-cycle 
cost. The best of these could cost about 5% less than the reference and the 
worst about 25% more. As range increases, the electric vehicles are less 
appealing. None of the vehicles could boast of lower life-cycle cost at a 
range of 240 km, and the relative costs are 25 to 100% more at a 400-km range. 

Full-performance applications are best left to the hybrid vehicles. 
Relative life-cycle costs are approximately equivalent to the 240-km electrics 
and lower than the 400-km electrics, with some exceptions. Another advantage 
of the hybrid vehicles over long-range electrics is that the pIE requirements 
of the battery are similar to those of the short-range vehicles, and radically 
different battery development is not necessary. In addition, these 
applications do not require extremely high-energy batteries (although it would 
be advantageous as long as the power capability was increased to match the PiE 
requirements of the application). 

5-5 



Table 5-3. Advanced Vehicle Life-Cycle Cost Ratios a 

Vehicle range, km 

Battery Van-96 2P-128 5P-160 5P-240 5P-400 HVs, FCVs-400 

Pb/Acid (3-5) (4-6) 7-8 19 NA 26 

BipPb/Acid (16-17) (16-18) (4-6) 5-14 NA 9-10 

Ni/Fe (2-4) (1)-2 11-14 23-26 NA 26 

Ni/Zn (6-7) (9-10) 9-10 10-11 NA 21 

Zn/Br2 4-10 8-14 19-23 36-39 NA 40-42 

Zn/C12 2-3 10-11 19-20 40-41 40-48 29 

Fe/Air 13-20 13-14 22-25 40-50 25-40 51-55 

Li/FeS (2-3) (4) 5 10-14 27-38 29 

Na/S 9-10 7-9 16-17 15 25-29 38 

AI/Air NA NA NA NA 96-111 NA 

SPE FC NA NA NA NA NA 30 

apercentage greater or less than ( ) reference. 

D. BREAK-EVEN FUEL PRICES 

Relative life-cycle costs are sensitive to the assumed fuel costs. With 
the uncertainty concerning the price of fuel in the future, perhaps the most 
pertinent question is: What fuel price is necessary for the alternative 
vehicles to become competitive on a life-cycle cost basis? The purpose of the 
break-even fuel price is to give some measure of the relative economics of the 
candidate systems without having to use a crystal ball to predict future 
liquid-fuel prices. 

Break-even fuel pr1ces are calculated by setting the life-cycle costs of 
the candidate vehicles equal to that of the reference vehicle with fuel price 
as a variable. The solution implies that the BEFP equals the difference in 
life-cycle costs (without fuel costs) divided by the difference in fuel used 
(i.e., fuel saved by the candidate vehicle). Hence, higher fuel savings or 
lower differences in costs produce lower BEFPs; and this parameter provides an 
economic indicator containing relative fuel efficiency. 

Table 5-4 compares the BEFPs of the AVs with the projected methanol 
price in the early to mid 1990s. Those vehicles with projections of lower 
life-cycle costs than the reference vehicle (see Table 5-3) would be 
competitive at fuel prices lower than the projected value of $l.42/gal. These 
are highlighted in Table 5-4 with negative percentages (in parentheses). 
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Table 5-4. Advanced Vehicle Break-even Fuel Price Ratiosa 

Vehicle range, km 

Battery Van-96 2P-128 5P-160 5P-240 5P-400 HVs, FCVs-400 

Pb/Acid (9-15) (18-26) 35-40 79-80 NA 146-147 

BipPb/Acid (52-54) (78-87) 04-23) 22-60 NA 48-55 

Ni/Fe (2-12) (3)-11 53-64 95-108 NA 144-145 

Ni/Zn 07-19) (44-48) 43-48 45-47 NA 112-115 

Zn/Br2 15-36 43-70 85-105 148-162 NA 231-243 

Zn/C12 9-12 55-59 87-92 165-170 158-189 205 

Fe/Air 46-71 66-73 101-112 166-207 102-167 286-309 

Li/FeS (4-8) 07-18) 24-26 43-61 109-150 161-162 

Na/S 32-34 39-50 74-76 62 101-115 203-204 

A1/Air NA NA NA NA 380-439 NA 

SPE FC NA NA NA NA NA 770 

apercentage greater or less than ( ) reference. 

E. SUMMARY OF RELATIVE ECONOMICS 

1. Electric Vans 

Electric vans in applications requ1r1ng limited daily range seem 
to be an economical alternative to methanol-fueled vehicles. However, the 
relative economics are dependent on the availability (and hence the cost) of 
liquid fuel. Most of the battery candidates could lead to competitive 
vehicles on a life-cycle basis, but the initial costs are projected to be 
40 to 75% more than the competition. At any rate, the most promising vehicles 
are those powered by batteries with appropriate pIE ratios and the potential 
for low-cost operation. The most economical candidates are the bipolar 
Pb/Acid and Ni/Zn, with performance of 160 to 180 W/kg at low states of charge 
and 50 to 60 Wh/kg on the van cycle (P/E = 3). Figure 5-4 summarizes relative 
costs and BEFPs, assuming the low battery costs of the Review Board estimates. 

2. Two-Passenger Electric Commuter Vehicles 

The relative economics of the commuter vehicle candidates are 
almost identical to those of the vans because of similar pIE requirements. 
The same batteries are attractive although the relative initial and life-cycle 
costs are slightly higher than the van case. Again, the bipolar Pb/Acid and 
Ni/Zn seem to be the most promising, as shown in Figure 5-5. 
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3. Five-Passenger General-Purpose Electric Vehicles 

The most attractive range of those investigated is 160 km for 
five-passenger vehicles although the initial cost differential of 60 to 100% 
above the reference may be prohibitive. The bipolar Pb/Acid, Ni/Zn, and 
Li/FeS have the lowest initial costs and are reasonably close to the reference 
vehicle with regard to life-cycle cost. Results for the 240-km vehicles are 
similar, but the costs of the 400-km vehicles are not likely to be attractive 
unless liquid fuel is unavailable. Figures 5-6 through 5-8 contrast the 
results for the three ranges. 

4. Five-Passenger Hybrid and Fuel-Cell Vehicles 

Initial cost premiums of the hybrid and fuel-cell vehicles are 
comparable to the mid-range electric vehicles, but life-cycle costs for the 
most economical candidates are within 10 to 20% of the reference. Fuel 
savings are in the 70 to 75% range for the HVs, hence the vehicles may be 
desirable if liquid fuel is restricted. The most promising candidates are 
similar to those for the short electric-range applications (i.e., vans, 
commuters) because of the battery performance requirements. The fuel-cell 
vehicle saves only 20% of the fuel compared to the reference, and the 
economics are not more attractive than the HVs (Figure 5-9). 
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SECTION VI 

SENSITIVITY ANALYSES 

This section deals with the uncertainty surrounding some of the basic 
assumptions of this assessment. Perhaps the most influential assumptions are 
the battery performance and cost projections by the review board. Vehicle 
design and simulation results based on the battery developers' projections are 
presented in this section. The electric range of HVs with an "either/or" 
control strategy is addressed with designs and analyses of vehicles with 
ranges of 48 to 112 km. This report leans heavily toward the battery 
subsystem as being the prime discriminator between systems; however, cost 
reduction of the other unique subsystem to EHVs, the motor/controller, can 
lighten the burden for batteries. Hence, the impact of a 50% powertrain cost 
reduction is addressed. The impact of warm-up fuel consumption and 
load-leveling fuel-cellon vehicle economics is presented as well. 

A. VEHICLES BASED ON THE BATTERY DEVELOPER PROJECTIONS 

Subcontracts were provided to several battery developers to address the 
design flexibility of their batteries as well as the dependence on design of 
the other primary characteristics of life, volume, cost, etc. according to a 
"Guideline for Contractor Response" (contained in Volume V, along with the 
contractors' reports). The contractors were asked to provide specific designs 
targeting PiE ratios of 1.0, 2.1, 2.4, and 3.3, corresponding approximately to 
the requirements of the 400-km EVs, two-passenger commuters, vans, and 
hybrids, respectively. The information was used to edit the component sizing 
program, AVSIZING, to form a new version called AVDESIGN and a new bulk data 
file for ELVEC (BULKR.DAT). The vehicle design and simulation process was 
repeated and a new version of AVCOST (AVCOSTR) was used to estimate the 
initial and life-cycle costs. The results of the design process and economic 
analyses are shown on the following pages in tables of vehicle characteristics 
and bar charts of relative energy consumption and economics (Tables 6-1 
through 6-8 and Figures 6-1 through 6-12). Packaging studies were not 
necessary because the projections were more optimistic than those of the 
review board. Graphs of the developers' battery discharge curves and power 
versus state-of-charge information are contrasted to the board's projections 
1n the appendices of this volume, as are the resulting vehicle cost sheets. 

The subcontractors in this effort were Eagle-Picher Industries, Inc. 
(Ni/Fe); Energy Development Associates (Zn/C12); Westinghouse Electric 
Corporation (Fe/Air); Argonne National Laboratory and Gould Defense Systems, 
Inc. (Li/FeS); Ford Aerospace and Communications Corporation (Na/S); and 
Lawrence Livermore National Laboratory (Al/Air). Other batteries are shown 
for comparison purposes: Pb/Acid costing $80/kWh (u.s. Department of Energy 
sales price goal); bipolar Pb/Acid efficiency of 85% for reference; Ni/Zn 
costing $200/kWh (De1co-Remy price estimate); and Zn/Br2 costing $28/kWh-OEM 
(for the Exxon estimate, see the Symons report in Volume V). 

It is apparent from the figures that the developers were more optimistic 
than the review board; however, the projections are not necessarily consistent 
in terms of the level of optimism (i.e., technical feasibility), and the cost 
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Table 6-1. Van Designs Based on Battery Developers' Projections 

Curb Battery DODa at Wall-plug 
Battery weight, kg weight, kg range, % e1ec., Wh/kmb 

Ni/Fe 1588 348 81 379 
Zn/ C1 2 1477 270 75 528 
Fe/Air 1282 131 90 372 
Li/FeS 1464 260 64 403 
Na/S 1353 181 91 323 

aDepth of discharge. 
bVan cycle. 

Table 6-2. Two-Passenger Commuter Vehicle Designs Based on Battery 
Developers' Projections 

Curb Battery DOD at Wall-plug 
Battery weight, kg weight, kg range, % e1ec., Wh/kma 

Ni/Fe 828 231 86 198 
Zn/C1 2 764 189 84 273 
Fe/Air 616 81 91 187 
Li/FeS 733 164 71 206 
Na/S 658 111 91 164 

aFedera1 Urban Driving Schedule. 

Table 6-3. Five-Passenger 160-km Vehicle Designs Based on Battery 
Developers' Projections 

Curb Battery DOD at Wall-plug 
Battery weight, kg weight, kg range, % e1ec., Wh/kma 

Ni/Fe 1507 411 89 316 
Zn/C12 1378 322 92 433 
Fe/Air 1153 168 93 300 
Li/FeS 1338 295 75 325 
Na/S 1226 218 93 258 

aFUDS. 
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Table 6-4. Five-Passenger 240-km Vehicle Designs Based on Battery 
Developers' Projections 

Curb Battery DODa at Wall-plug 
Battery weight, kg weight, kg range, % elec., Wh/kmb 

Ni/Fe 1853 648 92 370 
Zn/ C12 1717 555 94 520 
Fe/Air 1266 245 95 329 
Li/FeS 1507 311 85 355 
Na/S 1418 350 95 287 

aDepth of discharge. 
bFederal Urban Driving Schedule. 

Table 6-5. Five-Passenger 400-km Vehicle Designs Based on Battery 
Developers' Projections 

Curb Battery DOD at Wall-plug 
Battery weight, kg weight, kg range, % elec., Wh/kma 

Zn/C12 1763 587 92 532 
Fe/Air 1338 295 93 348 
Li/FeS 1526 424 91 358 
Na/S 1470 385 93 295 
Al/ Air 1507 411 99 NAb 

aFUDS. 
bNot applicable. 

Table 6-6. Five-Passenger Hybrid Vehicle Designs Based on Battery 
Developers' Projections 

Curb Battery DOD at Wall-plug 
Battery weight, kg weight, kg range, % elec., Wh/kma 

Ni/Fe 1529 280 79 323/19 
Zn/C12 1517 273 86 468/19 
Fe/Air 1257 117 90 314/22 
Li/FeS 1368 184 53 335/21 
Na/S 1327 159 90 277/21 

aElectrical energy on FUDS, average methanol mpg beyond 80 km. 
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estimates should be viewed relative to the reference vehicle or the comparable 
design based on the review board projections. Direct comparison of vehicles 
shown on the bar graphs could produce considerable error in any type of 
ranking, and it is not encouraged. 

There are several points that can be made, based on these analyses. If 
the projections of the developers are realized, all the batteries will be 
competitive in terms of life-cycle cost for the van and commuter vehicle 
applications. In fact, some of the candidates are attractive even in the long 
electric-range applications. It is also interesting to note that the relative 
attractiveness of the systems (i.e., vans versus 240-km EVs) remains the same, 
despite the differences between the review board's and developers' estimates. 
The challenge is to provide evidence that the projected performance can be 
attained. 

B. EFFECTS OF DIFFERENT ELECTRIC RANGES ON HYBRID VEHICLES WITH AN 
"EITHER/OR" CONTROL STRATEGY 

The choice of an 80-km electric range for the hybrid vehicles was based 
on the ability to satisfy over 80% of the daily trips and 60% of the annual 
distance of a typical vehicle (see Section II). The following discussion 
supports the range choice, considering energy consumption and economics. 
Several examples of hybrid vehicles were designed with ranges of 48 and 112 km 
and evaluated in the same manner as the 80-km hybrids. The results were 
compared in terms of energy consumption, fuel consumption, initial cost, 
life-cycle cost, and break-even fuel price. Figures 6-13 through 6-15 show 
the results for the bipolar Pb/Acid, Li/FeS,and Na/S. 
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The increase in initial cost is not surprising although the low 
dependence of relative life-cycle cost on electric range is of some interest. 
The Pb/Acid battery plots show a slight minimum in the energy consumption and 
BEFP. Results for the Li/FeS battery are similar, but the BEFP minimum is 
more dramatic. The minimum in the BEFP for the Na/S battery occurs at a 
slightly longer range than the other cases. Further investigation with the 
other batteries showed that the minimums occurred between 80 and 100 km in all 
cases. On the basis of these results, the choice of 80-km electric range for 
the HV does not seem to be unreasonable. 

C. POWERTRAIN COST REDUCTION 

The ac motor/controller is a major cost item in the vehicles of this 
assessment, comparable to the battery in some cases. Cost assessments were 
made in support of this study over 2 years ago, and electronics have continued 
to drop over that period. In fact, it would not be unreasonable to expect the 
costs to drop to 50% of those assumed (see Volume II) in the next decade. 
Three different batteries and two vehicle types were investigated to assess 
the impact of that type of cost savings. The results were drops in initial 
cost of 7 to 10%, decreases in life-cycle cost of 3 to 5%, and the BEFP 
dropped by 15 to 25%. Table 6-7 summarizes the findings. 

Table 6-7. Vehicle Economic Sensitivity to 50% Motor/Controller 
Cost Reduction 

Vehic1e/ 

battery 

Vans 

Pb/Acid 

Zn/Br2 
Na/S 

Commuters 

Pb/Acid 

Zn/Br2 
Na/S 

aBreak-even fuel 

Initial cost 

10 

10 

7 

7 

10 

10 

price. 

% Decrease 

Life-cycle cost 

5 17 

5 17 

4 14 

3 17 

4 24 

5 22 
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D. EFFECTS OF LOAD-LEVELING AND WARM-UP FUEL ON FUEL-CELL VEHICLE ECONOMICS 

The fuel cells under consideration in this assessment are at conceptual 
stages; therefore, the certainty of design, efficiency, and economics is low. 
A fuel cell must be designed for the power required for the application (as 
opposed to energy, as in the case of most batteries) because it is an energy
conversion device. The control strategy is the key parameter in defining the 
power requirement for the application. The choices considered here were 
sizing the fuel cell for the peak-power requirements or load-leveling the fuel 
cell with a peaking device to meet the high-power requirements of acceleration 
and gradability. The energy of a flywheel is too low for the 3.3-min 
gradability requirement; therefore, a battery is required. The reason behind 
this investigation was to quantify any cost savings by using a load-leveled 
system. In short, the load-leveled designs were helpful to the fuel-cell 
systems. In the case of the solid polymer electrolyte system, conceptually 
designed by General Electric, the cost savings were substantial when compared 
to a design in which the critical parameters of the system were scaled 
linearly up to 36 kW ("original design") based on the 20-kW design. This 
should be expected because the cost of adding each kilowatt of fuel cell 
ranges from $200 to $300, and the cost of adding each kilowatt of lead-acid 
battery is approximately 20% of that amount. 

The most advantageous change to the system was rescaling the 
subcomponents ("redesigned SPEC") to support the same fuel-cell stack at a 
higher current density to meet the gradability requirement (i.e., primarily 
the fuel supply and cooling subsystems). The 3.3-min requirement, at 90% of 
the peak-power capability, amount~ to a constant requirement for the fuel 
processor because it would be impo~le to store the amount of hydrogen and 
oxygen needed. The subcomponents were conceptually redesigned, resulting in 
cutting the costs of the fuel-cell system to $205/kW from $330/kW. Almost 
$5000 were saved as the result of this analysis; however, the question remains 
as to the effect of the current density on life. Table 6-8 summarizes the 
initial cost differences of various SPE systems as well as a load-leveled 
design of the phosphoric acid system. 

The uncertainty of the warm-up fuel requirements has an effect on the 
relative economics. The fuel-cell systems require the fuel processor and cell 
stack to be up to operating temperature before power is available. The energy 
required for this warm-up must be supplied by the fuel to some degree each 
time the vehicle starts, depending on how long it has been since the vehicle 
operated and on the thermal insulation characteristics. The amount of fuel 
required for this purpose was estimated to be almost 100 gal of methanol 
annually for the SPE system designed for 36 kW. The analysis has been 
repeated for lower amounts of fuel, allowing for more efficient fuel 
utilization or better thermal insulation characteristics. 

There is a noticeable difference between the "original" SPEC and the 
other versions; however, the BEFP tends to exaggerate the difference between 
the "redesigned" and "load-leveled" SPEC vehicles. In this case, only 50 gal 
of methanol per year causes the disparity (100% column) as illustrated by 
identical BEFPs when start-up fuel is eliminated from consideration. It 1S 

obvious that even without start-up fuel, the fuel-cell vehicles will not 
totally complete with methanol-fueled ICE vehicles. 
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Table 6-8. Sensitivity of Fuel-Cell Vehicle Economics 

BEFP with % start-up fuel, $/gal of methanol 
Initial cost, 

System 1982$ 100% 50% 0% 

Original 
SPEFC $23,070 $20.70 $11.80 $8.20 

Redesigned 
SPEFC 17,550 13.30 7.60 5.30 

Load-leveled 
SPEFC/Pb-Acid 18,030 7.60 6.20 5.30 

Load-leveled 
PAFC/Pb-Acid 21,600 16.40 9.30 6.60 
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SECTION VII 

CONCLUSIONS AND RECOMMENDATIONS 

The primary objective of the AV Assessment is to recommend subsystem 
research priorities in pursuit of advanced electric and hybrid vehicles from a 
system perspective; that is, recommendations are made in support of the most 
promising systems. The primary measures of the "most promising" systems 
(based on the systems analyses) are relative economics and energy consumption, 
with more subjective parameters presented in the Preference Analyses of 
Volume IV. Vans and two-passenger commuter vehicles seem to be the most 
attractive for electric vehicle development, based on the projections of 
approximately equivalent life-cycle costs and substantial energy savings in 
many cases. The next priority would be 160-km EVs, followed by the hybrid 
vehicles. The least economical of the vehicle systems are the long-range 
electric vehicles. 

Batteries are the most critical components of the advanced vehicles and 
the primary focus of the subsystem research priorities. It is difficult to 
apply a rigorous criteria for selection to the batteries with the uncertainties 
of technical risk and development cost outstanding. However, there are some 
practical considerations in ranking the systems economically. Relative 
initial cost is not an adequate measure because advanced vehicles cannot 
compete with their respective reference vehicles on that basis. In any case, 
relative life-cycle costs reflect the relative initial costs. Going one step 
further to include fuel savings (in break-even fuel prices) tends to magnify 
the differences in life-cycle cost out of proportion. Therefore, the 
life-cycle cost seems to be a reasonable measure; Figure 7-1 summarizes the 
relative merits of the systems in that regard. Considering the current 
funding situation, it is unrealistic to expect all the candidates to be 
supported at a level necessary to achieve the performance projections of this 
assessment. Hence, an arbitrary, though practical, selection of the top five 
candidates in each application has been boxed with dotted lines in the figure 
(with the exception of the 400-km range case, in which only four candidates 
were below 50% greater life-cycle cost than the reference vehicles). 

Interestingly enough, the first three categories (starting on the left 
in Figure 7-1) contain the same candidates in the top five batteries: the 
bipolar lead/acid, nickel/zinc, conventional lead/acid, nickle/iron and 
lithium/iron sulfide. By increasing the design range to 240 km, the group is 
joined by sodium/sulfur; and the lead/acid is eliminated. At higher ranges, 
the bipolar lead/acid and nickel/zinc are inadequate in terms of energy 
capacity and are replaced by iron/air and zinc/chlorine batteries. The hybrid 
vehicles, with high pIE requirements for batteries, have the same top 
candidates as the short-range electrics. 

Applying another practical screening criterion of 100% greater initial 
cost than the reference (note the asterisks in the figure) further limits the 
candidates in each application. The resulting list of priorities includes 
five batteries for electric-vehicle applications up to the 160-km range and 
two candidates for hybrids, although the development requires attention to the 
pIE requirements of each application. 
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The overall battery development recommendations, based on projected 
economics of the most promising vehicles, are listed below in order of 
priority with the necessary design target for the PiE ratio: 

Bipolar Lead/Acid 

} 
Nickel/Zinc 
Lead Acid PiE 2.1 
Nickel/Iron 
Lithium/Iron Sulfide 

Lithium/Iron Sulfide } Lead/Acid PiE 1.6 
Nickel/Zinc 

Bipolar Lead/Acid } PiE 3.8 Nickel/Zinc 

The PiE ratio is defined as the 30-s power capability divided by the energy 
capacity delivered over a realistic driving cycle to the same state of charge 
(preferably 10 to 20%). 

This method of choosing candidates is not the only possible method, and 
the recommendations are open to interpretation, based on the reader's faith in 
the vehicle projections and the actual developmental funding constraints. 

Concerning the other vehicle subsystems, the choice of technologies is 
not as critical; and cost reduction and increased reliability should be the 
prime targets (motor, controller, and transmission). The sensitivity analyses 
showed that propulsion subsystem cost reduction could provide a benefit 
comparable to battery cost reduction and should not be ignored. The fuel-cell 
system costs must decrease and the warm-up fuel use lowered to provide an 
effective replacement for the primary competition, the methanol-fueled, 
ICE-powered vehicle. 
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I I I -'-
I I -'- I 

96-km Baseline ICE r }\ ~ Van --::::-~ 

At' ~~ J. (j~ 
l .. u.~ 1\ I IBL/ 

VEHICLE DATA 

Seating capacity •••••••••• (Van) 
Curb Weight (kg/1b) ••••••• 1080/2376 
Test Weight (kg/1b) ••••••• 1375/3025 
Weight Dist. [fIr (%)] •••• 57/43 
Wheelbase (in./em) •••••••• 113/287 
Length (in./em) ••••••••••• 169/430 
Width (in./em) •••••••••••• 64/162 
Height (in./em) ••••••••••• 68/173 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 2900/103 
Fuel Capacity (gal/I) ••••• 10/40 

BATTERY 

Name •••••••••••••••••••••• 
Weight (kg/1b) •••••••••••• 
Volume (l/eu ft) •••••••••• 

MOTOR 

Type •••••••••••••••••••••• 
Weight (kg/1b) •••••••••••• 
Volume (l/eu ft) •••••••••• 
Rated Power (Cont. kW) •••• 

CONTROLLER 

Type •••••••••••••••••••••• 
Weight (kg/lb) •••••••••••• 
Volume (l/eu ft) •••••••••• 
Rated Power (kW) •••••••••• 

;,v.~ 

\./, I I I I I I 
1 I I 1 1 11 

ENGINE 

Type ••••••..••••••.•••••••••••• 4 cyl-SI 
Compression Ratio •••••••••••••• 12 
Weight (kg/1b) ••••••••••••••••• 62/136 
Volume (l/eu ft) ••••••••••••••• 21/0.7 
Rated Power (kW) ••••••••••••••• 41.3 
Fuel ••••••••••••••••••••••••••• Methanol 

DRIVETRAIN 

Motor Trans. Type •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Engine Transmission type ••••••• CVT 
Weight (kg/1b) ••••••••••••••••• 25/55 
Volume (l/em ft) ••••••••••••••• 49/1.7 
Rated Power (kW) ••••••••••••••• 41.3 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 256/160 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 
Annual Energy (kWh) •••••••••• 
Heat Engine Mode (mpg) ••••••• 16 
Annual fuel (l/g) •••••••••••• 2034/508 

Cost - 1982$ 
Initial •••••••••••••••••••••• 8498 
Operating ($/km/mi) •••••••••• 0.19/0.30 
Life Cycle ($/km/mi) ••••••••• 0.20/0.32 
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Van \\ _----1 

.f! ~ 
\ J ~ L::::::::-.~ ,\ ,-r-- c... J 

~ j 
igl,;L '=III! tt ...... ~ I II .. ~ I T I / 

~ I I I 1M 

VEHICLE DATA 

Seating Capacity •••••••••• (Van) 
Curb Weight (kg/1b) ••••••• 1735/3817 
Test Weight {kg/1b) ••••••• 2030/4466 
Weight Dist. [fir (%)] •••• 56/44 
Wheelbase {in./em) •••••••• 113/287 
Length (in./em) ••••••••••• 169/430 
Width {in./em) •••••••••••• 64/162 
Height {in./em) ••••••••••• 68/173 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 2900/103 
Fuel Capacity (ga1/1) ••••• 

BATTERY 

Name •••••••••••••••••••••• Pb-Acid 
Weight (kg/1b) •••••••••••• 453/997 
Volume {l/eu ft) •••••••••• 216/7.6 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight {kg/1b) •••••••••••• 76/167 
Volume (l/eu ft) •••••••••• 24/0.8 
Rated Power (Cont. kW) •••• 37 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 16/35 
Volume (l/eu ft) •••••••••• 41/1.4 
Rated Power (kW) •••••••••• 41.2 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel •..•••.•..•••.•.....•...••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight {kg/1b) ••••••••••••••••• 29/64 
Volume {l/eu ft) ••••••••••••••• 15/0.5 
Rated Power (kW) ••••••••••••••• 41.2 
Engine Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range {km/mi) •••••••••••••••••• 93/58 
Fuel Economy 

Electric Mode {kWh/km/mi) •••• 0.24/0.38 
Annual Energy (kWh) •••••••••• 2980 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
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Initial •••••••••••••••••••••• 13422 
Operating ($/km/mi) •••••••••• 0.18/0.29 
Life Cycle ($/km/mi) ••••••••• 0.19/0.30 
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96-km Pb-Acid EV 
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Van 

VEHICLE DATA 

Seating Capacity •••••••••• (Van) 
Curb Weight (kg/1b) ••••••• 1510/3322 
Test Weight (kg/lb) ••••••• 1805/3971 
Weight Dist. [fir (Z)] •••• 54/46 
Wheelbase (in./em) •••••••• 113/287 
Length (in./ern) ••••••••••• 169/430 
Width (in./em) •••••••••••• 64/162 
Height (in./ern) ••••••••••• 68/173 
Ground Clearance (in./ern). 8/20 
Luggage Space (l/eu ft) ••• 2900/103 
Fuel Capacity (gal/I) ••••• 

BATTERY 
Pb-Aeid 

Name •••••••••••••••••••••• Bipolar 
Weight (kg/lb) •••••••••••• 293/645 
Volume (l/eu ft) •••••••••• 148/5.2 

MOTOR 

Type •••••••••••••••••••••• AC 
Weight (kg/lb) •••••••••••• 67/147 
Volume (l/eu ft) •••••••••• 21/0.7 
Rated Power (Cont. kW) •••• 33 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 15/33 
Volume (l/eu ft) •••••••••• 37/1.3 
Rated Power (kW) •••••••••• 37 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displaceme~t ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 ••••••••••••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 26/57 
Volume (l/eu ft) ••••••••••••••• 13/0.5 
Rated Power (kW) ••••••••••••••• 36.6 
Engine Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 94/59 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.19/0.30 
Annual Energy (kWh) •••••••••• 2651 
Heat Engine Mode (rnpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
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Initial •••••••••••••••••••••• 11968 
Operating ($/krn/mi) •••••••••• 0.15/0.24 
Life Cycle ($/km/mi) ••••••••• 0.16/0.26 
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VEHICLE DATA 

Seating Capacity •••••••••• (Van) 
Curb Weight (kg/lb) ••••••• 1644/3617 
Test Weight (kg/1b) ••••••• 1939/4266 
Weight Dist. [fir (%)] •••• 56/44 
Wheelbase (in./ern) •••••••• 113/287 
Length (in./ern) ••••••••••• 169/430 
Width (in./ern) •••••••••••• 64/162 
Height (in./ern) ••••••••••• 68/173 
Ground Clearance (in./ern). 8/20 
Luggage Space (l/eu ft) ••• 2900/103 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name •••••••••••••••••••••• Ni-Fe 
Weight (kg/lb) •••••••••••• 388/854 
Volume (l/eu ft) •••••••••• 232/8.2 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 72/158 
Volume (l/eu ft) •••••••••• 23/0.8 
Rated Power (Cont. kW) •••• 35.4 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 16/35 
Volume (l/eu ft) •••••••••• 39/1.4 
Rated Power (kW) •••••••••• 39.4 

, I I ·1'-1 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel .•......••.•........•...... 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 28/62 
Volume (l/eu ft) ••••••••••••••• 14/0.5 
Rated Power (kW) ••••••••••••••• 39.4 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/ern ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (krn/rni) •••••••••••••••••• 98/61 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 0.32/0.51 
Annual Energy (kWh) •••••••••• 3941 
Heat Engine Mode (rnpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 

A-8 

Initial •••••••••••••••••••••• 14967 
Operating ($/krn/rni) •••••••••• 0.18/0.29 
Life Cycle ($/krn/rni) ••••••••• 0.20/0.32 
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VEHICLE DATA 

Seating Capacity •••••••••• (Van) 
Curb Weight (kg/lb) ••••••• 1455/320 
Test Weight (kg/lb) ••••••• 1750/3850 
Weight Dist. [fIr (%)] •••• 57/43 
Wheelbase (in./em) •••••••• 113/287 
Length (in./em) ••••••••••• 169/430 
Width (in./em) •••••••••••• 64/162 
Height (in./cm) ••••••••••• 68/173 
Ground Clearance (in./cm). 8/20 
Luggage Space (l/cu ft) ••• 2900/103 
Fuel Capacity (gal/1) ••••• 

BATTERY 

Name •••••••••••••••••••••• Ni-Zn 
Weight (kg/lb) •••••••••••• 254/559 
Volume (l/cu ft) •••••••••• 152/5.4 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 65/143 
Volume (l/cu ft) •••••••••• 21/0.7 
Rated Power (Cont. kW) •••• 32 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
l-leight (kg/1b) •••••••••••• 14/31 
Volume (l/cu ft) •••••••••• 36/1.3 
Rated Power (kW) •••••••••• 35.5 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/cu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel •••.••.•••••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 25/55 
Volume (l/cu ft) ••••••••••••••• 13/0.5 
Rated Power (kW) ••••••••••••••• 35.5 
Engine Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/cm ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 94/59 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.23/0.36 
Annual Energy (kWh) •••••••••• 2863 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
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Initial •••••••••••••••••••••• 12623 
Operating ($/km/mi) •••••••••• 0.19/0.30 
Life Cycle ($/km/mi) ••••••••• 0.19/0.30 
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VEHICLE DATA 

Seating Capacity •••••••••• 
Curb Weight (kg/lb) ••••••• 
Test Weight (kg/lb) ••••••• 
Weight Dist. [fir (%») •••• 
Wheelbase (in./em) •••••••• 
Length (in./em) ••••••••••• 
Width (in./em) •••••••••••• 
Height (in./em) ••••••••••• 
Ground Clearance (in./em). 
Luggage Space (l/eu ft) ••• 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name •••••••••••••••••••••• 
Weight (kg/lb) •••••••••••• 
Volume (l/eu ft) •••••••••• 

MOTOR 

(Van) 
1723/3791 
2018/4440 
53/47 
113/287 
169/430 
64/162 
68/173 
8/20 
2900/103 

Zn-Br2 
444/977 
444/15.7 

Type •••••••••••••••••••••• AC 
Weight (kg/lb) •••••••••••• 75/165 
Volume (l/eu ft) •••••••••• 24/0.8 
Rated Power (Cant. kW) •••• 36.9 

CONTROLLER 

Type •••• ~ ••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 16/35 
Volume (l/eu ft) •••••••••• 19/0.7 
Rated Power (kW) •••••••••• 41.0 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 ••••••••••••••.•••••••••••• 

DRIVETRAIN 

Motor Trans. Type •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Fixed 
Reduction 
29/64 
15/0.5 
41.0 

Range (km/mi) •••••••••••••••••• 96/60 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.40/0.64 
Annual Energy (kWh) •••••••••• 5701 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 

A-10 

Initial •••••••••••••••••••••• 13383 
Operating ($/km/mi) •••••••••• 0.20/0.32 
Life Cycle ($/km/mi) ••••••••• 0.20/0.32 



J I 

96-km Zn-CI2 EV y Vl ~ 
Van ~ ,~ 

.ft ~ 
l I ~,\ r w

-- ------IfJ~ 

VEHICLE DATA 

Seating Capacity •••••••••• (Van) 
Curb Weight (kg/lb) ••••••• 1592/3502 
Test Weight (kg/lb) ••••••• 1887/4151 
Weight Dist. [fIr (%)] ••.. 56/44 
Wheelbase (in./ern) •••••••• 113/287 
Length (in./ern) ••••••••••• 169/430 
Width (in./ern) •••••••••••• 64/162 
Height (in./ern) ••••••••••• 68/173 
Ground Clearance (in./ern). 8/20 
Luggage Space (l/eu ft) ••• 2900/103 
Fuel Capacity (gal/l) ••••• 

BATTERY 

Name •••••••••••••••••••••• Zn-C12 
Weight (kg/lb) •••••••••••• 351/772 
Volume (l/eu ft) •••••••••• 394/13.9 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 70/154 
Volume (l/eu ft) •••••••••• 22/0.8 
Rated Power (Cont. kW) •••• 34.5 

CONTROLLER 

X· ... -",.)1 - --) 1 ~ 
\.....'=7,/i 

T II 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel ...•••...••.•.••.•...•..•.. 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 27/59 
Volume (l/eu ft) ••••••••••••••• 14/0.5 
Rated Power (kW) ••••••••••••••• 38.3 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/ern ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (krn/rni) •••••••••••••••••• 93/58 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 0.35/0.57 
Annual Energy (kWh) •••••••••• 5049 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Type •••••••••••••••••••••• Mod Inverter Cost - 1982$ 
Weight (kg/lb) •••••••••••• 15/33 
Volume (l/eu ft) •••••••••• 18/0.6 
Rated Power (kW) •••••••••• 38.3 

A-ll 

Initial •••••••••••••••••••.•• 15161 
Operating ($/km/rni) •••••••••• 0.17/0.27 
Life Cycle ($/krn/rni) ••••••••• 0.19/0.30 



96-km Fe-Air EV 

Van 

VEHICLE DATA 

Seating Capacity •••••••••• (Van) 
Curb Weight {kg/lb) ••••••• 1492/3282 
Test Weight {kg/lb) ••••••• 1787/3931 
Weight Dist. [fir {%)] •••• 57/43 
Wheelbase {in./em) •••••••• 113/287 
Length {in./em) ••••••••••• 169/430 
Width {in./ern) •••••••••••• 64/162 
Height {in./em) ••••••••••• 68/173 
Ground Clearance (in./em). 8/20 
Luggage Space {l/eu ft) ••• 2900/103 
Fuel Capacity {gal/I) ••••• 

BATTERY 

Name ••.••.•.•.•.•••••••.•• Fe-Air 
Weight {kg/lb) •••••••••••• 280/616 
Volume {l/eu ft) •••••••••• 353/12.4 

MOTOR 

Type •••••••••••••••••••••• AC 
Weight {kg/lb) •••••••••••• 67/147 
Volume {l/eu ft) •••••••••• 21/0.7 
Rated Power {Cont. kW) •••• 32.7 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight {kg/lb) •••••••••••• 15/33 
Volume {l/eu ft) •••••••••• 36/1.3 
Rated Power {kW) •••••••••• 36 

I I I ~ I II I 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight {kg/lb) ••••••••••••••••• 
Volume {l/eu ft) ••••••••••••••• 
Rated Power {kW) ••••••••••••••• 
Fuel ..•.............•......•.•. 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight {kg/lb) ••••••••••••••••• 26/57 
Volume {l/eu ft) ••••••••••••••• 13/0.5 
Rated Power {kW) ••••••••••••••• 36.3 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume {l/em ft) ••••••••••••••• 
Rated Power {kW) ••••••••••••••• 

CALCULATED DATA 

Range {krn/rni) •••••••••••••••••• 96/60 
Fuel Economy 

Electric Mode {kWh/km/mi) •••• 0.39/0.63 
Annual Energy {kWh) •••••••••• 4871 
Heat Engine Mode {mpg) ••••••• 
Annual fuel {l/g) •••••••••••• 

Cost - 1982$ 
Initial •••••••••••••••••••••• 12954 
Operating {$/km/rni) •••••••••• 0.22/0.35 
Life Cycle {$/km/rni) ••••••••• 0.23/0.37 

A-12 
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VEHICLE DATA 

Seating Capacity •••••••••• (Van) 
Curb Weight (kg/1b) ••••••• 1486/3269 
Test Weight (kg/1b) ••••••• 1781/3918 
Weight Dist. [fir (%)] •••• 57/43 
Wheelbase (in./em) •••••••• 113/287 
Length (in./em) ••••••••••• 169/430 
Width (in./em) •••••••••••• 64/162 
Height (in./em) ••••••••••• 68/173 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 2900/103 
Fuel Capacity (ga1/1) ••••• 

BATTERY 

Name •••••••••••••••••••••• Li-FeS 
Weight (kg/1b) •••••••••••• 276/607 
Volume (l/eu ft) •••••••••• 197/7.0 

MOTOR 

Type. • • • • • • • • • .. • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 66/145 
Volume (l/eu ft) •••••••••• 21/0.7 
Rated Power (Cont. kW) •••• 32.5 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 14/31 
Volume (l/eu ft) •••••••••• 17/0.6 
Rated Power (kW) •••••••••• 36.2 

I I I I I I I I -I 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 ••••••••••••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 26/57 
Volume (l/eu ft) ••••••••••••••• 13/0.5 
Rated Power (kW) ••••••••••••••• 36.2 
Engine Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 99/62 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.28/0.44 
Annual Energy (kWh) •••••••••• 3967 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial •••••••••••••••••••••• 13800 
Operating ($/km/mi) •••••••••• 0.18/0.29 
Life Cycle ($/km/mi) ••••••••• 0.18/0.29 

A-13 
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VEHICLE DATA 

Seating Capacity •••••••••• (Van) 
Curb Weight (kg/lb) ••••••• 1366/3005 
Test Weight (kg/lb) ••••••• 1661/3654 
Weight Dist. [fIr (%)] •••• 57/43 
Wheelbase (in./em) •••••••• 113/287 
Length (in./ern) ••••••••••• 169/430 
Width (in./em) •••••••••••• 64/162 
Height (in./em) ••••••••••• 68/173 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 2900/103 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name. • • • • • • • • • • • • • • • • • • • •• Na-S 
Weight (kg/lb) •••••••••••• 191/420 
Volume (l/eu ft) •••••••••• 211/7.5 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 62/136 
Volume (l/eu ft) •••••••••• 20/0.7 
Rated Power (Cont. kW) •••• 30.4 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 13/29 
Volume (l/eu ft) •••••••••• 34/1.2 
Rated Power (kW) •••••••••• 33.7 

T I I I I II 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel •..•.•....•••••...•...••... 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 24/53 
Volume (l/eu ft) ••••••••••••••• 12/0.4 
Rated Power (kW) ••••••••••••••• 33.7 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (krn/mi) •••••••••••••••••• 94/59 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.24/0.38 
Annual Energy (kWh) •••••••••• 2941 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial •.•••••••••••••••••••• 14230 
Operating ($/km/mi) •••••••••• 0.21/0.34 
Life Cycle ($/km/mi) ••••••••• 0.22/0.35 

A-14 



TWO-PASSENGER DATA 

A-IS 





128-km Baseline ICE 

2-Passenger 

VEHICLE DATA 

Seating Capacity •••••••••• 2 
Curb Weight (kg/1b) ••••••• 500/1100 
Test Weight (kg/lb) ••••••• 636/1399 
Weight Dist. [fIr (%)] •.•• 57/43 
Wheelbase (in./ern) •••••••• 82/209 
Length (in./ern) ••••••••••• 137/347 
Width (in./ern) •••••••••••• 38/97 
Height (in./ern) ••••••••••• 52/131 
Ground Clearance (in./ern). 8/20 
Luggage Space (l/eu ft) ••• 300+/10.6+ 
Fuel Capacity (ga1/1) ••••• 10/40 

BATTERY 

Name •••••••••••••••••••••• 
Weight (kg/1b) •••••••••••• 
Volume (l/eu ft) •••••••••• 

MOTOR 

Type •••••••••••••••••••••• 
Weight (kg/1b) •••••••••••• 
Volume (l/eu ft) •••••••••• 
Rated Power (Cont. kW) •••• 

CONTROLLER 

Type •••••••••••••••••••••• 
Weight (kg/1b) •••••••••••• 
Volume (l/eu ft) •••••••••• 
Rated Power (kW) •••••••••• 

ENGINE 

Type ••••••••••••••••••••••••••• 4 cyl-SI 
Compression Ratio •••••••••••••• 12 
Weight (kg/1b) ••••••••••••••••• 37/81 
Volume (l/eu ft) ••••••••••••••• 10/0.4 
Rated Power (kW) ••••••••••••••• 19 
Fuel ••.•••••••••••••••••••••••• Methanol 

DRIVETRAIN 

Motor Trans. Type •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Engine Transmission type ••••••• CVT 
Weight (kg/1b) ••••••••••••••••• 15/33 
Volume (l/ern ft) ••••••••••••••• 22/0.8 
Rated Power (kW) ••••••••••••••• 19 

CALCULATED DATA 

Range (km/rni) •••••••••••••••••• 496/310 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 
Annual Energy (kWh) •••••••••• 
Heat Engine Mode (mpg) ••••••• 31 
Annual fuel (l/g) •••••••••••• 899/225 

Cost - 1982$ 

A-17 

Initial •••••••••••••••••••••• 4425 
Operating ($/km/mi) •••••••••• 0.14/0.22 
Life Cycle ($/km/rni) ••••••••• 0.14/0.22 
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VEHICLE DATA 

Seating Capacity •••••••••• 2 
Curb Weight (kg/lb) ••••••• 933/2053 
Test Weight (kg/1b) ••••••• 1069/2352 
Weight Dist. [fIr (%)] •••• 55/45 
Wheelbase (in./ern) •••••••• 82/209 
Length (in./ern) ••••••••••• 137/347 
Width (in./ern) •••••••••••• 38/97 
Height (in./ern) ••••••••••• 52/131 
Ground Clearance (in./ern). 8/20 
Luggage Space (l/eu ft) ••• 300+/10.6+ 
Fuel Capacity (gal/1) ••••• 

BATTERY 

Name •••••••••••••••••••••• Pb-Acid 
Weight (kg/lb) •••••••••••• 306/673 
Volume (l/eu ft) •••••••••• 145/5.1 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 34/75 
Volume (l/eu ft) •••••••••• 11/0.4 
Rated Power (Cont. kW) •••• 16.8 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 11/24 
Volume (l/eu ft) •••••••••• 28/1.0 
Rated Power (kW) •••••••••• 27.7 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel ..•..•.•.•..•..••..•.•..••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 20/44 
Volume (l/eu ft) ••••••••••••••• 10/0.4 
Rated Power (kW) ••••••••••••••• 27.7 
Engine Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/ern ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (krn/rni) •••••••••••••••••• 131/82 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 0.13/0.21 
Annual Energy (kWh) •••••••••• 1531 
Heat Engine Mode (rnpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initia'! ........•............. 7608 
Operating ($/krn/rni) •••••••••• 0.13/0.21 
Life Cycle ($/krn/rni) ••••••••• 0.14/0.22 
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VEHICLE DATA 

Seating Capacity •••••••••• 2 
Curb Weight (kg/lb) ••••••• 808/1777 
Test Weight (kg/lb) ••••••• 944/2077 
Weight Dist. [fir (%)] ..•. 49/51 
Wheelbase (1n./em) •••••••• 82/209 
Length (in./em) ••••••••••• 137/347 
Width (1n./em) •••••••••••• 38/97 
Height (in./em) ••••••••••• 52/131 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 300+/10.6+ 
Fuel Capacity (gal/I) ••••• 

BATTERY 
Pb-Acid 

Name ••••.•••••••••••.•••.• Bipolar 
Weight (kg/lb) •••••••••••• 217/477 
Volume (l/eu ft) •••••••••• 110/3.9 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 30/66 
Volume (l/eu ft) •••••••••• 10/0.4 
Rated Power (Cont. kW) •••• 14.9 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 10/22 
Volume (l/eu ft) •••••••••• 24/0.8 
Rated Power (kW) •••••••••• 24.4 

~--V_~-

ENGINE 

Type ••••••••••••••••••••••••••• 
D1splacement •••••••••••••••••.• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel .•..••...•...•..••...•...•• 

DRIVETRAIN 
F1xed 

Motor Trans. Type •••••••••••••• Reduet10n 
Weight (kg/lb) ••••••••••••••••• 17/37 
Volume (l/eu ft) ••••••••••••••• 8/0.3 
Rated Power (kW) ••••••••••••••• 24.4 
Engine Transm1ss10n type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 126/79 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.10/0.16 
Annual Energy (kWh) •••••••••• 1214 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial •.••••••••••.••.•••••• 6587 
Operating ($/km/mi) •••••••••• 0.11/0.18 
Life Cycle ($/km/mi) ••••••••• 0.12/0.19 
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128-km Ni-Fe EV 

2-Passenger 

VEHICLE DATA 

Seating capacity •••••••••• 2 
Curb Weight {kg/lb) ••••••• 849/1868 
Test Weight {kg/lb) ••••••• 985/2167 
Weight Dist. [fir {%)] •••• 55/45 
Wheelbase (in./em) •••••••• 82/209 
Length {in./em) ••••••••••• 137/347 
Width (in./em) •••••••••••• 38/97 
Height {in./em) ••••••••••• 52/131 
Ground Clearance (in./em). 8/20 
Luggage Space {l/eu ft) ••• 300+/10.6+ 
Fuel Capacity {gal/I) ••••• 

BATTERY 

Name •••••••••••••••••••••• Ni-Fe 
Weight (kg/1b) •••••••••••• 246/541 
Volume {l/eu ft) •••••••••• 144/5.1 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 32/70 
Volume {l/eu ft) •••••••••• 10/0.4 
Rated Power (Cont. kW) •••• 15.5 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight {kg/lb) •••••••••••• 10/22 
Volume {l/eu ft) •••••••••• 26/0.9 
Rated Power {kW) •••••••••• 25.5 
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ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight {kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power {kW) ••••••••••••••• 
Fue 1 ••••••••••••••••••••••••••• 

DRIVETRAIN 

)j 

Fixed 
Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 18/40 
Volume {l/eu ft) ••••••••••••••• 9/0.3 
Rated Power (kW) ••••••••••••••• 25.5 
Engine Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power {kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 133/83 
Fuel Economy 

Electric Mode {kWh/km/mi) •••• 0.17/0.27 
Annual Energy {kWh) •••••••••• 1990 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial ••••••.••••••••••••••• 8555 
Operating ($/km/mi) •••••••••• 0.13/0.21 
Life Cycle {$/km/mi) ••••••••• 0.14/0.22 

A-20 



128-km Ni-Zn EV 

2-Passenger V ,/1 ~ 
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VEHICLE DATA 

Seating Capacity •••••••••• 2 
Curb Weight (kg/1b) ••••••• 735/1617 
Test Weight (kg/1b) ••••••• 871/1916 
Weight Dist. [fir (%)] •••• 52/48 
Wheelbase (in./em) •••••••• 82/209 
Length (in./em) ••••••••••• 137/347 
Width (in./em) •••••••••••• 38/97 
Height (in./em) ••••••••••• 52/131 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 300+/10.6+ 
Fuel Capacity (ga1/1) ••••• 

BATTERY 

Name •••••••••••••••••••••• Ni-Zn 
Weight (kg/1b) •••••••••••• 165/363 
Volume (l/eu ft) •••••••••• 99/3.5 

MOTOR 

Type •••••••••••••••••••••• AC 
Weight (kg/1b) •••••••••••• 28/62 
Volume (l/eu ft) •••••••••• 9/0.3 
Rated Power (Cont. kW) •••• 13.7 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 9/20 
Volume (l/eu ft) •••••••••• 23/0.8 
Rated Power (kW) •••••••••• 22.6 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel .........•...•...•....•.... 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 16/35 
Volume (l/eu ft) ••••••••••••••• 8/0.3 
Rated Power (kW) ••••••••••••••• 22.6 
Engine Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 126/79 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.12/0.19 
Annual Energy (kWh) •••••••••• 1434 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial •••••••••••••••••••••• 6756 
Operating ($/km/mi) •••••••••• 0.12/0.19 
Life Cycle ($/km/mi) ••••••••• 0.13/0.20 
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128-km Zn-Br2 EV 
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VEHICLE DATA 

Seating Capacity •••••••••• 2 
Curb Weight (kg/1b) ••••••• 969/2132 
Test Weight (kg/1b) ••••••• 1105/2431 
Weight Dist. [fir (%)] •••• 49/51 
Wheelbase (in./em) •••••••• 82/209 
Length (in./em) ••••••••••• 137/347 
Width (in./em) •••••••••••• 38/97 
Height (in./em) ••••••••••• 52/131 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 300+/10.6+ 
Fuel Capacity (ga1/1) ••••• 

BATTERY 

Name •••••••••••••••••••••• Zn-Br2 
Weight (kg/1b) •••••••••••• 332/730 
Volume (l/eu ft) •••••••••• 257/9.1 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 36/79 
Volume (l/eu ft) •••••••••• 11/0.4 
Rated Power (Cont. kW) •••• 17.4 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 11/24 
Volume (l/eu ft) •••••••••• 29/1.0 
Rated Power (kW) •••••••••• 28.6 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel .•...•...•.......•...•....• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 20/44 
Volume (l/eu ft) ••••••••••••••• 10/0.4 
Rated Power (kW) ••••••••••••••• 28.6 
Engine Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 130/81 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.24/0.38 
Annual Energy (kWh) •••••••••• 2820 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial •••••••••••••••••••••• 7821 
Operating ($/km/mi) •••••••••• 0.15/0.24 
Life Cycle ($/km/mi) ••••••••• 0.15/0.24 
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128-km Zn-CI 2 EV 

2-Passenger 

VEHICLE DATA 

Seating Capacity •••••••••• 2 
Curb Weight (kg/lb) ••••••• 878/1932 
Test Weight (kg/lb) ••••••• 1014/2231 
Weight Dist. [fIr (%)] •••• 55/45 
Wheelbase (in./ern) •••••••• 82/209 
Length (in./ern) ••••••••••• 137/347 
Width (in./ern) •••••••••••• 38/97 
Height (in./ern) ••••••••••• 52/131 
Ground Clearance (in./ern). 8/20 
Luggage Space (l/eu ft) ••• 300+/10.6+ 
Fuel Capacity (gal/l) ••••• 

BATTERY 

Name •.....••..•......••... Zn-C1 2 
Weight (kg/lb) •••••••••••• 267/587 
Volume (l/eu ft) •••••••••• 225/8 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 33/73 
Volume (l/eu ft) •••••••••• 10/0.4 
Rated Power (Cont. kW) •••• 16 

CONTROLLER 
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ENGINE 

Type ••••••••••••••••••••••••••• 
D1splacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel .......................... . 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 19/42 
Volume (l/eu ft) ••••••••••••••• 9/0.3 
Rated Power (kW) ••••••••••••••• 26.3 
Engine Transrniss~on type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/ern ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (krn/rni) •••••••••••••••••• 130/81 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 0.20/0.32 
Annual Energy (kWh) •••••••••• 2341 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Type •••••••••••••••••••••• Mod Inverter Cost - 1982$ 
Weight (kg/lb) •••••••••••• 11/24 
Volume (l/eu ft) •••••••••• 26/0.9 
Rated Power (kW) •••••••••• 26.3 

Initial •••••••••••••••••••••• 9195 
Operat~ng ($/krn/m~) •••••••••• 0.14/0.22 
Life Cycle ($/krn/rni) ••••••••• 0.16/0.26 
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128-km Fe-Ai r EV 
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VEHICLE DATA 

Seating Capacity •••••••••• 2 
Curb Weight {kg/lb) ••••••• 788/1734 
Test Weight {kg/lb) ••••••• 924/2033 
Weight Dist. [fir (%)] ••.• 55/45 
Wheelbase {in./em) •••••••• 82/209 
Length {in./em) ••••••••••• 137/347 
Width {in./em) •••••••••••• 38/97 
Height (in./em) ••••••••••• 52/131 
Ground Clearance (in./em). 8/20 
Luggage Space {l/eu ft) ••• 300+/10.6+ 
Fuel Capacity {gal/I) ••••• 

BATTERY 

Name •••••••••••••••••••••• Fe-Air 
Weight {kg/lb) •••••••••••• 203/447 
Volume (l/eu ft) •••••••••• 187/6.6 

MOTOR 

Type •••••••••••••••••••••• AC 
Weight (kg/lb) •••••••••••• 30/66 
Volume (l/eu ft) •••••••••• 9/0.3 
Rated Power (Cont. kW) •••• 14.6 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 10/22 
Volume (l/eu ft) •••••••••• 24/0.8 
Rated Power (kW) •••••••••• 23.9 
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ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume {l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel •.•..•.•.•••.•..••...•....• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 17/37 
Volume (l/eu ft) ••••••••••••••• 9/0.3 
Rated Power {kW) ••••••••••••••• 23.9 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 133/83 
Fuel Economy 

Electric Mode {kWh/km/mi) •••• 0.21/0.34 
Annual Energy (kWh) •••••••••• 2551 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial •••••••••••••••••••••• 7413 
Operating ($/km/mi) •••••••••• 0.17/0.27 
Life Cycle ($/km/mi) ••••••••• 0.16/0.26 
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128-km Li-FeS EV 
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VEHICLE DATA 

Seating Capacity •••••••••• 2 
Curb Weight {kg/1b) ••••••• 743/1635 
Test Weight (kg/1b) ••••••• 879/1934 
Weight Dist. [fir {%)] •••• 55/45 
lfuee1base (in./em) •••••••• 82/209 
Length (in./em) ••••••••••• 137/347 
Width (in./em) •••••••••••• 38/97 
Height (in./em) ••••••••••• 52/131 
Ground Clearance (in./em). 8/20 
Luggage Space {l/eu ft) ••• 300+/10.6+ 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name •••••••••••••••••••••• Li-FeS 
Weight {kg/lb) •••••••••••• 171/376 
Volume {l/eu ft) •••••••••• 155/5.5 

MOTOR 

Type. . • . • • • • . • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 28/62 
Volume (l/eu ft) •••••••••• 9/0.3 
Rated Power (Cont. kW) •••• 13.9 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight {kg/1b) •••••••••••• 9/20 
Volume {l/eu ft) •••••••••• 23/0.8 
Rated Power (kW) •••••••••• 22.8 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight {kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power {kW) ••••••••••••••• 
Fue 1 ••••••••••••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 16/35 
Volume (l/eu ft) ••••••••••••••• 8/0.3 
Rated Power {kW) ••••••••••••••• 22.8 
Engine Transmission type ••••••• 
Weight {kg/lb) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range {km/mi) •••••••••••••••••• 128/80 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.14/0.23 
Annual Energy (kWh) •••••••••• 1717 
Heat Engine Mode {mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial •••••••••••••••••••••• 7738 
Operating ($/km/mi) •••••••••• 0.14/0.23 
Life Cycle ($/km/mi) ••••••••• 0.14/0.23 
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128-km Na-S EV 
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VEHICLE DATA 

Seating Capacity •••••••••• 2 
Curb Weight (kg/1b) ••••••• 667/1467 
Test Weight (kg/1b) ••••••• 803/1767 
Weight Dist. [fIr (%)] •.•• 47/53 
Wheelbase (in./em) •••••••• 82/209 
Length (in./em) ••••••••••• 137/347 
Width (in./em) •••••••••••• 38/97 
Height (in./em) ••••••••••• 52/131 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 300+/10.6+ 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name •••••••••••••••••••••• Na-S 
Weight (kg/lb) •••••••••••• 118/260 
Volume (l/eu ft) •••••••••• 109/3.9 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 26/57 
Volume (l/eu ft) •••••••••• 8/0.3 
Rated Power (Cont. kW) •••• 12.7 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 8/18 
Volume (l/eu ft) •••••••••• 21/0.7 
Rated Power (kW) •••••••••• 20.8 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel ...••.•.•.•......•.•..•..•. 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 15/33 
Volume (l/eu ft) ••••••••••••••• 7/0.2 
Rated Power (kW) ••••••••••••••• 20.8 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 130/81 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.12/0.20 
Annual Energy (kWh) •••••••••• 1453 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 

A-26 

Initial •••••••••••••••.•••••• 8104 
Operating ($/km/mi) •••••••••• 0.16/0.26 
Life Cycle ($/km/mi) ••••••••• 0.15/0.24 
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VEHICLE DATA 

Seating Capae~ty •••••••••• 5 
Curb Weight (kg/lb) ••••••• 895/1969 
Test Weight (kg/lb) ••••••• 1031/2268 
Weight Dist. [f/r (%)] •••• 58/42 
Wheelbase (in./ern) •••••••• 107/272 
Length (in./ern) ••••••••••• 184/467 
Width (in./ern) •••••••••••• 70/178 
Height (in./ern) ••••••••••• 54/138 
Ground Clearance (in./ern). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/l) ••••• 10/40 

BATTERY 

Name •••••••••••••••••••••• 
We~ght (kg/lb) •••••••••••• 
Volume (l/eu ft) •••••••••• 

MOTOR 

Type •••••••••••••••••••••• 
Weight (kg/lb) •••••••••••• 
Volume (l/eu ft) •••••••••• 
Rated Power (Cont. kW) •••• 

CONTROLLER 

Type •••••••••••••••••••••• 
Weight (kg/lb) •••••••••••• 
Volume (l/cu ft) •••••••••• 
Rated Power (kW) •••••••••• 

I I 1 I 

ENGINE 

Type. • • . • . . . . . . . . . . . . . . . . . • . . .. 4 c y 1-S I 
Cornpress~on Rat~o •••••••••••••• 12 
Weight (kg/lb) ••••••••••••••••• 64/141 
Volume (l/eu ft) ••••••••••••••• 16/0.6 
Rated Power (kW) ••••••••••••••• 31 
Fue 1. • . • • • . • • • • • • • • • • • • • • • • • . .• Me thano 1 

DRIVETRAIN 

Motor Trans. Type •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Engine Transmission type ••••••• CVT 
Weight (kg/lb) ••••••••••••••••• 26/57 
Volume (l/crn ft) ••••••••••••••• 36/1.3 
Rated Power (kw) ••••••••••••••• 31 

CALCULATED DATA 

Range (krn/rn~) •••••••••••••••••• 400/250 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 
Annual Energy (kWh) •••••••••• 
Heat Eng~ne Mode (rnpg) ••••••• 25 
Annual fuel (l/g) •••••••••••• 1302/326 

Cost - 1982$ 

A-29 

Initial •••••••••••••••••••••• 7210 
Operating ($/krn/rn~) •••••••••• 0.16/0.26 
Life Cycle ($/krn/rn~) ••••••••• 0.16/0.26 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1768/3890 
Test Weight (kg/1b) ••••••• 1904/4189 
Weight Dist. [fir (%)] •••. 51/49 
Wheelbase (in./cm) •••••••• 107/272 
Length (~n./cm) ••••••••••• 184/467 
Width (in./cm) •••••••••••• 70/178 
Height (in./cm) ••••••••••• 54/138 
Ground Clearance (in./cm). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (ga1/1) ••••• 

BATTERY 

Name .••••.•••.•••.••••.•.• Pb-Ac1d 
Weight (kg/1b) •••••••••••• 590/1298 
Volume (l/cu ft) •••••••••• 281/9.9 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 98/216 
Volume (l/cu ft) •••••••••• 31/1.1 
Rated Power (Cont. kW) •••• 48 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 21/46 
Volume (l/cu ft) •••••••••• 53/1.9 
Rated Power (kW) •••••••••• 53 

1 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement .•.•••••••••••••.•• 
Compression Ratio •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/cu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 ••••••••••••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
We~ght (kg/1b) ••••••••••••••••• 38/84 
Volume (l/cu ft) ••••••••••••••• 19/0.7 
Rated Power (kW) ••••••••••••••• 53 
Eng~ne Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/cm ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 158/99 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.21/0.33 
Annual Energy (kWh) •••••••••• 2771 
Heat Engine Mode (mpg) ••••••• 
Annual Fuel (l/g) •••••••••••• 

Cost - 1982$ 

A-30 

Initial •••••••••••••••••••••• 13752 
Operating ($/km/mi) •••••••••• 0.17/0.27 
Life Cycle ($/km/mi) ••••••••• 0.18/0.29 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1498/3296 
Test Weight (kg/lb) ••••••• 1634/3595 
Weight Dist. [fIr (%)] ..•• 54/46 
Wheelbase (in./ern) •••••••• 107/272 
Length (in./ern) ••••••••••• 184/467 
Width (in./ern) •••••••••••• 70/178 
Height (in./ern) ••••••••••• 54/138 
Ground Clearance (in./ern). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/l) ••••• 

BATTERY 
Pb-Aeid 

Name •••.•.•••••••••••••.•. Bipolar 
Weight (kg/lb) •••••••••••• 404/889 
Volume (l/eu ft) •••••••••• 204/7.2 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 84/185 
Volume (l/eu ft) •••••••••• 27/0.9 
Rated Power (Cont. kW) •••• 41.2 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 18/40 
Volume (l/eu ft) •••••••••• 45.7/1.6 
Rated Power {kl.l) •••••••••• 45.7 

'/ I J 

I I I I 1 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Rat~o •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume {l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 ••••••••••••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight {kg/lb) ••••••••••••••••• 32/70 
Volume (l/eu ft) ••••••••••••••• 16/0.6 
Rated Power (kW) ••••••••••••••• 45.7 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/ern ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (krn/rni) •••••••••••••••••• 157/98 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 0.16/0.26 
Annual Energy (kWh) •••••••••• 2128 
Heat Eng~ne Mode (rnpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 

A-3l 

Initial •••••••••••••••••••••• 12124 
Operat~ng ($/krn/rni) •••••••••• 0.15/0.24 
Life Cycle {$/krn/rni) ••••••••• 0.16/0.26 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1545/3399 
Test Weight (kg/1b) ••••••• 1681/3698 
Weight Dist. [fir (%)] •••• 50/50 
Wheelbase (in./em) •••••••• 107/272 
Length (in./em) ••••••••••• 184/467 
Width (in./ern) •••••••••••• 70/178 
Height (in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capae~ty (gal/I) ••••• 

BATTERY 

Name •.••••••••.•...•.••••• Ni-Fe 
Weight (kg/1b) •••••••••••• 437/961 
Volume (l/eu ft) •••••••••• 261/9.2 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 86/189 
Volume (l/eu ft) •••••••••• 28/1 
Rated Power (Cont. kW) •••• 42.4 

CONTROLLER 

-

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 19/42 
Volume (l/eu ft) •••••••••• 47/1.7 
Rated Power (kW) •••••••••• 47 

I I 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement •••.•.••.•.•.••••.• 
Compression Ratio •••••••••••••• 
We~ght (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 •....••••..•.••.•.••.•••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 33/73 
Volume (l/eu ft) ••••••••••••••• 17/0.6 
Rated Power (kW) ••••••••••••••• 47 
Engine Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 154/96 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.26/0.42 
Annual Energy (kWh) •••••••••• 3480 
Heat Engine Mode (mpg) ••••••• 
Annual Fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial .......•.........•••.• 14756 
Operating ($/km/mi) •••••••••• 0.16/0.26 
Life Cycle ($/km/mi) ••••••••• 0.18/0.29 

A-32 
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VEHICLE DATA 

Seating Capae1ty •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1399/3078 
Test Weight (kg/lb) ••••••• 1535/3377 
Weight Dist. [f/r (%)] •••• 51/49 
Wheelbase (in./ern) •••••••• 107/272 
Length (in./ern) ••••••••••• 184/467 
Width (in./ern) •••••••••••• 70/178 
Height (in./ern) ••••••••••• 54/138 
Ground Clearance (in./ern). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name. • • • • • • • • • • • • • • • • • • • •• Ni -Zn 
Weight (kg/lb) •••••••••••• 336/739 
Volurne (l/eu ft} •••••••••• 202/7.1 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb} •••••••••••• 79/174 
Volurne (l/eu ft) •••••••••• 25/0.9 
Rated Power (Cont. kW} •••• 38.7 

CONTROLLER 

-

Type •••••••••••••••••••••• Mod Inverter 
We1ght (kg/lb} •••••••••••• 17/37 
Volurne (l/eu ft) •••••••••• 43/1.5 
Rated Power (kW} •••••••••• 43 

I T 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••.••.•••••.••. 
Compression Ratio •••••••••••••• 
Weight (kg/lb} ••••••••••••••••• 
Volume (l/eu ft} ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 .••••••.••••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb} ••••••••••••••••• 30/66 
Volume (l/eu ft) ••••••••••••••• 15/0.5 
Rated Power (kW} ••••••••••••••• 43 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/ern ft} ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (krn/rni} •••••••••••••••••• 166/104 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 0.19/0.30 
Annual Energy (kWh) •••••••••• 2546 
Heat Engine Mode (rnpg} ••••••• 
Annual Fuel (l/g} •••••••••••• 

Cost - 1982$ 
Initial •........•.•..•••.•••• 13403 
Operating ($/km/rn1} •••••••••• 0.18/0.29 
Life Cycle ($/krn/rni} ••••••••• 0.18/0.29 

A-33 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1700/3740 
Test Weight (kg/lb) ••••••• 1836/4039 
Weight Dist. [fIr (%)] ...• 40/60 
Wheelbase (in./cm) •••••••• 107/272 
Length (in./cm) ••••••••••• 184/467 
Width (in./cm) •••••••••••• 70/178 
Height (in./cm) ••••••••••• 54/138 
Ground Clearance (in./cm). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/l) ••••• 

BATTERY 

Name •••••••••••••••••••••• Zn-Br2 
Weight (kg/lb) •••••••••••• 544/1197 
Volume (l/cu ft) •••••••••• 544/19.2 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 94/207 
Volume (l/cu ft) •••••••••• 30/1.1 
Rated Power (Cont. kW) •••• 46.3 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 21/46 
Volume (l/cu ft) •••••••••• 51/1.8 
Rated Power (kW) •••••••••• 51 

I' 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/cu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel .••..............•.•....... 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 36/79 
Volume (l/cu ft) ••••••••••••••• 18/0.6 
Rated Power (kW) ••••••••••••••• 51.4 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/cm ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 154/96 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.37/0.59 
Annual Energy (kWh) •••••••••• 4843 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 

A-34 

InitiaQ •••••••••••••••••• ~ ••• 13298 
Operating ($/km/mi) •••••••••• 0.19/0.30 
Life Cycle ($/km/mi) ••••••••• 0.19/0.30 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight {kg/lb) ••••••• 1499/3298 
Test Weight {kg/lb) ••••••• 1635/3597 
Weight Dist. [fIr {%)] •••• 49/51 
Wheelbase {in./em) •••••••• 107/272 
Length {in./em) ••••••••••• 184/467 
Width {in./em) •••••••••••• 70/178 
Height {in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space {l/eu ft) ••• 500+/17.6+ 
Fuel Capacity {gal/I) ••••• 

BATTERY 

Name •••••••••••••••••••••• Zn-C12 
Weight {kg/lb) •••••••••••• 406/893 
Volume {l/eu ft) •••••••••• 457/16.1 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight {kg/lb) •••••••••••• 84/185 
Volume {l/eu ft) •••••••••• 27/0.9 
Rated Power {Cont. kW) •••• 41.2 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 18/40 
Volume {l/eu ft) •••••••••• 46/1.6 
Rated Power (kW) •••••••••• 45.8 

I 1 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume {l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel ...........•..•......•..•.. 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 32/70 
Volume {l/eu ft) ••••••••••••••• 16/0.6 
Rated Power (kW) ••••••••••••••• 45.8 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range {km/mi) •••••••••••••••••• 155/97 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.30/0.48 
Annual Energy {kWh) •••••••••• 3909 
Heat Engine Mode (mpg) ••••••• 
Annual fuel {l/g) •••••••••••• 

Cost - 1982$ 
Initial ••••.•••••••.••••••••• 14948 
Operating ($/km/mi) •••••••••• 0.18/0.29 
Life Cycle {$/km/mi) ••••••••• 0.20/0.32 
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160-km Fe-Air EV 

5-Passenger 

VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1401/3082 
Test Weight (kg/1b) ••••••• 1537/3381 
Weight Dist. [fir (%)] •••• 52/48 
Wheelbase (in. /cm) ••••••••. 107/272 
Length (in./cm) ••••••••••• 184/467 
Width (in./cm) •••••••••••• 70/178 
Height (in./cm) ••••••••••• 54/138 
Ground Clearance (in./cm). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name .•••.••.•.•.•••••.•.•. Fe-Air 
Weight (kg/lb) •••••••••••• 338/744 
Volume (l/cu ft) •••••••••• 426/15.1 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 79/174 
Volume (l/cu ft) •••••••••• 25/0.9 
Rated Power (Cont. kW) •••• 38.7 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 17/37 
Volume (l/cu ft) •••••••••• 43/1.5 
Rated Power (kW) •••••••••• 43 

I I 
I I 
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ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/cu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel ••.•••.•••••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 30/66 
Volume (l/cu ft) ••••••••••••••• 15/0.5 
Rated Power (kW) ••••••••••••••• 43 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/cm ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 154/96 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.33/0.53 
Annual Energy (kWh) •••••••••• 4368 
Heat Engine Mode (mpg) ••••••• 
Annual Fuel (l/g) •••••••••••• 

Cost - 1982$ 

A-36 

Initial ••.••.•••••••••••••••• 12594 
Operating ($/km/mi) •••••••••• 0.21/0.34 
Life Cycle ($/km/mi) ••••••••• 0.20/0.32 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1369/3012 
Test We~ght (kg/lb) ••••••• 1505/3311 
Weight Dist. [fir (%)] .•. t 55/45 
Wheelbase (in./em) •••••••• 107/272 
Length (~n./em) ••••••••••• 184/467 
Width (in./em) •••••••••••• 70/178 
Height (in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/l) ••••• 

BATTERY 

Name .••.•..•.•.....•.••••• Li-FeS 
Weight (kg/lb) •••••••••••• 316/695 
Volume (l/eu ft) •••••••••• 226/8.0 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 77/169 
Volume (l/eu ft) •••••••••• 25/0.9 
Rated Power (Cont. kW) •••• 37.9 

CONTROLLER 

Type •.••••..•.•.•••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 17/37 
Volume (l/eu ft) •••••••••• 42/1.5 
Rated Power (kW) •••••••••• 42.1 

I 

I I I 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement •••..•••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel .......................... . 

DRIVETRAIN 
F~xed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 30/66 
Volume (l/eu ft) ••••••••••••••• 15/0.5 
Rated Power (kW) ••••••••••••••• 42.1 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 166/104 
Fuel Economy 

Eleetr~e Mode (kWh/km/mi) •••• 0.23/0.36 
Annual Energy (kWh) •••••••••• 2988 
Heat Eng~ne Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••. 

Cost - 1982~ 
Initial .•••••..•••.••••...••• 13343 
Operating (S/km/mi) •••••••••• 0.18/0.29 
Life Cycle ($/km/mi) ••••••••• 0.17/0.27 

A-37 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1266/2785 
Test Weight (kg/1b) ••••••• 1402/3084 
Weight Dist. [fIr (%)] ..•. 57/43 
Wheelbase (in./ern) •••••••• 107/272 
Length (in./ern) ••••••••••• 184/467 
Width (in./ern) •••••••••••• 70/178 
Height (in./ern) ••••••••••• 54/138 
Ground Clearance (in./ern). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel CapaeLty (ga1/1) ••••• 

BATTERY 

Name. • • • • • • • • • • • • • • • • • • • •• Na-S 
WeLght (kg/1b) •••••••••••• 245/539 
Volume (l/eu ft) •••••••••• 271/9.6 

MOTOR 

Type. • • . • • • • • • . • • • • • • . • • •• AC 
Weight (kg/1b) •••••••••••• 72/158 
Volume (l/eu ft) •••••••••• 23/0.8 
Rated Power (Cont. kW) •••• 35.3 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 16/35 
Volume (l/eu ft) •••••••••• 39/1.4 
Rated Power (kW) •••••••••• 39.3 

I I 1 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••.•.••••••.••••• 
Compression Ratio •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 ••••••.•••••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 28/62 
Volume (l/eu ft) ••••••••••••••• 14/0.5 
Rated Power (kW) ••••••••••••••• 39.3 
EngLne Transmission type ••••••• 
WeLght (kg/1b) ••••••••••••••••• 
Volume (l/ern ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (krn/rni) •••••••••••••••••• 170/106 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 0.19/0.30 
Annual Energy (kWh) •••••••••• 2550 
Heat Engine Mode (rnpg) ••••••• 
Annual Fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial •••.•...•.••••••.....• 14269 
Operating ($/krn/rni) •••••••••• 0.20/0.32 
Life Cycle ($/krn/rni) ••••••••• 0.19/0.30 

A-38 
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240-km Baseline ICE 

5-Passenger 

VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 895/1969 
Test Weight (kg/lb) ••••••• 1031/2268 
Weight Dist. [fir (%)] ..•. 58/42 
Wheelbase (in./em) •••••••• 107/272 
Length (in./em) ••••••••••• 184/467 
Width (in./em) •••••••••••• 70/178 
Height (in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/l) ••••• 10/40 

BATTERY 

Name •••••••••••••••••••••• 
Weight (kg/lb) •••••••••••• 
Volume (l/eu ft) •••••••••• 

MOTOR 

Type •••••••••••••••••••••• 
Weight (kg/lb) •••••••••••• 
Volume (l/eu ft) •••••••••• 
Rated Power (Cont. kW) •••• 

CONTROLLER 

Type •••••••••••••••••••••• 
Weight (kg/lb) •••••••••••• 
Volume (l/eu ft) •••••••••• 
Rated Power (kW) •••••••••• 

I 
I I 

ENGINE 

Type ..•..•••.•...•..••.••.••••. 4 cyl-SI 
Displacement ••••••••••••••••••• 2000ee/kW 
Compress10n Ratio •••••••••••••• 12 
Weight (kg/lb) ••••••••••••••••• 64/141 
Volume (l/eu ft) ••••••••••••••• 16/0.6 
Rated Power (kW) ••••••••••••••• 31 
Fuel ........•.••...••.•••••...• Methanol 

DRIVETRAIN 

Motor Trans. Type •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Eng1ne Transmission type ••••••• CVT 
Weight (kg/1b) ••••••••••••••••• 26/57 
Volume (l/em ft) ••••••••••••••• 36/1.3 
Rated Power (kW) ••••••••••••••• 31 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 400/250 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 
Annual Energy (kWh) •••••••••• 
Heat Engine Mode (mpg) ••••••• 25 
Annual fuel (l/g) •••••••••••• 1511/378 

Cost - 1982$ 

A-41 

Initial ••••••••••..•..••..••• 7210 
Operating ($/km/mi) •••••••••• 0.15/0.24 
Life Cycle ($/km/mi) ••••••••• 0.15/0.24 



240-km Ph-Acid EV 

5-Passenger 

VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 2366/5205 
Test Weight (kg/lb) ••••••• 2502/5504 
Weight D1st. [fIr (%)] ..•• 45/55 
Wheelbase (in./em) •••••••• 107/272 
Length (in./em) ••••••••••• 184/467 
Width (in./ern) •••••••••••• 70/178 
Height (in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name •••••••••••••••••••••• Ph-Acid 
Weight (kg/lb) •••••••••••• 1001/2202 
Volume (l/eu ft) •••••••••• 477/16.9 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 129/284 
Volume (l/eu ft) •••••••••• 41/1.4 
Rated Power (Cont. kW) •••• 63 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 28/62 
Volume (l/eu ft) •••••••••• 70/2.5 
Rated Power (kW) •••••••••• 70 

I I 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 ••••••••••••••••••••••••••• 

DRIVETRAIN 
F1xed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 49/108 
Volume (l/eu ft) ••••••••••••••• 25/0.9 
Rated Power (kW) ••••••••••••••• 70 
Engine Transmission type ••••••• 
We1ght (kg/lb) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/rni) •••••••••••••••••• 235/147 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.26/0.41 
Annual Energy (kWh) •••••••••• 3863 
Heat Engine Mode (mpg) ••••••• 
Annual Fuel (l/g) •••••••••••• 

Cost - 1982$ 

A-42 

Initia1 ••...•••.•..••...••... 17483 
Operating ($/km/mi) •••••••••• 0.19/0.30 
Life Cycle ($/km/mi) ••••••••• 0.18/0.29 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 2007/4415 
Test Weight (kg/lb) ••••••• 2143/4715 
Weight Dist. [fIr (%)] .... 48/52 
Wheelbase (in./cm) •••••••• 107/272 
Length (~n./cm) ••••••••••• 184/467 
Width (in./cm) •••••••••••• 70/178 
Height (in./cm) ••••••••••• 54/138 
Ground Clearance (in./cm). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/l) ••••• 

BATTERY 
Pb-Acid 

Name .....•......•...•....• Bipolar 
Weight (kg/lb) •••••••••••• 754/1659 
Volume (l/cu ft) •••••••••• 381/13.5 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 110/242 
Volume (l/cu ft) •••••••••• 35/1.2 
Rated Power (Cont. kW) •••• 54 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 24/53 
Volume {l/cu ft) •••••••••• 60/2.1 
Rated Power {kW) •••••••••• 60 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement .•••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight {kg/lb) ••••••••••••••••• 
Volume (l/cu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel ..•..•..•.....•..•.••.•.... 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 42/92 
Volume (l/cu ft) ••••••••••••••• 21/0.7 
Rated Power (kW) ••••••••••••••• 60 
Engine Transmiss~on type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/cm ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 245/153 
Fuel Economy 

Electric Mode {kWh/km/mi) •••• 0.20/0.32 
Annual Energy (kWh) •••••••••• 2950 
Heat Engine Mode {mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 

A-43 

Initial •••.••.•••••.••.•••••• 15800 
Operating ($/km/m~) •••••••••• 0.14/0.22 
Life Cycle ($/km/mi) ••••••••• 0.16/0.26 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1875/4125 
Test Weight (kg/1b) ••••••• 2011/4424 
Weight Dist. [fir (%)] .... 47/53 
Wheelbase (in./crn) •••••••• 107/272 
Length (in./crn) ••••••••••• 184/467 
W~dth (~n./crn) •••••••••••• 70/178 
Height (in./crn) ••••••••••• 54/138 
Ground Clearance (in./crn). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name .••••••••••••••••••••• Ni-Fe 
Weight (kg/lb) •••••••••••• 664/1461 
Volume (l/cu ft) •••••••••• 397/14.0 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 103/227 
Volume (l/cu ft) •••••••••• 33/1.2 
Rated Power (Cont. kW) •••• 50.7 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 23/51 
Volume (l/cu ft) •••••••••• 56/2.0 
Rated Power (kW) •••••••••• 56.3 

~ / 

I 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement •.•..•••.••.•.•.••. 
Compression Ratio •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/cu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 •.••••••.•••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 40/88 
Volume (l/cu ft) ••••••••••••••• 20/0.7 
Rated Power (kW) ••••••••••••••• 56.3 
Engine Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/cm ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 230/144 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 0.30/0.48 
Annual Energy (kWh) •••••••••• 4520 
Heat Engine Mode (mpg) ••••••• 
Annual Fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial .•.•.•.•.•••.••.•...•. 17822 
Operating ($/km/mi) •••••••••• 0.17/0.27 
Life Cycle ($/km/mi) ••••••••• 0.19/0.30 
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240-km Ni-Zn EV 

5-Passenger 

VEHICLE DATA 

Seating Capacity •••••••••• 5 

--

Curb Weight (kg/lb) ••••••• 1669/3672 
Test Weight (kg/lb) ••••••• 1805/3971 
Weight Dist. [fIr (%)] •••• 48/52 
Wheelbase (in./em) •••••••• 107/272 
Length (in./em) ••••••••••• 184/467 
Width (in./em) •••••••••••• 70/178 
Height (in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name •••.•••••••.••.•.••... Ni-Zn 
Weight (kg/lb) •••••••••••• 522/1148 
Volume (l/eu ft) •••••••••• 313/11.1 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 93/205 
Volume (l/eu ft) •••••••••• 30/1.1 
Rated Power (Cont. kW) •••• 45.5 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 20/44 
Volume (l/eu ft) •••••••••• 51/1.8 
Rated Power (kW) •••••••••• 50.5 

ENGINE 

Ty'pe ••••••••••••••••••••••••••• 
Displacement •••.•.••••••••••••• 
Compress10n Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 ••••••••••••••••••••••••••• 

DRIVETRAIN 
F1xed 

Motor Trans. Type •••••••••••••• Reduction 
We1ght (kg/lb) ••••••••••••••••• 36/79 
Volume (l/eu ft) ••••••••••••••• 18/0.6 
Rated Power (kW) ••••••••••••••• 50.5 
Engine Transmiss10n type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/cm ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range !5% (kg/mi)............ 235/147 
Fuel Economy 

Electric Mode (kWh/km/m1) •••• 0.22/0.34 
Annual Energy (kWh) •••••••••• 3243 
Heat Engine Mode (mpg) ••••••• 
Annual Fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial ...................... 15508 
Operating ($/km/mi) •••••••••• 0.18/0.29 
Life Cycle ($/km/mi) ••••••••• 0.17/0.27 
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240-km Zn-Br2 EV 

5-Passenger 

VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 2366/5205 
Test Weight (kg/lb) ••••••• 2502/5504 
Weight Dist. [f/r (%)] •••• 55/45 
Wheelbase (in./crn) •••••••• 107/272 
Length (in./crn) ••••••••••• 184/467 
Width (in./crn) •••••••••••• 70/178 
Height (in./crn) ••••••••••• 54/138 
Ground Clearance (in./crn). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/l) ••••• 

BATTERY 

Name .••••••.•••••••.•••••• Zn-Br2 
Weight (kg/lb) •••••••••••• 1001/2002 
Volume (l/cu ft) •••••••••• 863/30.5 

MOTOR 

Type. • • • • . . . • • • • • . . . . • • • •• AC 
Weight (kg/lb) •••••••••••• 129/284 
Volume (l/cu ft) •••••••••• 41/1.5 
Rated Power (Cont. kW) •••• 63 

CONTROLLER 

-

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 28/62 
Volume (l/cu ft) •••••••••• 70/2.5 
Rated Power (kW) •••••••••• 70.1 

I I 

I T 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement •••••••••••••••.••• 
Compression Ratio •••••••••••••• 
We1ght (kg/lb) ••••••••••••••••• 
Volume (l/cu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 •••••••.••••••••••••••••••• 

DRIVETRAIN 
F1xed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 49/108 
Volume (l/cu ft) ••••••••••••••• 25/0.9 
Rated Power (kW) ••••••••••••••• 70 
Engine Transrniss10n type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/crn ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (krn/rni) •••••••••••••••••• 232/145 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 0.50/0.79 
Annual Energy (kWh) •••••••••• 7464 
Heat Engine Mode (rnpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 

A-46 

Initial ••••.••.••••••••.••••• 17068 
Operating ($/km/mi) •••••••••• 0.21/0.34 
Life Cycle ($/krn/rni) ••••••••• 0.21/0.34 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1995/4389 
Test Weight (kg/lb) ••••••• 2131/4688 
Weight Dist. [fIr (%)] •••• 55/45 
Wheelbase (in./em) •••••••• 107/272 
Length (in./em) ••••••••••• 184/467 
Width (in./em) •••••••••••• 70/178 
Height (in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name •••••••••••••••••••••• Zn-C12 
Weight (kg/lb) •••••••••••• 746/1641 
Volume (l/eu ft) •••••••••• 643/22.7 

MOTOR 

Type •••••••••• , ••••••••••• AC 
Weight (kg/lb) •••••••••••• 110/242 
Volume (l/eu ft) •••••••••• 35/1.2 
Rated Power (Cont. kW) •••• 53.7 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 24/53 
Volume (l/eu ft) •••••••••• 60/2.1 
Rated Power (kW) •••••••••• 59.7 

I\..: '/ 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel .••....•.•.•.•••...•.••.••. 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 42/92 
Volume (l/eu ft) ••••••••••••••• 21/0.7 
Rated Power (kW) ••••••••••••••• 60 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 237/148 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.37/0.58 
Annual Energy (kWh) •••••••••• 5530 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial ••••••••••••.••••••••• 19576 
Operating ($/km/mi) •••••••••• 0.19/0.30 
Life Cycle ($/km/mi) ••••••••• 0.22/0.35 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1933/4253 
Test Weight (kg/1b) ••••••• 2069/4552 
~veight Dist. [fIr (%)] •••• 48/52 
Wheelbase (in./em) •••••••• 107/272 
Length (in./em) ••••••••••• 184/467 
Width {in./em) •••••••••••• 70/178 
He1ght {in./em) ••••••••••• 54/138 
Ground Clearance (1n./em). 8/20 
Luggage Space {l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (ga1/l) ••••• 

BATTERY 

Name ••••••.•.••.•.•••••••• Fe-A1r 
Weight (kg/1b) •••••••••••• 704/1549 
Volume {l/eu ft) •••••••••• 640/22.6 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight {kg/lb) •••••••••••• 106/233 
Volume {l/eu ft) •••••••••• 34/1.2 
Rated Power (Cont. kW) •••• 52.1 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight {kg/1b) •••••••••••• 23/51 
Volume (l/eu ft) •••••••••• 58/2.0 
Rated Power (kW) •••••••••• 57.9 
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ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••.••••••.• 
Compression Rat1o •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 ••••••••••.•••••••••••••••• 

DRIVETRAIN 

j:l, 
'r 
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Fixed 
Motor Trans. Type •••••••••••••• Reduction 
Weight {kg/1b) ••••••••••••••••• 41/90 
Volume {l/eu ft) ••••••••••••••• 21/0.7 
Rated Power {kW) ••••••••••••••• 57.9 
Engine Transm1ssion type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume {l/em ft) ••••••••••••••• 
Rated Power {kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 245/153 
Fuel Economy 

Electric Mode {kWh/km/mi) •••• 0.44/0.71 
Annual Energy {kWh) •••••••••• 6675 
Heat Engine Mode (mpg) ••••••• 
Annual Fuel {l/g) •••••••••••• 

Cost - 1982$ 
Initial ••••••••••.••••••..••• 16668 
Operating ($/km/mi) •••••••••• 0.21/0.34 
Life Cycle {$/km/mi) ••••••••• 0.22/0.34 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1565/3443 
Test Weight (kg/lb) ••••••• 1701/3742 
Weight D~st. [fir (%)] •••• 53/47 
Wheelbase (in./cm) •••••••• 107/272 
Length (in./cm) ••••••••••• 184/467 
Width (in./cm) •••••••••••• 70/178 
Height (in./cm) ••••••••••• 54/138 
Ground Clearance (in./cm). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capac~ty (gal/l) ••••• 

BATTERY 

Name. • . • . • . • . . • • . . • . . • • . .. Li -FeS 
Weight (kg/lb) •••••••••••• 451/992 
Volume (l/cu ft) •••••••••• 322/11.4 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 87/191 
Volume (l/cu ft) •••••••••• 28/1.0 
Rated Power (Cont. kW) •••• 42.9 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 19/42 
Volume (l/cu ft) •••••••••• 48/1.7 
Rated Power (kW) •••••••••• 47.6 

T 

ENGINE 

Type ••••••••••••••••••••••••••• 
D1splacement .•..•..•.•..••.••.. 
Compression Rat~o •••••••••••••• 
We~ght (kg/lb) ••••••••••••••••• 
Volume (l/cu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 ••.•••.••..•.•••••••••••••. 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 34/75 
Volume (l/cu ft) ••••••••••••••• 17/0.6 
Rated Power (kW) ••••••••••••••• 47.6 
Engine Transm~ss~on type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/cm ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 250/156 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.25/0.39 
Annual Energy (kWh) •••••••••• 3691 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial •...••.•••••••.••.•..• 15241 
Operating ($/km/mi) •••••••••• 0.15/0.24 
Life Cycle ($/km/mi) ••••••••• 0.17/0.27 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1421/3126 
Test Weight (kg/lb) ••••••• 1557/3425 
Weight Dist. [fir (%») •••• 54/46 
Wheelbase (in./cm) •••••••• 107/272 
Length (in./crn) ••••••••••• 184/467 
Width (in./crn) •••••••••••• 70/178 
Height (in./crn) ••••••••••• 54/138 
Ground Clearance (in./crn). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name. • • • • • • • • • • • • • • • • • • • •• Na-8 
Weight (kg/1b) •••••••••••• 352/774 
Volurne (l/cu ft) •••••••••• 390/13.8 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 80/176 
Volume (l/cu ft) •••••••••• 25/0.9 
Rated Power (Cont. kW) •••• 39.2 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 17/37 
Volume (l/cu ft) •••••••••• 44/1.6 
Rated Power (kW) •••••••••• 43.6 

1 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement •.••••••••••••.•••• 
Compression Ratio •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/cu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 .••.••••••••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 31/68 
Volume (l/cu ft) ••••••••••••••• 16/0.6 
Rated Power (kW) ••••••••••••••• 43.6 
Eng1ne Transm1ssion type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/cm ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 232/145 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.21/0.33 
Annual Energy (kWh) •••••••••• 3108 
Heat Engine Mode (mpg) ••••••• 
Annual Fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial ..••..•.•...•..•.••... 13849 
Operating ($/km/mi) •••••••••• 0.17/0.27 
Life Cycle ($/km/mi) ••••••••• 0.16/0.26 

A-50 
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400-km Baseline ICE 

5-Passenger 

VEHICLE DATA 

Seating Capae~ty •••••••••• 5 
Curb Weight (kg/1b) ••••••• 895/1969 
Test Weight (kg/1b) ••••••• 1031/2268 
Weight Dist. [fir (%)] .•.• 58/42 
Wheelbase (in./em) •••••••• 107/272 
Length (in./em) ••••••••••• 184/467 
Width (in./em) •••••••••••• 70/178 
Height (in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (ga1/1) ••••• 10/40 

BATTERY 

Name •••••••••••••••••••••• 
Weight (kg/1b) •••••••••••• 
Volume (l/eu ft) •••••••••• 

MOTOR 

Type •••••••••••••••••••••• 
Weight (kg/1b) •••••••••••• 
Volume (l/eu ft) •••••••••• 
Rated Power (Cont. kW) •••• 

CONTROLLER 

Type •••••••••••••••••••••• 
Weight (kg/1b) •••••••••••• 
Volume (l/eu ft) •••••••••• 
Rated Power (kW) •••••• .' ••• 

I I 
J I 

ENGINE 

Type .•••••.••••.••••.•.••••...• 4 cyl-SI 
Displacement ••••••••••••••••••• 2000ee/kW 
Compression Ratio •••••••••••••• 12 
Weight (kg/1b) ••••••••••••••••• 64/141 
Volume (l/eu ft) ••••••••••••••• 16/0.6 
Rated Power (kW) ••••••••••••••• 31 
Fuel ••••••••••••••••••••••••••• Methanol 

DRIVETRAIN 

Motor Trans. Type •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Engine Transmission type ••••••• CVT 
Weight (kg/1b) ••••••••••••••••• 26/57 
Volume (l/cm ft) ••••••••••••••• 36/1.3 
Rated Power (kW) ••••••••••••••• 31 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 448/280 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 
Annual Energy (kWh) •••••••••• 
Heat Eng~ne Mode (mpg) ••••••• 28 
Annual fuel (l/g) •••••••••••• 1610/403 

Cost - 1982$ 

A-53 

Initial .....•................ 7210 
Operating ($/km/m~) •••••••••• 0.14/0.22 
Life Cycle ($/km/mi) ••••••••• 0.14/0.22 



400-km Zn-C'2 EV 

5-Passenger 

VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 2203/4846 
Test Weight (kg/1b) ••••••• 2339/5146 
Weight Dist. [fir (%)] •••• 53/47 
Wheelbase (in./em) •••••••• 107/272 
Length (in./em) ••••••••••• 184/467 
Width (in./em) •••••••••••• 70/178 
Height (in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/I) ••••• 

BATTERY 

Name •••••••••••••••••••••• Zn-C1 2 
Weight (kg/lb) •••••••••••• 889/1956 
Volume (l/eu ft) •••••••••• 713/25.2 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 120/264 
Volume (l/eu ft) •••••••••• 38/1.3 
Rated Power (Cont. kW) •••• 58.9 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 26/57 
Volume (l/eu ft) •••••••••• 66/2.3 
Rated Power (kW) •••••••••• 65.5 

I 
I 

," ................. ~ 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fuel ••.••.•••.•••••••••••••.••. 

DRIVETRAIN 

) 

Fixed 
Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 46/101 
Volume (l/eu ft) ••••••••••••••• 23/0.8 
Rated Power (kW) ••••••••••••••• 65.5 
Engine Transmission type ••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 419/262 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.39/0.63 
Annual Energy (kWh) •••••••••• 6548 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 

A-54 

Initial •••••••••••••••••••••• 19704 
Operating ($/km/mi) •••••••••• 0.18/0.29 
Life Cycle ($/km/mi) ••••••••• 0.20/0.32 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1963/4319 
Test Weight (kg/1b) ••••••• 2099/4618 
Weight Dist. [fIr (%)] .... 45/55 
Wheelbase (in./ern) •••••••• 107/272 
Length (1n./ern) ••••••••••• 184/467 
Width (in./ern) •••••••••••• 70/178 
Height (in./ern) ••••••••••• 54/138 
Ground Clearance (in./ern). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (ga1/1) ••••• 

BATTERY 

Name ••••••••..........•••. Fe-Air 
Weight (kg/1b) •••••••••••• 724/1593 
Volume (lieu ft) •••••••••• 533/18.8 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 108/238 
Volume (l/eu ft) •••••••••• 34/1.2 
Rated Power (Cont. kW) •••• 52.9 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 24/53 
Volume (l/eu ft) •••••••••• 59/2.1 
Rated Power (kW) •••••••••• 58.8 

1 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement .•••••••••..••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 ••••••••••••••••••••••••••• 

DRIVETRAIN 
F1xed 

Motor Trans. Type •••••••••••••• Reduet10n 
Weight (kg/1b) ••••••••••••••••• 41/90 
Volume (l/eu ft) ••••••••••••••• 21/0.7 
Rated Power (kW) ••••••••••••••• 58.8 
Engine Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/ern ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (krn/rni) •••••••••••••••••• 395/247 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 0.44/0.7 
Annual Energy (kWh) •••••••••• 7350 
Heat Eng1ne Mode (rnpg) ••••••• 
Annual Fuel (l/g) •••••••••••• 

Cost - 1982$ 
Initial •••••••••••••••••••••• 16064 
Operat1ng ($/krn/rn1) •••••••••• 0.16/0.26 
Life Cycle ($/krn/rni) ••••••••• 0.18/0.29 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1804/3969 
Test Weight (kg/1b) ••••••• 1940/4268 
Weight Dist. [f/r (%)] •••• 48/52 
Wheelbase (in./em) •••••••• 107/272 
Length (in./em) ••••••••••• 184/467 
Width (in./em) •••••••••••• 70/178 
Height (in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (ga1/1) ••••• 

BATTERY 

Name •.•••••...•••••••••••• Li-FeS 
Weight (kg/1b) •••••••••••• 615/1353 
Volume (l/eu ft) •••••••••• 439/15.5 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 100/220 
Volume (l/eu ft) •••••••••• 32/1.1 
Rated Power (Cont. kW) •••• 48.9 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 22/48 
Volume (l/eu ft) •••••••••• 54/1.9 
Rated Power (kW) •••••••••• 54.3 

T 

ENGINE 

Type ••••••••••••••••••••••••••• 
Displacement ••••••••••••••.•••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 ••••••••••••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 38/84 
Volume (l/eu ft) ••••••••••••••• 19/0.7 
Rated Power (kW) ••••••••••••••• 54.3 
Engine Transmission type ••••••• 
We1ght (kg/1b) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 410/256 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.27/0.43 
Annual Energy (kWh) •••••••••• 4480 
Heat Engine Mode (mpg) ••••••• 
Annual Fuel (l/g) •••••••••••• 

Cost - 1982$ 

A-56 

Initial •••.•..••••••••••••••• 19339 
Operating ($/km/mi) •••••••••• 0.16/0.26 
Life Cycle ($/km/mi) ••••••••• 0.18/0.29 



400-km Na-S EV 

5-Passenger 

VEHICLE DATA 

Seating capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1545/3399 
Test Weight (kg/lb) ••••••• 1681/3698 
Wel.ght Dl.st. [fir (%)] •••• 51/49 
Wheelbase (in./em) •••••••• 107/272 
Length {in./em) ••••••••••• 184/467 
Width (in./em) •••••••••••• 70/178 
Height {in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity {gal/I) ••••• 

BATTERY 

Name. • • • . • • • • • • • • • • • • • • • •• Na-S 
Weight {kg/lb) •••••••••••• 437/961 
Volume (l/eu ft) •••••••••• 398/14 

MOTOR 

Type. . . • . . . • • • • • • • . • • . • . •. AC 
Weight {kg/lb) •••••••••••• 86/189 
Volume {l/eu ft) •••••••••• 28/1.0 
Rated Power {Cont. kW) •••• 42.4 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight {kg/lb) •••••••••••• 19/42 
Volume {l/eu ft) •••••••••• 22/0.8 
Rated Power {kW) •••••••••• 47.1 

T 

ENGINE 

Type ••••••••••••••••••••••••••• 
D1splacement ••••••••••••••••••• 
Compression Ratio •••••••••••••• 
Weight (kg/lb) ••••••••••••••••• 
Volume (l/eu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 •.••••••••••••••••••••••••• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight {kg/lb) ••••••••••••••••• 33/73 
Volume (l/eu ft) ••••••••••••••• 17/0.6 
Rated Power (kW) ••••••••••••••• 47.1 
Engine Transmissl.on type ••••••• 
Weight {kg/lb) ••••••••••••••••• 
Volume (l/em ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 397/248 
Fuel Economy 

Electric Mode {kWh/km/mi) •••• 0.22/0.35 
Annual Energy (kWh) •••••••••• 3616 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 1982$ 
Init1al ...•••••••..••.••••••• 18267 
Operating ($/km/ml.) •••••••••• 0.16/0.26 
Life Cycle {$/km/mi) ••••••••• 0.18/0.29 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb We~ght (kg/lb) ••••••• 1995/4389 
Test Weight (kg/1b) ••••••• 2131/4688 
Weight D~st. [fir (~)] •••• 48/52 
Wheelbase (~n./cm) •••••••• 107/272 
Length (in./cm) ••••••••••• 184/467 
Width (in./cm) •••••••••••• 70/178 
Height (in./cm) ••••••••••• 54/138 
Ground Clearance (in./cm). 8/20 
Luggage Space (l/cu ft) ••• 300/10.6 
Fuel Capacity (gal/l) ••••• 

BATTERY 

Name ..•....•.••.•....••... AI-Air 
Weight (kg/lb) •••••••••••• 746/1641 
Volume (l/cu ft) •••••••••• 837/29.51 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 110/242 
Volume (l/cu ft) •••••••••• 35/1.2 
Rated Power (Cont. kW) •••• 53.7 

CONTROLLER 

-

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 24/53 
Volume (l/cu ft) •••••••••• 60/2.1 
Rated Power (kW) •••••••••• 59.7 

/ 

r 

ENGINE 

Type ••••••••••••••••••••••••••• 
D1splacement ••••••••••••••••••• 
Compression Rat~o •••••••••••••• 
We~ght (kg/lb) ••••••••••••••••• 
Volume (l/cu ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 
Fue 1 •.•..••••••.•••••••••••••.• 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduct~on 
Weight (kg/lb) ••••••••••••••••• 42/92 
Volume (l/cu ft) ••••••••••••••• 21/0.7 
Rated Power (kW) ••••••••••••••• 59.7 
Engine Transmission type ••••••• 
Weight (kg/1b) ••••••••••••••••• 
Volume (l/cm ft) ••••••••••••••• 
Rated Power (kW) ••••••••••••••• 

CALCULATED DATA 

Range (km/mi) .•..•..•.......... 
Fuel Econooy 

Electric Mode (kWh/km/mi) •••• 1. 5/2. 39 
Annual Energy (kWh) •••••••••• 24842 
Heat Engine Mode (mpg) ••••••• 
Annual fuel (l/g) •••••••••••• 

Cost - 19~2$ 
Initial ..•.••.•..•..••.•..•.• 18353 
Operating ($/km/mi) •••••••••• 0.26/0.42 
Life Cycle ($/km/mi) ••••••••• 0.28/0.45 

lRequires mass dens~ty to be increased to 0.9 kg/I; requ~res 1245 1 with 0.6 kg/I. 
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HYBRID AND FUEL-CELL 

VEHICLE DATA 
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400-km Pb-Acid Hyb I I 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1747/3843 
Test Weight (kg/lb) ••••••• 1883/4143 
Weight Dist. [fir (%)] •.•• 60/40 
Wheelbase (in./cm) •••••••• 107/272 
Length (in./cm) ••••••••••• 184/467 
Width (in./cm) •••••••••••• 70/178 
Height (in./cm) ••••••••••• 54/138 
Ground Clearance (~n./cm). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/l) ••••• 10/40 

BATTERY 

Name •••.•....•.•••.••.•••• Pb-Acid 
Weight (kg/lb) •••••••••••• 411/904 
Volume (l/cu ft) •••••••••• 174/6.1 

MOTOR 

Type •••••••••••••••••••••• AC 
Weight (kg/lb) •••••••••••• 97/213 
Volume (l/cu ft) •••••••••• 31/1.1 
Rated Power (Cont. kW) •••• 47.5 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 21/46 
Volume (l/cu ft) •••••••••• 53/1.9 
Rated Power (kW) •••••••••• 52.7 

T 

ENGINE 

Type ........................... 4 cyl-SI 
Displacement ••••••••••••••••••• 2000cc/kW 
Compression Ratio •••••••••••••• 12 
Weight (kg/lb) ••••••••••••••••• 117/257 
Volume (l/cu ft) ••••••••••••••• 105/3.7 
Rated Power (kW) ••••••••••••••• 52.7 
Fue 1. • • • • • • • • • . • • • • • • • • • . . • • • •• Me t hano 1 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 37/81 
Volume (l/eu ft) ••••••••••••••• 19/0.7 
Rated Power (kW) ••••••••••••••• 52.7 
Engine Transmission type ••••••• CVT 
Weight (kg/1b) ••••••••••••••••• 48/106 
Volume (l/cm ft) ••••••••••••••• 62/2.2 
Rated Power (kW) ••••••••••••••• 52.7 

CALCULATED DATA 
80/50 electric 

Range (km/mi) •••••••••••••• 352/220 engine 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.21/0.34 
Annual Energy (kWh) •••••••••• 2635 
Heat Engine Mode (mpg) ••••••• 22 
Annual fuel (l/g) •••••••••••• 486/122 

Cost - 1982$ 
Initial •••••••••••••••••••••• 14871 
Operating ($/km/m~) •••••••••• 0.18/0.29 
Life Cycle ($/km/mi) ••••••••• 0.18/0.29 

A-6l 



400-km Pb-Acid Hyb I 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1436/3159 
Test Weight (kg/lb) ••••••• 1572/3458 
Weight D~st. [fIr (%)] •••• 55/45 
Wheelbase (~n./cm) •••••••• 107/272 
Length (in./cm) ••••••••••• 184/467 
Width (in./cm) •••••••••••• 70/178 
Height (in./cm) ••••••••••• 54/138 
Ground Clearance (in./cm). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/l) ••••• 10/40 

BATTERY 
Pb-Ac~d 

Name •••.•••••••.••.•••••.• Bipolar 
We~ght (kg/lb) •••••••••••• 224/493 
Volume (l/cu ft) •••••••••• 113/4.0 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 81/178 
Volume (l/cu ft) •••••••••• 26/0.9 
Rated Power (Cont. kW) •••• 39.6 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 18/40 
Volume (l/cu ft) •••••••••• 44/1.6 
Rated Power (kW) •••••••••• 44 

'{I':"-'~/ .--"' 

ENGINE 

Type .....•...........•......... 4 cyl-SI 
Displacement ••••••••••••••••••• 2000cc/kW 
Compression Ratio •••••••••••••• 12 
Weight (kg/1b) ••••••••••••••••• 98/216 
Volume (l/cu ft) ••••••••••••••• 88/3.1 
Rated Power (kW) ••••••••••••••• 44 
Fue 1. • • • • • . • • . . . . • • • • . • • . • • • • •• Me thana 1 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 31/68 
Volume (l/cu ft) ••••••••••••••• 16/0.6 
Rated Power (kW) ••••••••••••••• 44 
Engine Transmission type ••••••• CVT 
Weight (kg/lb) ••••••••••••••••• 40/88 
Volume (l/cm ft) ••••••••••••••• 52/1.8 
Rated Power (kW) ••••••••••••••• 44 

CALCULATED DATA 
80/50 electric 

Range (km/mi) •••••••••••••• 400/250 engine 
Fuel EconoL1Y 

Electric Mode (kWh/km/mi) •••• 0.16/0.26 
Annual Energy (kWh) •••••••••• 1964 
Heat Engine Mode (mpg) ••••••• 25 
Annual fuel (l/g) •••••••••••• 428/107 

Cost - 1982$ 
Initial .•.....•.•••••......•• 12672 
Operating ($/km/mi) •••••••••• 0.15/0.24 
Life Cycle ($/km/mi) ••••••••• 0.16/0.26 
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400-km N i-Fe Hyb 

5-Passenger 

VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1618/3560 
Test Weight (kg/1b) ••••••• 1754/3859 
Weight Dist. [fir (%») •••. 57/43 
Wheelbase (in./cm) •••••••• 107/272 
Length (in./cm) ••••••••••• 184/467 
WLdth (in./cm) •••••••••••• 70/178 
Height (in./cm) ••••••••••• 54/138 
Ground Clearance (in./cm). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (ga1/1) ••••• 10/40 

BATTERY 

Name •.••••••.•.........•.• Ni-Fe 
Weight (kg/1b) •••••••••••• 333/733 
Volume (l/cu ft) •••••••••• 172/6.1 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 90/198 
Volume (l/cu ft) •••••••••• 29/1.0 
Rated Power (Cont. kW) •••• 44.2 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 20/44 
Volume (l/cu ft) •••••••••• 49/1.7 
Rated Power (kW) •••••••••• 49.1 

I I 
I 

ENGINE 

Type. • • . . . . . . . . . . . • • • • • • . . . . . .• 4 c y 1-8 I 
Displacement ••••••••••••••••••• 2000cc/kW 
Compression Ratio •••••••••••••• 12 
Weight (kg/1b) ••••••••••••••••• 109/240 
Volume (l/cu ft) ••••••••••••••• 98/3.5 
Rated Power (kW) ••••••••••••••• 49.1 
Fuel ••.•••••••••••••••••••••••• Methanol 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 35/77 
Volume (l/cu ft) ••••••••••••••• 18/0.6 
Rated Power (kW) ••••••••••••••• 49.1 
Engine Transmission type ••••••• CVT 
Weight (kg/lb) ••••••••••••••••• 45/99 
Volume (l/cm ft) ••••••••••••••• 58/2.0 
Rated Power (kW) ••••••••••••••• 49.1 

CALCULATED DATA 
80/50 electric 

Range (km/mi) •••••••••••••• 336/210 engine 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.28/0.45 
Annual Energy (kWh) •••••••••• 3535 
Heat Engine Mode (mpg) ••••••• 21 
Annual fuel (l/g) •••••••••••• 465/116 

Cost - 1982S 
Initial •••••••••••••••••••••• 16328 
Operating (S/km/mi) •••••••••• 0.16/0.26 
Life Cycle (S/km/mi) ••••••••• 0.18/0.29 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1445/3179 
Test We~ght (kg/1b) ••••••• 1581/3478 
Weight Dist. [fir (%)] .•.. 56/44 
Wheelbase (~n./cm) •••••••• 107/272 
Length (in./cm) ••••••••••• 184/467 
Width (in./cm) •••••••••••• 70/178 
Height (in./cm) ••••••••••• 54/138 
Ground Clearance (in./cm). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/l) ••••• 10/40 

BATTERY 

Name .•..................•• Ni-Zn 
Weight (kg/lb) •••••••••••• 229/504 
Volume (l/cu ft) •••••••••• 137/4.8 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
We~ght (kg/lb) •••••••••••• 81/178 
Volume (l/cu ft) •••••••••• 26/0.9 
Rated Power (Cont. kW) •••• 39.8 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/1b) •••••••••••• 18/40 
Volume (l/eu ft) •••••••••• 44/1.6 
Rated Power (kW) •••••••••• 44.3 

I I I I 

ENGINE 

Type ••••••••••••••••••••••••••• 4 cy1-SI 
D~sp1acement ••••••••••••••••••• 2000cc/kW 
Compression Ratio •••••••••••••• 12 
Weight (kg/1b) ••••••••••••••••• 98/216 
Volume (l/eu ft) ••••••••••••••• 88/3.1 
Rated Power (kW) ••••••••••••••• 44.2 
Fuel ..••.•••...••...••..•...••. Methanol 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
We~ght (kg/lb) ••••••••••••••••• 31/68 
Volume (l/eu ft) ••••••••••••••• 16/0.6 
Rated Power (kW) ••••••••••••••• 44.2 
Engine Transmission type ••••••• CVT 
Weight (kg/lb) •.••••••••••••••• 40/88 
Volume (l/cm ft) ••••••••••••••• 52/1.8 
Rated Power (kW) ••••••••••••••• 44.2 

CALCULATED DATA 
80/50 electric 

Range (km/mi) •••••••••••••• 368/230 engine 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.20/0.32 
Annual Energy (kWh) •••••••••• 2541 
Heat Engine Mode (mpg) ••••••• 23 
Annual fuel (l/g) •••••••••••• 430/108 

Cost - 1982$ 

A-64 

Initial •••••••••••••••••••••• 13683 
Operating ($/km/mi) •••••••••• 0.17/0.27 
Life Cycle ($/km/mi) ••••••••• 0.17/0.27 



400-krn Zn-Br2 Hyb 

5-Passenger 

VEHICLE DATA 

Seating Capac~tf •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1783/3923 
Test We~ght (kg/lb) ••••••• 1919/4222 
Weight Dist. [fir (%») •••• 59/41 
Wheelbase (~n./cm) •••••••• 107/272 
Length (~n./cm) ••••••••••• 184/467 
W~dth (in./cm) •••••••••••• 70/178 
Height (~n./cm) ••••••••••• 54/138 
Ground Clearance (in./cm). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capac~ty (gal/l) ••••• 10/40 

BATTERY 

Name •••••••••••••••••••••• Zn-Br2 
Weight (kg/lb) •••••••••••• 432/950 
Volume (l/cu ft) •••••••••• 326/11.5 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 99/218 
Volume (l/cu ft) •••••••••• 31/1.1 
Rated Power (Cont. kW) •••• 48.4 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 21/46 
Volume (l/cu ft) •••••••••• 54/1.9 
Rated Power (kW) •••••••••• 53.7 

ENGINE 

I 
I 

Type ••••••••••••••••••••••••••• 4 cyl-SI 
Displacement ••••••••••••••••••• 2000cc/kW 
Compression Ratio •••••••••••••• 12 
Weight (kg/lb) ••••••••••••••••• 119/262 
Volume (l/cu ft) ••••••••••••••• 107/3.8 
Rated Power (kW) ••••••••••••••• 53.7 
Fuel ....•••.••......••......... Methanol 

DRIVETRAIN 
F~xed 

Motor Trans. Type •••••••••••••• Reduction 
We~ght (kg/lb) ••••••••••••••••• 38/84 
Volume (l/cu ft) ••••••••••••••• 19/0.7 
Rated Power (kw) ••••••••••••••• 53.7 
Engine Transmission type ••••••• CVT 
Weight (kg/lb) ••••••••••••••••• 49/108 
Volume (l/cm ft) ••••••••••••••• 63/2.2 
Rated Power (kW) ••••••••••••••• 53.7 

CALCULATED DATA 
80/50 electric 

Range (kIn/mil •••••••••••••• 336/210 engine 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.38/0.60 
Annual Energy (kWh) •••••••••• 4648 
Heat Engine Mode (mpg) ••••••• 21 
Annual fuel (l/g) •••••••••••• 512/128 

Cost - 1982$ 
Initial .•••..•...••...•••••.. 15158 
Operating ($/kIn/m~) •••••••••• 0.20/0.32 
Life Cycle ($/km/mi) ••••••••• 0.20/0.32 
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400-km Zn-C'2 Hyb 

5-Passenger 

VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1685/3707 
Test Weight (kg/lb) ••••••• 1821/4006 
Weight Dist. [fIr (%)] .•.• 53/47 
Wheelbase (in./cm) •••••••• 107/272 
Length (Ln./cm) ••••••••••• 184/467 
Width (in./cm) •••••••••••• 70/178 
Height (in./cm) ••••••••••• 54/138 
Ground Clearance (in./cm). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/I) ••••• 10/40 

BATTERY 

Name •••••••••••••••••••••• Zn-C12 
Weight (kg/lb) •••••••••••• 373/821 
Volume (l/cu ft) •••••••••• 280/9.9 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 94/207 
Volume (l/cu ft) •••••••••• 30/1.1 
Rated Power (Cont. kW) •••• 45.9 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 20/44 
Volume (l/cu ft) •••••••••• 51/1.8 
Rated Power (kW) •••••••••• 51 

I 

I I 

ENGINE 

Type ••••••••••••••••••••••••••• 4 cyl-SI 
Displacement ••••••••••••••••••• 2000cc/kW 
Compression Ratio •••••••••••••• 12 
Weight (kg/lb) ••••••••••••••••• 113/249 
Volume (l/eu ft) ••••••••••••••• 102/3.6 
Rated Power (kW) ••••••••••••••• 51 
Fuel •••••••••••.••••••.•••••••• Methanol 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 36/79 
Volume (l/cu ft) ••••••••••••••• 18/0.6 
Rated Power (kW) ••••••••••••••• 51 
Engine Transmission type ••••••• CVT 
Weight (kg/1b) ••••••••••••••••• 47/103 
Volume (l/cm ft) ••••••••••••••• 60/2.1 
Rated Power (kW) ••••••••••••••• 51 

CALCULATED DATA 
80/50 electric 

Range (km/mi) •••••••••••••• 336/210 engine 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.33/0.53 
Annual Energy (kWh) •••••••••• 4143 
Heat Engine Mode (mpg) ••••••• 21 
Annual fuel (l/g) •••••••••••• 478/120 

Cost - 1982$ 
Initial •••••••••••••••••••••• 17215 
Operating ($/km/mi) •••••••••• 0.20/0.32 
Life Cycle ($/km/mi) ••••••••• 0.19/0.30 
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400-km Fe-Air Hyb 

5-Passenger 

VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1537/3381 
Test We~ght (kg/1b) ••••••• 1673/3681 
Weight Dist. [fir (%)] .... 52/48 
Wheelbase (in./em) •••••••• 107/272 
Length (in./em) ••••••••••• 184/467 
Width (in./em) •••••••••••• 70/178 
Height (in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (ga1/l) ••••• 10/40 

BATTERY 

Name .......•...•..•..•.... Fe-Air 
Weight (kg/lb) •••••••••••• 284/625 
Volume (l/eu ft) •••••••••• 197/7.0 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 86/189 
Volume (l/eu ft) •••••••••• 27/1.0 
Rated Power (Cont. kW) •••• 44.2 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
We~ght (kg/1b) •••••••••••• 19/42 
Volume (l/eu ft) •••••••••• 47/1.7 
Rated Power (kW) •••••••••• 46.8 

I 

I I I T 

ENGINE 

Type ••••••••••••••••••••••••••• 4 eyl-5I 
Displacement ••••••••••••••••••• 2000ee/kW 
Compression Ratio •••••••••••••• 12 
Weight (kg/lb) ••••••••••••••••• 104/229 
Volume (l/eu ft) ••••••••••••••• 94/3.3 
Rated Power (kW) ••••••••••••••• 46.8 
Fuel ........................... Methanol 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 33/73 
Volume (l/eu ft) ••••••••••••••• 17/0.6 
Rated Power (kW) ••••••••••••••• 46.8 
Engine Transmission type ••••••• CVT 
We~ght (kg/1b) ••••••••••••••••• 43/95 
Volume (l/em ft) ••••••••••••••• 55/1.9 
Rated Power (kW) ••••••••••••••• 46.8 

CALCULATED DATA 
80/50 electric 

Range (km/mi) •••••••••••••• 336/210 eng~ne 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.35/0.57 
Annual Energy (kWh) •••••••••• 4482 
Heat Engine Mode (mpg) ••••••• 21 
Annual fuel (l/g) •••••••••••• 470/118 

Cost - 1982$ 
Initial •..•..•...••.••••••••. 14574 
Operating ($/km/mi) •••••••••• 0.21/0.34 
Life Cycle ($/km/mi) ••••••••• 0.22/0.35 
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400-km Li -FeS Hyb 

5-Passenger 

VEHICLE DATA 

Seat~ng Capacity •••••••••• 5 
Curo Weight (kg/lo) ••••••• 1517/3337 
Test Weight (kg/lb) ••••••• 1653/3637 
Weight Dist. [fir (%)] •.•. 62/38 
Wheelbase (in./ern) •••••••• 107/272 
Length (in./ern) ••••••••••• 184/467 
Width (in./ern) •••••••••••• 70/178 
Height (in./ern) ••••••••••• 54/138 
Ground Clearance (in./ern). 8/20 
Luggage Space (l/eu ft) ••• 500+/17.6+ 
Fuel Capacity (gal/I) ••••• 10/40 

BATTERY 

Name ..............•.•....• Li-FeS 
We~ght (kg/lb) •••••••••••• 273/601 
Volume (l/eu ft) •••••••••• 195/6.9 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lo) •••••••••••• 85/187 
Volume (l/eu ft) •••••••••• 27/1.0 
Rated Power (Cont. kW) •••• 41.7 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
We~ght (kg/lb) •••••••••••• 19/42 
Volume (l/eu ft) •••••••••• 46/1.6 
Rated Power (kW) •••••••••• 46.3 

I 

1 

ENGINE 

Type. . . . . . . . . . . . . . . . . . . . . . . . . .. 4 c y 1-S I 
D~splaeement ••••••••••••••••••• 2000ee/kW 
Compression Ratio •••••••••••••• 12 
Weight (kg/lb) ••••••••••••••••• 103/227 
Volume (l/eu ft) ••••••••••••••• 93/3.3 
Rated Power (kW) ••••••••••••••• 46.3 
Fuel ••••••••••••••••••••••••••• Methanol 

DRIVETRAIN 
F~xed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/lb) ••••••••••••••••• 33/73 
Volume (l/eu ft) ••••••••••••••• 17/0.6 
Rated Power (kw) ••••••••••••••• 46.3 
Eng1ne Transrniss10n type ••••••• CVT 
Weight (kg/lb) ••••••••••••••••• 42/92 
Volume (l/em ft) ••••••••••••••• 54/1.9 
Rated Power (kW) ••••••••••••••• 46.3 

CALCULATED DATA 
80/50 electric 

Range (km/rni) •••••••••••••• 352/220 engine 
Fuel Economy 

Electric Mode (kWh/krn/rni) •••• 0.25/0.40 
Annual Energy (kWh) •••••••••• 3161 
Heat Engine Mode (rnpg) ••••••• 22 
Annual fuel (l/g) •••••••••••• 445/111 

Cost - 1982$ 
Init1al •••••••••••••••••••••• 15485 
Operating ($/krn/mi) •••••••••• 0.18/0.29 
Life Cycle ($/krn/rni) ••••••••• 0.18/0.29 
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400-km Na-S Hyb 

5-PassenQer 

VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1340/2948 
Test Weight (kg/1b) ••••••• 1476/3247 
Weight Dist. [fir (%)] •.•• 56/44 
Wheelbase (in./cm) •••••••• 107/272 
Length (in./cm) ••••••••••• 184/467 
Width (in./em) •••••••••••• 70/178 
Height (in./cm) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/cu ft) ••• 500+/17.6+ 
Fuel Capacity (ga1/1) ••••• 10/40 

BATTERY 

Name. • • • • • • • • • • • • • • • • • • • •• Na-S 
We~ght (kg/1b) •••••••••••• 167/367 
Volume (l/cu ft) •••••••••• 151/5.3 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 76/167 
Volume (l/eu ft) •••••••••• 24/0.8 
Rated Power (Cont. kW) •••• 37.2 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 17/37 
Volume (l/eu ft) •••••••••• 41/1.4 
Rated Power (kW) •••••••••• 41.3 

I I 

ENGINE 

Type ...•....................... 4 cyl-SI 
Displacement ••••••••••••••••••• 2000cc/kW 
Compression Ratio •••••••••••••• 12 
Weight (kg/1b) ••••••••••••••••• 92/202 
Volume (l/cu ft) ••••••••••••••• 83/2.9 
Rated Power (kW) ••••••••••••••• 41.3 
Fuel •••....••...•.......••..•.. Methanol 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Weight (kg/1b) ••••••••••••••••• 29/64 
Volume (l/cu ft) ••••••••••••••• 15/0.5 
Rated Power (kW) ••••••••••••••• 41.3 
Engine Transmission type ••••••• CVT 
Weight (kg/1b) ••••••••••••••••• 38/84 
Volume (l/cm ft) ••••••••••••••• 49/1.7 
Rated Power (kW) ••••••••••••••• 41.3 

CALCULATED DATA 
80/50 e1ectne 

Range (km/mi) •••••••••••••• 400/250 engine 
Fuel Economy 

Electric Mode (kWh/km/mi) •••• 0.20/0.32 
Annual Energy (kWh) •••••••••• 2540 
Heat Engine Mode (mpg) ••••••• 25 
Annual fuel (l/g) •••••••••••• 409/102 

Cost - 1982$ 
Initial •.....•............•.. 14951 
Operating ($/km/mi) •••••••••• 0.20/0.32 
Life Cye1e ($/km/mi) ••••••••• 0.20/0.32 
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400-km SPE Fuel Cell 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/1b) ••••••• 1205/2651 
Test Weight (kg/1b) ••••••• 1341/2950 
Weight Dist. [fir (%)] •••• 65/35 
Wheelbase (in./em) •••••••• 107/272 
Length (in./em) ••••••••••• 184/467 
Width (in./em) •••••••••••• 70/178 
Height (in./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 650/23 
Fuel Capacity (ga1/1) ••••• 10/40 

BATTERY 

Type •••••••••••••••••••••• 
Weight (kg/1b) •••••••••••• 
Volume (l/eu ft) •••••••••• 
Sp. Power at %SOC-W/kg ••• 
Sp. Energy to %SOC-W/kg •• 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/1b) •••••••••••• 76/167 
Volume (l/eu ft) •••••••••• 55/1.9 
Peak Power (kW) ••••••••••• 40 
Cont. Power (kW) •••••••••• 36 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
We~ght (kg/1b) •••••••••••• 16/35 
Volume (l/eu ft) •••••••••• 19/0.7 
Peak Power (kW) ••••••••••• 40 

ENGINE/FUEL CELL 

Type. • • • • • • • • • • • • • • • • • • • • • • • • •• SPE 
Weight (kg/1b) ••••••••••••••••• 216/475 
Volume (l/eu ft) ••••••••••••••• 309/11 
Continuous (Power-kW) •••••••••• 37 
Peak (Power-kW) •••••••••••••••• 56 
Fuel ••..........•....•.....•... Methanol 

DRIVETRAIN 
F~xed 

Motor Trans. Type •••••••••••••• Reduction 
Motor Trans. Ratio ••••••••••••• 16:1 
Engine Trans. Type ••••••••••••• 
Engine Trans. Rat~o •••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 464/290 
Fuel Economy 

Elee. Mode (kWh per km/mi) ••• 
Annual Energy (kWh) •••••••••• 
Fuel Cell Mode (mpg) ••••••••• 29 
Annual Methanol (gal/l) •••••• 358 

Cost - 1982$ 
Initial •••••••••••••••••••••• 17,550 

Battery/Fuel Cell ••••••• 7340 
Operating ($/km/m~) •••••••••• 0.18/0.28 
Life Cycle ($/km/mi) ••••••••• 0.19/0.30 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1243 
Test Weight (kg/lb) ••••••• 1379 
Weight Dist. [fIr (%)] •.•• 65/35 
Wheelbase (in./crn) •••••••• 107/272 
Length (in./crn) ••••••••••• 184/467 
Width (in./crn) •••••••••••• 70/178 
HeLght (Ln./crn) ••••••••••• 54/138 
Ground Clearance (in./crn). 8/20 
Luggage Space (l/cu ft) ••• 700 
Fuel Capacity (gal/l) ••••• 10/40 

BATTERY 

Type •••••••••••••••••••••• Pb-Acid 
WeLght (kg/lb) •••••••••••• 120 
Volume (l/cu ft) •••••••••• 55 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 76 
Volume (l/cu ft) •••••••••• 55 
Peak Power (kW) ••••••••••• 41 
Cont. Power (kW) •••••••••• 36 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 16 
Volume (l/cu ft) •••••••••• 19 
Peak Power (kW) ••••••••••• 41 

~ 'i 
T 

FUEL CELL 

Type. • • • • • • • • • • • • • • • • • • • • • • • • •• SPE 
Weight (kg) •••••••••••••••••••• 153 
Volume (1) .....•..•.••.....•••• 339 
Max Rated Power (kW) ••••••••••• 20 
Fuel ••••••••••••••••••••••••••• Methanol 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduction 
Motor Trans. Ratio ••••••••••••• 16:1 
Engine Trans. Type •••••••••• '.' • 
EngLne Trans. Ratio •••••••••••• 

CALCULATED DATA 

Cycle Range (km/rni) •••••••••••• 
Cycle Range (km/rni) •••••••••••• 
Fuel Economy 

Elec. Mode (kWh per krn/rni) ••• 
Annual Energy (kWh) •••••••••• 
Heat Engine Mode (rnpg) ••••••• 33 
Annual Methanol (gal/1) •••••• 315/1190 

Cost - 19825 
Initial •..•.•..•..•.••..•..•. 18,030 

Battery/Fuel Cell ••••••• 6,600 
OperatLng (S/km/rni) •••••••••• 0.08/0.13 
Life Cycle (S/krn/rni) ••••••••• 0.21/0.34 
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400-km load-leveled 
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VEHICLE DATA 

Seating Capacity •••••••••• 5 
Curb Weight (kg/lb) ••••••• 1598/3516 
Test Weight (kg/lb) ••••••• 1734/3815 
Weight Dist. [fIr (%)] •••• 67/33 
Wheelbase (in./em) •••••••• 107/272 
Length (in./em) ••••••••••• 184/467 
Width (in./em) •••••••••••• 70/178 
He~ght (~n./em) ••••••••••• 54/138 
Ground Clearance (in./em). 8/20 
Luggage Space (l/eu ft) ••• 700/24.7 
Fuel Capacity (gal/I) ••••• 10/40 , 

BATTERY 

Type •••••••••••••••••••••• Pb-Acid 
Weight (kg/lb) •••••••••••• 200 
Volume (l/eu ft) •••••••••• 91 

MOTOR 

Type. • • • • • • • • • • • • • • • • • • • •• AC 
Weight (kg/lb) •••••••••••• 100 
Volume (l/eu ft) •••••••••• 72 
Peak Power-kW ••••••••••••• 52 
Cont. Power-kW •••••••••••• 47 

CONTROLLER 

Type •••••••••••••••••••••• Mod Inverter 
Weight (kg/lb) •••••••••••• 21 
Volume (l/eu ft) •••••••••• 25 
Peak Power (kW) ••••••••••• 52 
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ENGINE/FUEL CELL 

Type. • • • • • • • • • • • • • • • • • • • • • • • • •• PA 
Weight (kg) •••••••••••••••••••• 227 
Volume (1) .••••.•.•..•.•......• 340 
Continuous (Power-kW) •••••••••• 20 
Peak (Power-kW) •••••••••••••••• 20 
Fuel ••••••••••••••••••••••••••• Methanol/Air 

DRIVETRAIN 
Fixed 

Motor Trans. Type •••••••••••••• Reduet~on 
Motor Trans. Ratio ••••••••••••• 16:1 
Engine Trans. Type ••••••••••••• 
Engine Trans. Ratio •••••••••••• 

CALCULATED DATA 

Range (km/mi) •••••••••••••••••• 480/300 
Fuel Economy 

Elee. Mode (kWh per km/mi) ••• 
Annual Energy (kWh) •••••••••• 
Fuel Cell Mode (mpg) ••••••••• 30 
Annual Methanol (gal/I) •••••• 350/1320 

Cost - 1982$ 
Initial •••.•••••.••.•.••••••• 21,630 

Fuel Cell ••••••••••••••• 8000 
Operating ($/km/mi) •••••••••• 0.07/0.11 
Life Cycle ($/km/mi) ••••••••• 0.24/0.38 
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aECTRIC AND HYBRID VEHIClE COST rKlDEL 

BASELII£ V~ 

t-I~UTS-t 

07-18-1984 

Ga£RrL -
IDiICLE SIZE: VAN 
MB lEIGH: 1080 KG 
VEHIClE I£IGHT ,WI: 1375 
LIFE: 128400 KH 

BATTERV-
BATTERY I£IGHT: 0 KG 
ELECTRICITY COST: .OS S/1I.1I-H 
AVERAGE OOILY DEPTH CF DISCHARGE: 
nAINTOOa FACTOO: 1 

ENGUlf --
TAn< CAFACITV: 40 L 
I C£ TRANSH I SSI ON TYPE: CVT 

PllTOO-

YEAR: 1982 
REAL INTEREST RATE: 10 X 
VEHla.E SALVAGE VALL(: 10 I. 

ACCESSOR~ COST: $ 200 

Wt1E: XX 
BATTERY CVClE LIFE: 1 
t1AXII'1tR1 *LF LIFE: 10 YEARS 

1 DEPTH OF A IEEF DlSOiAAGE: .8 

F1.£l COST: .373 S/L 
FUEL TYPE: !'ETHANOL 
P(JlER: 41.3 KW 

RATED POWER: 0 KW TYPE: AC 
W,'TRruER: 0 KW 
EV TRANSI'lISSI~ TYPE: flxed r.ho 

OOIVING - MJlfIT: 12"048 Ktl/YEAR 
ICE: FRACTICtW. RANGE: 100 % EV FRACTICWtl.. RAN.JE: 0 I 
m-l1AL FLEL USE: 2034 L rNlJAL ruc USE: 0 KIHi 

f- OOTPUTS --I 

COST I TEIiS-
S C/KH 

BASIC VEHICLE COST 6807.20 5.298 
EHGINE COST 1229.04 0.9'57 
ICE TRANSMI SSI CW COST 461.32 0.359 
t1lTOR COST 0.00 0.000 
COOTROLLER COST 0.00 0.000 
EV TRAIG'lISSION COST 0.00 0.000 
BATTERY LOW 0.00 0.000 HIGI 0.00 0.000 ------
INITIAL COST L()J 8497.56 6.614 HIGH 8497.56 6.614 
OOWff'AVI'ENT L()J 1699.51 1.323 HIGH 1699.51 1.323 

REPLACal'T BATTS L()J 0.00 0.000 HIGH 0.00 0.000 
R£f'AIR3 It /1AIN~ 4633.47 3.606 
REPLACDIENT TIRES 280.86 0.219 
I~ANCE 3479.00 2.708 
GAAAGING,PARf(, T(ll 782.50 0.609 
TITLE, REG, LIC, LOi. 624.88 0.486 HIGH 624.88 0.486 
Fl.n.-oIL 7814.42 6.082 
ElfCTRICITY 0.00 0.000 
PRIN l INT LOi 6798.05 5.291 HIGH 6798.05 5.291 ----
CfERATI~ COST LOI 24413.18 19.002 HIGH24413.18 19.002 

VEHIClE Sft.~ VALlE LOi 3'Z1.62 0.255 HIGH 3'Z1.62 0.255 
aUTERY Sft.VAC£ LOI 0.00 0.000 HIGI 0.00 0.000 

TOTAL LIFE CYa.£ COST LOO578S.08 20.069 HIGH2S7SS.08 20.069 
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ELECTRIC AND HYBRID VEHIClE COST MODEL 

PB/ACID V/W 09-12-1984 

Ga£RPL -
VEHICLE SIZE: VAN 
MB WEIGH: 1735 KG 
'v£HIClE WEIGH ,WI: 2030 
LIFE: 128480 KtI 

BATTERY-
I1ATTERY ~IGHr: 453 KG 
aECTRICITY OJSr: .05 S/KW-H 
AVERAGE DAILY lIEPTH Of DISOiARGE: 

f1AINTENAta FACTm: 

TRANSMISSION TYPE: fIxed ratIO 
f'[)fm --

RATED PIlrER: 37.1 KW 
~rnru.ER: 41.2 KW 

OOIVIMJ --
ANNUAL fLEC USE: 3075.49 KW-H 

YEAR: 1982 
REAL INTEREST RATE: 10:£ 
VEHICLE SALVAGE V~lIE: 10 'l. 

ACCESSORY COST: $ 200 

NAME: PBAC/AD2.4 
SA HERY CYCLE LI FE: 750 
MAXIMUM SHELF LIFE: 10 YEARS 

.3188406 
[{PTH (F A DEEP DISCHARGE: .8 

TYPE: 

IV1<XJNT: 12848 KI1/YEAR 

t-- OUTPlITS --t 

COST ITEJ1S-
$ C/KI1 

BASIC VEHICLE COST 826/.50 6.435 
MOTOR COST 704.90 0.549 
COO rRClLER COS r 1854.00 1.443 
EV TRANS/'1ISSI~ COST 191.58 0.149 
BATfERY Llli 2360.03 1.837 HIGH 2832.03 2.204 

------
INITIAL COST LOW 13378.01 10.413 HIGHl38S0.02 10.780 
!DIWPAYtlENT LfM 2675.60 2.083 HlGi 2770.00 2.156 

REPLACE/'rT BArrS L04 2360.03 1.837 HIGH 2832.03 2.204 
REPAIRS & MAINTENANCE 2281.9'7 1.776 
REPLACaEfn TIRES 339.85 0.265 
INSURANCE 3479.00 2.708 
GARAGlOO,PAAK, TIl.L 782.50 0.609 
TITLE, REG, LIt, LOW. 868.90 0.676 HIGH 892.50 0.695 
ELECTRICITY 1537.75 1.197 
PRIN " INT LOW 10702.41 8.3..10 HIGHll080.01 8.624 -----
Il'ERATIMJ COST LOW 2~352.40 17.m HIGH22753.61 17.710 

VEHIClE SIl.VAGE VALli LlA4 567.30 0.442 HlGi 595.81 0.4M 
amERY SALVOOf. LOW 30.83 0.024 HIGH 30.83 0.024 

TOTAL LIFE CYCLE COST LOW24429.86 19.015 HIGi24896.97 19.378 
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ElECTRIC AND HYBRID VEHICLE COST HODEL 

BIPOLAR V~ 

*""-ItEUTS--f 

09-12-1984 

GEf£RAl -
VEHICLE SIZE: VAN 
CURB WEIGHT: 1510 KG 
'kHICtE WEIGHT • WT: 1805 
LIFE: 128480 KH 

BArTERY-
BATTtRY WEIGHT: m KG 
ELECTHICITY COST: .05 $/K~ 
AVERAGE DAILY DFPTH OF DISlliARGE: 

MINTENANCE FACTOO: .5 

TRANSI'IISSICfi TYPE: fixed ratio 
I1lTOR-

RATED POWER: 33 KW 
C(lITRtllER: 36.6 KW 

DRIVING -
Atf'llft. ELEe USE: 2392.94 KW-tl 

YEAR: 19'a2 
REAl.. INTEREST RATE: 10 Z 
VEHICLE ~VAGE VALLIE: 10 r. 
ACCfSSOOY COST: $ 200 

NAME: PB-AC/BIPL 
BATTERY CYCLE LIFE: 750 
ttAWU1 s/£'F LIFE: 10 YEARS 

.3548"'"-*37 
ID'TH OF A [£EP DISCHARGE: .B 

TYPE: 

A/'IOltH: 12848 KI1/YEAR 

*-- OOTPUTS --* 

COST ITEHS-
$ CIKH 

BASIC VEHIC.LE COST 7909.21 6.156 
1'tl1 OR COST 627.00 0.488 
CCfi rR(UER COST 1647.00 1.282 
EV TRANSI1ISSICfi COST 170.19 0.132 
BATTERY LOW 1598.18 1.244 HIGH 2397.27 1.866 ------
INITIAL COST lOW 11%1.58 9.302 HI(~12750.67 9.924 
OOWNPAYHENT L(~ 2390.32 1.860 HIGH 2550.13 1.985 

REPLACfI1'T BATTS LOW 3196.36 2.400 HIGH 4794.55 3.732 
REPAIRS & I1AINTENANCE 1549.64 1.206 
REPLAl."'81ENT TIRES 319.58 0.249 
I~NCE 3479.00 2.708 
GARAGING.PAAK. TOll 782.50 0.609 
TITLE. REG. LIC. LOW. 797.58 0.621 HIGH 837.53 0.652 
lliCTRICIl Y 1196.47 0.9"31 
PRIN & INT Ul4 9561.26 7.442 HI GH 0200. 54 7.9'J't -----
(J>ERATlNG COST LOW 20082.40 16.253 HIGH21561.62 16.782 

veHICLE SPLVAGE VAlUE LOW 1743.88 1.357 HIGH 2416.23 1.881 
BATTERY stLVPl£. LOW 48.64 0.038 HIGH 48.64 0.038 

TOTAl LIFE CYCLE COST LOW21480.20 16.719 HIGH21646.89 16.848 
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ELECTRIC AND HYBRID VEHICLE COST HODEL 

HI/FE VAN 

f-INPUTS-f 

09-12-1984 

GEt£R~ -
VEHIlLE SIZE: VAN 
c.t..flli !.EIGHT: 1644 KG 
VEHIU£ WEIlXil ,WI: 19'"J9 
LIFE: 128480 ~11 

BATTERY-
BATTERY !.EIGH: 388 KG 
ELECfRICITY COST: .OS S/Kw-H 
AVERAGE DAILY DEPTH CF DISCHARGE:: 

HAINTENAOCE FACrffi: 1.25 

TRANSMISSION TYPE: fIxed ratIo 
ttJTffi-

RATED POWER: 35.4 KW 
IXWT/ULER: 39.4 ~'W 

mIVIMJ -
IW'lIAL ElEC USE: 4069.245 Kw-H 

\,E~: 1982 
~ IHTEkEST RATE: 10 % 
VEHICLE srLVAGE VALUE: 10 r. 
AlUSSffiY COST: $ 200 

NAME: NI-FE2.4 
BATTERY CYCLE LIFE: 1500 
11AXIHLlM SHELF LIFE: 10 YEARS 

.2730556 
DEPTH OF A OCEP DISCHARGE: .8 

TYPE: 

AHOlINT: 12848 KI1/YEAR 

t-- OUTPUTS -f 

COST ITEHS-
$ c/KIf 

BASIC VEHICLE COST 8124.73 6.324 
MOHR COST 672.60 0.524 
CCfHRLliER COST H/3.oo 1.380 
EV TRANSMISSIOO COST 183.21 0.143 
BATTERY LOW 4263.66 3.319 HIGH 4737.40 3.687 ----
INITIAL COST lOW 15017.20 11.688 HIGH15490.94 12.057 
.DIlJNPAYrlENT LOW 3003.44 2.338 HIGH 3098.19 2.411 

, 

Rft>LACEM'T SA rrs LtlI 0.00 0.000 HIGH 0.00 0.000 
REPAIRS ~ I1AINTENfia 2648.14 2.061 
~TTIRES 331.65 0.258 
INSURANCE: 3479.00 2.708 
GAAAG 11'1} , PARK, TCU 782.50 0.609 
TITLE, REG, lIC, LOW. ~...o.86 0.740 HIGH 974.55 0.759 
ELECTRICITY 2034.62 1.584 
PRIN & INl LOW 12013.76 9.3~1 HIGHI2392.75 9.646 ------
IRRATIMJ COOT ltll 22240.54 17.311 HIGH22643.21 17.624 

VEHIClE SALVAGE VALUE lOW 414.60 0.3Z3 HIGH 414.60 0.3Z3 
BATTERY SALVAu'E lOW 132.35 0.103 HIGH 132.3~ 0.103 

TOTAL LIfE CYCLE COST LtlI24697.03 19.222 HIGH25194.4S 19.610 
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ELECTRIC AND HYBRID VEHICLE COST HODEL 

NIILN VAN 

f-INf'UTS-f 

09-12-1984 

GEt£RAL -
VEHICLE SIZE: VAN 
rum WEIGH: 145:) KG 
'SiIOLE WEI GHT , WT: 17':1) 
LIFE: 128480 KH 

BATTERY-
BATTERY WEIGHT: 254 KG 
ElECTRICITY cosr: .05 $/~~-H 
~AGE DAILY DEf'TH OF DISC.HARGE: 

HAINTSNANCE F~rOR: .75 

T~SMISSI(w TYPE: fIxed ratIo 
ItJTffi-

RATED FUlER: 32 ~'W 
~TRCliER: 35.5 J(W 

DRIVING -
AtHJAl ElEC USE: 2955.04 KW-H 

YEAR: 1982 
REAL INTEREST RATE: 10 I 
VEHICLE SlW..VAGE VALLE: 10 Yo 

~CESSOOY COST: $ 200 

NAME: NI-IN2.0 
BATTEkY CYClE LIfE: bOO 
MAX I I1UM SI£..F LIFE: 10 YEARS 

.3188406 
[(PTH OF A DEEP DI~AR(t: .8 

AHClINl: 12848 KI'I/YEAR 

.-- ruTPUTS -f-

COST I roo-
f C/K/'! 

BASIC VEHIa..E COST 7820.63 6.087 
I1lTOR COST 600.00 0.473 
~TRlllER COST 1597.50 1.243 
EV TRANSMISSION COST 165.08 0.128 
BArrERY LOW 2431.47 1.892 HIGH 2674.62 2.082 ----
INITIAL COST L~ 12622.68 9.825 HIGHI2865.83 10.014 
OOWNPAYHENl LOW 2524.54 1.965 HIGH 2573.17 2.003 

ReUCEWT BATTS La! 4862.95 3.785 HIGH 5349.24 4.163 
REPAIRS 8c MAINTENANCE 1915.80 1.491 
R£PLAC81ENT TIRES 314.63 0.245 
I NSIIRANtE 3479.00 2.708 
GARAGING, PARK, TClL 782.50 0.609 
TITLE, REG, LIC, LOW. 831.13 0.647 HIGH 843.29 0.656 
aECTRICITY 1477.52 1.150 
PRIN & IN! LOW 10098.14 7.800 HIGH10m.66 8.011 ------
OPERATIt(; COST LOW 23761.68 18.494 HIGH23968.35 18.655 

VEHIClE SlW..VAct VALUE LOW 1792.19 1.395 HIGH 1932.11 1.504 
BATTERY SALVAGE LOW 311.81 0.243 HIGH 311.81 0.243 

TOTAL LIFE CYClE COST LOW24182.22 18.822 HIGH24297.60 18.912 
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ElECTRIC AND HYBRID VEHICLE COST HODEL 

ZN/BR V~ 

*--IHPUTS-t 

09-12-1984 

GENERAL -
VEHIa.E SIZE: VAN 
ruRB WE. I GH: 1722 KG 
VEHla.E WHGHT • WT: 2017 
LIFE: 128480 Kr1 

BATTI:RY-
MTTE:RY WEIGHT: 444 KG 
ELECTRICITY COST: .OS $/~W-H 
AVERAGE DAILY DEPTH OF DISCHARGE: 

f1AINfEt'Wa FACTOR: 2 

TRANSI1ISSI(W TYPE: fixed ratIo 
'«HOO --

RATED POW~R: 36.9 KW 
COO mIllER: 41 KW 

DRIVI~ -
AHtJrt.. ELEC USE: 5172.415 ~1Hi 

YEAR: 1982 
REAl INTEREST RATE: 10 % 
VEHICLE srLVAGE Vri.LE: 10 Yo 

ACCESSOOY COST: $ 200 

NAMe: ZN-BR2/2.4 
BATTERY CYCLE LIFE: 750 
HAXlHUM SHELF LIFE: 10 YEARS 

.3097282 
Il:PTH OF A DEEP DISCHARGE: .8 

TYPE: 

AMOUNT: 12848 KH/YEAR 

t- OUl PUTS --I 

COST ITEMS-
$ C!KH 

BASIC ~'EHIa.E COST 8244.07 6.417 
I'1JTOR C.DST 701.10 0.546 
CCWTRCUER COST 1845.00 1.436 
EV TRANSMISSION COSl 190.65 0.148 
BATTERY lal 23b5.25 1.841 HIGt 4068.24 3.166 ------
INITIAL cosr LOW 133%.08 10.388 HIGHI5049.06 11.713 
InINPAYHENT LOW 2669.22 2.078 HIGH 3009.81 2.343 

REPLACftf'T SA TTS Lal 2365.25 1.841 HIGH 4068.24 3.166 
REPAIRS & MAINTENANCE 3746.64 2.916 
REPl.ACEJ£NT TIRES 338.67 0.264 
INfa~ANCE 3479.00 2.708 
GARAGIt«J.PARK. TlU 782.50 0.609 
lITLE. REG. LIC. LOW. 867.30 0.675 HIGH 952.45 0.741 
&ECffiICITY 2586.21 2.013 
PRIN '" 1NT lOW 10676.86 8.310 HIGHI2039.2S 9.371 

------
CfERATING COST LOW 24842.45 19.336 HIOO6289.98 20.462 

~~ICLE SrLVAGE Vri.UE LOW 697.30 0.543 HIGH 894.54 0.696 
~TTERY SALVAGE LOW 43.51 0.034 HIGH 43.51 0.034 

TOTri. LIFE CYCLE COST LOW26770.85 20.837 HIGH28361.1422.0/5 
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ELECTRIC AND HYBRID VEHIClE COST "O~l 

ZN/el VAN 
f-I~UTS--+ 

09-12-1984 

C.al:AAL -
VlHICLE SIZE: VAN 
CURB \lEICifT: 1591 KG 
VEHIClE WEIGHT ,~r: 1886 
LIFE: 128480 KI'I 

BATTERY -
BATTERY WEIGHT: 350 KG 
ELECTRICITY cruT: .05 $/KW-H 
AVERAGE DAILY DEPTH OF DISCHARC,£: 

MAINTENANCE FACTOR: 1 

TkANC,"ISSION TYPE: flxed ratio 
P1OTOO -

RATED POWER: 34.5 KW 
CONTROLLER: 38.3 KW 

ffiIVING -
IWlIAl. ELEC USE: 4563.27 KW-H 

VEAR: 1982 
REAL INTEREST RATE: 10 I 
VEHICLE SALVAGE VALLIE: 10 i. 

ACCESSOOY COST: $ 200 

NAME: ZN-Cl2/2.4 
BATTERY CYCLE LIFE: 1500 
MAXII1Lt1 St£LF LIFE: 10 'tEARS 

.294487 
~PTH OF A DEEP DISCHARGE: .8 

TYPE: AC 

AlWNT: 12348 KMIYEAR 

f-- OUTPUTS -* 

COST ITEt1S-
$ C/I<J'I 

BASIC VEHICLE COST 0041.63 6.259 
rilTOR COST 655.50 0.510 
CONTROl..LER COST 1723.50 1.341 
EV TRANSMISSION COST 178.10 0.139 
BATlEHY LOW 4553.52 3.544 HI(ff 4735.66 3.686 

----- ----
INITIAL COST LOW 151'52.30 11.794 HIGHI5334.44 11.935 
Il.lWHPAYP1£NT LOW 3030.40 2.359 HIGH 3066.89 2.387 

REPLACEWT BATTS LOW 0.00 0.000 HIGH 0.00 0.000 
REPAIRS & MAINTENANCE 3746.64 2.916 
REPLACEtENT TIRES 326.88 0.254 
INStmNCE 3479.00 2.708 
GARAGIOO,PARI(, Tlll 7~2.50 0.609 
TITLE, REG, lIe, LOW. 957.62 0.745 HIGH 966.72 0.752 
aECTRICITY 2281.64 1.776 
PRIN & INT U14 12121.84 9.435 HIGHI2267.55 9.548 ------
CfERATING COST LOW 23696.11 18.443 HIGH238S0.93 18.564 

VEHICLE SALVAGE VALUE LOW 408.63 0.318 HIGH 408.63 0.318 
BATTERY SALVAGE LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAL LIFE CYCLE COST lOO6317.9520.484 HI6H26509.1920.633 
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ELECTRIC IV4D HYlf<ID VEHICLE COST MOrEL 

FE/AIR VP14 

*-INPUTS-""* 

09-12-1984 

G8£RAL -
VEHICLE SIZE: VAN 
ClJW WEIGHT: 1492 KG 
VI:.liIClE WEIGHT • WI: 1787 
LIFE: 12S480 KI1 

BATTERY-
BATTERY WEIGfT: 280 KG 
ELECTRICITY COST: .OS S/K~ 
AISAGE DAILY DEPTH OF DISL1iARGE: 

I1AINTEHAtU: FACTOi: 2 

T~ISSION TYPE: fIxed ratIo 
It)T~-

RATED PliER: 33 KW 
OlffROl..lER: 36 kW 

mIVING --
rIHJAl. REC USE: 502'~.875 KW-H 

YEM: 198"2 
REAL INTEREST RATE: 10 % 
VEHICLE SALVAGE VAlUE:: 10 Yo 

ACCESSOOY COST: $ 200 

NAME: FE-AIR2.4 
BATTERY CYClE LIFE: 500 
KAXIHUM SHELF LIFE: 10 YEARS 

.3099859 
[(PTH (F A DEEP DI~GE: .8 

TYPE: 

AI101lNT: 12848 KM/YEAA 

*- OOTPI.ITS -""* 

COST ITEl1S-
S C/K" 

BASIC VEHICLE COST 7879.06 6.133 
I'IOToo COST 627.00 0.488 
COOTRCUER COST 1620.00 1.261 
EV TRANSI1ISSI~ COST 167.40 0.130 
BATTERY La. 2660.89 2.071 HIGH 4869.43 3.790 ----
INITIAL COST La. 12954.35 10.083 HIGHlS162.89 11.802 
InWAYHENT L~ 2590.87 2.017 HIGH 3032.58 2.360 

R£PLAceI'r BATTS L~ 5321.78 4.142 HIGH 9738.86 7.580 
REPAIRS & MAINTENANCE 3746.64 2.916 
R£PLACEI£NT TIRES 317.96 0.247 
INSURANCE 3479.00 2.708 
GARAGINJ.PARK. TCU 782.50 0.609 
TITLE. REG, LIC. LOW. 847.72 0.660 HIGH 958.14 0.746 
ELECTRICITY 2514.94 1.951 
PRIN ~ INT LIlI 10363.48 8.066 HIGH1213O.31 9.441 ------
CfERATINJ COST LIlI 27374.02 21.306 HIGH292S1.2B 22.767 

VEHICLE SALVAlt VALLE L~ 852.00 0.664 HIGH 1231.37 0.958 
BATTERY SALV~ LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAL LIFE CYClE COST LOW29112.02 22.659 HIGH31OS2.49 24.169 
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ELECTRIC AND HYBRID VEHICLE COST hODEL 

LI/FES VAN 

*-INPUTS--I 

09-12-1984 

Gm:RAL -
VEHICLE SIZE: VAN 
ct& WEIGH: 1486 KG 
VEHIClE WEIGHT, WI: 1781 
LIFE: 128400 KI1 

BATTERY -
aATTERY WEIGHT: 276 KG 
ElECTRICITY COST: .05 S/Kw-H 
AVERAGE DAILY DEPTH (f DISCHARGE: 

I1AINTENAOCE FACTCfi: 1.25 

lRANSKISSIffl TYPE: fIxed ratIo 
tlITffi-

RATELI mER: 32.5 KW 
~rROU.ER: 36.2 KW 

OOIVING --
ArHJAt. ELEC USE: 3581.33 KW-H 

YEAR: 1982 
REAL INTEREST RATE: 10 7. 
VEHICLE SALV~E VALL(: 10 i: 

ACCESSCfiY COST: $ 200 

NAME: LI-FE-S2.4 
BATTERy eynE LIFE: 750 
I1AXII'U"I s.£LF LIFE: 10 YEARS 

.2444445 
DEPTH OF A DEEP DISCHARUE: .8 

TYPE: 

AMOUNT: 12848 KH/YEAR 

1- OUTPUTS -f 

COST ITOO-
f C/K/'I 

BASIC VEHICLE COST 7870.72 6.126 
I1lTOR COST 617.50 0.481 
CllHRCtLER COST 1629.00 1.268 
E.V TRANSI1ISSION COST 168.33 0.131 
BATTERY Leu 3514.25 2.735 HIGH 4181.96 3.255 ---- ---
INITIAL COST Leu 13799.80 10.741 HIC~14467.51 11.261 
I:nWAYI'ENT Leu 2759.96 2.148 HIGH 2893.50 2.202 

REPlACEI'I'T BATTS LOW 3'514.25 2.735 HIGH 4181.96 3.255 
REPAIRS & HAINTEtWa 2648.14 2.061 
REPLACEMENT TIRtS 317.42 0.147 
IH~ 3479.00 2.708 
GARAGItt),PAR!(, TOLL 782.50 O.tm 
TITLE, REG, LIC, LOW. 889.99 0.693 HIGH 923.38 O. 719 
aECTRICIfY 1790.69 1.394 
PRIN & INT LOW 1103'~.84 8.593 HIGH1574.01 9.008 -----
IFERATIMJ COST LOW 24461.84 19.039 HIGH25029.39 19.481 

V9Ua.f SfLVAGE VALUE LOW 1199.23 1.712 HIGH 2541.74 1.978 
amERY SAlVAGE lOW 44.71 0.035 HIGH 44.71 0.035 

TOTAL LIFE CYCLE COST LOW14977.85 19.441 HIGH25336.44 19.720 
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ELECTRIC AND HYBRID VEHICLE COST PfDDU 

NA/S VAN 09-12-1984 

f-INf'UTS-1 

GENERAL -
VEHICLE SIZE: VAN 
CffiB WEIGH: 1366 KG 
Vl:HICLE WE.IGHT • WI: 1661 
LIFE: lZa480 KM 

BATlERY-
BATTERY WEIGHT: 191 KG 
ELECTRICIry COST: .05 $/Kw-H 
AVER,n MILY DEPTH O~ DISCHARGE: 

MAINTENANCE FACTOR: 1.75 

TRANSMISSION TYPE: fIxed ratIO 
I'(ITOO-

RATED POIrER: 30.4 KW 
C(~TR(UER: 33.1 KW 

DRIVING -
ANtfW,. mc USE: 30 ~5. 34 KW-fi 

Y£AR: 198"2 
REAL IN1!REST RATE: 10 Z 
VEHICLE SALVAGE VALlE: 10 I. 

AC-CESSORY COST: $ 200 

NM: NA-S2.4 
BATTERY CYCLE LIFE: 7:.0 
MAXII1.JM Sl-ELF LIFE: 10 YEARS 

.3098592 
[fPTH OF A [fEP DISCHARGE: .8 

TYPE: AC 

~T: 12848 KMIYE:.AR 

1-- OUTFlJTS --I 

COST lT81S-
$ C/KI'I 

BASIC VennE cosr 7676.44 5.975 
MOTOR COST 577.60 0.450 
CCWTRClLER cos r 1516.50 1.180 
EV TRANSMISSION COST 156.71 0.122 
BATTERY Ull 4302.99 3.349 HIGH 4529.46 3.525 ------
INITIAL COST Lc:..J 14230.23 lJ.076 HI(~14456.71 11.252 
OOWNPAYHENl LOW 2846.05 2.215 HIGH 2891.34 2.250 

REPLACeI'T BATTS LOW 4302.99 3.349 HIcti 4529.46 3.525 
REPAI~~ & MAINTENANCE 3380.43 2.631 
REPi.ACf.liENT TIRES 306.62 0.239 
INSlIW£E 3479.00 2.708 
GARAGI~.PARK. rClL 782.50 0.609 
TITLE. REG. LIe. LOW. 911.51 0.709 HIGH 922.84 0.713 
mCTRICI I Y 1517.67 1.181 
PRIN It INT LOW 11384.19 8.861 HI&H11565.37 9.002 -----
OPERATING COST LOW 26064.95 20.287 HIGH26257.45 20.437 

VEHICLE SALVAGE VALUE LOW 877.68 0.683 HIGH 903.73 0.703 
BATTERY SALVAGE LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAL LIFE CynE COST LOW28033.31 21.819 HIGH28245.06 21.984 
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aECTRIC AND HYIIHD VEHIa..E COST /Il1E. 

2 PAX BASELIt£ IC£ 

f-Iff\lTS-t 

07-18-1984 

GEt£IR -
VEHICLE SIZE: 2-PASS 
am lIE I lim 500 KG 
WiIa..E 6f:IGHT ,Wr: 63b 
LIFEI 118861 ~ 

BATTERY -
BATTERY IlEIGiT: 0 KG 
ELECTRICITY COST: .OS S/Kw-H 
AVERAGE DAILY W'TH (f DISOiARGE: 
NlINTEtWa FACT~: 1 

ENllNE-
TfW<.. ~ACITY: 40 L 
ICE TRAHS'USSI(JI TYf£: tvT 

t«lT~-

YEAR: 1982 
REAL INTEREST RATE: 10 X 
VEHICLE Stt.VA(£ VAlLE: 10 X 

ACCESSOOY COST: • 200 

NAI£: xx 
BATTERY CYa..E lIFE: 1 
NlXI~ SHElF LIFE: 10 YEARS 
IEPTH (f A W:P [lISCHARGE: .8 

FlEL COST: .373 f/l 
FLU TYPE: PETHIWl. 
ro..ER: 19 KW 

RATED POUER: 0 KW TYPE: rc 
OJHRu.LER: 0 KW 
EV TRANS1'IISSI(JI TYPE: hxed ratio 

mIYIt() - ArOJU: 11886.1 ~/YEAR 
ICE FAACIIllW. RIYa: 100 X EV FRACTlCJ4AL RANGE: 0 X 
AtHJAL Fl£I.. USE: 899 L AtffJAl ELEC USE: 0 KW-fi 

f- ruTPUTS --f 

COST I TEI'tS- • C/~ 
BASIC VEHIa..E COST 3261.51 2.744 
ENGINE rosT 951.24 0.900 
ICE TRANSI'IISSI~ COST 212.23 0.179 
t'DTOR COST 0.00 0.000 
CCWTRIllER COST 0.00 0.000 
EV TkAN'3I1ISSI~ COST 0.00 0.000 
BATTERY L(II 0.00 0.000 HlGi 0.00 0.000 ----
INITIAl COST L()j 4424.98 3.723 HlGi 4424.98 3.723 
WWAYPEHT Wi 885.00 0.745 HIGi 885.00 0.745 

REPLACEW T BATTS l()j 0.00 0.000 HIGH 0.00 0.000 
REPAIRS ~ MAINTENANCE 4449.75 3.744 
REPlACEI'ENT TIRES 194.32 0.163 
I NSlRI\'l:E 3479.00 2.927 
GARAGIN6,PARK, TOLL 782.50 0.658 
TITLE, REG. LIe, L(II. 421.25 0.354 HIGi 421.25 0.354 
FLEl-{)IL 3453.87 2.906 
aECTRICITY 0.00 0.000 
PRIN Ir INT UII 3539.99 2.978 HlGi 3539.99 2.978 ---
lFERATINI COST L()j 16320.61 13.731 HIGil6320.61 13.731 

\{HIa..E SAlVA<£ VAlLE L()j 170.60 0.144 HlGi 170.60 0.144 
BATTERY SAlvra L()j 0.00 0.000 HIGi 0.00 0.000 

TOYIl. LIFE CYa..E COST L()j17035.07 14.332 HlGiI7035.07 14.332 
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mCffiIC (iiD Hrbf\ID V-cliICLE C03T KDfJEL 

2 PAX PMC2.1 8U'I ELEC 

t-INrUTS--t 

OO-ol-19S4 

Ga£AAL -
VEHICLE SIZE: ~-PASS 
aJRB ~I6tH: 93.) KG 
VEHIctE WEIGHT. Wl: 1069 
LIFE: 110001.9 Kh 

BAirtR, -
Btt IT Ef\ f WE I [tiT: 3(16 M, 
ELECTf\ICITJ' co.::>T: .OS $/KIHi 
AVEr..;u DMIL'y [&£fiH Cf' Dl.;(w.;Gt:: 

rl'lIN~ FOCTCi\: 1 

TRAN,;nr.;sIW Tt'PE: fll(ed ratIo 
H(li~"; -

I\,; TEll PJlER: 16. () ~w 
CGNTnltiEl\: 2.7.7 "ill 

r",rvING -
A/-e,Ut1I.. ELEC U3E: 153l.0-k> I\HI 

YEAR: 1982 
REI1l.. H.TEf\E"T FATE: 10 l 
VEHICLE SALVAGt Vfl.UE: 10 4 

ACCESSOO, CO"T: $ 200 

NAhE: F~,~12.1 
BATTEI\~ C)CLE LIFE: 7';;.) 
HAW1UH Sl£LF LIFE: 10 'yEARS 

• 227d54'; 
WTH (If A DEEF DI,;(.H;f\UE: .S 

TYFE: 

AMOuNT: 118Bb.19 1J1,'lEi1R 

.-- OUTFUTS --f 

ro;T lTEH';-
$ C/IJ\ 

6.;';1C VEHICLE ro;T 4100. id 3.455 
l'itTlIi\ c.u';T 319.2(1 0.20~ 
w.. Tnlu.EI\ CCGT 12't6.50 1.04; 
EV TI\AN3rl1SSIOh CCGT 12, .• 61 O.lOd 
8I1TiEfif LOW Ibv7.oa 1.52u Hlli1 2439.56 2.052 

------
IN1iIAL COST LOW 7bOS.37 6.401 HI cti ii24\l. &5 6.933 
f10W1iPA f ~"T LOW 1521.67 1.280 HIGtI 1648.17 1.387 

REPLAC.81'T BATT,; LOW 1807.00 1.520 HIGi 2439.56 2.052 
REPAlh3 k MAINTENANCE 2172.33 1.828 
RfFLti.8'k~T TIRE~ 2'a.47 0.191 
IN';l~t1f.C£ 3471.00 2/727 
GAf(H(jING,PHRK, TCU 782.50 0.058 
TITLE, REG. LIe. LOW. 500.42 0.4CXl HIGH 612.04 0.515 
ELECTfiICITY 765.52 0.644 
PRIN " INT LOW b08b.69 5.121 hIGH 6592.68 5.547 ------
CfEAA II NG COST LOW 15901.01 13.379 HIGHlb4~.62 13.830 

VEHICLE SALVAGE VALl.£ LOW 1333.00 1.121 HIGH 1721.27 1.44& 
BATTERY SALVAGE LOW 21.94 0.018 HIGH 21.84 0.018 

TOT~ LIFE CYClE COST LOWl6067.S4 13.518 HIGHlb343.67 13.750 
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ELECTRIC AND HYBRID YBUa.E COST fUEL 

9(HII BIPOlAR 2~ EV 

t-IfllUTS-f 

08-29-1984 

W£RPL -
VEHICLE SIZE: 2~ASS 
O~B IEIGfT: 808 KG 
VEHICLE IEIGfT • WT: 944 
LIFE: 118861.9 Kft 

BATTERY-
BATTERY IEIGfT: 217 KG 
ElECTRIClrY COST: .05 $/KW-H 
~ DAILY DEPTH ~ DI~: 

ffAIHTBWa FACT~: .5 

TRANSftISSI(W TYPE: fixed riho 
fl)T~-

RATED mER: 14.9 KIf 
aJfTRW..ER: 24.4 KW 

DRIVJt«i -
Atft.IIl. a.EC USE: 1213.591 KW-H 

YEAR: 1982 
REfL INTEREST RATE: 10 X 
~ICLE ~YOOE VALl£: 10 X 

ACCESS(f{Y cosn f 200 

rwtEc PB-AC/BIPL 
BATTERY CYCLE LIfE: 750 
ffAXIfUI SI£Lf LIFE: 10 YEARS 

.2~7291 
IIPTH ~ A IEEP DI~: .8 

TYPE: 

Aft(UfT: 11886.19 Kft/YEAR 

t- WTfUiS -f 

COST ImtS-
f C/tat 

BASIC YEHla.E COST 3908.86 3.289 
/'IJT~ COST 283.10 0.238 
WfTRlU£R COST 1098.00 0.924 
EV T~JSSI(w COST 113.411 0.095 
BATTERY L~ 1183.64 0.996 HIGi 1775.45 1.494 --
IHITUL COST L~ 6587.05 5.542 HlGi 7178.87 6.040 
W.Avt£NT L(M 1317.41 1.108 HlGi 143S.n 1.208 

REPLft('.8f'T BATTS L(M 1183.64 0.996 HIGi 1775.45 1.494 
~PAIRS , MIN'TEtWa 1494.81 1.258 
REPlf£eENT TIRES 217.90 0.183 
IIISlfW(;E 3479.00 2.927 
GARAGIt«i.PARK. T(ll 782.50 O.~ 
TITLE. REG. LIC. L(M. 529.35 0.445 HIGi 558.94 0.470 
EL£CTRICITY 606.00 O.SI1 
PRIN & INT L(M 5269.64 4.433 HIGi 5743.10 4.832 ---
c:fERATItIJ COST L(M 13563.64 11.411 HIGfI4066.69 11.834 

VEHICLE SALYOOE YALlI: L(M 849.44 0.715 HlGi 1169.99 0.984 
BATTERY Stt.Yr« L(M 18.01 0.015 HIGi 18.01 0.01~ 

TOTAL LIFE CYCLE COST L(MI4013.61 11.790 HlGiI4314.4b 12.043 
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nrCTI\IC M'D Ifr1lf:ID VEHICLE COST I'IQOCL 

2 F'AX NIF""t.2.1 80M arc 00-01-1934 

!E£AAL -
~rHIClE SIZE: 2-FASS 
rulE I£I~7: 341 KG 
~HIClE WEIGHT ,WT: 985 

.--INPUTS--f 
YEriR: 1982 
Rc:Ai.. mrri\EST I\:t rr: 10 l: 
VEHICLE SALVAGE VALUE: 10 X 

LIFE: 119S61.9 ~ ACtESSORY COST: $ 200 

Mnrn', -- tw1E: NI-FE2.1 
BATTti\\' WEIGHT: 24b KG BHTTFt\Y CYClE UFE: 1500 
ELECiRICIn' Cmf: .OS Slk'lol-H ~XIMl}I 3ftLF LIFE: 10 YEARS 
A'v'£F-MUE DAilY IiEFTH OF nrso;,;nUE: .207io7~ 

DEPTH OF A DEEP DIsc.H:lh~: .S 
"',:\Wm~ANct FACTOR: 1.25 

TIF£: A(' 

~UUNT: 11 Boo .19 IJ1/nAA DRIVING -
Ar':~ aEC USE: 1990.135 KIi-H 

f-- OUTP'JTS -f 

COST lTEI15-
S C/I\M 

bASIC VEHICLE C03T 3975.31 3.';44 
MOiGR (03T 2f~.:.o 0.243 
roiine~En C05T 1147.5C o ('\ . ., .700 
EV TRAlc~r5';ION COST 118.50 0.100 
B.1irrny LOW 3016.86 2.5';,,) HIGH 3469.,5 ~.919 

----- --
ItdTIk (O';T LOW 85:04.74 7.1i7 Hlet! 9w5.03 1.5,7 
[1QI.iI~"I·MEI, i LOW 1710.15 1.43'; HIC." 1001.17 1.515 

REP~ T &AiT.; LOiol 0.00 0.000 HlGi 0.00 0.000 
~Pftli\5 l< t1t1INTEHf1NCE 2511.00 2.113 
REhAC8£NT TIf\E3 221.04 0.186 
1 "';U;;Hi,CE 347;.00 2.927 
Gttn,;uI~.F~. TOLL 732.51.1 0.650 
TITLE, REG, LIC, LOW. 627.74 0.5~"a HIGH t&.i.29 0.547 
&'£CTHiCITY 995.IJ7 0.837 
Pl\IN l< INT LOW 684.3.79 5.7513 HIGH 7204.67 6.061 ----
CfEAATINO C03T LON 15460.22 13.007 HIGH15843.65 13.329 

VEhICLE SALVAl"tE VALl£ L~ 213.43 0.180 HIGi 213.43 0.160 
&inERt SALVAGE LOW 87.14 0.073 HIoo 87.14 0.073 

TOTAL LIFE CVCLE COST LOWl6670.S9 14.193 HIUH17344.24 14.592 
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GENt:N\.. -

rucTRrc AI~~, HYf,RiD VEHIClE COST t10DEL 

2 PAX NIZN2.0 SvI1 me 
t--INPUTS-. 

~E~: 190;' 

08-01-1934 

VEHICLE SItE: 2-PASS 
W'ii WEitJIT: 735 I\C, 

REAL INTER£3T filiTE: 10 l 
VEHICLE Sf1I..tJAUE V'':'''L[: 10 k 

~HlCU: wtItiiT ,WT: 871 
lIFE: 118861.9 ... 11 ACC£S';(fo' COST: $ 200 

NAiIC: NI-ZN 
BAiTEi\y' CYCLE LIFE: 600 
Kt.AItlIr1 SHCiF LIFE: 10 ~'EARS 

.2414125 
DEFTH OF A [IEEt DI&:Hr1nuE: .S 

TYPE: 

1434.211 KW-H 

*- ruiPUTS -t 

$ C/I-/1 
37;';.74 3.1~2 
26tl.3D 0.219 

1017.(10 O.S56 
105.(19 O.oas 

157i.5v 1.3~9 HIGH 17';7.~5 1.462 

o755.~ 5.bS4 HIGM 6)13.50 5.816 
1351.13 1.1';7 HIC~ 1,;o2.7~ 1.163 

lSn.SO 
1~.57 
212.31 

3471.00 
732.5(, 
537.78 
717.11 

5404.51 

1. 32'i HIGH 1737.45 1.462 
1.543 
O.ln 
~ " ... ., 
~. 7~1 

0.653 
0.452 HIGH ~45.bS 0.459 
0.603 
4.547 HIGH 553J.8' 4.653 

14546.28 12.238 HIGHI4bSO.54 12.351 

VEHICLE SALVAUE VALLE LOW 459.01 0.386 HIGi 484.95 0.408 
BATTER~' Sf.tI.V~ LOW 101.2a 0.005 HIGH 101.28 0.005 

TOTAl.. LIFE CYCLE COST LOWI5337.12 12.903 HIGHI5477.02 13.021 
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Ga£RAI.. -

B.ECTRIC AND HYBRID VEHIClE COST run 
8O-ftI IN/BR 2-P EV 

f-Itf'UTS-f 

YEM: 1982 

08-29-1984 

venUE SIZE: 2-PASS 
rum I£IGfT: 969 KG 

REAl INTEREST RATE: 10 % 
VEHICLE SAlVAGE VAlle: 10 1-

VEHIClE I£IGfT 1 liT: 1105 
LIFE: 118861.9 ~ ACCE~Y COST: $ 200 

BATTERY - NAf£: ZH-m212.1 
BATTERY iEI(M: 332 KG BATTERY CVUE LIFE: 750 
ElECTRICITY COST: .OS S/I<W-H MXlItIt StElF LIFE: 10 YEARS 
A'8AGE MIlY ~TH (F DISCtwa:: .2350948 

IVTH (F A r£EP DISOiARGE: .8 
MIHTEtM:£ FACT~: 2 

TRANSftISSIOO TYPE.: fixed raho 
fl)T~-

RATED mER: 17.4 KII TYPE: 
~TRCUER: 28.6 KW 

mIVINJ - ~T: 11886.19 ~/YEAR 
NHJAl afC USE: 2820.304 I<W-H 

f- ruTPUTS --f 

COST Irats-
S C/~ 

BASIC IJEHIa.E COST 4160.87 3.501 
P1OT~ COST 330.60 0.278 
mmn.lfR COST 1287.00 1.083 
EV TRANS'USSIOO COST 132.99 0.112 
BATTERY lll4 1909.80 1.607 HIGH 3857.80 3.246 ---
INITIAl COST lll4 7821.26 6.580 HIGH 9769.25 8.219 
InWAYf£NT lll4 1564.25 1.316 HIGH 1~.85 1.644 

REPLACaI'T BATTS lll4 1909.80 1.607 HIGf 3857.80 3.246 
REPAIRS" HAINTENAHCE 3527.35 2.968 
REPlAC8£HT TIRES 230.23 0.194 
INSI.JWa 3479.00 2.n7 
GAAAGIf«" PARK. TCU 7e2.5() 0.658 
TITLE. REG. LIC. LOW. 591.06 0.497 HIGH 688.46 0.579 
ELECI1UCITY 1410.15 1.186 
PRIM " INT LIlI 6257.01 5.264 HIGH 7815.40 6.575 --
CfERATINJ COST La. 18187.10 15.301 HIGfl9842.90 16.694 

VEHIClE SAl~ VAll£ Lll4 1316.19 1.107 HIGH 2426.24 2.041 
BATTERY SAlVAGE LOW 31.87 0.027 HIGH 31.87 0.027 

TOTAl LIFE CYa.E COST Lll418403.29 15.483 HIGHI9338.64 16.270 
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EL£CTRIC rHJ HYBRID YefIctE COST !lIB. 

8O-ftI lNIa. 2-f EY 

f-IfRlTS--' 

08-29-1984 

lE£Rft. -
VEHIClE SIZE: 2-fASS 
rum IEIGfT: 878 kG 

¥EM: 1982 
REAL INTEREST RATE: 10 % 
VEHIClE SAlVia VALl.{: 10 X 

VEHIClE !EIGiT ,NT: 1014 
LIFE: 118801.9 KI1 ~SS(RY COST: $ 200 

BATTERY- fW£: ZN-Cl.2I2.1 
BATTEJ<Y !EIGfn 267 KG BATTERY CYClE LIFE: 1500 
El£CTRICITY COST: .OS SIKW-H ""XU .. t St£l.F LIFE: 10 YEARS 
AYEAAGE MILY DEPTH (t DISOtAR(£: .2033406 

IfPTH (f A IfiP DIS'CIwroE: .8 
ttAINlENAfa F~~: 2 

TRMSftISSI(If TYPE: fixed ratio 
tflT(Jf-

RATED mER: 16 KW TYPE: 
ca.TRW.£R: 26.3 KW 

OOIVIt«J - MlMT: 11880.19 KI1/YEAR 
AtHW. El£C USE: 2341.186 KW-H 

COST I fEttS-

BASIC veHa..E COST 
mTm COST 
C(lfTRtUER COST 
EV TRANSftISSI(lf COST 
BATTERY L~ 

INITIAL COST L~ 
InWAYrl:NT L€JI 

REPl.1~:at'T BATTS L~ 
REPAIRS" ttAlHTEWIa 
REPlAC9£HT TIRES 
IHSmAta 
~1t«J,PMK, T(l.L 
TITlE, REG, L1C, L~. 
El£CTRICITY 
PRIM " INT L€JI 

(fERATIfIJ COST L€JI 

f- OOTI'UTS --. 

$ C/KI1 
4017.68 3.380 
304.00 0.250 

1183.50 0.996 
122.30 0.103 

3567.04 3.001 HIGH 3709.12 3.121 ---
9194.51 7.135 HIGH 9337.19 7.855 
1838.90 1.547 HIGH 1867.44 1.571 

0.00 0.000 HIGH 0.00 0.000 
3527 .35 2.968 
223.26 0.188 

3479.00 2.927 
782.50 0.658 
659.73 0.555 HIGH 666.86 O.SOI 

1170.59 0.985 
7355.61 6.188 HIGH 7469.75 6.284 --

17198.04 14.469 HIGHI7319.32 14.571 

YEHICl£ !W.YA€E YALl.{ L~ 216.96 0.183 HIGH 216.96 0.183 
BATIERY SAlVia L~ 0.00 0.000 HIGH 0.00 0.000 

TOTAl LIFE CYClE COST l€JII8819.98 15.833 HIGHI8969.79 15.960 
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ELECTRIC AND HYBRID VEHICLE COST MODEL 

2 PAX FEAIR2.1 80M ELEC 01-01-1980 

GENERAL --
VEHICLE SIZE: =-PASS 
CURB WEIGHT: 788 KG 
VEHICLE WEIGHT ,WT: 9=4 
LIFE: 118861.9 KM 

BATTERY -
BATTERY WEIGHT: =03 KG 

YEAR: 1982 
REAL INTEREST RATE: 10 Yo 
VEHICLE SALVAGE VALUE: 

ACCESSORY COST: $ 200 

NAME: FE-AIR2.1 
BATTERY CYCLE LIFE: 500 

10 f. 

ELECTRICITY COST: .05 $/KW-H 
OF DISCHARGE: 

MAXIMUM SHELF LIFE: 10 YEARS 
AVERAGE DAILY DEPTH 

MAINTENANCE FACTOR: 2 

TRANSMISSION TYPE: flxed ratlo 
MOTOR --

RATED POWER: 14.6 KW 
CONTROLLER: 2~.9 KW 

DRIVING -
ANNUAL ELEC USE: 2550. 864 Kl»-H 

COST ITEMS-
.t 

BASIC VEHICLE COST ::8'75.:25 
MOTOR COST 277.40 
CONTROLLER COST 1075.50 
EV TRANSt1 I SS I ON COST 111. 14 
BATTERY LOW 2074.00 

-------
INITIAL COST LOW 7413.28 
DOWNPAYMENT LOW 148= .. 66 

fiEPLACEM'T BATTS Lot» 4148.00 
REPAIRS ~, MAINTENANCE :::;527.35 
REPLACEMENT TIRES =16.37 
INSURANCE 3479.00 
GARAGING,PARK, TOLL 782.50 
TITLE, REG, LIC, LOW. 570.66 
ELECTRICITY 1275.43 
PRIN ~ ... INT LOW 5930.63 

-------
OPERATING COST LDl<J 199=9.94 

.2219855 
DEPTH OF A DEEP DISCHARGE: .8 

TYPE: AC 

AMOUNT: 11886.19 KM/YEAR 

C/KM 
3.260 
0.:233 
0.905 
0.093 
1. 745 HIGH 53:30.18 4.484 

------
6.237 HIGHI0669.46 8.976 
1.247 HIGH 213:3.89 1.795 

3.490 HIGHI0660.35 8.969 
2.968 
0.182 
2.927 
0.658 
0.480 HIGH 73:3.47 0.617 
1.073 
4.990 HIGH 85:35.57 7.181 

------
16.767 HIGH22697.69 19.096 

VEHICLE SALVAGE VALUE LOW =226.72 1.873 HIGH 5:39Q .48 4.54:;; 
BATTERY SALVAGE LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAL LIFE CYCLE COST LDWI9185.8816.141 H!GHI Q 4:;;=.10 16.348 
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IE£RAl. -

ELECTRIC AND ~ID VEHIClE COST fOE. 

8O-ttI L1/FES 2-f EV 

f-ItflJTs--t 

~l 1982 

00-29-1984 

\eiIa.E SIZE: 2-PASS REAL INTEREST RATE: 10 % 
rum '-EIGfT: 743 KG 
VEHIClE WEIGHT, Wl: 879 
LIFE: 118861.9 KH 

VEHIa.E ~v~ VAlLE: 10 I 

ACCfSSOOY COST: f 200 

8AfJERY - tw£: L1-fE-$2.1 
OOTlERY '-EIGfJ: 171 KG BATTERY CYClE LIFE: 750 
B.ECTRICITY COST: .OS S/taHf !'tAutUt St£lF LIFE: 10 YEARS 
~RA(£ MILY ~TH Of DIsowa: .1917694 

~TH Of A IlEP DISCHARGE: .8 
MIHIDWa FACTm: 1.25 

TRAHSftISSION TYPE: fixed ratio 
t()TOO-

RATED POIER: 13.9 KW TYPE: 
alfTRW.£R: 22.8 I(W 

IJ<IV INi - AIO.M: 11886.19 KH/YEAR 
IHtJAL. El.EC USE: 1716.726 KIHi 

f- OOTPUTS -f 

cosr HOO-
f C/KH 

BASIC VEHIa..E COST 3803.27 3.200 
rtJTOO COST 264.10 0.222 
COORCU.ER COST 1026.00 0.863 
EV TRANSfUSSIO'f COST 106.02 0.089 
BATTERY La. 2538.55 2.136 HIGH 2129.62 2.296 ----
INITIAl COST La. n~.94 6.510 HIGi 7929.01 6.671 
IDWA\1ENT Lal 1547.59 1.302 HIGi 1565.80 1.334 

REPLACaI'T BATTS Lal 2538.55 2.136 HIGH 2729.62 2.296 
fUAIRS lc MItfTEHAIa 2511.08 2.113 
REPl..f£8£HT TIRES 212.93 0.179 
INStIWa 3479.00 2.927 
Gri<AGlt«i.PARJ(, TtU 782.50 O.~ 
TITlE. REG. LIe. Lal. 586.90 0.494 HIGH 596.45 0.502 
B.ECTRICITY 858.36 0.722 
~IH " IHT La. 6190.35 5.208 HIGi 6343.21 5.337 ----
(fERA TIN) COST LCMI 17159.66 14.437 HIOOI7322.07 14.573 

'klfICLE ~YAI:E \w'LE to. 2316.09 1.949 HIGi 2475.33 2.003 
~TTERY SAlVta: L(JI 27.70 0.023 HIGH 27.70 0.023 

TOTAL LIFE CYa..E COST Lall6363.46 13.767 HlGiI6404.84 13.802 
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ELECTRIC APeD HfBi\ID VEHIa .. E COST /'fOD£L 

2 PAX ~2. 1 80M aEC OHH-19&O 

Gf1£RAL -
VEHICLE SIZE: 2-fASS 
CUf\B IEIGHT: 6(,7 KG 
VEHIClE "::100 ,WI: 803 
LIFE: 118801.9 KM 

BATTERY -
BATTEn\' REIGNT: lIS KG 
ELECTRICITY COST: .05 S/Kw-H 
PNf.RPiJe. DAILY DEPTH a: DI.;c.HAr\GE: 

~INT£NAIU FACTOR: 1.75 

TAAN~ISSI~ HPE: flxed raho 
HOTOR -

MTEn POWER: 12.7 KW 
MTRCUER: 20.8 jl.W 

OOIvING -
~ hlC USE: 1453.3.2 t..1H1 

t-INPUTS-f 

\,EAR: 1982 
REAL INTffiEST RATE: 10 l 
VEHICLE .5ALVHGE VALUE: 10 4 

ACCESSOOY COST: S 200 

NAI£: NA-S2.1 
BATTEI\~ CfCLE LIFE: 7':1) 
~xI~ SHELF LIFE: 10 \''EAAS 

.2"363671 
WTH OF A DEEP DI~GE: .6 

TYPE: 

AKOONT: 11SS6.1) l.J1/vEAA 

f- OUTPliTS -t 

COST ITEii5-
S eMI 

Bk,;IC VEHIc.u COST 3675.79 3.092 
NlTUi co.;r 241.30 0.203 
CfttirtDu.ER COST 9;,.t..OO 0.787 
E'~ TF.A.\'SI1I5SI~ COST 96.72 O.Obl 
llftTTER( LOW 3154.:-,s .2.654 HIGH 3,11. b5 3.291 ------
INITIAL COST lOW 8104.36 6.81B HIGH 8861.46 7.455 
f.Oi,/NPAY~i LOW 1620.S7 1.364 HIliH li71..2'1 1.491 

REFtACB1/T BATT5 LOW 3154.55 2.654 HIGH 39H.b5 3.291 
REPHIRS ~ KAiNTENANCE 3188.59 2.683 
REPLACEtENT TIRES 207.11 0.174 
IH-.~CE 3471.00 2.927 
GAAHOIN(;,PAAI., TCU 782.50 0.050 
TITLE, REG, LIe, LlM. 605.22 o.::m HIGH 643.07 0.541 
lliCTRICITY 726.66 0.611 
Ff(IH ~ INT LOW 6483.49 5.455 Hl00 700i.17 5.964 ----
OP£AATII«J CCGT lOW 18627.13 15.671 HIGH1~270.6(, 16.213 

VEHICLE SftlVA(£ WLI£ lOW 1963.63 1.652 HIGH 2389.10 2.010 
BATTERY SAlVAGE LOW 0.00 0.000 HlOO 0.00 0.000 

TOIl\. LIFE CYCLE COST lOWI8284.37 15.383 HIGt118653.85 15.694 
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ElECTRIC AND HYBRID VEHIClE COST fI)[E.. 

lCNEIW. -
VEHICLE SIZE: 5-PASS 
CURB WEIGHT: 895 KG 

5 PAX BASaIIE ICE 100ft 1992 

r-INPUTS-t 

YEAR: 1982 

07-18-1984 

REft. INTEREST RATE: 10 X 
vaUClE SALVAGE Vft.l£: 10 l 

WiICLE WEIGfT • WI: 1031 
LIFE: 1323b5.9 KIt ACCES~Y COST: S 200 

BATTERY - twIE: XXX 
BATTERY '-EIGfT: 0 KG BATTERY CYClE LIFE: 750 
RECTRICITY COST: .05 SlKW-H MXII1Uf1 SJ£Lf LIFE: 10 YEARS 
AVERAGE DAILY I(PTH ~ DlSOiAR(£: .11 {£PTH ~ A DEEP DISCHARGE: .8 
ttAINTEtWa FACTOR: 1 

ENGINE - FlEl. COST: .373 SlL 
TArf. CAPACITY: 40 L FLU TYPE: I£TWID.. 
ICE 1'RfIG11 SSlew TYPE: CVT PlIlER: 31 KW 

tfOTOR-
RATED POWER: 0 t::W TYPE: AC 
~TROLLER: 0 KW 
EV TRANSI1ISSION TYPE: flx.d r~ho 

mIVING -
ICE FRACTIONAL RANGE: 100 % 

Af1OlJfT: 13236.59 KlVVEAR 
rv FRACTIONAL RIWGE: 0 1 

fm..W. FIE. USE: 1302 L fHUAI.. rue USE: 0 KlHi 

f- OOTPUTS -t 

COST ITEMS-
S ClIO'! 

BASiC VEHICLE COST 5745.61 4.341 
EHOINE COST 1118.03 0.845 
ICE TRMSI1ISSION COST 346.27 0.262 
I'tlTOR COST 0.00 0.000 
canROLLER COST 0.00 0.000 
EV TRArG1ISSION COST 0.00 0.000 
BATTERY LOW 0.00 0.000 HIGH 0.00 0.000 -----
INITIft. COST Lal 7209.90 5.447 HIGH 7209.90 5.447 
OOIIi'AYIiENT LOW 1441.98 1.089 HIGH 1441.99 1.009 

REPLAC81'T BATTS UJoI 0.00 0.000 HIGH 0.00 0.000 
r6'AI RS Ie AAINTENIW::E 4707.69 3.557 
REPLACEI£NT TIRES 280.22 0.212 
INSURANCE 3479.00 2.628 
GAf\AGI~.PARK. TCU 782.50 0.591 
TITLE. REG. LIC. LOW. 560.50 0.423 HIGH 560.50 0.423 
FIE.-oIL 5002.15 3.779 
aECTRICITY 0.00 0.000 
PRIN ~ ItlT LaI 5767.92 4.358 HIGH 5767.92 4.358 ---
(J'ERATINJ COST LOW 20579.98 15.548 HIGi20579.98 15.548 

VEHIClE SAL~ VALUE LOW 277.97 0.210 HIGH 277.97 0.210 
BATTERY SAL.VAC£ LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAl.. LIFE cva.E COST Ull21743.98 16.427 HIGH21743.98 16.427 
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5 PHX F~2.4 lOON ELE~ 

*-- I1f'lJTS--1 

YC~: 1132 

06-(" 1-19S4 

RE~ nf.IRE3T R,;rr. 10 t 
IJEhiCtl: ~~HUC yALUE: 10 4 

AU:E5,;Ui\y C03T: • 200 

~~: FBAC/KU~.4 
Et1iiEnl t:.,CLE LIrE: "FJJ 
hi14Iliili *t..F LIFE: 10 ~EAAS 

.21~4l'oi 
fiFTh or .. DEEF Di~GC: .6 

TI\;nShi';';Il~. TYFE: tl)r.(oO ratIo 
i'Il. i i:it --

l\HiEij FllwEi\: 40 1\1'1 nFE: 
iA.\ inlu..t:n: 5,; ,,~ 

r..;r:;It.u -- 13236.51 IJI, 1"Et.R 
.iI_,,-lt1I.. EUC u.x:: 2771.213 "'''"11 

s,;';.iC VCHIY£ L-t,3T 
~mun CU';i 
CUt inu....I..ER COST 
E'v T i\Hi'i.)l-.l';'; I UN Cli.) T 
BATTERt lfM 

INjilAL (~3T lOW 
Wwtrt1rhE.NI LOW 

KEFLAo.."".81 T EATT'; LOW 
REt HIK'; " r.rilt.iENANCE 
REFL.AWi:IH TIRES 
IN~Ii\HI~':'E 
Gtti\M61 r..u, F t1f\..... Hl.L 
TIlLE. REG. LIe. LOW. 
ruC.IHIGH) 
PRlloi , INT LIli 

(fEW! TING CO;; r L~ 

t- MFlIi'; -I 

, C/~ 
n91.54 5.51;J 
91.l.VlI O,oBi 

2.k1S.VV 1.6u;:' 
246.45 0.180 

i'No.al i.19a HIGH ~9v.57 ~.637 ---- ----
13751.80 1O.3O~ HIGti14';33.50 10.829 
275v.3o 2.078 HliJH 2006.71 2.106 

2906.81 2.1% HIGH 3490.57 2.037 
2';Lo.27 1.757 
~.60 0.275 

347$.vv 2.o2a 
702.50 O. '591 
807.59 0.671 HIGH 916.68 0.693 

1385.01 1.047 
11001.44 8.311 HIGHl14bb.B5 B.6b3 -----
23134.81 17.478 HIGH23029.31 17.652 

~'EHICL£ SALVAGE VALUE L~ 2477.07 1.871 HIGH 2888.87 2.182 
BATTER) SALVHG£ L~ 40.16 0.030 hIGH 40.16 0.030 

TOTAL. LIFE CYCl..£ COST L~23307.95 17.654 HIGf23507.00 17.804 
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ELfCTRIC MIl HYIIUD YEHIClf COST fOE. 

l00-ft1 Blftl.M ~ EV 

f-ltflUTS __ 

08-29-1984 

IBEWL -
VEffIa.£ SIZE: 5-PASS 
am ~I(JiH 1498 KG 
I,fHIa.£ tl:IGfT • WT: 1634 
LIFE: 131434.9 K" 

BATTERY-
~TTEJ(Y WEIGfT: 404 KG 
ELECTRICITY COST: .05 S/KW-H 
~ MILY lfPTH 0= DI5CHAR(f:: 

MINIDWa F~T(JU .5 

TRAHSfnSSI(If TYPE: fixed raho 
fIlTtfl-

RATED PtIIER: 41.2 KW 
00fm<U.£R: 45.7 KW 

OOIVINi -
AftlW. ElEC USE: 2128.121 K\Hi 

YEAR: 1982 
REAL INTEREST RATE: 10 X 
VEHIa.E SIl.VIa VIllE: 10 t 

ACCESSOOY COST: t 200 

HAlE: PB-AC/BIPL 
~TTERY CYClf LIFE: 7fiJ 
MXUUt SH:l..F LIFE: 10 YEARS 

.2217449 
IFTH 0= A DEEP DI~: .8 

TYPE: 

AnOUNT: 13143.49 ~/YEAR 

f- WTPUTS-f 

COST nals-
t C/KI't 

BASIC VEHICLE COST 6868.21 5.226 
I'I)ltfl COST 782.80 0.596 
00fTRW.ER COST 2056.50 1.565 
EV TRAHSHISSI(ft COST 212.51 0.162 
BATTERY L~ 2203.64 1.677 HIGH 3305.45 2.515 --
INITIN.. COST L~ 12123.65 9.224 HIGHI3225.47 10.062 
InIf>AYIEHT ~ 2424.73 1.845 HIGH 2645.09 2.012 

REPlJa!'t'T IrITTS L€M 2203.64 1.617 HIGH 3305.45 2.515 
REPAIRS ft MINTEIWa 1566.48 1.192 
REPl.fWENT TIHES 333.18 o.m 
IIISlIWa 3479.00 2.647 
GMAGItIJ.PARk. l(u 782.50 0.595 
TITLE. REG. LIC. ~. 806.18 0.613 HIGH 861.27 0.655 
ElECTRICITY 1064.06 0.810 
PRJ" " INT L€M 9698.92 7.379 HIGHI0580.38 8.050 ---
(fERATIr«J COST l(M 19933.97 15.166 HIGH20870.51 15.879 

VEHICLE SIl.V/a Wl.l£ l€M 1817.14 1.383 HIGH 2534.48 1.928 
BATTERY SIl.VAGE l€M 33.53 0.026 HIGH 33.53 0.026 

TOlft. LIFE CYClE COST LOI20508.02 15.603 HI1Jf20947.S9 15.938 
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ELEC.TRIC A/,D HYb:IlID VEHHli COST MODEL 

Gad\~ -
V811tll SIZE: 5-f'ASS 
Cl.nt/ WClunT: 1545':G 

5 PAX NIFE2.4 100M ELEC 08-01-1984 

.-.-INtUTS-; 

'tF.AA: 1$82 
REAL INIERE';T RAT£: 10:C: 
Y'Elijtll SkLVAC.£ V,;t.l/E: 10 Yo 

vEtllCLE WEI (ffi ,Wr: 1 &31 
LIFE: 132365.9 kK 

BttiTEfil' -
&iTTffi~ WfiGtlT: 437 KG 
illCTRrCITi COST: .OS $/':W-H 
AY'Efi~ DAILY DEPTH OF DI5CHhR"U£: 

TRAlc3l1iSSI~ TYFE: flXfd raho 
liloTffi --

RtlTED FOiJCfi: 42.4 KW 
CC~TnlL..fR: 47 ... W 

ACCESSORY COST: 5 200 

NAME: NI-FE2.4 
BATTER', OCLE LIFE: 1500 
Hri.\l1Wi1 SriELF LIFE: 10 Y'EARS 

.20755v6 
DCFTH Of A DEEF DI~GE: .8 

T'rPE: 

MWtH: 13236.59.:1'IIYEAA 

t-- OU1PUT~ -f 

co.;r ITEMS-

B.;&IC VEtiICLE COST 
rtJilklW5T 
W'HRl,,-LEf\ CU~ T 
EV Tfv1I,.:.J1ISSICtt w.;T 
Bt-. i r £k 'y LOW 

INITIAL C03T LOW 
OOWkr;'YM~t4i lOW 

REFLACEM T BATTS L(l,I 
REP"II\'; " r.riilH~ 
REF'L.ItCEl£NT TI I\ES 
Ih.;uN.f,(E 
G:i\;:.GINC.,PAAK, TCU 
TIlLE, REG. LIC. LOW. 
illCTRIc.nV 
PRIN Ie INT LOW 

CfEAATINJ CCGT L(M 

$ e/KK 
693&.52 5.:24L 
&05.60 0.009 

2115.0& 1 <:r,~, ... no 
21&.55 0.165 

407&.12 3.534 ---- -----
14755.79 11.148 
2951.10 2.23<.1 

0.00 0.000 
2703.51 2.042 
.142.30 0.259 

3479.00 2.62B 
7a2.50 0.591 
937.79 0.708 

1740.23 1.315 
11&04.63 B.9lE; -----
21789.96 16.462 

HIGH 519.91 3.927 

HIGH15275.58 11.540 
hICtH 3\155.12 2.303 

liIGI 0.00 0.000 

HIGI 9bj.78 0.728 

HIGHl2220.47 9.232 

HIGH22231. n 16.796 

VEHICLE SALVAGE VALUE LOW 388.54 0.2)4 HIGH 388.54 0.294 
BATTERY SAI..~AGE l.DW 149.07 0.113 HIGH 149.07 0.113 

TOTAL LIFE CYCLE COST LOW24203.51 18.285 HIGH24749.30 IB.698 
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ELECTRIC AND HYBRID VEHIClE COST I'IODEL 

C,ENLRAL -
VEHIClE SIZE: ~ASS 
W\B w.:IiXiT: 1399 I<-c, 

5 PAX NIZN2.0 100M ELEC 

f--WPlITS--f 

YEAh: 19S2 

08-01-1934 

!\EAL INTEfiEST RATE: 10 X 
VEHICLE SALVAGE VALUE: 10 X 

VHiIClE WEIGHT • WT: 1535 
LIFE: 1~"3t.5. 9 KI1 ACCESSffiY COST: S 200 

BATTERY -- NAMt: NI-FE2.4 
~ TTEI\Y "'EIGHT: 33b 1<-0 BATTER, CVQ.E LIFE: 600 
ELECTfiiCITY oo3T: .05 S/l<-~-H MAXIMU.'1 SHEI.F LIFE: 10 'tEARS 
A~'EF.AGE DAIL'I DEFT rl or DISU1I1i\G£: .2042C4; 

DEFTIi OF PI DttF' DI3C!W\G£: .8 
I1Aj~TEI,jA,·.CC FACTOrt: .75 

T1\;'/l.:,I'iI';SIW TVFE: fl,,~d r iho 
110TCII1 -

RHTED FlJWEfi: 30.7 "W riFE: 
W'lTnIl.LER: 43 Klot 

DRIVING - AHUUNT: 13236.59 IJ1/'rEAR 
IW .... ;,:.L &EC USE: 25-+6.371 I<-iot-H 

1-- OOTF'lIT3 -f 

COST ITEH3-
S ClKI'I 

Bk3IC VEHICJE COST 670b.$4 S.ooa 
I"liTu.; co.;r 7S5.30 0.556 
c..: •• 'j;;JiliR COST 1935.00 1.402 
f'y' Tl\riN3r1 I 5S 1 Of, Co..; T 199.1~ 0.151 
BATTEI\Y LOW -,... .. , ... , ,...'" 

,j(j~.;,.o.;, 2.809 HIGH 4248.70 3.210 -----
ItHiIAL (.oST LOW 13403.02 10.126 HIGHl38Z7.89 Iv.447 
OOWIHHi£t.T LOW 208(1.60 2.025 HIGH 2765.58 2.081' 

REPuiCiWT BtlTTS LIlI 3823.83 2.009 HIGH 4240.70 3.210 
~PAIRS " I1AINiENANCE 1949.03 1.472 
!\EFiltCEl-EH TlItES 328.35 0.248 
Ih~t1l.CE 3479.00 2.628 
GAAAGIh(.,PARl(, TOLl. 782.50 0.591 
TiTLE. !\EG, LIe, LOW. B70.1S 0.6'5l HIGH 891.39 0.673 
ELECTRICITY 1273.19 0.962 
PRIN " INT La4 10722.42 8.101 HIGHl1062.32 8.357 ----
CfEAA TING COST LOW ~22B.47 17.549 HIGH23589.6J 17.822 

VEHICI.E SAlV~ VALUE LOW 2076.98 1.569 HIGH 2266.72 1.712 
&iTTER, SALIJAGE LOW 114.62 0.087 HIGH 114.62 0.087 

TOTAL LIFE CYCLE COST LOW23717.48 17.918 HIGH23913.8S 18.112 
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ElECTRIC IWJ HYBRID VEHIa.E COST ron 
I()(HtI IN/fIR 5-P EV 

f-ItflJTS-f 

08-29-1984 

OO£RPL -
VBfIa.E SIZE: 5-PASS 
ems IEIGfT: 1700 KG 
VEHICl£ IEIGfT • WT: 1836 
LIFE: 132365.9 KIf 

MTTERY -
M1TERY IEICJfT: 544 KG 
ElECTRICITY COST: .05 SlkIHf 
~ DAILY !£PTH (f DI~: 

MINTENAfa FAt rou 2 

TRANSltISSI~ TYPE: fixed ratIo 
11)]"00 -

RATED mER: 46.3 KW 
CONTROLlER: 51.4 KW 

IIUVIMi -
AfH.IIl. El£C USE: 4842.51 kIHf 

COST HOO-
f 

BASIC VEHICl£ COST 7183.03 
mTm COST 879.70 
ClJfTRru.ER COST 2313.00 
EV ~ISSI~ COST 239.01 
BATTERY La. 2682.98 

YEAR: 1982 
REAL INTEREST RATE: 10 % 
VEHIClE SALW« VAlLE: 10 % 

ACCESSOOY COST: f 200 

NAHE: ZH-BR2/2.4 
BATTEkY CYa.E LIFE: 750 
ftAXlI'Ut Sf£l..F LIFE: 10 YEARS 

.2387005 
IEPTH CF A I£EP DISOiAR(£: .8 

At 

AIlU4T: 13230.59 KIf/YEAR 

C/Kn 
5.427 
0.665 
1.747 
0.181 
2.027 HIGH 4614./3 3.486 ----

IHITIfl. COST La. 13297.73 JO.046 HIGU5229.47 11.500 
IDfi'AYt£NT La. 2659.55 2.009 HIGH 3045.89 2.301 

REP\.ACEJt'T BAT rs La. 2682.98 2.027 HIGH 4614./3 3.486 
REPAIRS" f1AINTBRa 3835.24 2.897 
REPL.ACEJ£HT TIRES 357.10 0.270 
INSUWa 3479.00 2.628 
GARAGINi,PAff(. T(U 782.50 0.591 
TITLE. f£G. LIC. La.. 864.89 0.653 HIGH 961.47 0.726 
El£CTRICITY 2421.26 1.829 
PRIM Ir INT La. 10638.18 8.037 HIGHI2183.58 9.204 --
Cl'ERATII(, COST La. 25061.15 18.933 HIGH26703.13 20.174 

\9fIClE SAl.V~ YI1..LE La. 1879.26 1.420 HIGH '037.68 2.219 
alTTERY SALVIa WI 53.31 0.040 HIGH 53.31 0.040 

TOTIt. LIFE CYa.E COST LOO5788.12 19.482 HIOO6758.04 10.215 
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ElECTRIC ~ HYBRID VEHIClE COST lOR 

1()(Ht1 ZN/CL 5-P EV 

f-JhflITS-f 

08-29-1984 

OOERAI.. -
VEHICLE SIZE: 5-PASS 
ems ~IGiT: 1499 KG 

¥EM: 1982 
REAL INTERE:ST RATE: 10 % 
VEHIClE Slt.W« VAlle: 10 y. 

VEHIClE ~IGiT • WT: 1635 
LIfe: 132365.9 KI1 ACC£SSOOY COST: $ 200 

BATTERY - IW£: ZtHUl2.4 
BATTERY WEIGHT: 406 KG BATTERY CYClE LIFE: 1500 
ElECTRICI rv COST: .05 S/XW-H ftAXIfUI Sf£l.F LIfE: 10 YEARS 
~ DAILY I£PTH (F DI5Owa:: .2203587 

DEPTH (F A IHP DISOMiE: .8 
ftAINrEWta FACTOO: 2 

TRANS'USSIIlf TYPE: fixed rit! 0 
fl}TOO-

RATED mER: 41.2 KW 
~THCt.LfR: 45.8 KW 

MIVItil - AfDMT: 13230.59 J(Jf/YEM 
(HfJAI.. ElEC USE: 3909.403 J(1Hf 

COST ITEttS-

BASIC VEHIClE COST 
PlJTOO COST 
~TRa..lER COST 
EV TRAHSI1IS~I(J4 COST 
BATTERY L(If 

INITIAl COST L(If 
OOH'AYr£HT LOW 

REPLACat'T BATTS L(If 
REPAIRS II ItAINTENAN:E 
REPI.JICElENT TIRES 
INStRAfa 
GARAGINJ. PM!(. TIll 
TITLE. REG. LIC. LOW. 
ElECTRICITY 
PRIN '" IHT LOW 

tfERATIMi COST LOW 

f- OOTPUTS -; 

$ 
6860.50 
782.80 

2061.00 
212.97 

5031.18 

C/IOt 
5.183 
0.591 
1.557 
0.161 
3.801 HIGH 5232.42 3.953 

14948.44 11.293 HIGH15149.69 11.445 
'P89.69 2.259 HIGH 3029.94 2.289 

0.00 0.000 HIGH 0.00 0.000 
3835.24 2.897 
337.90 0.255 

3479.00 2.628 
782.50 0.591 
947.42 0.716 HIGH 957.48 0.723 

1954.70 1.4n 
11958.76 9.035 HIGH12119.7S 9.156 -----
23295.53 17.599 HIGf23466.59 17. 729 

VEHIClE Slt.Vf« VAllE L(If 382.35 0.289 HIGi 382.35 0.289 
amERY Slt.VA££ LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAl.. LIFE CYClE COST l0W2S902.86 19.569 HIGH26114.17 19.729 
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ELECTRIC AND HYBRID VEHICLE COST MODEL 

5 PAX FEAIR2.4 100M ELEC 01-01-198(J 

GENEF.AL --
VEHICLE SIZE: 5-PASS 
CURB WEIGHT: 1401 KG 
VEHICLE WEIGHT ,WT: 1537 
LIFE: 132365.9 KM 

BATTERY 
BATTERY WEIGHT: 
ELECTRICITY COST: 
AVERAGE DAILY DEPTH 

3::;8 I(G 
• 05 $I KW-H 

OF DISCHARGE: 

*--INF'UTS--* 

YEAR: 1982 
REAL INTEREST RATE: 10 I. 
VEHICLE SALVAGE VALUE: 

ACCESSORY COST: $ 200 

NAME: FE-AIR2.4 
BATTERY CYCLE LIFE: 500 

10 I. 

MAXIMUM SHELF LIFE: 10 YEARS 
.2255741 

DEPTH OF A DEEP DISCHAF.GE: .8 
MAINTENANCE FACTOR: 2 

TRANSMISSION TYFE: flxed ratlc 
MOTOR --

RATED POWER: 38.7 KW 
CO~TROLLER: 43 KW 

DRIVING --
ANNUAL ELEC USE: 4367.761 KW-H 

TYPE: AC 

AMOUNT: 13236.59 KM/YEAR 

*-- OUTPUTS --* 

COST ITEMS-

BASIC VEHICLE COST 
MOTOR COST 
CONTROLLER COST 
EV TRANSMISSION COST 
BATTERY LOW 

INITIAL COST 
DOWNPAYMENT 

LOW 
LOI>J 

REPLACEM'T BATTS LOW 
REPAIRS & MAINTENANCE 
REPLACEMENT TIRES 
INSURANCE 
GARAGING,PARK, TOLL 
TITLE, REG, LIC, LOW. 
ELECTR I C ITY 
PRIN 8c INT LOW 

OPERATING COST LOW 

$ 

6708.94 
735.30 

1935.00 
199.95 

3014.35 
-------

12593.54 
2518.71 

6028.70 
3835.24 

328.54 
3479.00 

782.50 
829.68 

2183.88 
10074.83 
-------

27542.37 

C/KM 
5.068 
0.556 
1.462 
0.151 
2.277 HIGH 5516.26 4.167 

------
9.514 HIGH15095.45 11.404 
1.903 HIGH 3019.09 2.281 

4.555 HIGH11032.52 8.335 
2.897 
0.248 
2.628 
0.591 
0.627 HIGH 954.77 0.721 
1.650 
7.611 HIGH12076.36 9.123 

------
20.808 HIGH29669.00 22.414 

VEHICLE SALVAGE VALUE LOW 3207.74 2.423 HIGH 556::;.63 4.203 
BATTERY SALVAGE LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAL LIFE CYCLE COST LOW26853.35 20.287 HIGH=7124.46 20.492 
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ELECTRIC Ali) HYBRID VEHIClE COST tIlE. 

10000I LI/fES 5;) EV 

t-ItflUTS-fo 

08-29-1984 

00EWl. - YEM: 1982 
t.fHIClE SIZE: 5;)ASS 
rum 'l:IGiT: 1369 KG 

~ INTEREST RATE: 10 X 
VEHIClE Slt.VIn: Wt.1£: 10 X 

t.fHIClE 'l:IGfT ,NT: 1505 
LIFE: 132365.9 KIt ACCESSOOY COST: f 200 

BATTERY - NA/'E: LI-FE-52.4 
MTTERY 6I:I1JfT: 316 KG MTTERY CYClE LIFE: 750 
ELECTRICITY COST: .OS SlKW-H MXItlItt St£l..f LIFE: 10 YEARS 
At,£RAGE MIL Y IEPTH (f' DISCHARGE: .174862 

IIPTH OF A £EEP DISCHARGE: .8 
MINTENAfa FACT(R: 1.25 

'TRAHSI'IISSI~ TYPE: hxed ratio 
I'l)TCR-

RATED roo: 37.9 KW 
~TRW.ER: 42.1 KW 

IIUVI t«i --
AtftJAI.. ELEC USE: 2988.141 KW-H 

AtO.NT: 13236.59 KM/YEAR 

f- OOTPUTS --t 

COST IT81S-
$ C/K" 

BASIC YEHIa.E COST WS7.70 5.030 
I'()TOO COST 720.10 0.544 
~TR(UER COST la-,14.5O 1.431 
EV TRANSf1ISSI~ COST 195.77 0.148 
BATTERY Lo. 3815.35 2.92a HIGi 4611.66 3.484 ---
INITIAL COST Lo. 13343.41 10.081 HIGiI40T9.72 10.637 
OOWAvt£HT LIlI 2668.68 2.016 HIGi 2815.94 2.127 

REPLAcan BATTS Lo. 3875.35 2.928 HIGi 4611.66 3.484 
REPAIRS It rlAlHTEHAta 2703.51 2.042 
REPLACeENT TIRES 325.49 0.246 
INSOOANCE 3479.00 2.628 
GAROO It«" PARK, Till 782.50 0.591 
TITLE. REG. LIC. LIlI. &7.17 0.655 HIGi 903.99 0.683 
ELECTRICITY 1494.07 1.129 
PRIM It INT LIlI 10674.73 8.065 HIGiI1263.78 8.510 -----
a'ERATIf«J COST LIlI 24201.81 18.284 HIGi24827.68 18.757 

VEHIClE SIt.~ VALlE LOW 3993.35 3.017 HIGi 4682.73 3.538 
BATTERY Slt.VA(£ LIlI 51.19 0.039 HIGi 51.19 0.039 

TOTAL LIFE CYClE COST LOO2825.95 17.245 HIGI22909. 71 17.308 
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ELECTRIC AND HYBRID VEHICLE COST HODEL 

5 PAX NA32.4 100M ELEC 

f-- INI'lfTS--f 

WU.A:..- YEAR: 1982 
VE'tiICLE SIZE: 5-PASS REA~ INTEREST RATE: 10 4 
CUF.P WEiGHT: 1266 KG vIHlw.E ~.kLVAGE VALUE: 10 I. 
VEHIC .... E WEIGHT, wr: 1402 
LIFE: 13:365.9 KM ACCESSORY COST: $ 200 

EtiTm:V -- NA.~E: NA-S2.4 
SA: I t.."\ Y 1.'EIG1-:i: 245 KG B~TTEP.Y CYCLE LIFE: i""..Il 
aE:.TRrCm C():T: .05 S/KloI-H MAXI HUM SHEi..F LI FE: 10 YEAf'S 
AVERAGE DAILY DEPTH OF D!SOiA~: .2005~ 

DEPTH or A DEEP DI SCHAiTI: • S 
MAI~ffiNAN:E FACTO~: 1. 75 

C02T I'IDlS-

IN!TIkL COST LO~ 
roWllPAr'ME,'.jT LOW 

P.EF'LACIJ'!'T BATTS LOW 
FrPAIF:2 $; MrIINTElUtN:£ 
REPLAC81ENT TIRES 
INSURANCE 
GAF,hS INS, F A.~X, TiX.L 
TITLE, REe, LIe, LO:!. 
a£CTRICITY 
F'IUtI & INT LOW 

CfERATINJ COST L!X4 

TYPE: 

f-- O'JTPUTS --I 

S W:!'! 
t4~3. 66 4.90t 
b7(J.70 05~: 
17t8.5~ 1.3~, 
lS:.~1 0.128 

515:.19 3.393 HIGH 5424.51 4.0~ 

14=:t,8.90 10. 7S-) HIGH!45~~.12 10.985 
2853.78 2.156 HIGH 2908.0~ ~.117 

5153.21 3.893 HIGH 5424.51 4.098 
3458.00 2.612 
315.65 0.2::3 

3479.(10 :.6:E: 
7E'::.5C' 0.591 
913.44 0.6$'0 HIGH 927.01 0.700 

1274.81 0.963 
11415.12 8.624 HIGH11632.10 8.789 
------- ------

26791.81 20.241 HIGH:7022.3S 20.415 

VEHICLE SALVAC.r VALUE LCIi 4369.83 3.301 HIGH 4531.32 3.461 
BATTERY SALVAGE L!X4 0.00 0.000 HIGi 0.00 0.000 

TOTAl LIFE CYCLE COST L!X425273.76 19.095 HIGH25349.0b 19.151 
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ELECTRIC AND HYOOID VEHIClE COST fIlIEI.. 

5 PAX BASELIt£ HI 1~ ELEC 07-18-1984 

1--Itf'UTS-f 

G8£RA1.. - YEAR: 1982 
VEHIClE SIZE: 5-PASS R£AL INTEREST RATE: 10 I 
CURB IEIOO: 89S KG 
VEHIClE IEIGfT • WT: 1031 
LIFE: 150110 KM 

VEHIClE SALVAGE VALLE: 10 X 

ACCESSOOY COST: S 200 

BATTERY - NAME: XXX 
BATTERY I£IGfT: 0 KG BATTERY CYCLE LIFE: 750 
ELECTlUCIri COST: .05 S/"'W-+I HAXII1Ri Sl£LF LIFE: 10 VEMS 
AVERAGE DAILY DEPTH OF DISCHAR~: .11 r£PTH OF A DEEP DI~: .8 
ttAINIDWa FACTOO: 1 

ENGltE - FUEL COST: .373 S/L 
TIW< Ctf'ACITY: .a L FlEL TYPE: PEnwa. 
ICE TRANSrlISS 100 TYPE: CVT PIllER: 31 KW 

KOTOR-
RAiED POI£R: 0 KW TYPE: AC 
ClWTROlLER: 0 KW 
EV TRANSIUSSI~ TYPE: fixed riho 

OOIVING - AI"OOIT: 15011 KM/YEAR 
ICE FRACTI(HL RANGE: 100 X EV FRACTIOOAl. RAUGE: 0 X 
lWilAI.. Fl£l. USE: 1511 L riH..IAI.. ELEe USE: 0 KW-+i 

t-- OOTPUTS -f 

COST ITEI'IS-
S C/KM 

BASIC VEHICL£ COST 5745.61 3.828 
ENGINE COST 1118.03 0.745 
ICE TRAN3I1ISSIOO COST 346.27 0.231 
I'llTM COST 0.00 0.000 
W.TRCtiER COST 0.00 0.000 
EV TRANSHISSI~ COST 0.00 0.000 
BATTERY LOW 0.00 0.000 HIGH 0.00 0.000 ------
INITIAl. COST LOW 7209.90 4.803 HIGH 7209.90 4.803 
WWA'y'KENT LOW 1441.98 0.961 HIGH 1441.98 0.961 

REPLACan BATTS LOW 0.00 0.000 HIGH 0.00 0.000 
f£PAIR5 " HAl NTENi'la 5175.05 3.448 
REPlACE£HT TIRES 353.34 0.235 
INSIJWa: 3479.00 2.318 
GARA6ING.PARK. Till 782.50 0.521 
TITLE. REG. LIe. LOW. 560.50 0.373 HIGf 560.50 0.373 
FlEL-oIL 5BOS.l1 3.867 
ElECTRICITY 0.00 0.000 
PRIN Ir INT LOW 5767.92 3.842 HIGf 5767.92 3.842 ----
«PERATINI COST WI 21923.43 14.605 HIGH21923.43 14.605 

VEHIa.£ StlLVAGE VALlE UII m.n 0.185 HIGf 2n.97 0.185 
BATTERY SAL.Vra L(II 0.00 0.000 HIGf 0.00 0.000 

TOTAL LIFE cv(u COST L.DW23087.44 15.380 HIGH23087.44 15.380 
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ELECTRIC AND HYmID VEtHUE COST t()IEl. 

!E£Rtt. -
VEHIUE SIZE: 5-fASS 
rum lEIGH: 2366 KG 

5 PAX PBAC2.4 150M ElEC 

t-IN'UTS-f 

YEM: 1982 

08-00-1984 

REAl INTEREST RATE: 10 I 
VEtHaE SALVAGE VAlLE: 10 7. 

VEHIaE I£IGiT • W1: 2502 
LIFE: 150106.7 !Of ACCESSOOY COST: $ 200 

BATTERY - NAME: PBAC/AD2.4 
BATTERY IEIGiT: 1001 KG BATTERY CYUE LIFE: 750 
a.ECTRICITY COST: .OS SlKIHf MXIHltt Sl£lF LIFE: 10 YEARS 
AYERA(£ DAILY [EPTH (f' DISOfAR(',f: .1667522 

ID'TH (f' A rEEP DISOfAR(£: .8 
MINTEHAfa FACTOO: 

TRANSlnSSIa. TYPE: hxed ratIo 
II)Too-

RATED POWER: 63 KW TYPE: 
C()4TR1llER: 70 KW 

OOIVIM1 - A'OlH: 1~10.67 KIf/YEAR 
AtH.W.. ELEC USE: 3862.698 KW-tf 

t- OOTPUTS -f 

COST ITEI'tS-
$ C/KIf 

BASIC VEHIetE COST 8255.97 5.500 
HOTOO COST 1197.00 0.797 
mmnlER COST 3150.00 2.099 
EV TRANSP1ISSI~ COST 325.50 0.217 
BATTERY LR4 4555.14 3.035 HIGH 5466.17 3.642 -----
INITIAL COST LlJI 17483.62 11.647 HIGHIB394.65 12.254 
OOWAYPtENT LlJI 3496.72 2.329 HIGH 3678.93 2.451 

REPlAC81'T RATTS 1111 45.'i5.14 3.035 HIGH 5466.17 3.642 
REPAIRS" MINTEt*V£f 2633.01 1.754 
REPt..ACeENT TIRES 530.49 0.353 
INSInNCE 3479.00 2.318 
GARAGIrtJ.PARK. TflJ. 782.50 0.521 
TITLE, REG. LIC. LlJI. 1074.18 0.716 HIGH 1119.73 0.746 
ElECTRICITY 1931.35 1.287 
PRIN It INT LlJI 13986.89 9.318 HIGH14715.72 9.804 ----
fWRA TIrfJ COST 1(11 mn.'[il 19.~1 HI6H29746.94 19.817 

VEHIetE SALVAGE VALLE LlJI 4987.95 3.313 HIGH 588S.B6 3.921 
BATTERY SALVAGE La. 68.13 0.045 HIGH 68.13 0.045 

TOTAL LIFE CYetE COST l0W27413.21 18.262 HIGi27471.BB 18.302 
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meTRIC AND HYmID 'kHIClE COST fUEL 

l5O-it1 BIPIl.M H EV 

--INPUTS--* 

08-29-1984 

GEt£RfL -
VEHIClE SIZE: 5-PASS 
QfiB ":IGfT: 2007 KG 
VEHIClE ~IGfT • WT: 2143 
LIFE: 150100.7 "" 

BATTERY-
9lTIERY ":IOOT: 754 KG 
ElECTRICITY cosr: .05 SlIGHt 
AYERA££ DAILY IfPTH (J' DISCHARGE: 

HAINTENAta FACTm: .5 

lRAHSPtISSI£* TYPE: f1xed raho 
I'IJTI~ -

RATED mER: 54 I(N 
~TRW.ER: 60 IGI 

IRIVItfi -
AIft.W.. mc USE: 2950.161 IGHt 

YEAR: 1982 
REAL INTEREST RATE: 10 1 
VEHIClE SAlV~ Vfl.l£: 10 X 

ACCE5SmV COST: S 200 

tw£: PS-AC/BIPL 
BATTERY CYClE LIFE: 750 
flAXUU. St£lF LIFE: 10 YEARS 

.1606102 
IEPTH (f- A IEEP DISCHARGE: .8 

T~: ftC 

APOJfl: 15010.67 ,,"/YEAR 

__ WTPUTS --t 

COST lTOO-
$ C/KIt 

BASIC 1JEH1Cl£ COST 7681.97 5.118 
'«HCR COST 1026.00 0.684 
ctWTRQlER COST 2700.00 1.799 
fY TRANS'USSI£* COST 279.00 0.186 
BAntRy Lal 4112.73 2.740 HIGH 6169.09 4.110 ----
INITIAl COST 1m 15799.10 10.526 HIGfI7856.00 11.896 
IOWAYtEHT Lal 3159.94 2.105 HIOO 3571.21 2.379 

REPlACEI'I'T BATTS L(II 0.00 0.000 HIGt 0.00 0.000 
r£PAIRS Ie I'IAINlEHAta 1709.86 1.139 
REPl.AC8£NT TIRES 487.25 0.325 
IIISlIWa 3479.00 2.318 
~INJ.PM<. Tlll 782.50 0.521 
TITtf. REG. lie. L(II. 989.98 0.660 HlOO 1092.80 0.728 
afCTRICITY 1475.08 0.983 
PRIN Ie INT L~ 12639.76 8.421 HlOOI4284.85 9.516 ----
CJlERATJNJ COST Lal 21563.43 14.365 HIGf23311.35 15.530 

IJEHIClE SAlV~ VAll{ UII 450.58 0.300 HIGH 450.58 0.300 
~1TERY SAlVia L~ 62.58 0.042 HUff 62.58 0.042 

TOTAl liFE CYClE COST L(II24210.21 16.129 HIGH26369.39 17.567 
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ELECTRIC AND HYBRID VEHICLE COST MODEL 

5 PAX NIFE=.4 15~M ELEC ~1-~1-198~ 

GENEF:AL --
VEHICLE SIZE: 5-PASS 
CURB WEIGHT: 1875 ~G 
VEHICLE WEIGHT, WT: 2~11 
LIFE: 15~1~6. 7 f~M 

BATTERY --
BATTERY WEIGHT: 664 f~G 

*--INPUTS--* 

YEAR: 198= 
REAL INTEREST RATE: 1~ /. 
VEHICLE SALVAGE VALUE: 

ACCESSORY COST: $ 2~~ 

NAME: NI-FE2.4 
BATTERY CYCLE LIFE: 15~~ 

1~ /. 

ELECTRICITY COST: .~5 S/KW-H MAXIMUM SHELF LIFE: 1~ YEARS 
AVERAGE DAILY DEPTH OF DISCHARGE: 

MAINTENANCE FACTOR: 1.25 

TF.ANSMISSION TYPE: fl::ed ratlo 
MOTOR --

RATED POWER: 5~.7 KW 
CONTROLLER: 56.3 fW 

DRIVING -
ANNUAL ELEC USE: 

.1729227 _ 
DEPTH OF A DEEP DISCHARGE: .8 

TYPE: AC 

AMOUNT: 15~1~. 67 .··M/YEAR 

*-- OUTPUTS --* 

COST ITEMS-

BASIC VEHICLE COST 
MOTOR COST 
CONTROLLER COST 
EV TRANSMISSION COST 
BATTERY LOW 

INITIAL COST 
DOWNPAYMENT 

LOW 
LOW 

REPLACEM'T BATTS LOW 
REPAIRS ~ MAINTENANCE 
REPLACEMENT TIRES 
INSURANCE 
GARAG I NG • PARf~, TOLL 
TITLE, REG, LIC, LOW. 
ELECTRICITY 
PRIN g, INT LOW 

OPERATING COST LOW 

:t 
7465.27 

963.3eJ 
2533.50 
261.79 

6598.17 
-------
17822.~4 

3564.41 

~.~!Z) 

3~94.59 

471.36 
3479.~eJ 

782.5~ 

1~91.11Zl 

226~.16 

14257.63 
-------

=5436.34 

C/f,M 
4.973 
~.642 

1.688 
eJ.174 
4.396 HIGH 7331. 3~ 4.884 

------
11.873 HIGH18555.17 12.361 
2.375 HIGH 3711.~3 2.472 

eJ.~~~ HIGH ~.~~ 

2.~62 

~.314 

2.318 
~.521 

~.727 HIGH 1127.76 ~.751 

1.5~6 

9.498 HIGH14844.13 9.889 
------
16.946 HIGH26eJ59.5~ 17.361 

VEHICLE SALVAGE VALUE LOW 432.73 ~.=88 HIGH 432.73 0.288 
BATTEhY SALVAGE LOW 2=6.5~ ~.151 HIGH 226.50 ~.151 

TOTAL LIFE CYCLE COST LOW28341.52 18.881 HIGH29111.3~ 19.~94 
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ElECTRIC AND HYBRID VEHIClE COST I1OIE. 

IE£RtL -
YEHIU£ SIZE: 5-PASS 
CI~R IEIM: 1669 "" 

5 PAX NIZN2.0 150ft El.£C 

f-HfllTS-f 

YEAR: 1982 

08-00-1984 

REAl.. INTEREST RATE: 10 1: 
VEHIClE SALVAGE VAlLE: 10 1-

VEHIa E ~I~T t WT: 1805 
LIFE: 150106.7 ~ ACCES5mV COST: $ 21.'lO 

RATTFRY - ~: NT-IN 
flATTfRV IETfltT: 512 KG BAffiRY CYClE LIFE: 600 
ElECTRICITY COST: .05 SlKW-H ItAXIttIt SI£LF LIFE: 10 YEARS 
AI.9WC MILV IEPTH (f" DIS£W.RGE: .164038 

[(PTH OF A DEEP DI~: .8 
I1AINTENAtf'.E FAl'1m: .75 

TRAHSHISSION TVPE: ftxt'd ratIo 
PllTffi-

RATEO POWER: 45.5 KW TYPE: 
I'fflTRflI FR: ~. "i k'W 

MIVIN3 - AtnM: 15010.67 Ktf'YEAR 
AtftJAI.. mc USE: 3242.685 Kw-H 

f- OOTPUTS -f 

COST ITEftS-
$ C/Ktf 

BASIC VEHIClE COST 7138.74 4.756 
KlTM COST 864.50 0.576 
C(WJR(lJ.ER COST 2272.50 1.514 
EV TRAH.;ltISSICW COST 234.83 0.156 
BATTERY La. 4996.96 3.329 HI~ 5496.66 3.662 ----
INI rIft. COST La. 15507.53 10.331 HI~I6007.22 10.664 
OON'AYP£NT Lc.I 3101.51 2.066 HI~ 3201.44 2.133 

REPUICEt'!'T BATTS La. 4996.96 3.329 HIGH 5496.66 3.662 
REPAIRS tt I1AINTENAf«:E 2171.43 1.447 
REPLAC9£NT TIRES 446.55 o:~n 
I~CE 3479.00 2.318 
GARAGIN1. PARK. 1lll 782.50 0.521 
TITLE. REG. LIC. Lc.I. 975.38 0.650 HIGH 1000.36 0.666 
ElECTRICITY 1621.34 1.000 
PRIN & INT L.c.I 12406.02 8.265 HIGHI2805.7B 8.531 ----
CfERATINI COST La. 26879.18 17.907 HIGH27303.93 18.190 

VEHICLE SALVra VAlLE L.c.I4166.08 2.775 HIGH 4542.17 3.026 
BATTERY SAlVAGE lOW 320.40 0.213 HIGH 320.40 0.213 

TOTAl LIFE Cva..E COST L0W2S494.21 16.984 HIGH25642.80 17.003 
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ELECTRIC AN!J HYIIUD \efI(ll COST fOR 

I~I ZNfER 5-f EY 

f-IfflIT5-f 

08-29-1984 

(B£RpL. -
VEHICLE 51 ZE: 5-PASS 
ems !EIGfn 2366 KG 

YEAR: J982 
RErL IHTERf:ST RATE: 10 % 
VEHICLE stt.~ WUE: 10 X 

\o9Ha..E WEIGfT • WT: 2502 
LIFE: 150106.7 Kn ACCESS(RY COST: f 200 

BATTERY - NAI£: ZN-IR2I2.4 
MTTERY 14.100: 1001 KG BATIERY CYa..E LIFE: 750 
a.ECTRICITY COSr: .OS SIk1Hf f'lAXIfUI SJ£l..F LIFE: 10 YEARS 
AVERA(£ MILY !£PTH (f DISCHARGE: .1979718 

IEPTH (F A I£EP DISCHAI'a: .8 
PlAINTE.NtW:E F~Tm: 2 

TRAHSHISSltw TYPE: fixed ratIo 
fIlTOO-

RATED roIER: 63.1 KW TYPE: 
CCftTRW.ER: 70.1 kW 

MJlJIN1 - AfntIT: 15010.67 Kn/~ 
AfH.Jft. aEC USE: 7463.919 KW-H 

f- OOTPUTS -f 

COST IToo-
f C/KI't 

BASIC VEHICLE COST 8253.79 5.499 
I'I)Too COST 1198.90 0.799 
CCftTRll.1..£R COS r 3154.50 2.102 
EV TRfIa1ISSItw COST 325.97 0.217 
BATTERY LOW 4135.00 2.755 HIGf 7112.19 4.739 ---
INITIAL COST La. 17068.15 11.371 HIGH20045.34 13.354 
rawAYtafT La. 3413.63 2.274 HIGf 4009.07 2.671 

REPLACet'T BATTS La. 4135.00 2.755 HIGf 7112.19 4.739 
REPAIRS Ie rtAINTENAHCf 4479.33 2.984 
REPLACa£HT TIRfS 530.49 0.353 
INSmAta 3479.00 2.318 
GMAGIt«;,PMI(, 1ll.1. 782.50 0.521 
TITLE, REG, LIC, LOW. 1053.41 0.702 HIOO 1202.27 0.801 
aECmlclrY 3731.96 2.486 
PRIH Ie INT LOW 13654.52 9.097 HIOOI6036.28 10.683 ---
€FERATI r«J COST LOW 31846.20 21.216 HIGH34376.81 22.902 

YEHIa£ SALVAGE YAlLE La. 3788.73 2.524 HIOO 6157.60 4.102 
BATTERY SALV~ UM 98.10 0.065 HIOO 98.10 0.065 

TOTAL LIFE CYCLE COST LMI373.00 20.900 HIGf32130.1921.405 
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ElECTRIC AND HYMID YEHla.E COST fDEL 

l504t1 ZN/Cl 5-P EV 

f-ItfIUlS-f 

08-29-1984 

GElERN.. -
VEHIClE SIZE: 5-PASS 
rum ~IGfT: 1995 KG 

YEAR: 1982 
REAL INTEREST RATE: 10 I 
VEHIClE ~V~ VN..lE: 10 X 

VEHIClE ~I(){f • wn 2131 
LIFE: 150106.7 t3t ACCEssmY COST: $ 200 

BATTERY - NAf£: ZfHl.2I2.4 
BATTERY ~IGfT: 746 KG BATTERY CYClE LIfE: 1500 
ElECTRICITY COST: .OS S/KW-H HAXIHUH SHElF LIFE: 10 YEARS 
AYEIW£ DAILY IEPTH ~ DISCHAR(£: .165561 

IEPTH ~ A I&P DISCHM(£: .8 
MINTENIla FACIm: 2 

TRAffgfISSI~ TYPE: flxed raho 
Il)T~-

RATED mER: 53.7 KW TYPE: 
~TRW.ER: ~.7 IGI 

IRIVINJ - AfOMT: 15010.67 t3t/VEAR 
~ ruc USE: 5529.819 KW-H 

COST ITEltS-

BASIC VEHIClE COST 
I'1OTm COST 
(D rnru.£R COST 
EV TRAHSlfISSION COST 
BATTERY LIlI 

INITIN.. COST LIlI 
InIfIAYl£NT UII 

R£PLACeI'T BATTS LIlI 
REPAIRS ft ffAINTEfWa 
REPlACEf£HT TIRES 
INSlWita 
GARAGING, PARI<, f(l..L 
TITLE. REG. LIC. LIlI. 
ELECTRICITY 
PRIN " INT LIlI 

(l'ERATIt(, COST LIlI 

f- c.uTPUTS -f 

$ 
7600.73 
1020.30 
2686.50 
2n.61 

7931.22 

cmf 
5.104 
0.680 
1.790 
0.185 
5.284 HIGf 9248.47 5.495 

195/6.36 13.042 HIGfl9893.60 13.253 
3915.21 2.608 HIGf 3978.72 2.651 

0.00 0.000 HIGf 0.00 0.000 
4479.33 2.984 
485.81 0.324 

3479.00 2.318 
782.50 0.521 

1178.82 0.785 HIGf 1194.68 0.796 
2764.91 1.842 

15661.09 10.433 HIGH1~14.88 10.602 ---
28831.45 19.207 HIGH29101.11 19.387 

VEHIClE ~VAGE ~lE LIlI 448.97 o.m HIGf 448.97 0.299 
BATTIRY ~VAC£ LIlI 0.00 0.000 HIGH 0.00 0.000 

TOTN.. LIfE CYClE COST L002297.75 21.517 HIGi32630.85 21.738 
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ELECTRIC AND HYBRID VEHICLE COST MODEL 

5 PAX FEAIR2.4 150M ELEC 01-01-1980 

GENERAL --
VEHICLE SIZE: 5-PASS 
CURB WEIGHT: 193~ VG 
VEHICLE WEIGHT , WT: 2069 
LIFE: 150106.7 ~M 

BATTERY 
BATTERY WEIGHT: 704 KG 

*--INPUTS--* 

YEAR: 1982 
REAL INTEREST RATE: 10 /. 
VEHICLE SALVAGE VALUE: 

ACCESSORY COST: $ 200 

NAME: FE-AIR2.4 
BATTERY CYCLE LIFE: 500 

10 /. 

ELECTRICITY COST: .05 $/KW-H MAXIMUM SHELF LIFE: 10 YEARS 
AVERAGE DAILY DEPTH OF DISCHARGE: 

MAINTENANCE FACTOR: 2 

TRANSMISSION TYPE: flxed ratlo 
MOTOR --

RATED POWER: 52.1 KW 
CONTROLLER: 57.9 KW 

DRIVING --
ANNUAL ELEC USE: 6675.487 ~W-H 

.1629327 
DEPTH OF A DEEP DISCHARGE: .8 

TYPE: AC 

AMOUNT: 15010.67 KM/YEAR 

*-- OUTPUTS --* 

COST ITEMS-
$ C/KM 

BASIC VEHICLE COST 7558.23 5.035 
MOTOR COST 989.90 0.659 
CONTROLLER COST 2605.50 1.736 
EV TRANSMISSION COST 269.24 0.179 
BATTERY LOW 5244.79 3.494 HIGH 9597.96 6.394 

------- ------
INITIAL COST LOW 16667.66 11. 104 HIGH21020.83 14.004 
DOWNPAYMENT LOW 3333.53 2.221 HIGH 4204.17 2.801 

REPLACEM'T BATTS LOW 5244.79 3.494 HIGH 9597.96 6.394 
REPAIRS & MAINTENANCE 4479.33 2.984 
REPLACEMENT TIRES 478.34 0.319 
INSURANCE 3479.00 2.318 
GARAGING,PARK, TOLL 782.50 0.521 
TITLE, REG, LIC, LOW. 1033.38 0.688 HIGH 1251.04 0.833 
ELECTRICITY 3~~7.74 2.224 
F'RIN ~ INT LOW 133~4.12 8.883 HIGH16816.66 11. 203 

------- ------
OPERATING COST LOW 32169.20 21. 431 HIGH35869.40 2~.896 

VEHICLE SALVAGE VALUE LOW 3132.2~ 2.087 HIGH 5366,45 3.575 
BATTERY SALVAGE LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAL LIFE CYCLE COST LOW32370.51 21.565 HIGH~4707.11 23.122 
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ELECmlC AMI HYBRID VEHICLE COST ftOIE. 

l5O-it1 LIIFES 5-P EV 

f-INPUTS-f 

08-29-1984 

GEt£RAL. -
VeUCLE SIZE: 5-PASS 
ClfiB lEIGH: 1565 KG 

YEAR: 1932 
REll.. INTEREST RATE: 10 1 
VEHICLE SALV,n VALLE: 10 X 

\tHICLE ilEIGHT ,NT: 1701 
LIfE: 150106.7 lOt ACCESSOOY COST: S 200 

SATrERY- NAME: LI-fE-S2.4 
~TTERY IEIGHT: 451 KG SATIERY CYCLE LIfE: 750 
ELECTRJCITY COST: .05 $IKW-H MXlIUt St£l.F LIFE: 10 YEARS 
A~ DAILY fE1TH (f' DI5OWa:: .1454846 

IIPTH Of A DEEP DlSOiMGE: .8 
ttAINTtHAta FACTm: 1.25 

T~ISSION TYPE: fIxed ratio 
"H~ -RATED roER: 42.9 Kif TYPE: 

OlURn .. LER: 47.6 KW 

If<IVINi - Attll.m 15010.67 lOt/YEAR 
AtffJAI.. aEC USE: 3690.979 KIHi 

COST IratS-

BASIC VEHJCLE COST 
hOT~ COST 
CCfHR(llER COST 
EV TRANSftISSICII COST 
BATTERY L~ 

INITIAL COST LOW 
InWAYPENT ~ 

REPLACEH'T BATTS L~ 
REPAIRS I< rtAINTBWa 
REPLJat£HT TIRES 
INSIJWn 
GAROOII«J,PARK, TIU 
TITLE, REG, L1C, L~. 
ELECmlCITY 
PRIN Ir INT LtII 

(fERATIt«I COST ~ 

f- OOTPUTS -f 

SCI"" 
6968.52 4.642 
815.10 0.543 

2142.00 1.427 
221.34 0.147 

5094.03 3.394 HIGH 6061.89 4.038 

15240.99 10.153 HIGHI6208.85 10.798 
3048.20 2.031 HIGH3241.77 2.160 

0.00 0.000 HIGH 0.00 0.000 
3094.59 2.062 
434.02 0.289 

3479.00 2.318 
782.50 0.521 
962.05 0.641 HIGf 1010.44 0.673 

1845.49 1.229 
12192.79 8.123 HIGfl2967.08 8.639 ----
22790.44 15.183 HIGf23613.12 15.731 

VEHItl£ SALV~ WU£ LOW 391.21 0.261 HIGH 391.21 0.261 
BATTERY SfLV~ L~ 73.00 0.049 HIGH 73.00 0.049 

TOTAL LIFE CYQ.£ COST l..OW25374.36 16.904 HIGt26390.62 17.581 
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ELECTRIC AND HYBRID VEHICLE COST MODEL 

5-P NA/S2.4 150-MI EV 09-20-1984 

*--INPUTS--* 

__ ~G~E~N~E~Rug~I~-~ ______________________________ YuE~A~R~'__ __~1~9liB~,~~ ______________ __ 

VEHICLE SIZE: 5-PASS REAL INTEREST RATE: 10" 
CURB WEIGHT: 1421 KG VEHICLE SALVAGE VALUE: 10 " 
VFHICI E WEIGHT, WT: 1 ";0:;7 
LIFE: 148368.5 KM ACCESSORY COST: $ 200 

BATTERY NgME' Ng S? 4 
BATTERY WEIGHT: 352 KG BATTERY CYCLE LIFE: 750 
ELECTRICITY COST: .05 $/KW-H MAXIMUM SHELF LIFE: 10 YEARS 

__ ~G~v~E~R~A~G~F~D~A~II~YL-UDtE~PwT~H~O~F~D~I~S~C~H~AnR~G~E~' __ --L15553B ____________________________ __ 

DEPTH OF A DEEP DISCHARGE: .8 
MAINTENANCE FACTOR: 1.25 

TRANSMISSION TYPE: fIxed ratIO 
MOTOR --

ReTFD POWER- 39 2 KW TYP~~· ________ ~AUC __________________ __ 

CONTROLLER: 43.6 KW 

DRIVING AMOIINT' 148-':6.8"; KM/YEAR 
ANNUAL ELEC USE: 3108.453 KW-H 

__________________________________ ~*~-~~OUIRUIS-==*---------________________ __ 

COST ITEMS 
$ C/KI'1 

BASIC VEHICLE COST 6738.95 4.542 
--J:!'.c.LOR-CO~S4-T __________________ __'__7 44_ 80 __ 0 _ 0:;0,=' 

CONTROLLER COST 1962.00 1.322 
EV TRANSMISSION COST 202.74 0.137 
BQTTERY lOW 683A.13 4.609 HIGH 7198 04 4.851 

INITIAL COST 
---llCW 1\1 D Ax IllE)U 

LOW 
• 01.1 

REPLACEM'T BATTS LOW 
PEOAIRS 8. MAINTENANCE 
RePLACEMENT TIRES 
~ ''''I RA~ICE 
GARAGING. PARK, TOLL 
rITLE, REG, LIC, LOW. 

--ELECTRICITY 
PRIN &. INT LOW 

16486.62 11.112 HIGH16846.52 11.355 
~297 32 2 • .:;~.=' H..l.G1:L..3.3.E3-31£10 __ -t::?~?;;...7(...1'__ ________ _ 

6838 1~ 4 609 HIG8 7198.04 4. Ae)! 
3067.87 2.068 

408.23 0.275 
3'*'9 01~ ,-' 14Cj 

782.50 0.527 
1024.33 0.690 HIGH 1042.33 0.703 
lCjCj4.?3 1.048 

13189.30 8.890 HIGH13477.':2 9.084 
------- ------
30~4Z_59_20_~_HLGH30&4S_50 ?IZJ 60:;8 

VEHICLE SALVAGE VALUE LOW 7159.61 4.826 HIGH 7516.85 5.066 
8AT7ERi SALVAGE LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAL LIFE CYCLE COST LOW26481.30 17.848 HIGH26501.96 17.862 

B-42 



Ga8r7IL -

ELECTRIC AND HfBRID VEHIClE COST !tOlE. 

5 PAX MSElIt£ ICE ~ 

t-INPUTS-t 

YEAR: 1982 

07-18-1984 

VEHIClE SIZE: S-PASS RE./IL INTEREST RATE: 10 4 
CI..iI\B WEIGH: 895 KG 
vrehlClE WEIGHT I WT: 1031 
LIFE: 160100 Kn 

BATTERY -
BATTER. 6£IGHT: 0 KG 
aECTRICIrY COST: .05 $IKW-H 
AJERAGE DAILY DEPTH OF DlSOiARGE: 
MAINTOO~CE FACTOO: 1 

ENGINE -
TMK CAPACITY: 40 l 
Ic.E TfiANSHI3SION TYPE: CVi 

~T~-

VEHlIll SAlVAGE VALLE: 10 h 

ACtESSOOY COST: • 200 

WlIfE: XX 
BATTER'y CYCLE LIFE: 1 
HAXII1l.Ii s.£LF LIFE: 10 YEARS 
DEPTH OF A Df.EP DISCHAAGE: .8 

FUEl COST: .373 S/L 
Fl£l TYPE: fETWINOL 
POWER: 31 KW 

MTED POWER: 0 KW TYPE: PL 
OOhTROuLER: 0 K~ 
EV TRAI~I:;SItl~ TYPE: flxed r.ho 

OOIVING - M:Il.tiT: Ib610.6 KI1/YEri< 
ICE FRACTIONAL RAAGE: 100 X EV FRACTIOOAL. RANGE: 0 4 
Atftk FUEL. USE: 1610 L ~ ELEC USE: 0 Kw-tI 

t- MPUTS --I 

COST I TEHS- • C/KI1 
BASIC VEHIClE COST 5745.61 3.459 
£HGItt COST 1118.03 0.673 
ICE TRt4'51iISSI~ COST 346.27 0.208 
f1lT ~ (.osT 0.00 0.000 
CC.HF.OLlER COST 0.00 0.000 
E\I TRANS'HSSI~ COST 0.00 0.000 
BiliTERJ LOW 0.00 0.000 HIGH 0.00 0.000 -----
INITIAL COST LOW 7209.90 4.341 HlGi nfff.90 4.341 
OOWtf'AYtENT LOW 1441.98 0.868 HIGH 1441.98 0.868 

REPl.AC81'T ~TTS lOW 0.00 0.000 HIGi 0.00 0.000 
REPAIRS" tlAINlENANCE 5352.12 3.222 
REPLAC£l£NT TIRES 419.27 0.252 
INSURANCE 3479.00 2.094 
GAAAUIN6.PAAK. Ta..L 782.50 0.471 
TITLE. REG. LIC. LDtI. 560.50 0.~7 HI~ 560.50 0.337 
FUEl..-oIL 6185.46 3.724 
aECTRICITY 0.00 0.000 
PRIN &r INT LOW 'S/67.92 3.472 HIGH 5767.92 3.472 --
CffRATJt«J COST LOW 22546. n 13.574 HIGH22546.77 13.574 

VEHIClE SALVAGE VALUE LOW 277.97 0.167 HIGH 2n.97 0.167 
BATTERY ~VAC£ LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAL LIFE CYClE COST L0W23710.78 14.274 HIGH23710.78 14.274 
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mCTRIC Ati) HYIIUD VEHIClE COST tIlII:l 

250-ftI IN/a. 5-P EV 

f-IfflJTS-t 

00-29-1994 

00ER1l. -
VEHIClE SIZE: 5-PASS 
CI~B IEIGif: 2203 KG 

YEAR: 1982 
REAl.. INTEREST RATE: 10 % 
VEHIClE SALV~ Vll.~: 10 X 

vunClE 11:100 • NT: 2339 
LIFE: 166106.7 KIf ACCESSOOY COST: $ 200 

BATTERY - NAfE: ZN-0..2/1.0 
BAffiRY IIlIGfT: 889 KG BATTERY CYClE LIFE: 1500 
EL£C mICI TV COST: .05 $IKiHf ftAXIfUI sm..F LIFE: 10 YEARS 
AYERAC£ DAILY [£PTH OF DISCHAR(£: 9. 952912E-02 

[£PTH OF A DEEP DISCWIRGE: .8 
ftAIHTt:1Wa F~TM: 2 

TRANSIUSSI~ TYPE: fIxed ratio 
I'I)TOO-

RATED POWER: 58.9 kW TYPE: 
aJ4TR1llER: 65.5 kW 

MIVINI - ~r: 16610.67 KIf/YEAR 
AtftJAL mc USE: 6548.096 KW-H 

COST ITBtS-

BASIC VEHla.E COST 
rtJTCR COST 
awrRtllER COST 
EV TRANSIUSSI~ COST 
BATTERY LlJI 

INITIIl. COST llJl 
OOWAYII:HT l~ 

~'T BATTSUl. 
REPAIRS" HAINTENAIa 
REfUffi£NT TIRES 
INSUWa 
GARAGINI.PM<. TIll 
TITlE. REG. LIC. llJl. 
ElECrRICITY 
PRIN Ie IHT l~ 

(fERATINI COST l~ 

f- OOTPUTS -f 

$ 
7994.21 
1119.10 
2947.50 
304.58 

7338.60 

C/KIf 
4.813 
0.674 
1.774 
0.183 
4.418 HIGH 9099.86 5.41<B 

19703.99 11.862 HIGI21465.2S 12.923 
3940.80 2.372 HIGi 4293.05 2.585 

0.00 0.000 HIGi 0.00 0.000 
4604.53 2.772 
606.20 0.363 

3479.00 2.094 
782.50 0.471 
11~.20 0.714 HIGH 1273.26 0.767 
3274.05 1.971 

15763.19 9.490 HIGfI7J72.20 10.338 ----
29694.67 17.877 HIGHl1191.74 18.778 

VEHIClE SAlV~ ~I£ l~ 476.74 0.287 HIGi 476.74 0.287 
BATTERY SAlV~ l~ 0.00 0.000 HIGH 0.00 0.000 

TOTAl.. LIFE CYQ.E COST l(Jl33158.7219.962 HIGH3S009.05 21.076 
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ELECTRIC AND HYBRID VEHICLE COST MODEL 

5 PAX FEAIR1.0 250M ELEC 01-01-1980 

GENERAL --
VEHICLE SIZE: 5-PASS 
CURB WEIGHT: 1963 KG 
VEHICLE WEIGHT ,WT: =099 
LIFE: 166106.7 ~M 

BATTERY -
BATTERY WEIGHT: 7=4 ~·~G 

YEAR: 1982 
REAL INTEREST RATE: 10 'l. 
VEHICLE SALVAGE VALUE: 

ACCESSORY COST: $ 200 

NAME: FE-AIR1.0 
BATTERY CYCLE LIFE: 500 

10 'l. 

ELECTRICITY COST: .05 .f:/KW-H 
OF DISCHARGE: 

MAXIMUM SHELF LIFE: 10 YEA~S 
AVERAGE DAILY DEPTH 

MAINTENANCE FACTOR: 2 

TRANSMISSION TYPE: fIxed ratIO 
MOTOR --

RATED POWER: 5=.9 KW 
CONTROLLER: 58.8 KW 

DRIVING --
ANNUAL ELEC USE: 7350.271 KW-H 

.1076278 
DEPTH OF A DEEP DISCHARGE: .8 

TYPE: AC 

AMOUNT: 16610.67 KM/YEAR 

*-- OUTPUTS --* 

COST ITEMS-

BASIC VEHICLE COST 
MOTOR COST 
CONTROLLER COST 
EV TRANSMISSION COST 
BATTERY LOW 

INITIAL COST 
DOWNPAYMENT 

LOW 
LOW 

REPLACEM'T BATTS LOW 
REPAI~S & MAINTENANCE 
REPLACEMENT TIRES 
INSURANCE 
GARAGING,PARK, TOLL 
TITLE, REG, LIC, LOW. 
ELECTRICITY 
PRIN & INT LOW 

OPERATING COST LOW 

$: 

7609.48 
1005.10 
=646.00 

27::;.42 
45::0.45 
-------

16064.45 
::;212.89 

0.00 
4604.53 

571.90 
3479.00 
782.50 

1003.22 
3675.14 

12851. 56 
-------

26967.85 

Cn:M 
4.581 
0.605 
1.593 
0.165 
2.727 HIGH 8=90.72 4.991 

------
9.671 HIGH19824.72 11. 935 
1.9::;4 HIGH 3964.94 2.387 

0.000 HIGH 0.00 0.000 
2.772 
0.::;44 
2.094 
0.471 
0.604 HIGH 1191.24 0.717 
2.213 
7.7::;7 HIGH15859.78 9.548 

------
16.235 HIGH30164.08 18.159 

VEHICLE SALVAGE VALUE LOW 444.69 0.268 HIGH 444.69 0.268 
BATTERY SALVAGE LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAL LIFE CYCLE COST LOW29736.05 17.902 HIGH33684.34 20.279 
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ElECTRIC All) HYIfiID VEHHl.E COST IIIIE. 

2:50-111 lUFES 5-P EV 

f-Iff'UT5-* 

08-29-1984 

Ga£RtL -
VEHIClE SIZE: 5-PASS 
aRB IEIGfT: 1804 KG 
VEHIC1.£ WEIGHT. WT: 1940 
LIFE: 166106.7 KIf 

BATTERY -
~TTERV IEIGfT: 615 KG 
ELECTRICIfV COST: .05 S'KW-H 
~ MILV IEPTH (f DI~: 

I'IAINrEHtW:E F~TOO: 1.25 

TRANSffISSI~ TYPE: flXfd raho 
fllTOO-

RATED p(MR: 48.9 KW 
mmnlER: 54.3 KW 

mIVINJ -
AtH.lAL. me USE: 4480.493 KW-H 

YEAR: 1982 
REft. If(J'EREST RATE: 10 1 
VEHICl.E SAlVAGE VAllE: 10 X 

ACC£5SmY COST: f 200 

NAME: LI-FE-Sl.0 
BATTERV CYCLf LIFE: 750 
I'IAXIIUt SfRf LIFE: JO YEARS 

.1008848 
IFm rF A IfiP DI~: .8 

TYPE: 

AIO..M: 16610.67 KIf/YEAR 

f- OOTPUTS --4 

COST lTEJtS-
f c/Klt 

BASIC VEHIC1.£ COST 7353.25 4.421 
fllTm COST 929.10 0.559 
C(WTR(llffi COST 2443.50 1.471 
EV T~ISSI(w COST 252.50 0.152 
BATTERY la. 8360.80 5.033 HIGfl0101.82 6.443 ----
INITI.-w.. COST la. 19339.14 11.643 HIGH21680.16 13.052 
IDWAYr£NT la. 3867.83 2.329 HIGH 4336.03 2.610 

REPLACEPI'T BATTS La. 0.00 o.()()() HIGf 0.00 O.()()() 
REPAIRS It HAINTENAfa 3184.32 1.917 
REPlAC8£HT TIRES 549.18 0.331 
INSlRAHCE 3479.00 2.094 
GARMINj,PARk, TIl.L 782.50 0.471 
TITLE, REG, LIC. la.. 1166.96 0.703 HIGf 1284.0. o.m 
B.ECTRICITY 2240.25 1.349 
PRIH " IHT WI 15471.31 9.314 HIOOI7344.13 10.442 ---
tfERATIffj COST la. 26873.51 16.178 HIGH28863.38 17.376 

VEJUCl.E SAI..~ YAI..~ La. 423.26 0.255 HIGf 423.26 0.255 
BATTERY SAl~ LCM 125.46 0.076 HIGH 125.46 0.076 

TOT.-w.. LIFE CYC1.£ COST La.JOl92.62 18.177 HlOO2650.69 19.650 
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~ ___ ELEC~RIC AND HYBRID VEHICLE COST MODEL __________ _ 

2~0-MI NA/S 5-P EV 1218-13-1984 

*--INPUTS--* 

GENERAL YEAR: 1982 
VEHICLE-SIZE:-- 5-PASS ---- ---- REAL -iNTEREST -RATE:-----1121- x. -
CURB WEIGHT: 1545 KG VEHICLE SALVAGE VALUE: 1121 I. 

_VEHICLE WEIGHT _-' WT: 1681 
LIFE: 16611216 KM ACCESSORY COST:- - $ 2121121 

BATTERY --
S-ATTERY -WE-IGHT:---437 -k6- - ------

NAME: NA-S3.3 
BATTER'rCYCL.E LIFE:--- 75121 

ELECTRICITY COST: .1215 $/KW-H MAXIMUM SHELF LIFE: 1121 YEARS 
AVERAGE DAILY DEPTH OF DISCHARGE: .108612116 

DEPTH OF A DEEP DISCHARGE: .8 
MAINTENANCE FACTOR: 1.75 

--------- - - ----
TRANSMISSION TYPE: flxed ratlo 

MOTOR --
RATED POWER: 42.4 KW 
CONTROLLER: 47.1 KW 

TYPE: AC 

16610.6 KM/YEAR 

*-- OUTPUTS --* 
- - ------ - -----

COST ITEMS--- -~----C7KM 

BASIC VEHICLE COST 6937.75 4.177 
MOTOR COST 81215.60 121.485 
CONTROLLER--ccisT--------2119.50 --1.276 
EV TRANSMISSION COST 219.02 0.132 
BATTERY LOW 8184.77 4.927 HIGH 8994.25 5.415 

INITIAL COST 
DOWNPAYMENT 

----- - -- -- ------- - - -------------- - - - -

LOW 
LOW 

18266.63 10.997 HIGHI912176.12 11.484 
3653.33 2.199 HIGH 3815.22 2.297 

REPLACEM'T BATTS LOW 121.00 121.1210121 HIGH 121.121121 121.1210121 
REPA I RSS;-MAI NTENANCe:- ---~H 3-1-;Y2 - 2.487--------- - - -----
REPLACEMENT TIRES 512.16 121.308 
INSURANCE 3479.1210 2.12194 

-GARAG lNG, PARR-;-TOu:------782. 5121 ---121.471------
TITLE, REG, LIC, LOW. 1113.33 121.67121 HIGH 1153.81 121.695 
ELECTRICITY 181218.121121 1.12188 

PRIN -~TNT LOW 14-613.-31-8. 7ge-=-tirGH152b0~9---9~-187--

OPERATING COST LOW 26439.42 15.917 HIGH27127.47 16.331 -- - --- -- ---- --------- - --- ----

VEl:rfcLESAL VAGE-VALUE-l:OW-388 ./0 - -0 :234--"H I GH- - -388 .70 -121.-234"--
BATTERY SALVAGE LOW 121.0121 0.00121 HIGH 0.0121 0.000 

TOTAL LIFE CYCLE COST LOW29704.04 17.883 HIGH~12I554.0121 18.394 
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ELECTRIC ANU HYBRID VEHICLE COST 1llIE. 

~/AIR 5-P EV 

1--1 tfl/TS-f 

08-'E-I984 

IEERrt. -
\£HIClE SIZE: 5-PASS 
aJRB ":I~T: 1995 KG 

YEAR: 1982 
REtt. INTEREST RATE: 10 X 
VEHIClE SALVAGE ~LE: 10 X 

VEHIClE WEIGHT • WT: 2131 
LIFE: 166106.7 KIf ACCESSffiY COST: $ 200 

BAITERY- NAt£: ~-AIR 
BATTERY WEICiiT: 746 KG BATTERY CYCLE LIFE: 1500 
ELECrRICITY COST: 0 S/Kw-H 
AVERAGE DAILY [(PTH CF DI~: 

I1AXII'UI sm.F LIFE: 10 ~ 
.1003373 

I:EPTH CF A I:EEP DISCWtRGE: .8 
I1AINTBWa: FACTffi: 2.25 

TRAHSIUSSI(J4 TYPE: flxed ratio 
IIlTffi-

RATED ~R: ' 53.7 KW TYPE: 
C(WT'R(UER: 59.7 I<W 

mIVIt«J - Ml.fH: 16610.67 KIf/YEAR 
IVHA illC USE: 24841.87 KlHi 

COST IlEHS-

BASIC \{HIClE COST 
I(JTffi (.(1ST 
~ fRCUER COST 
EV TRANSrfISSI(J4 COST 
BATTERY l~ 

INlrlAL COST l~ 
ro.tf>AYl£NT L~ 

~PlACEWT BAITS L~ 
PiPAI~ & /'IAINT~ 
REFtACEtENT TIRES 
INSlIiIHI 
~It«J.PARK. HU 
TITLE. REG. LIC. L~. 
ELECTRICITY 
PRIN It INT L~ 

CfERATING COST l~ 

f-- OUTPUTS -f 

S 
7WJ.73 
1020.30 
2686.50 
2n.61 

6707.90 

C/Kt1 
4.612 
0.614 
1.617 
0.167 
4.038 HIGHl00bl.85 6.051 

183S3.03 11.049 HI~1706. 98 13.068 
3670.61 2.210 HI~ 4341.40 2.614 

7261.56 4.372 HIGH 0.00 0.000 
5On.94 3.057 
576.47 0.347 

3479.00 2.094 
782.50 0.471 

1117.65 0.673 HIGH 1285.35 0.n4 
10381.67 6.250 
14682.42 8.839 HIGH17365.58 10.454 

43359.22 26.103 HIGH46210.0727.82O 

VEHICLE SALVAGE V~UE l~ 448.97 0.270 HIGH 448.97 0.270 
BATTERY SAlVAGE LOW 0.00 0.000 HIGH 0.00 0.000 

TOT~ LIFE CYClE COST lal4658O.85 28.043 HIGi50102.493O.163 
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a.ECTRIC AND HYEfUD ~HIClE COST tt(I£L 

PB/ACID HY9UD 

f-ItAlTS-f 

08-29-1964 

lEERAl -
VEHIa.E SIZE: 5-PASS 
a..m ~11JIr: 1147 KG 
\9i I a.E WU 00 • wn 1883 
LIFE: 166106.7 KH 

BATTERY -
MTltRY ~Ioo: 410 KG 
aECmICIlY COST: .OS S/KW-tI 
AVERAGE DAILY £ElTH (f" DISOMC£: 

MINTOOa FACrffi: 

OOIt£ -
TAN< CAPACITY: 40 L 
ICE T~ISSI~ TYPE: CVT 

ItlTffi-

YEAR: 1982 
~ INTEREST RATE: 10 1 
VEHIClE SPLV;l,E Wi.l£: 10 X 

ACCESSffiY COST: S 200 

NAME: PBAC/AD3.3 
BATTERY CYa.E LIFE: 750 
MXItUt s.£L.F LIFE: 10 YEARS 

.3336073 
[(PTH (f' A DEEP DISCHM(£: .8 

FUEl COST: .373 S/L 
FW. TYPE: f£TlW«X.. 
POWER: 52.7 KW 

RATED ~R: 47.5 KW TYPE: AC 
CflmULER: 52.7 KW 
EV TRANSIUSSUJl TYPE: fixed raho 

mIVItIl - AMOUNT: 16610.67 KH/YEAR 
JCE FRACTICfW.. RAta: '11.15058 X EV FRACTICfW.. RAta: 74.3363 1 

IWtlAl EL£C USE: 2635.126 KW-tI Atft..W. Foo.. USE: 480.0288 L 

f- OOTPUI S -f 

COST Hoo-
S C/KH 

BASIC VEHICtE COST n67.10 4.375 
ENGlt£ COST 1331.99 0.802 
ICE TRft61ISSICW COST 588.66 0.354 
f1lTOO COST 902.50 0.543 
~TRW.ER COST 2371.50 1.428 
EV TRANSIUSSla. COST 245.06 0.148 
BATTERY LOf 2104.30 1.303 HIIJI 2748.66 1.655 ---
INITIAl.. COST LOf 14871.10 S.953 HIGH5455.46 9.305 
InIiPAvt£HT Lal 2974.22 1.791 HIGH 3091.09 1.861 

REPlACEH'T BAnS Lal 4328.60 2.606 HIGH 5497.33 3.310 
REPAIR5 !c I'IAINTENAf«:E 4289.90 2.583 
REPLACa£HT TIRES 541.03 0.326 
INSUWa: 3479.00 2.094 
GAAAGltIl.PMK. T(ll 782.50 0.471 
TITLE. REG. LIC. LOf. 943.56 0.568 HIGH 972.n 0.586 
FUEl-iJIL 1867.27 1.124 
ElECTRICITY 1317.56 0.793 
PRIN II INT LOf 11896.88 7.162 HI GH 12364. 37 7.444 ---
ftRAfItIl COST Lal 29446.31 17. n7 HIGH29943.02 lS.026 

VEHlcU $Alvra YALl£ to. 2590.48 1.560 HIGH 3157.63 1.901 
BATTERY SALVAGE Lal 51.73 0.031 HIGH 51.73 0.031 

TOTAl.. LIFE CYClE COST U.'29778.33 17.927 HIGQ9824.75 11.955 
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a.£CTRIC AND HYBRID VEHIClE COST fOEL 

5"D-1I\i BIm.M HYBRID 

I-Itf'lITS-f 

08-29-1984 

ooew. -
WfIClE SIZE: 5;>ASS 
rum ":100: 1436 KG 
VEHIClE hEIGfT ,WT: 1572 
LIFE: 166106.7 KIt 

BATTERY-
BATTERY WEIGfT: 224 KG 
B.ECTRICITY COST: .05 S/1QHt 
AVERAGE DAllY lEPTH (F DI~: 

MINraM::E FACTCfl: .5 

E,.,IhE-
fAN< CWACITY: 40 l 
ICE TRAHSlUSSIIJ4 TYPE: CVT 

flJT(fl -
RATED mER: 39.6 KW 
C(JfTR(lLER: 44 KW 
EV TRAHSltISSI€W TYPE: fixed ratio 

mlVINI -
ICE FRACTI(IW. RAJa: 22.15058 1 
ANtJPt. FlEL USE: 428.0023 L 

YEAR: 1982 
REAl.. INTEREST RATE: 10 1 
VEHIClf ~VAGf VfLLE: 10 'Yo 

N:CES5mV COST: $ 200 

NAI£: PB-AC/BIPl. 
M1TERY CYQE LIFE: 750 
MXUUl SI£l.F LIFE: 10 YEARS 

.4007296 
IEPTH OF A IEEP DISCHM(£: .8 

FlEL COST: .373 $ll 
A.El.. TYPE: J£TlMl. 
m.ER: 44 Kif 

~T: 16610.67 lOt/YEAR 
EV FRACTI(IW. RANGE: 74.48466 X 
ANIJAl B.EC USE: 1963.772 KIHf 

f- OOTPU(S -f 

COST I TEJtS-
$ C/KIt 

BASIC \£}fIClf COST 6766.50 4.074 
OOIhE COST 1254. '19 0.756 
ICE TRANStlISSI~ COST 491.48 0.296 
ff)TCfl COST 752.40 0.453 
COO"R(UER COST 1980.00 1.192 
EV TRANstUSSI(JI COST 204.60 0.123 
BAITERV LOW 1221.82 0.736 HIGH 1832.73 1.103 ---
INITIIl. COST UII 12671.79 7.629 HIGfI3282.70 7.'196 
J:O.WAYt£HT UII 2534.36 1.526 HIGH 2656.54 1.5'19 

REPLACBn BATTS lOW 2443.64 1.471 HIOO 3665.45 2.207 
REPAIRS Ie I'IAINTENAJa: 3587.49 2.160 
REPL.AC8£NT TIRES 496.59 0.299 
INSlRAta 3479.00 2.094 
GMAGING.PARI(, T(U 782.50 0.471 
TITLE. REG, llC, LOW. 833.59 0.502 HIGH 864.14 0.520 
FlEL-{)IL 1644.34 0.990 
flECTRlCITY 981.89 0.591 
PRIN II lNT lOW 10137.43 6.103 HIGfJ0626.16 6.397 ----
MRA TINI COST LOW 24386.46 14.681 HIGH24905.73 14.994 

VEHIClf ~VtU WLLE lOW 1128.39 0.679 HIGf 1471.86 0.886 
BATTERY ~VtU LOW 37.18 0.022 HIOO 37.18 0.022 

TOTIl. LIFE CYClE COST l0W257S5.25 15.505 HIGH26053.23 15.685 
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mCTRIC All) HYBRID VEHIClE COST fOE. 

"D·lltj NIIFE HYElUD 08-29-1984 

f-ltflUT5-* 

IBt:"RfL -
\£HUll SI IE: 5-PASS 
ems IEIIJiT: 1618 KG 
'.t"HIClE tEIGtT ,Wl: 1754 
LIFE: 166106.7 KPI 

\'EM: 1982 
REf( INTEREST RATE: 10 1 
VEHICLE ~VA6E VAlUE: 10 X 

ACCE."SSmY COST: f 200 

BATTE:RY - fW£: NI-fE3.3 
MTTERY tEIGtJ: 333 KG BATTERY CYClE LIFE: 1500 
ELECTRICITY COST: .05 f/KW-H ttAXII'Ut St£1..F LIFE: 10 YEARS 
~ DAILY IlPTH (F DISCWtRGE: .3079728 

IVTH (F A lEEP DI5CHAR(E: .8 
ttAINTeM:E F~Tm: 1.25 

OOIf£ - FUEL COST: .373 f/L 
TAN< CAP~ITY: 40 L AS.. TYPE: f£TfW«l. 
ICE TRAHSlUSSUJt TYPE: CVT mER: 49.1 KW 

tIlTm -
~TED mER: 44.2 KW 
~TRIll.ER: 49.1 kW 
EV TRANSHISSUJt TYPE: flxed raho 

IJUVINI - AIO.NJ: 16610.67 1Ot/~ 
ICE FRACTIONAL JWa: 22.1~ 1 EV FRACTI(M. RAta: 76.64931 1 
tW«JAL Fl£1. USE: 465.1383 L AttU\L El.£C USE: 3535.038 KlHf 

t- OOTPUTS --t 

COST HatS-
f C/KPI 

BASIC VEHICLE COST 7058.47 4.249 
OOINE COST 1301.25 0.783 
ICE TRANSI'fISSI(lf COST 548.45 O.n> 
I'IlTm COST 839.80 0.506 
~TRru.ER COST 2209.50 1.n> 
EV TRANSHlSSl(lf COST 228.32 0.137 
BATTERY LOW 4142.40 2.494 HIGf 4183.82 2.519 ---
INITIAL COST L€II 16328.18 9.830 HIGflb369.61 9.855 
IOWAYI£NT L(Jf 3265.64 1.966 HIGt 3273.92 1.971 

HEPLACaI'T BATTS LOW 0.00 0.000 HUif 0.00 0.000 
~A IRS Ie 1tA1NTEJW«.l: 4696.56 2.827 
~TIRES 522.60 0.315 
INSlWtNCE 3479.00 2.094 
~It«;,PARK, T(u 782.50 0.471 
TITLE, REG, LIe. LOW. 1016.41 0.612 HIGt 1018.48 0.613 
FlEL-iJIL 1781.01 1.076 
8.£CTRICITY 1767.52 1.064 
PRIN fr IHT L(JI 13062.55 7.864 HIGtl3095.69 7.884 --
€fERATING COST L(JI 27114.15 16.323 HIIJi27149.36 16.345 

\£HIClE ~vr« VAI..l( LOW 469.81 0.283 HIGt 469.81 0.283 
BATTERY ~VA{£ LOW 104.86 0.063 HIGt 104.86 0.063 

TOTAL LIFE CYClE COST LCJI29OO5.1217.943 HI<m9848.61 17.970 
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aECTRIC AND HYBRID VEHIa.£ COST IUR 

$'0""; NIIlN HY9UD 08-29-1984 

f-lfflUTS-f 

00t:lbl. -
VEHIa..E SIZE: 5-PASS 
M8 IEIGlT: 1445 KG 
VEHIa..E IEIGfT • NT: 1581 
LIFE: 166106.7 KIt 

BATTERY-
amERY IEIGfT: m KG 
B..ECTRICITY COST: .05 SlKW-H 
~ MILY I£PTH (f" DISOiAR(£: 

ttAIHTENAfa FACroo: .75 

Et«1INE -
TAN< CAPACITY: 40 L 
ICE TRANSlfISSI(W TYPE: CVT 

fI)~ -
~lED roe: 39.8 KIf 
aMRIl..l..ER: 44.3 KIf 
EV T~ISSI(w TYf~: flx!d raho 

IIUVINJ -
ICE FRACTICM.. rwa: 22.15058 1 
ANt.W.. F1.EL US£: 4~.3245 L 

YEAR: 1982 
REAl INTEREST RATE: 10 % 
Vl:JfIa.£ SAlVAGE VAll£: 10 % 

ACt::E$SmVCOST: 5200 

~: NI-ZN2.0 
BATTERY CYClE LIFE: 600 
MXIIUt SJ£L.F LIFE: 10 YEARS 

.317455 
lIJ'TH (f" A DEEP DISOiAR(£: .8 

F1.EL COST: .373 SlL 
F1.EL TYPE: IETlWO.. 
mER: 44.3 KW 

AtOIfr: 16610.67 lOt/YEAR 
EV FRACTI(WAL RAta: 76.33861 I 
FHt.W.. aEC USE: 2:541.473 KW-H 

f- OOTPUTS -f 

COST Imts-
5 elKlf 

~IC VEHIa..E COST 6782.63 4.083 
OOIt£ COST 1257.S1 0.7'5l 
ICE T'lWStISSII:W COST 494.83 0.298 
r1ITm COST 756.20 0.455 
caHRIllER COST Im.50 1.200 
EV TRAHSffISSIlW COST 206.00 0.124 
BATTERV La. 2192.15 1.320 HIGf 2411.37 1.452 ----
INITIAL COST Lill 13683.12 8.238 HIGU3902.34 8.370 
lDff'AY!ENl Lill 2736.62 1.648 HIli! 2780.47 1.674 

REPLACat'T BATTS Lill 4384.31 2.639 HIGf 4822.74 2.903 
~AIRS It ffAINTEHAIa 3966.43 2.388 
REPl..AC8£HT TIRES 497.87 0.300 
INSUWa 3479.00 2.094 
~INJ.PMK. T(u 782.50 0.471 
TITLE. REG. LIC. La.. 884.16 0.532 HIGf 895.12 0.539 
H£L-oIL 1653.26 o.m 
B.ECTRICITY 1270.74 0.765 
PRIN It INT Lill 10946.50 6.590 HIGU1121.87 6.696 ----
IJ'ERATIf«J COST Lill 21864.76 16.775 HIGt2805I.10 16.887 

\£HIa..E SlLW&: WOE Lill In7.67 1.040 HIGH 1856.14 1.117 
BATTERY SALVia Lill 281.12 0.169 HIGH 281.12 0.169 

TOTAl LIFE CYa..E COST LfM28592.60 17.213 HI0028694.31 17.275 
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ELECTRIC AND HYBRID YEHIct£ COST fGEL 

5'''''''; lHIBR HYBRID 

t-UflIT5-I 

08-29-1984 

00ERtt. -
VEHIct£ SIZE: 5-flASS 
rum IEIM: 1783 KG 
'v£HICtE II:IGiT • NT: 1919 
LIFE: 166106.7 kJt 

BATTERY -
BATTERY WEIGfT: 432 KG 
ElECTRICITY COST: .OS S/KW-tI 
{Wf].fl£ MILV IfPTH (f DlSOMiE: 

PtAINTENAIa Fr.:T~: 2 

EMIlIE -
TAft( CWr.:ITY: 40 L 
ICE TRAHSlfISSI~ TYPI;: CVT 

f«)TOO -

YEM: 1982 
REAL INTEREST RATE: 10 1 
VEHlct£ SAL~ VAllE: 10 t 

f£CE~Y COST: f 200 

~: IN-BR2/3.3 
B~mERY CYct£ LIFE: 7~ 
~XUU, SI£lF LIFE: 10 YEARS 

.3634617 
lEfTH (f A [£EP DIStWiROC: .8 

FUEL COST: .373 f/L 
FUEL TYPE: 1£TlMl.. 
mER: 53.7 KW 

RATED mER: 48.4 KW TYPE: PI:. 
roHR~LER: 53.7 KW 
EV TRANSI'IISSI~ TYPE: fixed raho 

IIUVI~ - m:u4T: 16610.67 Ktt/VEM 
ICE FRACTI(WL RAta: 22.15058 1 EV FRACTI<M. RAta: 74.47441 1 
AtHJAl A£L USE: 512.1392 L Aftl!AI.. ELEC USE: 4647.743 KW-tI 

t- OOTPUTS -f 

COST HOO-
f C/Ktt 

BASIC YEHICtE COST 7322.19 4.408 
EJ«JltE COST 1340.28 0.807 
ICE 11W6tISSICft COST 599.83 0.361 
rtlT~ COST 919.60 0.554 
C04~ COST 2416.50 1.455 
EV TAANSHISSICft COST 249.71 0.150 
BATTERY L~ 2309.45 1.390 HIGi 4226.30 2.544 ----
INITItt. COST L~ 15157.56 9.125 HIGHI70T4.40 10.279 
DJ,WAYtEHT L~ 3031.51 1.825 HIGH 3414.88 2.056 

REPI..AC8t'T BATTS La. 4618.91 2.781 HIGH 8452.60 5.089 
REPAIRS ft rtAlNTEHAta 5702.78 3.433 
REPI...ACEJ£NT TIRES 546.18 0.329 
IHStJWa 3479.00 2.094 
GARAGI~,PMI<. T(ll 782.50 0.471 
lITlf. ~G. LIe. ~. 951.88 o.sn HIGH 1053.72 0.634 
FlI:L~IL 1967.59 1.185 
B.ECTRICHY 2323.87 1.399 
PRIN ft INT L~ 12126.05 7.300 HI Gt13659.52 8.223 ---
IJlERA TIf(J COST Lmi 32504.75 19.569 HIGH34134.06 20.549 

VEHICLE SALvta WUE L~ 2317.37 1.395 HIGH 3829.65 2.306 
BATTERY SALVIU Lmi 69.12 0.042 HIGH 69.12 0.042 

TOTAL LIfE CYCLE COST L(¥J3149.76 19.957 HlOO3365O.17 20.258 
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meTRIC AN) HYJfUD VEHICLf COST PIlE. 

~o-*i IN/Cl HYBRID 00-29-1984 

f-IIflITS-f 

IEEWt. -
I,£HI(;L£ SIZE: 5-fASS 
ems ~IGfT: 1685 KG 
\£HIClE WBOO ,WT: 1821 
LIFE: 166106.7 "" 

BATTERY -
~TTERY WEIGfT: m KG 
ElECTRICITY COST: .05 S/KW-H 
fWfRfiif. DAILY lEfTH (F DISQt:lR(£: 

ftAINTEJW«:E FOCrm: 2 

EHGIt£-
TAN< CWOCI ry: 40 L 
ICE TRAHSHISSIa. TY~: CVT 

tl)T~-
RATED POIER: 45.9 KW 
awTRG..L.ER: 51 KW 
EV TRANSKISSION TYPE: flX!d ratIo 

IIUVINJ -
ICE FRACTHWAL RAta: 22.15058 X 
AftUL fW.. USE: 477.8499 L 

\'EM: 1982 
REAl INTEREST RATE: 10 % 
VEHICLE SALVIa VALlE: 10 X 

ACtESS(Rf COST: • 200 

HAI'£: LfHl.2/3.3 
BATTERY CYClE LIFE: 1500 
ftAXI..... SJ£lF LIFE: 10 YEARS 

.3337256 
lFTH (F A IEEP DI~: .8 

FUEL COST: .373 S/L 
FlEL TYPE: t£TtMl.. 
mER: 51 KW 

TYPE: AC 

AI'OMT: 16610.67 IOt/YOO 
EV FRACTIllW.. RAJa: 75.73663 X 
MJAi.. £lEC USE: 4142.915 KW-H 

f- OOlPUTS -. 

COST ITOO- • C/IOt 
BASIC VEHIClE COST 7166.00 4.314 
OOIt£ COST 1317.05 0.793 
ICE TRANgUSSIa. COST 509.67 0.343 
r«JTOO COST 872.10 0.525 
aftTRW..ER COST 2295.00 1.382 
EV TRANSltISSHIf COST 237.15 0.143 
BATTERY UJI 4757.33 2.864 HIGf 4804.91 2.893 ----
INITIAl COST lo. 17214.99 10.364 HIGfln62.5O 10.392 
IOWAYl£NT L04 3443.00 2.073 HIGH 3452.51 2.078 

REPI..AC8t'T aATTS L04 4757.33 2.864 HIGH 4804.91 2.893 
fUA IRS " ItAINTENAfa: 5750.58 3.462 
REPLACa£NT TIRES ~.17 0.320 
INStIW«:E 3479.00 2.094 
GARAGINJ, PARK. nu 782.50 0.471 
TITLE, REG. LIC. UII. 1060.75 0.639 HIGf 1063.13 0.640 
FlEL-oIL 1835.85 1.105 
ElECTRICITY 2071.46 1.247 
PRIN " INT L04 13771.99 8.291 HIGfI3810.05 8.314 ----
CPERATIHG COST lo. 34041.63 20.494 HIGf34082.07 20.518 

\£}fICLf 5f'l.VAC£ VAllE l04 5165.88 3.110 HIGf 5212.73 3.138 
BATTERY SALVAG: l04 0.00 0.000 HIGf 0.00 0.000 

TOTAl LIFE CYa.E COST UII32318.75 19.457 HIGf3232I.85 19.458 
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a.£CTRIC AND HYBRID VEHIClE COST ron 
FE/AIR HYIIUD 

f--ItflUTS-I 

08-29-1984 

(B£RfL -
~IClE SIZE: ~ 
CtelIEIG!T: 1531 KG 
VEHIClE WEIGHT • WT: 1673 
LIFE: 166106.7 lOt 

Y£MI 1982 
REAL INTEREST RATE: 10 1 
VBiIClE SIl.VAGE VALI£: 10 X 

ACCEssmY COST: f 200 

BATll"'RY - HArE: FE-AIR3.3 
amERY WEIGHT: 284 KG BATTERY CYClE LIFE: 500 
a.ECTRICITY COST: .05 f/KIHt MXII'lJt g£L.f LIFE: 10 YEARS 
I:wfROOE DAILY IEPTH (F DISOfAR(£: .3614187 

MIHTEJW«:E F~T(R: 2 

OOU£ -
TM< CAPACITY: 40 L 
ICE TAANSnISSI£* TYPE: CVT 

t«lTm-

lEPTH (F A l£EP DlsawroE: .8 

FUEl COST: .373 f/L 
FUEl TYPE: f£THAfIl. 
mER: 46.8 KW 

RATED PMR: 42.2 KW TYPE: AC 
aJ(TR(llER: 46.8 KW 
EV TRAHSftISSI£* TYPE: fIxed ratIo 

aUVI,., - AIOMT: 16610.67 I<tt/YEM 
ICE FRACTI (tW. rwa: 22.15058 I EV FRfCTI(IW.. rwa: 76.1811 I 

AW.W. ELEC USE: 4481. 735 I<W-fl rH«JfL FlEL USE: 470.4655 L 

f- OOTPUTS -I 

COST noo-
f CIIOt 

BASIC I,BiIClE COST 69".32.15 4.173 
OOltE COST 1280.81 0.771 
ICE ~ISSI(Jf COST 522.76 0.315 
I'IlTM COST 801.80 0.483 
COOJR(UER COST 2106.00 1.268 
EV TRANSI'USSI(Jf COST 217.62 0.131 
BATrERY 1m 2713.15 1.633 HIG! 5507.70 3.316 ----
IHITIIl. COST La. 145"14.28 8.774 HIG!I13b8.83 10.456 
InWAMHT La. 2914.86 1.755 HIG! 3473.77 2.091 

REPl..AC8t'T BATTS La. 8139.45 4.900 HIG!I6523.09 9.947 
fUAIRS II MINTENAta 5767.41 3.472 
REPl.ACEJENT TIRES 511.02 0.300 
IHSlRAHCE 3479.00 2.094 
GMAGINi. PMI<. nu 782.50 0.471 
TITlE. REG. LIC. La.. 928.71 0.559 HIGH 1068.44 0.643 
FlEL-oIL 1807.48 1.088 
ElECTRICITY 2240.87 1.349 
PRIN " IHT La. 11659.42 7.019 HIG!I389S.06 8.365 ---
(PEAATItIJ COST 1m 35315.87 21.261 HIGH37691.24 22.691 

\9IIClE SIl.VAGE VIl.I£ La. 2362.08 1.422 HIG! 4324.00 2.603 
BATTERY StLVAGE La. 0.00 0.000 HIoo 0.00 0.000 

TOTAL LIFE CYCLE COST LIN35868.65 21.~4 HIGH36841.00 22.179 
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ELECTRIC AHD HYBUD VI:1iIClE COST f()[E. 

LIIFES HYmID 08-29-1984 

f- IfRlTS-f 

IE£Rrt. -
VEHIa.£ SIZE: 5-PASS 
rum lEIGH: 1517 KG 
VEHIa.£ WEIGfT • WT: 1653 
LIFE: 166100.7 KPI 

BATTERY -
OOTTERY WEIGHT: '03 KG 
ELECTRICITY COST: .05 S/Kw-H 
Al£RAGf OOILY [(PTH (F DI~: 

MINT'ENM:£ FACTIR: 1.2S 

0011£ -
TfW< ~ACITY: 40 L 
ICE TIWafISSION TYPE: CVT 

IllTffi-

YEAR: 1982 
REPL INTEREST RATE: 10 % 
VEHIClE 5tt..VAGE VALLE: 10 y. 

ACCESsaN COST: S 200 

NAM£: LI-FE-S3.3 
BATTf:RY CYCl.£ LIFE: 750 
MXHU' SJ£l.F LIFE: 10 YEARS 

.2501142 
f.EPTH (F A IE:F DISCHM6E: .8 

Fln COST: .373 S/L 
FlEL TYPE: I£'THrKl 
ro4ER: 46.3 K'W 

RATED roER: 41.7 .,,,, TYPE: AC 
COOTRIl..LER: 46.3 KW 
EV TRAHSrlISSION TYPE: fIxed ratio 

ooIVI,., - AfO..m: 16610.67 KltIYEM 
ICE FROCTICfR RAta: 22.15058 % EV FRACTIONAL RANGE: 76.7572 % 

~JAL ELEe USE: 3160.689 KW-H AtHJAL FlI:l USE: 444.8058 L 

f- OOTPUTS -f 

COST HOO-
f C/KIt 

BASIC VEHIa.E COST 6891.41 4.149 
OOINE ~l 1276.27 0.768 
ICE TRAHS/'II SS ION COST 517.17 0.311 
Itn~ COST 792.30 0.477 
wmn.lER COST 2083.50 1.254 
EV TRAHSIUSSI(W COST 215.30 0.130 
BATTERY U:.. 3709.29 2.233 HIGH 3784.99 2.279 -----
INITIAL COST LI:.. 1:)485.24 9.322 HIGHI5560.94 9.368 
InWA'Il'IEHT La. 3lfI7.f1l 1.864 HIGH 3112.19 1.874 

REPLAC8t'T BATTS LI:.. 37rfl.29 2.233 HIGH 3784.99 2.279 
REPAIRS It I'tAINT"EtWa 4699.12 2.829 
REPl..ACEt9T TIRES 508.16 0.3Ob 
INSlIWa 3479.00 2.094 
GAROOIP«J, PMK. TIll 782.50 0.471 
TITLE. REG. LIe. la.. 974.26 0.587 HIGH 978.05 0.589 
FlEL-{lJL 1708.90 1.029 
aECTRICITY 1580.34 0.951 
PRIN Ir INT LI:.. 12388.19 7.458 HIGHI2448.75 7.494 --
tfERATIt«1 COST LI:.. 2'1829. 77 17.958 HIGH29894.11 17.997 

VEHIC1£ 5tt..VIY£ VAlLE La. 2228.81 1.342 HIGH 2265.03 1.364 
BATTERY stt..V~ LI:.. 38. n 0.023 HIGi 38.77 0.023 

TOTrt. LIfE CYCLE COST LIlOO659.24 18.458 HIGH30702.51 18.484 
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UECTRIC rMD HYmlD VEHIClE COST fGE. 

'5'o-",~ HAtS HYMID 08-29-1984 

J-IIfIUTS-f 

~-
VEHIClE SIZE: 5-i'ASS 
ems ~IOOr: 1340 KG 
~IClE WEIGHT • Wi: 1476 
LIFE: 166106.7 K" 

BATTERY -
BAITERY WEIGiT: 167 KG 
aECTRICITY COST: .05 $/K1Hl 
{WfJI.fi£ DAllY IE'TH (F DISCHAR(£: 

MINIBWa FOCTOO: 1.75 

OOIt£ --
TrH: ~ACITY: 40 l 
ICE TRAHSHISSIOO TYPE: CVT 

IIlTOO-

YEAR: 1982 
RE~ INTEREST RATE: 10 % 
VEHIClE SALV~ V~lf: 10 7-

~Y COST: $ 200 

NAI£: NA-S3.3 
BATTERY CYClE LIFE: 7SO 
MXIIUt St£.F LIFE: 10 YEARS 

.3474551 
DEPTH OF A Cl.EP DISCHAR(C: .S 

FW. COST: .373 $/l 
FlEL lYPE: tETIWO.. 
POWER: 41.3 KW 

RATED mER: 37.2 KW TYPE: OC 
WfTRW.ER: 41.3 KW 
~V TRANSMISSION TYPE: fIxed ratIo 

OOIVltll - AtO..tH: 16610.67 KtltYEAR 
ICE FAACTloorL tWa: 22.15058 % EV FAACTlCWL fWa: 75.1 ns % 

AtkW- a£C USE: 254Q.247 KW-+I AtfUL FlEl. USE: 408.9519 l 

J- OOTf'UTS -f 

COST IrOO-
$ CtKft 

BASIC VElii CLE COST 6600.97 3.979 
OOU£ COST 1229.04 0.740 
ICE T~ISSI~ COST 461.32 0.278 
rlJTOR COST 706. SO 0.426 
WfTRCUER COST 1858.50 1.119 
EV T~lSSI~ COST 192.05 0.116 
BATTERY LI),I 3894.51 2.345 HIGH 4279.68 2.576 -----
INIn~ COST LI),I 14951.19 9.001 HI 00 15336. 36 9.233 
IXMI'AYtENT LI),I 2990.24 1.800 HIGH 3007.27 1.847 

R£Pl.AC8t'T BATTS LI),I 7lfn.02 4.689 HIGH 8559.37 5.153 
m'AIRS " MINT~ 5373.52 3.235 
REPl.AC9£HT TIRES 482.87 0.291 
INSlRAfa 3479.00 2.094 
~Itll.PftRk. T(l.L 782.50 0.471 
TITI..E. REG. LIC. LI),I. 947.50 0.570 HIGi 966.82 0.582 
F\.El.. -QIL 1571.15 0.946 
ElECTRICITY 1270.12 0.765 
PRIM If INT LW 11960.95 7.201 HIGiI2269.09 7.386 ----
tfERATIf«J COST UJI 33656.1020.262 HIGm984.09 20.459 

VEHIaE Sft.YA(E VAlLE La. 3878.05 2.335 HIGi 4219.43 2.540 
BArTERY SALVAIE UII 0.00 0.000 HIGH 0.00 0.000 

TOTtL LIFE CYCLE COST La.32768.89 19.728 HIGf32831.93 19.766 
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SPE Fuel Cell VehIcle - Cost Sheet 

GENERAL --
VEHICLE SIZE: 5-PASS 
CURB WEIGHT: 1205 KG 
VEHICLE WEIGHT, WT: 1341 V-G 
LIFE: 166100 ~M 

FUEL CELL -
WEIGHT: 216 KG 
MAINTENANCE FACTOR: 1 

TRANSMISSION TYPE: FIXED RATIO 
MOTOR TYPE: AC 
CONTROLLER TYPE: INVERTER 

DRIVING -
ANNUAL FUEL USE: 1353 L 

YEAR: 1982 
REAL INTEREST RATE: lOX 
VEHICLE SALVAGE VALUE: lOX 

ACCESSORY COST: $200 

NAME: SPE 

POWER: 40 ~~W 

POWER: 40 ~: .. W 
POWER: 40 ~(W 

AMOUNT: 16610 ~<M 

*--OUTPUTS--* 

COST ITEMS-

BASIC VEHICLE COST 
FUEL CELL COST 
MOTOR COST 
CONTROLLER COST 
TRANSMISSION COST 

INITIAL COST 
DOWNPAYMENT 

REPAIRS 1. .. MAINT 
REPL. TIRES 
INSURANCE 
GAR. ,PAR~'::, TOLL 
TITLE,REG. ,LIC. 
FUEL 
PRINCIPAL ~ INT. 

OPERATING COST 

VEH. SALVo (WID FC) 
FC SALVo (16%) 

TOTAL LIFE CYCLE COST 

:t 
7542 
7344 

684 
1800 

184 

17554 
3511 

4600 
419 

3479 
783 

1075 
5182 

1404::' 

29581 

386 
1207 

31499 
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CIVM 
4.54 
4.42 
0.41 
1.08 
O. 11 

10.57 
2.11 

2.77 
0.25 
2.71 
0.61 
0.65 
3.12 
8.45 

17.81 

C'.23 
0.7::' 

18.96 



APPENDIX C 

VEHICLE PACKAGING 
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96·km Pb·Acid Van 

Battery 

WEIGHT, kg VOLUME,! LOCATION & D)MENSIONS, em 
453 216 

REAR : L = 96.0 W = 75.0 

96·km Pb·Acid Bipolar Van 

Battery 

100.00 

" 
'" " " v" 70.0 

16.5 

16.5 

WEIGHT, kg VOLUME,l LOCATION & DIMENSIONS, em 
293 148 REAR: L = 66.0 W = 75.0 

100.00 

" " " v" 70.0 

16.5 

16.5 

120.00 

277.00 

H = 30.0 

30.0 

H = 30.0 
277.00 

30.0 
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96-km Ni-Fe Van 

Battery 

WEIGHT, kg VOLUME,! LOCATION & DIMENSIONS, em 277.00 
388 232 REAR: L 103.0 W = 75.0 H 30.0 

30.0 

100.00 

16.5 

96-km Ni-Zn Van 

Battery 

WEIGHT, kg VOLUME,! LOCATION & DIMENSIONS, em 
254 152 REAR: L = 68.0 W 75.0 H 30.0 

277.00 

30.0 

100.00 
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277.00 
Battery 

30.0 
WEIGHT, kg VOLUME, £ LOCATION & DIMENSIONS, em 

444 444 REAR: L 197.0 W = 75.0 H = 30.0 

100.00 

16.5 

277.00 
Battery 

WEIGHT, kg VOLUME, £ LOCATION & DIMENSIONS, em 
351 394 REAR: L = 175.0 W = 75.0 

30.0 
H = 30.0 

100.00 

C-5 



96-km Fe-Air Van 

Battery 

WEIGHT, kg VOLUME,R LOCATION & DIMENSIONS, em 
280 353 REAR: L = 157.0 W = 75.0 

100.00 

16.5 

16.5 

96-km U-FeS Van 

Battery 

WEIGHT, kg VOLUME,R LOCATION & DIMENSIONS, em 
276 197 REAR: L = 88.0 W .= 75.0 

100.00 

,/ 
,/ 

,/ 

v'/70.0 

16.5 

16.5 

277.00 

30.0 

30.0 

120.00 

277.00 

H = 30.0 
30.0 

C-6 



128·km Li.F~ 
2.passe~ 

Battery 
WEIGHT, kg VOLUME, e LOCATION & DIMENSIONS, em 

171 122 REAR :L=33.2 W=96.5 

96·km Na·S Van 

Battery 

WEIGHT, kg VOLUME,! LOCATION & DIMENSIONS, em 
191 211 REAR: L = 94.0 W 75.0 

100.00 

H 38.1 

277.00 
H 30.0 

30.0 

C-7 



128-km Ni-Fe EV 

2 - Passenger 

8attery 

WEIGHT, kg VOLUME, e LOCATION & DIMENSIONS, em 
246 144 FRONT 

1 28-km Pb-Acid EV 

2 - Passenger 

TUNNEL: L 34.9 W = 81.3 
REAR : L = 34.9 W = 81.3 

Battery 

WEIGHT, kg VOLUME, e LOCATION & DIMENSIONS, em 
306 145 FRONT 

TUNNEL: L = 35.1 W = 81.3 
REAR :L=35.1 W 81.3 

H = 25.4 
H 25.4 

53.3 

H = 25.4 
H = 25.4 

53.3 

C-8 

96.5 96.5 

43.2 

25.4 

96.5 
96.5 

43.2 



~:m Zn-CI2 EV 

Lassenger 

Battery 
WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 

267 225 FRONT 

1 28-km Fe-Air EV 

2 - Passenger 

TUNNEL : L = 64.4 W 81.3 
REAR : L 64.4 W = 81.3 

Battery 
WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 

203 187 FRONT 
TUNNEL: L = 45.3 W = 81.3 
REAR :L 45.3 W=81.3 

H = 25.4 
H 25.4 

25.4 

C-9 

H = 25.4 
H = 25.4 

25. 



1 28·km Zn·Br2 EV 

2 . Passenger 

Battery 

WEIGHT, kg VOLUME, e LOCATION & DIMENSIONS, em 
332 257 FRONT 

1 28·km Pb·Acid EV 

Bipolar 

2 • Passenger 

TUNNEL TANK L ~ 41.5 
REAR TANK L ~ 55.9 

8ATTERY L ~ 55.9 

Battery 

WEIGHT, kg VOLUME, e LOCATION & DIMENSIONS, em 
217 110 FRONT 

TUNNEL: L ~ 26.7 W ~ 81.3 
REAR : L = 26.7 W 81.3 

W ~ 81.3 
W ~ 21.6 
W 64.7 

53.3 

H ~ 25.4 
H ~ 25.4 

53.3 

C-IO 

H ~ 25.4 
H = 35.6 
H ~ 35.6 

2 



~kmNi-znEV 
L~ Passenger 

Battery 
WEIGHT, kg VOLUME, e LOCATION & DIMENSIONS, em 

165 99 FRONT 

128-km Na-S EV 

2 Passenger 

TUNNEL: L 24 W 81.3 
REAR :L=24 W=81.3 

Battery 
WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 

H = 25.4 
H 25.4 

25.4 

118 109 REAR :L=50.8 W=59.1 H 36.3 

C-ll 

.1 



1 60-km Pb-Aeid 

Bipolar EV 

5 Passenger 

Battery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
404 204 FRONT 

1 60-km Pb-Aeid EV 

5 - Passenger 

TUNNEL : L 88.9 W = 30.5 
REAR : L = 30.5 W = 86.4 

3B.1 

Battery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
590 281 FRONT 

TUNNEL: L 114.3 W = 30.5 
REAR : L = 61 W = 63.5 

38.1 

C-12 

H = 3B.1 
H = 3B.1 

H" 38.1 
H = 38.1 



1 60-km Zn-Br2 EV 

5 - Passenger 

Battery 

WEIGHT, kg 
544 

VOLUME, f LOCATION & DIMENSIONS, em 
544 FRONT: TANK L 20.3 

1 60-km Na-S EV 

5 - Passenger 

TUNNEL : TANK L = 167.6 
REAR : STACK L = 70.4 

Battery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
245 271 FRONT 

W = 74.7 
W = 30.5 
W = 101.6 

TUNNEL: L = 172.7' W = 25.4 H 36.3 
REAR : L = 50.8 W = 61 H 36.3 

36.3 

C-13 

67.6 

72.7 



1 60-km Fe-Air EV 

5 - Passenger 

Battery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
338 425 FRONT 

160-km Li-FeS EV 
5 - Passenger 

TUNNEL : L = 146.4 W 30.5 
REAR :L 91.4 W=73.2 

38.1 

Battery 

WEIGHT, kg VOLUME, R LOCATION & DIMENSIONS, em 
316 266 FRONT 

TUNNEL: L = 97.2 W = 30.5 
REAR : L = 30.5 W = 97.2 

H = 38.1 
H = 38.1 

H = 38.1 
H 38.1 

C-14 



~mNi-FeEV 
L~assenger 

Battery 
WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 

437 261 FRONT 

1 60-km Ni-Zn EV 

5 - Passenger 

TUNNEL: L 74 W = 30.5 
REAR : L = 61 W = 76.2 

Battery 
WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 

336 202 FRONT 
TUNNEL : L = 57.9 W 30.5 
REAR : L = 61 W = 58.4 

H = 38.1 
H = 38.1 

74 

H = 38.1 
H = 38.1 

C-lS 



160-km Zn-CI2 EV 

5 - Passenger 

Battery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
406 456 FRONT 

240-km Fe-Air EV 

5 - Passenger 

TUNNEL: L = 157 W = 30.5 
REAR : L = 91.4 W = 78.7 

Battery 

WEIGHT, kg VOLUME,l LOCATION & DIMENSIONS, em 
704 640 FRONT: L = 30.5 W = 83.8 

TUNNEL: L = 167.8 W = 30.5 
REAR : L = 85.8 W = 101.6 

H = 38.1 
H 38.1 

H = 20.3 
H = 38.1 
H = 45.7 

C-16 

45.7 

167.8 



240-km Pb-Aeid EV 

5 • Passenger 

Battery 

WEIGHT, kg VOLUME, e LOCATION & DIMENSIONS, em 
1001 477 FRONT 

[}

40.km Pb·Aeid 

Bipolar EV 

5 • Passenger 

TUNNEL : L = 167.6 W 30.5 
REAR :L=91.4 W=80.9 

38.1 

Battery 

WEIGHT, kg VOLUME, e LOCATION & DIMENSIONS, em 
754 381 FRONT 

TUNNEL: L = 131 W = 30.5 
REAR : L = 61 W = 98.3 

H 38.1 
H = 38.1 

H = 38.1 
H = 38.1 

C-17 

167.6 

31 



240-km Ni-Fe EV 

5 - Passenger 

Battery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
664 397 FRONT 

240-km Ni-Zn EV 

5 - Passenger 

TUNNEL: L = 113.9 W 30.5 
REAR :L=91.4 W=75.9 

Battery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
522 313 FRONT 

TUNNEL : L 35.4 W = 30.5 
REAR : L = 61 W 89.9 

C-lS 

H = 38.1 
H = 38.1 

H = 38.1 
H = 38.1 



240-km Na-S EV 

5 - Passenger 

Battery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
352 390 FRONT 

240-km Zn-Br2EV 

5 - Passenger 

TUNNEL· : L = 167.B W = 30.5 
REAR : L 61 W 83.8 

38.1 

Battery 

WEIGHT, kg VOLUME,l LOCATION & DIMENSIONS, em 
1001 863 FRONT: L = 91.4 W = 83.8 

TUNNEL: L = 167.8 W = 30.5 
REAR : L = 96.5 W = 101.6 

25.3 

H = 38.1 
H = 38.1 

H = 25.3 - 32.1 
H = 38.1 
H 45.7 

C-19 

167.8 

7 

167.8 



240-km Li-FeS EV 

5 - Passenger 

Battery 

WEIGHT, kg VOLUME,l LOCATION & DIMENSIONS, em 
451 322 FRONT 

240-km Zn-CI2 EV 

5 - Passenger 

TUNNEL: L = 138.5 W 30.5 
REAR : L = 61.0 W = 69.3 

Battery 

WEIGHT, kg VOLUME,l LOCATION & DIMENSIONS, em 
746 643 FRONT: L = 30.5 W = 83.8 

TUNNEL: L = 167.8 W = 30.5 
REAR : L = 86.5 W = 101.6 

H = 38.1 
H = 38.1 

H = 20.3 
H = 38.1 
H = 45.7 

C-20 

45.7 

167.8 



\:~m Zn-CI2 EV 

LPassenger 

8attery 

WEIGHT, kg VOLUME, f LOCATION & DiMENSIONS, em 
889 713 FRONT: L = 85.4 W = 83.8 

400-km Fe-Air EV 

5 - Passenger 

TUNNEL : L 152.4 W = 30.5 
REAR :L 91.4 W=101.6 

25 

8attery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
724 533 FRONT 

TUNNEL: L 153 W = 30.5 
REAR : L 91.4 W = 101.6 

38.1 

C-21 

H = 25.4 
H = 38.1 
H = 38.1 

H 38.1 
H = 38.1 

153 



4OO-km Li-FeS EV 

5 - Passenger 

Battery 

WEIGHT, kg VOLUME,l LOCATION & DIMENSIONS, em 
615 439 FRONT: L = 30.5 W = 75.6 

400-km AI -Air EV 

5 - Passenger 

TUNNEL: L = 75.6 W = 30.5 
REAR : L = 91.5 W = 75.6 

Battery 

WEIGHT, kg VOLUME,l LOCATION & DIMENSIONS, em 
FRONT : L = 91.4 W = 83.8 
TUNNEL: L = 167.8 W 30.5 
REAR : L = 96.5 W = 101.6 

30.5 

H = 38.1 
H = 38.1 
H = 38.1 

H = 30.0 (See Fig.) 
H = 38.1 
H = 57.0 

C-22 



i-::m U-FeS Hyb 

LPassenger 

Battery 

WEIGHT, kg VOLUME,! LOCATION & DIMENSIONS, em 
273 195 FRONT 

TUNNEL: L = 83.9 W 30.5 

4OO-km Na-S Hyb 

5 - Passenger 

REAR : L = 30.5 W = 83.9 

91.4 

Battery 

WEIGHT, kg VOLUME,! LOCATION & DIMENSIONS, em 
437 398 FRONT 

TUNNEL: L = 167.6 W = 25.4 
REAR : L = 76.2 W = 101.6 

91.4 

51.6 

H = 38.1 
H 38.1 

H 36.3 
H = 36.3 

C-23 

96.5 

96.5 

167.6 

101.6 

45.7 

101.6 

76.2 



400-km Pb-Acid Hyb 

5 - Passenger 

Battery' 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
411 174 FRONT 

400-km Pb-Acid Hyb 

Bipolar 

5 - Passenger 

TUNNEL: L = 73.7 W = 30.5 
REAR : L = 30.5 W 76.2 

91.4 

Battery 

WEIGHT, kg VOLUME, e LOCATION & DIMENSIONS, em 
224 49 REAR: L = 30.5 W = 96.5 

91.4 

H = 38.1 
H = 38.1 

H 38.1 

38,1: ..... "'(/ ,,,, ... ,,, 
I / 

l ""j ....... J-' / 58.4 

51.6 

C-24 

96. 101.6 

45.7 

96. 101.6 

45.7 



400-km Ni-Fe Hyb 

5 - Passenger 

Battery 

WEIGHT, kg VOLUME, e LOCATION & DIMENSIONS, em 
333 172 FRONT 

400-km Ni-Zn Hyb 

5 - Passenger 

TUNNEL : L = 49.3 W = 30.5 
REAR : L = 61 W 49.3 

91.4 

51.6 

Battery 

WEIGHT, kg VOLUME, e LOCATION & DIMENSIONS, em 
229 137 REAR: L = 61 W = 49.9 

91.4 

H 38.1 
H = 38.1 

H = 38.1 

;",.~O.5 .... -1/ 

38 1~ ' .... y'/ I /'/ .: ;,/ 
l :... ......... 58.4 

....... ,J ..... "/ 

51.6 

C-25 

96. 101.6 

9 101.6 

45.7 



400-km Zn-Br2 Hyb 

5 - Passenger 

Battery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
432 326 FRONT 

400-km Zn-C/2 Hyb 

5 - Passenger 

TUNNEL: L = 140 W = 30.5 
REAR : L = 55.9 W 82 

91.4 

Battery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
373 280 FRONT 

TUNNEL: L = 80.4 W 30.5 
REAR :L=61 W=80.3 

91.4 

51.6 

H 38.1 
H = 35.6 

H = 38.1 
H = 38.1 

C-26 

96.5 01.6 

01.6 

45.7 



400-km Fe-Air Hyb 

5 - Passenger 

Battery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
284 197 REAR:L 61 W=84.8 

91.4 
83.8 

H 38.1 

: : .. --'/58.4 
" .... "J ..... // 

51.6 

i:::m Na-S Hyb 

Lassenger 

8attery 

WEIGHT, kg VOLUME, f LOCATION & DIMENSIONS, em 
167 151 REAR :L=50.8 W=81.9 

!l3.S 
91.4 

H = 36.3 

/ 
/ 

: : .......... 58.4 
-. ... , ... J ..... // 

51.6 

C-27 

96.5 101.6 

45.7 

96.5 101.6 

45.7 



4OO-km Na-S EV' 

5 - Passenger 

Battery 

WEIGHT, kg VOLUME,l LOCATION & DIMENSIONS, em 
437 398 FRONT: L = W = 

TUNNEL: L = 89.8 W = 30.5 
REAR : L 91.5 W = 89.8 

H 
H = 36.3 
H = 36.3 

C-28 



APPENDIX D 

COMPARISON OF BATTERY PROJECTIONS 

D-l 





LEAD/ACID DISCHARGE CURUES 
158T'--------------------------------------------------------------~ 

A P/E=1.0 
• P/E=2.1 

125 0 P/E=2.4 

• P/E=3.3 
o BIPOLAR PB/ACID 

180 ~ 

~ 
75 .... I CI W 

)I; 

~ .., 
58 

III: 

~ 
0 
Clot 

U 25 ... 
fa. ... 
U 
W 
ca.. 
f.n " 110 

2
1
" 3·" 4" s·" 6 

SPECIFIC ENERGV (WH/](G) 



LEAD/ACID POWER US. DEPTH-OF-DISCHARGE 
488 

I 
I.l. P/E= ~ .8 

358J 
.A P/E=2. ~-2. 4 

0 P/E=3.3 

• BIPOLAR 
I 

388 

258. 

288 
t::I .... 
I ~ .po :w; , 

3 ~58 
'" 
AI; 
lIII 
~ ~88 
IIoc 
C) .... 
(If 58 .... 
C) 
lIII 
IIoc 
U) 8 

2
1
8 48 

6
1

" 
8li1 ~ 

DEPTH-OF-DISCHARGE (X) 



NICKEL-IRON DISCHARGE CURUES 
129 

l:J. P/E=1..8 

• P/E=2.1. 

1.119 0 P/E=2.4 

• P/E=3.3 

89 

.... 
69

1 
<J 
;lI; 
'-:I 
>J 

cr: 49
1 

Ilol 
:I 
0 
0. 

I u Z9i .... 
~ I .... 
u 

9~ 
101 
0. 
~ 

1.9 Z9 39 49 58 6 

SPECIFIC ENERGV <WH/KG) 

EPI NICKEL-IRON DISCHARGE CURUES 
129 

l:J. P/E:-:1..9-2.4 
4 P/E-=3.3 

199 

.. J 
! 
I 

.... 6l <J 
;lI; 
'-:I 
'" 
cr: <19-] 
... 

I :I 
0 
0. 

U 29j .... 
"" ... 
U 
101 
p., 
~ 9 

1.9 29 39 48 59 6 

SPECIFIC ENERGY (WH/KG) 

D-5 



ex: 
104 
::E 
o 
Q" 

U ... 
"" .... 
U 
W 
Po. 

NICKEL/IRON POWER US. DEPTH-OF-DISCHARGE 
250~ ____________________________________________________________________________ ~ 

290 

1.50 

50. 

11 P/E=.1.0 
• P/E=2 . .1-2.4 
o P/E=3.3 

o 0 -.--------------,----------------r--------------~--------------~~------------~ 

ex: w 
::E 
o 
Po. 

U ... 
"" .... 
I,) 
IaI 
Po. 

29 49 69 89 1. 

DEPTH-OF-DISCHARCE (x> 

EPI NICKEL/IRON POWER US. DEPTH-OF-DISCHRRCE 
259~------------------------------------------------------------------------------__, 

290 

159 

59. 

11 P/E=1.. 9-2 • 4 

• P/E=3.3 

o 9+----------------r--------------~--------------~----------------r_------------~ 
29 49 69 89 .1 

DEPTH-OF-DISCHARGE (x> 

D-6 



S 
In 

(;4 ,. 
:::> CJ ell: X ::I , 
() s = (;4 'If :I 
CJ OJ 

ell: :> G: CJ = ell: () (;4 
(Il z ... 

~ A 
() 

S () 

Z 
(I') tool ... '" N tool 

() , 
(;4 

~ 
(;4 p.. 

X CIl 
() ... 

S Z 
(II 

l~ I I 
S lSI S lSI tI lSI S lSI lSI 
ID 'If (II tI CO ID .". (II 

"" -of .oj .t 

(:»)I/M) H3:MOd :>I.II:>3dS 
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lSI 
CD 

113 
U = cz: 
= <J 
fIj .... 
Q ,.. 
I lSI ~ 

IJ. ~ ..., 
0 
I W 

= U 
lot = ~ cz: 
113 = Q <J 

fIj ... 
fIj Q 
::> I 

IJ. 
= lSI 

0 
113 I 
:I or:r = 0 lot 
~ ~ 

113 
0 A 
Z ... 
N , 
..::a 
113 
;lit; 
<J .... lSI Z N 

(~H/H> H3HOd ~I~I~3dS 

D-8 



(~~/H) H3MOd ~I~I~3dS 

D-9 



t:1 
I 

t-' 
0 

ZINC/BROMINE POWER US. DEPTH-OF-DISCHARCE 2S9., ________________________________________________________________________________ ~ 

299 

1.59 

..... 
~ 
;ill; 
, 199 
:I: ..., 
r:c 
1:11 
:I: 
0 
~ 59. 
t,) ... 
~ ... 
t,) 
~ 
~ 
en 9 

I 

C:. P/E=~.9 

.... P/E=2.~ 
o P/E=2.4 
• P/E=3.3 

2
1
9 4

1
0 6

1
0 0"0 1.9 

DEPTH-OF-DISCHARCE <X) 



2IHC/CHLORINE DISCHARGE CURUES 
129 

b. P/E=1..9 
A P/E-::2.1. 

HilQ 0 P/E=2.4 

I P/E=3.3 

80 

60 .... 

" X 

" :I 
'" 40 g; 
;.;j 
:z 
0 
CI.o 

291 u ... ... ... I 
U 

a~ 
til 
~ 
VI 

12 2CiJ 4CiJ 6CiJ 8CiJ 1. CiJ 
SPECIFIC ENERGY (WH/HG) 

EDA 2INC/CHLORIHE DISCHARGE CURVES 12CiJ.-______________________________________________________________________________ ~ 

g; 
>ol :z 
o 
CI.o 

1. CiJCiJ 

80 

69 

40 

U 2CiJ ... ... ... 
U 
.oJ 
CI.o 

b. P/£=-1..9 
A P/E-::2.1. 

0 P/E=2.4 

D P/E=3.3 

~ CiJ+-------------T-----------~~----------~------------_r------------,_----------~ 
2CiJ 49 6CiJ 89 1. 9 12 

SPECIFIC ENERGY (WH/HG) 

D-ll 



ZINC/CHLORINE POWER US. DEPTH-OF-DISCHARCE 
259~ __________________________________________________________________________ ~ 

..; 
;.:: 

299 

159 

, t99 
:I 

~ 
~ 
:I 
o 
0.. 

U ... 
~ ... 
U 
Iol 
Q., 

fl P/E=1..9 .. P/E=2.1. 

n P/E=2.4 

• P/E=3.3 

~ 9+---------------.----------------r---------------.---------------.r--------------1 
29 49 69 89 1.9 

DEPTH-OF-DISCHARGE (Yo) 

EDA ZINC/CHLORINE POWER US. DEPTH-OF-DISCHARCE 

D. P/E=.1.9 .. P/E=2 . .l 

0 P/E=2.4 

299 • P/E=3.3 

l59J • • • &--- 0 0 
....... .A ... 

" 
" ;.:: l:!. A .l!,. , t99 
:I 
'oJ 

~ 
~ 
:I 
0 
0.. 59 
U ... 
~ ... 
U 
Iol 
0.. 
~ 9 

29 49 69 89 1. 
DEPTH-OF-DISCHARGE (Yo) 
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IRON/AIR DISCHARGE CURUES 
129 

b. P/E=1..9 
A P/E=2.1. 

1.99 0 PI'E=2.4 

I P/E=3.3 

80 

60 ,.. 

" ;x:: 

" 3: .... 
40 

~ 
I<l 
3: 
0 
CI., 

'.J 29 ... 
'" ... 
V 
III 

"" VI 

SPECIFIC ENERGY (WH/KG) 

WESTINGHOUSE IRONI'AIR DISCHARGE CURUES 
129~ ______________________________________________________________________________ --, 

b. PI'E=1..9 
A PI'E=2.1. 

1.99 0 PI'E=2.4 

I PI'E=3.3 

80 

69 ,.. 

" ;x:: 

" 3: .... 
40 

~ 
101 
:z 
0 
CI., 

U 29 ... 
'" ... 
V 
III 
p., 
VI 9 

2 
SPECIFIC 

D-13 



IRON~AIR POWER US. DEPTH-OF-DISCHARGE 259,-______________________________________________________________________________ --, 

299 

159 

" ", 

" , :z 199 
..., 

i J 
' ..... .... ... ... 
(.) 
til 
!l.. 

I.::. 
A 

0 

• 

P~E=1..9 

P~E=2.1. 

P~F=2.4 

P~E=3.3 

• 
~ :~ 

il ~ 

~ 9+----------------r---------------r--------------~--------------~r_------------__1 

299 

" " " 1.5" , 
:z 
"" 
Pi: 
101 1.99 
:z o 
Q., 

(J 
... 59 ... .... 
(.) 
til 
!l.. 

29 49 69 89 1.9 

DEPTH-OF-DISCHARGE <X> 

WESTINGHOUSE IRON~AIR POWER US. DEPTH-OF-DISCHARGE 

A ./). 

~ 9+---------------r--------------.--------------~--------------_r--------------~ 
29 49 69 89 1.9 

DEPTH-OF-DISCHARGE <X> 
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.... 
~ 
X , 
3 ..., 
;x; 
I« 
3 
0 
a.. 
u ... 
~ ... 
v 
I« 
a.. 
VI 

LITHIUM/IRON SULFIDE DISCHARGE CURUES 129.-______________________________________________________________________ • 

l:J. P/E=1..9 

• P/E=2. 1. -2.4 
o P/E= 3.3 

89 

69 

4

°1 
291 

I 

91 
9 29 49 69 89 1. 9 1. 9 1.4 

SPECIFIC ENERGY (WH/J(G) 

AHL LITHIUM/IRON SULFIDE DISCHARGE CURUES 

129~------------------------------------------------------------------------------__, 

1.99 

89 

29 

l:J. P/E=1. .9aa. a 

.. P/E-=2 .1.-2.4 

9+-----------~--------~----------~----------_r----------~----------~--------~ 29 49 6& 8& 1. 9 1. & 
SPECIFIC ENERGY (WH/J(C) 
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LITHIUM/IRON SULFIDE POWER US. DEPTH-OF-DISCHARGE 259,-______________________________________________________________________________ --, 

299 

159 

D. P/E:-J.. 9 
.. P/E=2. J.-2. 4 

• P/E=3.3 

~ 1991 
~ I 
1:1: 
~ 
:I o 
C. 

\,) 
~ 

'"' .... 
U 
III 
~ VI 

1:1: 
IooJ 
:I o 
C. 

\,) .... 
'"' .... 
U 
III 
C. 

9L------.---~-_____r___-___r__-___; r- 29 49 69 89 J.9 

DEPTH-OF-DISCHARGE ('l.) 

AHL LITH./IRON SULF. POWER US. DEPTH-OF-DISCHARGE 
259,~----------------------------------------------------------------------------~ 

D. P/E::J.. 9 
.. P/E=2. J.-2. 4 

• P/E=3.3 

299 

150 

59 

VI 9+----------------r---------------.---------------;,---------------.---------------1 
29 49 69 89 J.9 

DEPTH-OF-DISCHARGE ('l.) 
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SODIUM/SULFUR DISCHARGE CURUES 
129 

Do P/E=~.9 

1& P/E-=2.~ 

.1911 0 P/E=2.4 

II P/E=3.3 

S9 

69 
" 
" ;a:: , 
:z .... 

49 
1:1:: 
~ :z 
0 
~ '-

U 29 ... 
'" ... 
U 
III 
Il. 
VI 9 

29 49 69 89 1 9 .1 9 .14 
SPECIFIC ENERGY (WH/KG) 

FORD SODIUM/SULFUR DISCHARGE CURUES 
.129~ ______________________________________________________________________________ ~ 

1:1:: 
III :z 
o 
~ 

09 

69 

49 

U 29 ... 
'" ... 
V 
III 
Il. 

fl P/E=.1.9 

A P/E=2 . .1 

0 P/E=2.4 

D P/E=3.3 

VI 9+-----------r----------,----------~----------_r----------,_----------._--------_; 
29 49 69 89 .1 9 .1 9 .14 

SPECIFIC ENERGY (WH/KG) 
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SODIUM/SULFUR POWER US. DEPTH-OF-DISCHARGE 
259.-______________________________________ ~~------------------------------------~ 

fj, P/E=1..Q .. P/E=2.1. 
[] P/E=2.4 

299 • P/E=3.3 

l59 

" " :ac 

" 199 :r ..... 
;::J:; I ;oJ 
:z: t 
0 

5g1 a.. 
U ... ... 
~ 

U 
III 
P- I 
'JI 

9J 
29 49 89 1.9 69 

DEPTH-OF-DISCHARGE <x> 

FORD SODIUM/SULFUR POWER US. DEPTH-OF-DISCHARGE 
259 

fj, P/E=1..9 .. • • .. PI'E=2.1. 

! 8 
0 PI'E=2.4 ~ ... 

299 • P/E=3.3 -----------. 

159 

..... 

59 

I 
9+----------------r--------------~--------------_,----------------r_------------~ 

20 40 60 80 1.0 
DEPTH-OF-DISCHARGE <x> 
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ALUMINUM-AIR DISCHARGE CURVE 299,-________________________________________________________________________ -, 

b. AL/AIR 

169 

129 

I 
" ~ 
;,.; 

" 89 
:I 
"" 
ca:; 
w 
:I 
0 
a. 49 
U ... 
~ ... 
U 
ill 
Il.. 
VI 9 

49 89 1 9 1 9 2 9 24 
SPECIFIC ENERGY (WH/)(G) 

LLNL ALUMINUM-AIR DISCHARGE CURVE .or b. AL/AIR 

169 

.J 
I 

I .... 

891 
~ 
;:.:; 

" :I ..., 
IX 
W 
:z: 
0 a. 49 
() ... ... ... 
U 
ill 
Il.. 
VI 9 

49 89 1 9 1 9 2 24 

SPECIFIC ENERGY (WH/)(G) 
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..... 

" ;:.:: , 
:z 
'oJ 

!:I: 
101 
:z 
0 
0. 

() ... 
"" ... 
U 
III 
Po. 
~ 

A: 
101 :z o 
0. 

() ... 
"" ... 
U 
III 
Po. 

ALUMIHUM/AIR POWER US. DEPTH-OF-DISCHARGE 259,-__________________________________________________________________________ --, 

/). P/E=1.. 9 

159 
A ~ ~ 

199 

59 

9 
Iii 29 49 69 89 .19 

DEPTH-OF-DISCHARGE (:,0 

LLHL ALUMIHUM/AIR POWER US. DEPTH-OF-DISCHARGE 
259 

/). P/E=.1.9 

A A ~ 

299 

.15D 

59 

~ 9+---------------,----------------r--------------~--------------~--------------~ 
29 49 69 89 .1 

DEPTH-OF-DISCHARGE (Yo) 
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BATTERY COST FACTORS RELATIUE TO LEADI'ACID 

A rfll'FE 
.... ZWBR 
o ZNI'CL 
• FEI'AIR 
o LII'FES 
• NAI'S 

PBI'ACID REFERENCE 

$/KWH + $/KW + CONSTANT 



Battery 
Type 

Pb/AC:1d 
B1p.Pb/AC:1d 
N1/Fe 
NI/Zn 
Zn/Br2 
Zn/Cl2 
Fe/A1r 
LI/FeS 
Na/S 
AI/A1r 

Tabl e D-l. 

Energy 
(Wh/kg 
@20W/kg) 

38-45 
50 

48-56 
60 

40-67 
42-89 
52-109 
72-102 
73-121 

158 

Battery PrOJec:tlons by Rev1ew Board 

Power Annual 
(30-s W/kg Eff1C:lenc:y Cyc:le 
@10% SOC) (I.) LIfe 

OEM Cost* 
abc: 

80-100 
275 

75-110 
155 

52-94 
80-115 

102-146 
90-107 

129-220 
157 

75 
85 
58 
70 
46 
48 
50 
60 
66 
18** 

750 43 
750 80 

1500 100 
600 130 
750 20 

1500 10 
500 8 
750 7(1 
750 25 

3000*** 

9 

12 

10 
45 
25 
10 
45 
42 

400 

800 

700 
1150 

7(10 
750 

1000 

* OEM Costs 1n 1982~ = a*kWh + b*kW + c: (Symons equat1on) , numbers 
llsted are the reV1ew board's low estImates 

** Sourc:e energy 
*** L1fe of a1r c:athode-3000 c:old starts, equ1valent to 4 years 

Battery 
Type 

Pb/AC:1d 
N1/Fe 
N1/Zn 
Zn/Br2 
Zn/Cl2 
Fe/A1r 
Li/FeS 
Na/S 
AI/A1r 

Table D-2. 

Energy 
(Wh/kg 
@20W/kg) 

38-45 
50-56 

60 
40-67 
50-110 
98-195 
87-136 
73-132 

218 

Battery PrOJec:t1ons by Developers 

Power Annual 
(30-s W/~g Eff1C:lenc:y Cyc:le 
@10% SOC) (I.) L1fe OEM Cost* 

80-100 75 800 $" 53/kWh 
100-130 72 1500 130/kWh 

155 70 600 130/kWh 
52-94 56 750 40/kWh 

103-154 53 1500 61-81/kW 
181-309 68 500 21-25/kW 
90-131 65 1000 99-115/kWh 

143-220 75 800** 63-97/kW 
218 32 3000*** 32/kW 

-----------------------------------------------------------------* ~quivalent values calculated from cost est1mates of c:omplete 
battery systems 1n some 1nstanc:es 

** Surrogate for replacement of 251. of the cells 1n 1000 cycles 
*** L1fe of a1r cathode-3000 cold starts, equivalent to 4 years 
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Table D-3. Specific Performance Projections by Board and Developersa : 
Specific Energy (in Wh/kg) versus Discharge ~ate 

D1scharge rate, W/kg 

20 60 100 

Battery Pas b Com Van Hyb Pas Com Van Hyb Pas Com Van Hyb 

Pb/And 45 43 41 38 31 31 31 31 18 20 22 

B1polar Pb 50 50 50 50 46 46 46 46 41 41 41 41 

N1/Fe 56 54 52 48 44 48 46 44 36 36 38 
(56) (56) (56) (50) (46) (46) (46) (44) (31) (31) (31) (37) 

N1/Zn 60 60 60 60 58 58 58 58 53 53 53 53 

Zn/Br2 67 48 49 40 54 42 44 36 32 35 29 

Zn/CI 2 89 54 54 42 78 48 49 38 38 41 31 
(110) (66) (65) (50) (100) (60) (61) (47) (85) (55) (56) (44) 

Fe/Au 109 68 68 52 100 63 64 49 82 54 56 43 
(195) (134) (123) (98) (182) (128) (118) (94) (167) (122) (113) (91) 

L1/FeS 102 81 81 71 88 70 71 63 72 57 57 53 
(136) (87) (87) (136) (115) OS) (75) (115) (90) (60) (60) (90) 

Na/S 121 87 83 73 109 82 78 69 95 76 73 64 
(132) (92) (83) (73) (121) (86) (79) (69) (107) (80) (74) (65) 

A1/Auc 158 158 151 
(218) (204) (192) 

aDevelopers' prOject10ns are 1n parentheses. 

bThe app11cat10ns are assoc1ated w1th spec1f1c power-to-energy rat10 des1gn targets as follows· 
"Pas" (full-performance) pIE = 1.0 (50 kw/50 kWh), "Com" (commuter) pIE = 2.1 (25 kw/12 kWh), 
"Van" (commerc1al van) pIE = 2.4 (60 kW/25 kWh), "Hyb" (hybnd) pIE - 3.3 (50 kW/15 kWh). 

c"Advanced" system. 
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Table D-4. Specific Performance Projections by Board and Developersa : 
Specific Power (in W/kg) versus State of Charge 

State of Charge, % 

50 30 10 

Battery Pas b Com Van Hyb Pas Com Van Hyb Pas Com Van Hyb 

Pb/And 120 135 135 145 105 115 115 125 80 90 90 100 

B~po1ar Pb 400 400 400 400 345 345 345 345 275 275 275 275 

N~/Fe 120 141 141 160 105 120 120 140 75 90 90 110 
(160) (160) (160) (190) (140) (140) (140) (170) (100) (100) (100) (130) 

N~/Zn 204 204 204 204 185 185 185 185 155 155 155 155 

Zn/Br2 83 115 135 150 69 96 113 125 52 72 85 94 

Zn/C1 2 86 110 127 130 84 103 121 128 80 90 110 115 
(105) (130) (147) (158) (104) (128) (145) (156) (103) (127) (144) (154) 

Fe/Au 110 140 157 165 107 131 150 162 102 115 136 146 
(181) (262) (277) (309) (181) (262) (277) (309) (181) (262) (277) (309) 

L~/Fes 161 165 165 175 126 140 140 137 98 90 90 107 
(187) (170) (170) (215) (146) (140) (140) (168) (114) (90) (90) (131 ) 

Na/S 148 199 224 244 141 192 210 234 129 180 180 220 
(165) (209) (224) (244) (162) (207) (222) (242) (143) (198) (212) (241) 

A1/ Auc 157 157 157 
(218) (218) (218) 

aDevelopers' proJect~ons are ~n parentheses. 

bThe app1~cat~ons are associated w~th specif~c power-to-energy ratio des~gn targets as follows' 
"Pas" (ful1-performance) PiE = 1.0 (50 kw/50 kWh), "Com" (commuter) PiE = 2.1 (25 kw/12 kWh), 
"Van" (commerc~a1 van) PiE = 2.4 (60 kW/25 kWh), "Hyb" (hybnd) PiE - 3.3 (50 kW/15 kWh). 

c"Advanced" system. 

D-24 



APPENDIX E 

VEHICLE COST SHEETS 
BATTERY DEVELOPER PROJECTIONS 
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ELECTRIC AND HYBRID VEHIC.LE COST t(JDEL 

PB/ACID VAN - $SO/KIf! 

f--INPUTS--f 

09-12-1984 

GEt£RAI.. -
VI:.HIClE SIZE: VAN 
aJRB ~IGlT: 1/35 KG 
VEHIC.LE WEIGlT • WT: 2030 
LIFE.: 128480 KI1 

BATTERY -
flATTERY wtIGHf: 453 KG 
ELECTRICITY COST: .OS S/Kw-H 
AYERAGE DAILY ~PTH OF DISffiiRGE: 

~INmwa FACTOO: 

TRANSMISSION TYPE: flxed ratlo 
tllTOO-

RATED POWER: 37.1 KW 
CONTROLLER: 41.2 KW 

mIVING --
~ £lEC 1I'3E: 3075.49 KW-H 

YEAR: 1982 
REAL INTEREST RATE: 10 I 
VEHICLE SALVA6E VALUE: 10 7. 

AtXESSOOV COST: S 200 

twE: PBAC/A1l2.4 
BATTERY CYClE LIFE: 800 
~XIMUI1 SHELF LIFE: 10 'tEARS 

.3188406 
DEP rH Of A DEEP DISOiAR(;c: .8 

TYPE: ac 

AI'\(ltu: 12848 KH/'r'EAR 

f-- OOTPUTS -t 

COST ITOO-
S C/KM 

BASIC VEHIClE COST 8267.50 6.435 
MOTOR COST 704.90 0.549 
COOTR(UER COST 1854.00 1.443 
EV TRANSHISSIOO COST 191.58 0.149 
BATTERY LOW 1342.32 1.045 HIGH 1610.79 1.254 

----- ---
INITIAL COST LOW 12360.30 9.620 HIGlI2628.77 9.829 
IJJhWPAYI'ENl LOW 2472.06 1.924 HIGl 2525.75 1.966 

REPLAL:EI'I'T BATTS LOW 1342.32 1.045 HIGl 1610.79 1.254 
REPAIRS & MAINTENANCE 2281.97 1.776 
REPLAC£MENT TI RES J39.85 0.2b.'5 
INSlRANCE 3479.00 2.708 
GAAAGI~.PARK. TOLL 782.50 0.609 
TITLE. REG. LIC. LOW. 818.02 0.637 HIGH 831.44 0.647 
ELECTRICIfY 1537.75 1.197 
PRIN & INT LOW 9888.24 7.696 HIGHI0103.01 7.863 ------
OPERATIt(} COST LOW 20469.64 15.932 HIGH20697.84 16.110 

VEHICLE SALVAGE VALLe LOW 668.57 0.520 HIGH 717.33 0.558 
BATTERY SAlVAGE. LllI 30.83 0.024 HIGH 30.8::1 0.024 

TOTAL LIFE CYCLE COST LOW22242.30 17.312 HIGl22475.43 17.493 
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GEt£RAL -

ELECTRIC AND HYBRID Vl:HICtE COST PkJIEL 

NI/FE VAN - EPI PRO..£CTfOO 

f- Itf'Ul S--t 

~AR: 1982 

09-12-1984 

VEHICLE SIZE: VAN REAL INTEREST RATE: 10 I 
aRB WEIGiT: 1588 KG 
VEHIa.E WEIGiT ,WT: 1883 
LIFE: 128480 ~" 

BATTEHY-
BATTER'r WElGiT: 348 KG 
ELECTRICITY COST: .05 S/kw-H 
AVERAGE DAILY rEPTH (f' DISCHMGE: 

MINTENAt£E FACTOR: 1.25 

TRAHSlfISSWN TYPE: fIxed ratIo 
I1OToo --

RATED f'Oi,ER: 34.4 KW 
COO"RCUER: 38.2 KW 

llUVI~ --
AtftJAL ELEC USE: 3082.095 KW-H 

VEHICLE SALVOOE VALUE: 10 1-

ACCESSORY COST: $ 200 

NAH£: NI-FE2.4 
flATTERY CYCLE LIFE: 1500 
tlAXIfoU'f SI£l..F LIFE: 10 YEARS 

.299364 
rEf'TH (f' A rEEP DISCHARGE: .8 

TYf'E: 

Ahc.lJtm 12848 KH/YEAR 

f-- OOTPUI S --t 

COST HOO-
$ C/KH 

BASIC VEHICLE COST 8036.92 6.255 
MJTOR COST b53.bO 0.509 
CJ:WTRClLER COST 1719.00 1.338 
EV TRANSMISSION ('OSI 177.63 0.13',3 
BATTERY Ul4 3454.69 2.689 HIGi 0.00 0.000 ------
INITIAl COST L()4 14041.84 10.929 HIGHI0587.15 8.240 
OOWNPAYHENT LCA4 2808.37 2.186 HIGi 2117.43 1.648 

REPLACEWT BATTS L()4 0.(\0 0.000 HIGH 0.00 0.000 
REPAIRS & MAIN1ENANCE 2643.14 2.061 
REPLAC8£NT TlRES 326.61 0.254 
IHSffiAN('E 3479.00 2.708 
6ARA6It«), PAA1<, Tell. 782.50 0.609 
TITLE, REG, LIe, L()4. 902.09 0.702 HIGH 729.3b o.~ 
ELECTRICITY 1541.05 1.199 
PRIN & INT L()4 11233.47 8.743 HIGH 8469.72 6.592 -----
~TING COST L~ 2(r~12.8b 16.277 HIGH17976.37 13.992 

VEHICLE SALVAGE VALI..E L(l./ 408.18 0.318 HIGH 408.18 0.318 
BATTERY Sft.V~ LOW 127.84 0.100 HIGH 127.84 0.100 

TOTAL LIFE CYCLE COST l~23185.21 18.046 HIGiI95:)7.78 15.222 
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ELECTRIC AND HYBRID VEHICLE COST /1OlEL 

ZN/BR VAN - lbO/KWH 

f-ItRlTS-f 

09-12-1934 

GENERAl -
~HICLE SIZE: V~ 
~B hEIGHT: 171.2 KG 
~HICLE WEIGHT, wr: 2017 
LIFE: 128480 "" 

BATTERY-
BATTERY hEIGHT: 444 KG 
ELECTRICITY COST: .OS $/Kw-ti 
AVERAGE DAILY DEPTH (f DISCHARGE: 

MAINTENANCE FACTOR: 2 

TRANSHISSlOO TYPE: flxed ratio 
t(JTOR-

RATED f'()8<: 36.9 KW 
~TRCtLER: 41 K\oI 

~IVING -
ANNUAl ELEC USE: 5172.415 KW-H 

YEAR: 1982 
REAL INTEREST RATE: 10 X 
VEHICLE SALVAGE VAlLIE: 10 'l. 

ACCESSffiY COST: $ 200 

NAME: ZN-BR212.4 
BATTERY CYCLE LIFE: 750 
I1AXIltJM SHELF LIFE: 10 YEARS 

.30972'C2 
rEl'TH OF A DEEP DISCHARGE: .8 

TYPE: ac 

A/1OltH: 12848 KI1/YEAR 

f- OOTPUTS --I 

COST ITEtlS-
$ C/K/1 

BASIC VEHICLE COST 8244.07 6.417 
f1JTOO COST 701.10 0.546 
C.OOTRCtLER COST 1845.00 1.436 
EV TRANSI'lISSION COST 190.65 0.148 
BATTERY L£lI 1186.6·~ 0.924 HIGH 2041.11 1.589 

----- ----
INITIAL COST LOo4 12167.51 9.470 HIGHI3021.93 10.135 
[J(lJtflAYI'IENT LOo4 2433.50 1.894 HIGH 2604.~t 2.017 

HEPLACEI1'T BATTS LOo4 1186.69 0.924 HIGH 2041.11 1.589 
REPAIRS & I1AINTENANCE 3746.64 2.916 
REPLACEI1ENT TIRES 338.67 0.264 
INSIJ{ANCE :~79.00 2.708 
GARAGING,PARK, T(tL 782.50 0.609 
TITLE, REG, LIC, LOW. 808.38 0.629 HIGH 851.10 0.662 
ELECtRICITY 2586.21 2.013 
PRIN & INT L(M.I 9734.01 7.576 HIGH10417.55 8.1OS ------
OPERATING (;(1ST L(J/ 22662.10 17.639 HIGH23388.36 18.204 

VEHICLE SALVAGE VALUE LOW 560.80 0.436 HIGH 659.76 0.514 
BATTERY SlW.VAGE UlI 43.51 0.034 HIGH 43.51 0.034 

TOTAL LIFE CYCLE COST LOW24491.29 19.062 HIGH25289.4S 19.684 
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IE£Rf.L -

ELECTRIC ~ HYBRID VEHICLE COST f10Da 

ZNtCL VAN EDA PRo.£CTIOOS 

I-INPUTS--*' 

YEAR: 198"2 

09-12-1984 

VEHICLE SILE: VAN REAL INTEREST RATE: 10 X 
ClRB ~IGiI: 1477 KG 
WiICLE WEIGiT • WI: 1772 
LIFE: 128480 ~ 

BATTERY-
BATTERY hfIGHT: 270 KG 
ELECTRICITY COST: .05 StKIHi 
AVERAGE DAILY DEPTH Cf DISCHARf£: 

MINTENANCE FOCfOR: 2 

TRANSI1ISSION TYPE: fIxed ratIo 
tllTOO-

RATED P~: 32.4 KW 
CON I ROLLER: 36 KW 

!RIVING --
AtftJAL flEC USE: 4290.79 KW-H 

VEHICLE SALVAGE VALUE: 10 1. 

ACCESSOOY ro3I: $ 200 

NAME: ZN-CL2/2.4 
BATTERY CYCLE LIFe: 1500 
MXII'lIH Sf£LF LIFE: 10 YEARS 

.2m64 
~P1H Cf A DE£P DISCHARGE: .8 

TYPE: 

AMI:llWl: 12848 KI1/YEAR 

t- ruTPUTS --I 

COST I1ENS-
$ e/KI1 

BASIC VEHIClE rusT 7852.82 6.112 
MOTOO COST 615.60 0.479 
CONTHOll.ffi c.osr 1620.00 1.261 
EY TRANSt1ISSIOO COST 167.40 0.130 
BATTERY Ulj 3234.11 2.517 HIGH 0.00 0.000 -----
INITIAl.. COST LIl4 13489.93 10.500 HIGil0255.82 7.982 
[()I,WAYI'IENT L~ 2691.99 2.100 HIGH 2051.16 1.596 

REPlACEWT BATTS LIl4 0.00 0.000 HIGi 0.00 0.000 
REPAIRS ~ I1AIN1ENANCC 3746.64 2.916 
RI:Pl..ACaENT TIRES 316.61 0.246 
INSIJRIlNCE 3479.00 2.708 
GARAGIt«1. PARI<. Till 782.50 0.609 
TITLE, REG, LIC. LOW. 874.50 0.681 HIGH 712.79 0.555 
ELECTRICITY 2145.40 1.670 
PRIN Ie INT LOW 10791.94 8.400 HIGi 8204.66 6.386 -----
OPERA TI,., COST L~ 22136.59 17.230 HIGHI9387.60 15.0$'0 

VEHICLE SALV~ VALUE l~ 395.41 0.308 HIGi 395.41 0.300 
BATTERY SALVAGE LOW 0.00 0.000 HIGi 0.00 0.000 

TOTAL LIFE CYO.E COST lOO4439.17 19.022 HIGH"21043.36 16.379 
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ELECTRIC AND HYBRID IDiIClE COST HODEL 

c.at=Nt. -
VEHICLE SIZE: V~ 

FE/AIR y~ - WESTIt«3HOUSE PROJECTIONS 

f-ItRlTS-f 

YEAR: 1982 
REAL INTEREST RATE: 10, 

09-12-1984 

GlJm WElGiT: 1282 KG 
VEHIa.£ WEIGHT • WI: 1~77 
LIFE: 128480 KM 

VEHIClE srLVAGE VALLIE: 10 Yo 

ACCESSOOY COST: $ 200 

BATTERY- NAME: FE-AIR2.4 
BATTERY ":'WffT: 131 KG BATTERY CYClE lIFE: 500 
llECTRICITY COST: .05 S/KW-H HAXItuH !H:lF LIFE: 10 YEARS 
A't£RAGE DAilY [EPTH OF DISCHARGE: .3105972 

DEPTH OF A DEEP DISCHARGE: • S 
MAINTENANCE FACTOR: 2 

TRANSI1ISSION TYPE: fIxed ratIo 
I(IToo-

RATED PillER: 28.8 KW TYPE: 
ClJHRCliER: 32 KW 

IRIVING -- MOlAm 12848 KP1/YEAR 
ANNUAL ElEC USE: 3025.225 ~~ 

f- OUTPUTS -* 

COST ITEHS-
S e/KH 

BASIC ISiICLE COST 7545.38 5.873 
1'1)1 OR emT 547.20 0.426 
COOTRCllER COST 1440.00 1.121 
EV lRANSl1lSSION COST 148.80 0.116 
BATTERY LOW 1039.13 0.809 HIGH 0.00 0.000 ------
INITIAl o..15T lll4 10120.51 8.344 HIGH 9681.38 7.535 
~IflAYI'II:NT LIlI 2144.10 1.669 HIGH 19::-<6.28 1.507 

REPLACEWT BArrS la..! 2078.26 1.618 HIGH 0.00 0.000 
REPAIRS & MAINTENANCE 3746.64 2.916 
REPLACEMENT TIRES 299.05 0.233 
I~ANCE 3479.00 2.700 
GARAGI~.PAAK, TCU 782.50 0.6O'~ 
TITLE, REG, lIC. llll. 736.03 0.573 HIGH 684.07 0.532 
ELfC rRICITY 1512.61 1.171 
PRIN " INT LIl4 8576.41 6.675 HIGi 7745.10 6.028 ------
CffRA TI M1 COST LIl4 21210.49 16.509 HJGi20327.24 15.821 

YEHICli SALVAtt VAlLE lll4 4BB.05 0.380 HIGH 37.3.26 0.291 
BATTERY ~VAGE LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAL LIFE CYClE COST LOW22865.94 17.797 HIGill890.25 17.038 
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GEtER~ -

ELECTRIC AND HYffiID VEHIClE COST f'IOl£l 

LI/FES VAN - M.. PRO..£CTICt4S 

*-INPUTS-* 

YEAR: 1982 

09-12-1984 

VEHICLE SIZE.: VAN REAL INTEREST RATE: 10 % 
CURB IrE I GHI: 1464 KG 
VEHIClE WEWHT ,WI: 1759 
LIFE: 128480 Ktf 

BATTERY-
BATTERY WEIGHT: 260 KG 
ELECTRICITY COST: .OS $/KW-H 
AVERAC£ DAILY DfPTH fF DISCHPtRtC: 

HAINTENAta FACTOR: 1.25 

TRAASlfISSION TYPE: fIxed raho 
ttlTffi-

RATED POIrER: 32.1 KW 
CONTROLLER: 35.7 KW 

DRIVIMJ -
AtH.W.. ELEC USE: 3236.09 KW-H 

VEHIClE SALVAGE V~UE: 10 y. 

ACCESSORY COST: $ 200 

NAME: ll-FE-S2.4 
BATTERY CYClE LIFE: 1000 
P1AXItlII'I stELF LIfE: 10 YEARS 

.2417583 
IFTH OF A IHP DISlHARGE: .8 

TYPE: AC 

AHOONT: 12848 KH/YEAR 

*- OUTPUTS --I 

COST HOO-
f CIKI'I 

BASIC VEHIClE COST 78".38.53 6.101 
MOTOO COST 609.90 0.475 
COOTR(UER COST 1606.50 1.2~) 
EV TRAf{""'ISSION COST 166.01 0.129 
SAnERY L()/ 305J.70 2.377 HIGH 0.00 0.000 -----
INITI~ COST L()/ 13274.63 10.332 HIGHI0220.93 7.955 
~AYI'ENT L()/ 2654.93 2.066 HIGH 2044.19 1.591 

REPLACEM'T BATTS l()/ 3053.70 2.377 HIGH 0.00 0.000 
REPAIRS & MAINTENANCE 2643.14 2.061 
REPLAWENT TIRES 315.44 0.246 
I~ 3479.00 2.708 
GARAGIN6, PARK, TOLL 782.50 0.609 
lITLE, REG, lIC, lOW. 863.73 0.672 HIGH 711.OS 0.553 
f:LECTRICITY 1618.04 1.259 
PRIN " INT L()/ 10619.71 8.266 HIGH 8176.75 6.364 ------
OPERAlING COST LOW 23380.27 18.198 HI&H20784.62 16.177 

VEHICLE SALVAGE VALUE LOW 3133.16 2.439 HIGH 394.06 0.307 
BATTERY SALVAGE lOW 45.24 0.035 HIGH 45.24 0.035 

TOUt. LII-E CYCLE COST LOO2856.19 17.790 HIGf22389.50 17.426 
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GEtt:RAl -

ELECTf<IC AND HYBRID VI:HIClE COST rlODEL 

HA/S vtW - FORD PRO..ECTIOO 

f-INPUTS-f 

YEM: 1982 

09-12-1984 

VEHICLE SIZE: VAN REAl.. INTEREST RATE: 10 I 
rum WEIGfT: 1353 KG 
Vl:HIClE WfIGfT • UT: 1648 
LIFE: 128480 KI1 

BATTERY-
BATTERY WEIGHT: 181 KG 
aECTRICITY COST: .05 S/KlI-H 
AVERAGE OOILY [£PTH OF DISCHARG:: 

KAINTENANCE FACTOR: 1.75 

TRANSMISSION TYPE: fIxed ratIo 
I1OTOO-

RATED POWER: 30.1 K"W 
WHRtllER: 33.4 KW 

I1UVIr«l -
IHtJI.lL aEC USE: 2:>93.69 KW-H 

VEHICLE SALVAGE VALUE: 10 y. 

ACCESSORY COST: $ 200 

NAt1£: NA-S2.4 
BATTERY CYCLE LIFt: 800 
HAX II1I.t1 SHElF LIFE: 10 YEMS 

.3235294 
[£PTH OF A II:EP DISCHARGE: .8 

TYPE: 

AI1ew"]: 12848 Kl'\/YEAR 

f- OUTPUTS --f 

COST ITB1S-
S CIKI'I 

BASIC VEHIClE COST 7662.15 5.964 
I1ITOO COST 571.90 0.445 
COOTRCllER COST 1503.00 1.170 
EV TRANSMISSION COST 155.31 0.121 
BATTERY La.! 3296.50 2.566 HIGH 0.00 0.000 ------
INITIAL COST La.! 13188.86 10.265 HIGH 9892.36 7.700 
ro.ltf'AYt£HT La.! 2637.77 2.lf.J3 HIGH 1978.47 1.540 

R£PLACtJ1'T BATTS L()4 3296.50 2.566 HIGH 0.00 0.000 
REPAIRS & MAINTENANCE 3380.48 2.631 
REPLAC8£NT TIRES 305.44 0.233 
INSURANCE 3479.00 2.708 
GARAGING.PMK. TOLL 182.50 0.609 
TITLE. REG. LIe. LOW. 85Y.44 0.669 HIGf 694.62 0.541 
aECTRICITY 1296.84 1.009 
PRIN & INT L()4 10551.09 8.212 HIGH 7913.89 6.160 ----
OPERATINJ COST LOW 23951.30 18.642 HIGH21149.27 16.461 

VI:1iICLE SALVAGE VALUE LOW 891.93 0.694 HIGH 381.39 0.297 
BATTERY SALVAGE LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAL LIFE CYCLE COST L0w"25697.1520.ool HIGH22746.35 17.704 

E-9 



ELECTRIC AND HYBRID vtHIClE COST f'IOlE. 

PB/ACID .2-P EV - 80/I>'WH 09-12-1984 

GENERAL -
VEHICLE SIZE: 2-PASS 
C~8 lEIGH: 933 K& 
VEHI(LE WEIGHT, WI: 1069 
LIFE: 118861.9 KM 

BATTERY --
BATTERY WEIGHT: 306 KG 
ELECTRICITY COST: .05 SlKW-H 
A~RAGE DAILY DEPTH OF DISCHARGE: 

I1AINTENAOCE FACTOR: 

TRANSMISSION TYPe: fIxed ratIo 
f'IOTC~ -

RATED POWER: 16.8 KW 
CCtHRLU£R: 27.7 KW 

ffiIVIMJ -
IffilIAL ElEC IJ3E: 1531.046 KW-H 

f-INPUTS--f 

YEAR: 1982 
REAl.. INTEREST RATE: 10 , 
VEHICLE SAlVAGE VALlIE: 10 r. 
ACCESSORY COST: $ 200 

NAME: PBAC/AD2.1 
BATTERY CYClE LIFE: 800 
MAXIMUM SHELF LIFE: 10 YEARS 

.2278544 
DEPTH OF A DEEP DISCHAAGE: .8 

TYPE: ac 

MOllNT: 11836.19 Mil YEAR 

f-- OUTPUl S --I 

COST ITEHS-
$ C/KIi 

BASIC VEHICLE ((I'3T 4106.78 3.455 
MOTffi COST 319.20 0.269 
COOTROLLER COST 1.246.50 1.049 
EV TRANSMISSlOO COST 128.81 0.108 
BATTERY LC~ 950.96 0.800 HIGH 1283.80 1.080 ------
INITIAl COST LOW 6752.25 5.681 HIGH 7085.09 5.961 
OOWNf'A'r /'lENT Lt)4 1350.4~ 1.136 HIGH 1417.02 1.1n 

REPlACEW T BATTS Ll.., 9""...o.9b O.BOO HIGH 1283.80 1.080 
REPAIRS & MAINTENANCE 2172.33 1.828 
REPLACEMENT T I RES 227.47 0.191 
INSURANCE 3479.00 2.n7 
GARAGING,PARl{, TIl..L 782.50 0.658 
TITLE, REG, LIC, LOW. 537.61 0.452 HIGH 554.25 0.466 
ElECTRICI rv 765.52 0.644 
PRIN " INT LOW 5401.80 4.545 HIGH 5b68.07 4.769 

------ ---
OPERATINJ COST LOW 14317.20 12.045 HIGHI4bOO.11 12.283 

VEHICLE SAlVAGE VAllE LOW 889.83 0.749 HIGH 1122:n 0.945 
BATTERY SAlVAGE LOW 21.84 0.018 HIGH 21.84 0.018 

TOTAl LIFE CYCLE COST LOW14755.98 12.414 HIGHI4872.30 12.512 
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~-

EL£CTRIC AfI) ~ID YEHla.E COST tOEL 

8O-ftI HI/FE 2~ EV - EPI PRO.£CTItWS 

t-IfflITS-t 

YEttR: 1982 
REAL lN~ST RATE: 10 % 

08-29-1984 

VEHIC1.E SIZE: 2~ASS 
rum IElM: 828 KG YEHIC1.E SAlVA£E VtU.E: 10 X 
WfIC1.E !.ElM, NT: 964 
LIFE: 118801.9 KIf ~y COST: f 200 

BAHERY- NAHE: HI-FE2.1 
~nERY IEIM: 231 KG BATTERY CYa.E LIFE: 1500 
B..ECmICITY COST: .OS S/KW-H MXItUt 5f£l..F LIFE: 10 YEARS 
f:NEP;fa. DAILY fElTH CF DISCHARGE: .2229545 

JE1TH CF A JEEP DI~: .8 
MINTENAfa F~~: 1.25 

TRANSftISSION TYPE: fIxed ratIo 
ttJTOO-

RArul PtJER: 15.2 KW TYPE: AC 
CONTRIl.L.ER: 25 kW 

mIVINJ - ~r: 11880.19 Klf/YEAR 
fIHJfL 8.EC USE: 1534.617 KW-H 

t- OOTPUTS -t 

COST ITBIS-
f C/KIf 

BASIC VEHIa.E COST 3941.70 3.316 
rmoo COST 288.80 0.243 
COORtl..lER COST 1125.00 0.946 
EV TRANSIUSSION COST 116.25 0.098 
BATTERY L~ 2293.20 1.929 HIGi 0.00 0.000 ----
IHITIIl. COST ~ 7764.95 6.533 HIGi 5471.75 4.603 
IDWAYr£NT Ulf 1552.99 1.307 HIGi 1094.35 0.921 

REPl.J£8t'T BATTS L~ 0.00 0.000 HIGH 0.00 0.000 
fUAIRS &c rtAItmNAra 2511.08 2.113 
REfUlC9£HT TIRES 219.43 0.185 
INSt.WKE 3479.00 2.927 
GMAGIJ«;,PARK, Till 7l32.5O 0.658 
TITLE, REG, LIC, WI. 588.25 0.495 HIGH 473.59 0.398 
B..ECrRICITY 767.31 0.646 
PRIN " INT L€II 6211.96 5.226 HIGH 43n.40 3.683 ---
CfERATINJ rosT L€II 14559.53 12.249 HIGH12610.31 10.609 

VEHIa.E SALVAGE YALUE LOW 210.96 0.177 HIGi 110.96 0.177 
SIllERY SALVA£E WI 84.86 0.071 HIGf 84.86 0.071 

TOTIl. LIFE CYQ.E COST L~lseI6. 70 13.307 HlGfI3408.84 11.281 
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ElECTRIC AND HYBRID VEHICLE COST I'IODEL 

ZN/BR 2-P EV - 60/KWi 

f--lNPUTS--f 

09-12-1984 

IBERAL -
VEHICLE SIZE: 2-PASS 
Clf<B WEIGH: 969 KG 
VEHICLE WEIGH , wr: 1105 
LIfE: 118861.9 KH 

BATTERY -
BATTERY WEIGHT: 332 KG 
ElECTRICITY o)Sr: .05 S/KW-H 
AVffiAGE DAILY DEPTH (f DISCHARGE: 

MAINTENANCE FACTOR: 2 

TRANSHISSION T~PE: flxed ratlo 
ItJTOO --

RATED POWER: 17.4 KW 
COOTROUER: 28.6 KW 

mIVING --
IWlIAL ELEe USE: 2820.304 ~1Hi 

YEAR: 1982 
REAL INTEREST RATE: 10 ~ 
VEHICLE SALVAGE VALUE: 10 'l. 

ACCESSOOY COST: $ 200 

NAME: ZN-BR112.1 
BATTE:RY CYCLE LIFE: 750 
MAXIMUM SHELF LIFE: 10 YEARS 

.2350948 
[EPTH (f A DEEP DISCHARC.£: .8 

TYPE: ac 

AtnINT: 11886.19 KH/YEAR 

f-- OOTPUl S --f 

COST I fEMS-
$ C/KIf 

BASIC VEHICLE COST 4160.87 3.501 
I1JTOR COST 330.60 0.278 
COOTR(UER COST 1287.00 1.083 
EV TRANSHISSION COST 132.99 0.112 
BATTERY LIM 869.24 0.731 HIGH 1755.86 1.477 --- ----
INITIAL COST L()j 6780.69 5.705 HIGH 7667.31 6.451 
IlJIolNfAYKENT LI)ol 1356.14 1.141 HIGH 1533.46 1.290 

REPlACE'" T BAITS LiJ4 869.24 0.731 HIGH 1755.86 1.477 
REPAIRS ~ MAINTENANCE 3527.35 2.968 
REPlACEMENT TIRES 230.23 0.194 
INSURANCE 3479.00 2.927 
GARAGIN6,PARK, TOll 782.50 0.6-."i8 
TITLE, REG, LIC, LI)ol. 539.03 0.453 HIGH 583.37 0.491 
ELECTRICITY 1410.15 1.186 
PRIN & INT LI)ol 5424.56 4.564 HIGH 6133.85 5.160 ------
(»lERA TI r«l CmT LI)ol 162b2.06 13.681 HIGHI7015.b8 14.316 

Vi::HICLE SAlVAGE VALUE Ltl4 723.24 0.608 HIGH I.2'LB.47 1.034 
BATTERt SAlVAGE L(A./ 31.87 0.027 HIGH 31.87 0.027 

TOTAL LIFE CYClE COST LOWI6863.08 14.187 HIGHI7288.81 14.545 
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mew. -

ElECTRIC AND H\'MID VEHIClE COST fIJlEL 

&>-ftl 2N/a. 2-f I:V - EM PAO..ECTI(WS 

f-Itf'UTS-' 

YEAR: 1982 
f£Al INTEREST RATE: 10 % 

00-29-1984 

VEHIClE SIZE: 2-PASS 
cmB ~IGfT: 764 KG IJEHIa.E StLVAGE ww..l£: 10 X 
VEHICl£ ~IGfT • WT: 900 
LIFE: 118861.9 kJ( 

BATTERY -
amERY ~IGfT: 189 KG 
a.ECTRICITY cosr: .os f/KW-H 
AIJERfa MILY DEPTH (F DI~: 

MINTEHAta F~TM: 2 

TRAHS'USSla. TYPE: hxtd raho 
fIlTm-
~TED PtM,R: 14.1 KW 
CllfTRW.fR: 23.3 kW 

mIVINJ -
IHI.W... ElEC USE: 2111.79S KW-H 

ACCEssmY COST: • 200 

Wf£: ZtHUl2.1 
BATTERY CYClE LIFE: 1500 
MXUI.. St£l..F LIFE: 10 YEARS 

.22303 
IVTH (F A ££EP DI~: .8 

TYPE: 

~: 11886.19 KM/YEAR 

f- OOTPUTS -f 

COST I fE1'lS-
f C/KIt 

BASIC YEHIa.E COST 3817.45 3.212 
I'IIToo COST 267.90 0.225 
CllfTRlllER COST 1048.50 0.882 
EV TRtWSHISSI(Jf COST 108.35 0.091 
BATTERY L£II 2651.24 2.231 HIGf 0.00 0.000 ----
INITIAL COST L£II 1893.43 6.641 HIGt 5242.19 4.410 
IOfflAYPENT L£II 1578.69 1.328 HIGt 1048.44 0.882 

REPLAcan BATTS L£II 0.00 0.000 HIGt 0.00 0.000 
REPAIRS tt ffAINrar.va 3527.35 2.968 
REPlJ£8DT TIRES 214.53 0.100 
INSUWa 3479.00 2.927 
~INJ.PAB<, Till 782.50 0.653 
TITLE, REG, LIC, LOW. 594.67 0.500 HIGi 462.11 0.389 
a..ECTRICITY 1055.90 0.888 
PRIN tt INT L£II 6314.75 5.313 HIGt 4193.75 3.528 -----
(JIERATlfIJ COST UII 15968.70 13.435 HIGi13715.15 11.539 

YEHIa.E StLVft£ \W.l£ LOW 202.11 0.170 HIGt 202.11 0.170 
amERY 5I1.VAGE LOW 0.00 0.000 HIGH 0.00 0.000 

mTAL LIFE Cva.E COST LOWI734S.28 14.593 HIGiI4561.48 12.251 
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aECTRIC All) HYOOID \6fIClE COST IGEJ.. 

8O-fII FE/AIR 2-f I:V - IESTItOWSE PRO..£CTIIWS 

f-IfflUTS-f 

00£Rft. -
VEHICLE SIZE: 2-fASS 
ems ~IGfr: 616 KG 
VEHICLE Wl:IGfT • UT: 752 
LIfE: 118861.9 KIf 

BATTERY -
BATTERY IEIGHT: 81 KG 
ELECTRICITY COST: .05 s/KW-H 
AYfRA(£ MILY I£PTH (J- DI~: 

ItAINTEJM:E FACTOO: 2 

T~ISSION TYPE: fixed ritlo 
II)T~-

RATED mEf(: 11.8 KW 
~Tln.LER: 19.5 KW 

IJUVIr«l -
AtH..W.. El..EC USE: 1458.678 KW-H 

Y£AR: 1982 
REAL INTEREST RATE: 10 % 
\6fIClE Sft.VA(E VALlE: 10 t 

ACtE5SmY COST: $ 200 

NAI£: FE-AIR2.1 
MITERV CYCtE LIFE: 500 
I1AXIfUt st£LF LIFE: 10 YEARS 

.2322789 
IEfTH a= A I£EP DISOfMtl:: .8 

AIO.WT: 11886.19 KIf/YEAR 

f- WTPUTS -f 

'COST I TEftS-
$ C/KIf 

BASIC VEHIClE COST 3601.23 3.030 
rIlTOO COST 224.20 0.189 
ctWTROC.LER COST 8n.SO 0.738 
EV TRANsrUSSI(W COST 90.68 0.076 
BAHERY UlI 723.48 0.609 HIGI 0.00 0.000 ----
IHITIAL COST La. 5517.08 4.642 HlOO 4793.61 4.033 
DlWAVIOT La. 1103.42 0.928 HIGf 958.72 0.807 

REPt...ACaI'T SA TTS La. 1446.95 1.217 HIGf 0.00 0.000 
~PAIRS " rtAINTENANCE 3527.35 2.968 
~TTIRES 203.21 0.111 
I NSlRAf«:E 3479.00 2.'127 
GMAGIr«l. PARK. HU 782.50 0.658 
TITLE. REG. LIC. LOW. 475.85 0.400 HIOO 439.68 0.370 
8..ECTRICITY 729.34 0.614 
PRIN tr INT LOW 4413.67 3.713 HIOO 3834.89 3.226 ---
(RRATINJ COST LOW 15057.87 12.668 HIGHI4442.'12 12.151 

VEHIClE Sft.y~ VALlE La. 821.80 0.691 HIGf 184.81 0.155 
BATTERY SALY~ LOW 0.00 0.000 HIGI 0.00 0.000 

TOTAL LIFE CYa..E COST LOWI5339.49 12.905 HIGfI5216.83 12.802 
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8.ECTRIC AND HYBRID VEHICLE COST fDEL 

8<HII LUFES 2-P EV - m.. PR(U:CTI~ 
J-Itf'UTS-f 

00-29-19S4 

OO£IW. -
VEHICLE SIZE: 2-f'ASS 
COOB IlEIGiT: 733 KG 
VEHIClE IlEIGfT , WT: 869 
LIFE: 118861.9 ~ 

BATTERY -
BATTERY IEIGfT: 164 KG 
8.ECrRICITY COST: .05 S/KW-H 
AIJERA(£ DAILY r£PTH CF DISCHMGE: 

ItAINTawa FACT~: 1.25 

TRAHS,nSSI(J/ TYPE: fixed ratio 
tIlTOO-

RATED ~: 13.7 J(W 
m.TRru.ER: 22.5 KW 

IIUYING -
AftlIAl aEC USE: 1558.702 J(1Hf 

YEAR: 1982 
REAL INTEREST RATE: 10 % 
YElUCLE SALVAGE VALLE: 10 X 

ACCESSOOY COST: $ 200 

NAf£: U;:E-S2.1 
BATTERY CYCLE LIFE: 1000 
ItAXItlIt g£Lf LIFE: 10 YEARS 

.1876562 
DEPTH CF A LEEP DISCHMGE: .8 

TYPE: AC 

MlM: 11886.19 KI'IIY~ 

f- rorpurs -* 

COST ITE1'IS-
f C/KI'I 

BASIC VEHICLE COST 3787.56 3.187 
I'IOTOO COST 260.30 0.219 
~JRru.ER COST 1012.50 0.852 
EV TRAHSIUSSIC14 COST 104.63 0.088 
BATTERY LIJI 1926.18 1.621 HIGi 0.00 0.000 ----
INITIAL COST LIJI 7091.17 5.966 HIGi 5164.99 4.345 
DlWAmENT LOO 1418.23 1.193 HIGi 1033.00 0.869 

~'T BATTS Ul4 0.00 0.000 Hlllf 0.00 0.000 
REPAIRS & ftAIHTHWa 2511.00 2.113 
I£PLACE/'IENT TIRES 212.16 0.178 
INSlJW(;E 3479.00 2.927 
GMAGItfj,PMI(, Jlll 782.50 0.653 
TITLE, f£G, LIC, LIJI. 554.56 0.%7 HIGi 458.25 0.386 
B.£CTlUCITY 779.35 0.656 
PRIN It INT LIJI 5672.93 4.773 HIGi 4131.99 3.476 ----
(IlERAlIHG COST LIJI 13991.58 11.771 HIGiI2354.33 10.394 

VEHICLE SALVAGE Vft.l£ LIJI 199.13 0.168 HIGH 199.13 0.168 
BATTERY SALVAGE LCM 28.54 0.024 HlGi 28.54 0.024 

TOTAL LIFE CYCLE COST LIJI15182.15 12.773 HIGHI3159.66 11.071 
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raew.. -

ELECTRIC AND HYIIRID 'tBfIa.£ COST ft(iR 

8O-ftI tt'%/S 2~ EV - FmD flRO..£CnOO 

f-IIflUTS--* 

YEM: 1982 
REIl INTEREST RATE: 10 X 

08-29-1984 

'tBfIa.£ SIZE: 2~ASS 
rum lEIGH: 658 KG VEHIa.£ ~VA(E V~LE: 10 X 
VEHIa.E WI: I 00 , NT: 794 
LIFE: 118861.9 KrI 

BATJERY -
BATTERY 51:100: 111 K6 
ELECIRICITY cosr: .OS S/KW-H 
AVERAGE DAILY lE'TH a: DISOiAR££: 

I'IAINTENIft:E FACTffi: 1. 75 

TRANSrfISSION TYPE: flxed raho 
fIlTOO-

RATED PMR: 12.5 Kif 
CCWTRru.ER: 20.6 KW 

mIVIMI -
AtH..IAI.. EL£C USE: 1248.033 IGHi 

ACCES5mY COST: $ 200 

tw£: NA-S2.1 
BATTERY CYa.£ LIFE: 800 
I'fAXItut St£LF LIFE: 10 YEARS 

.2365847 
lE'TH IJ= A IEEP DISOiM(£: .8 

TYPE: AC 

AIOM: 11886.19 KIf/YEM 

f- OOTPUTS --* 

COST I roo-
f CIKrI 

BASIC VEHICLE COST 3666.26 3.084 
/'I)T(I( m, T 237.50 0.200 
CCW1R(llER COST 927.00 0.700 
EV ~ISSION ro.5T 95.79 0.001 
BATTERY 1m 2907.09 2.446 HIGf 0.00 0.000 ----
IHIn~ COST LIlI 7833.64 6.591 HIGf 4926.55 4.145 
OOIoIf>AYf£NT LIlI 1566.73 1.318 HIGf 985.31 0.829 

Rf.PI.AC9t'T BATTS LIlI 2907.09 2.446 HIGf 0.00 0.000 
REPAIRS f< I'IAINTEHAta 3188.59 2.683 
REPl..AC9£NT TIRES 206.42 0.174 
INSUWa 3479.00 2.927 
GARAGIMI,PIe(, TOll 782.50 0.658 
TITlE, REG, LIC, LIlI. 591.68 0.498 HIGf 446.33 0.376 
ElECTRICITY 624.02 0.525 
FRIN " INT LIlI 6260.91 5.272 HIGf 3941.24 3.316 -----
tfERATIMI COST L(J,/ 18046.22 15.183 HIGfI5575.19 13.104 

VEHIClE SALV~ VAll.{ LIlI 2001.66 1.751 HIGf 189.94 0.160 
mTTERY SAlVA(£ LOW 0.00 0.000 HIGf 0.00 0.000 

TOT~ LIFE CYCLE COST LI)II7531.28 14.749 HIGfI6370.56 13. n3 
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GEt£RAL -

UECTRIC AND HVBRID 'k.HIClE COST MODa 

PB/ACIO l00-HI EV - SOIKWH 

*-INPUTS-f 

YEAR: 1982 

09-12-1984 

VEHICLE SIZE: 5-PASS 
CURB WEIGH: 1768 KG 

REAL INrEREST RATE: 10 l 

VEHIClE WEIGHT, WT: 1904 
LIFE: 132365.9 KI1 

BATTERV-
BATTERi WEIGHT: ~90 KG 
UECrRICITV COST: .05 $!KIHi 
AVERAGE DAILV DEPTH OF DISCHAl\'(,E: 

MINTENANCE FACTm: 

TRANSlfISSlOO TYPE: hxed raho 
tl)TOO-

RATELJ POWER: 48 KW 
COOfRCliER: 53 KW 

[If(IVING -
AtfIJAI.. £LEC USE: 2771.213 KIHi 

VEHICLE SALVAGE VALLE: 10 Z 

ACCESSffiV COST: $ 200 

NAME: PBAC/AD1.4 
BATTERY CYClE LIFE: 000 
MAXIMUM SHELF LIFE: 10 YEARS 

.2124069 
DEPTH OF A DEEP DISCHARGE: .8 

TYPE: ac 

Ml.tH: 13236.59 KM/VEAR 

f-- OUTPUTS -f 

COST ITEHS-
$ C/KH 

BASIC VEHICLE COST 7299.54 5.515 
MOTm COST 912.00 0.689 
C-OOTR(UER COST 2385.00 1.802 
EV TRANSHISSlOO COST 246.45 0.186 
BATTERY LIl4 1748.28 1.321 HIGH 2097.9"3 1.585 ------
INITIAL COST La4 12591.27 9.512 HIGHI2940.93 9.777 
OOWlf'AYf1£Nl LOW 2518.2e, 1.901 HIGH 2583.19 1.955 

R£PLACEtI'T BATTS LOW 17ol8.28 1.3"21 HIGH 2097.93 1.585 
REPAIRS & I1AINTENANCE 2326.27 1.757 
REPlACEMENT TIRES 363.60 0.275 
JNSlF,ANCE 3479.00 2.628 
GARAGING, PARK, TOLL 782.50 0.591 
TITLE, REG, LIe, LOW. 829.56 0.627 HIGH 847.05 0.640 
ELECTRICITY 1385.61 1.047 
PRIN tc INT LOW 10073.01 7.610 HIGHlO352.74 7.821 -----
OPERATING COST LOW 20987.83 15.856 HIGH21285.04 16.000 

VEHIClE SALVAGE VALUE LOW 1796.77 1.35/ HIGH 2072.51 1.566 
EflTTERY SALVAGE LOW 40.16 0.030 HIGH 40.16 0.030 

lUTAL LIFE CVCLE COST L~11669.17 16.371 HIGHlI760.S6 16.440 
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ELECTRIC AIIJ HYBRID WfIClf COST tOR 

l00-ftI HI/FE 5-P EY - EPI PRO.ETICWS 

I-Iff'UTS-f 

09-29-1984 

IE£RIi. -
I,fHIClE SIZE: 5-PASS 
rum WEIM: 1507 KG 
I,fHIClE IEIGfT I NT: 1643 
LIFE: 13236!1.9 KIt 

BATTERY-
BATTERY IEIGfT: 411 KG 
a.ECTRICITY COST: .05 S/KW-ii 
AIJERA6E MILY IEPTH a= DI5awa: 

HAIHJENAfa FACT~: 1.25 

TRANSftISSI€W TYPE: fixed ratIo 
PlJTm-

RATED roI:R: 41.4 ~ 
aJ4 fRCll.fR: 46 KW 

mIVINI -
Arfti1.. fLEC USE: 2674.2n KW-ii 

YEAR: 1982 
REAl. INTEREST RATE: 10 % 
VEHIClE SALVf« YALLE: 10 % 

ACCfssmY COST: • 200 

~: NI-FE2.4 
MTTERY CYCtf LIFE: 1500 
ftAXII'Ut g£LF LIFE: 10 YEARS 

.2131295 
IIPTH OF A JEEP DI5CHAR(£: .8 

AfOJIT: 13236.59 ""'YEAR 

f- WTPUTS -f 

COST Irats-
$ C/KIt 

BASIC VEHICl£ COST 6876.97 5.195 
f'l)T~ COST 786.60 0.594 
aJfJRIl..U:R COST 2010.00 1.564 
EV TRANSftISSI€W COST 213.90 0.162 
BATTERY LIJI 4080.11 3.082 HIGI 0.00 0.000 ---
INITIAl.. COST LIJI 14027.58 10.598 HIGI 9947.47 7.515 
InWAYP£NT Lal 2805.52 2.120 HIGf 1989.50 1.503 

REPlACBt'r BArTS LtlI 0.00 0.000 HIGf 0.00 0.000 
f£PAIRS & MINTBWa 2703.51 2.042 
REPlACB£NT TIRES 338.67 0.256 
INSmAIa 3419.00 2.628 
~INlIPARK, T(ll. 782.50 0.591 
TITLE. REG. L1C. UII. 901.38 0.681 HIGf 697.37 0.527 
ELECTRICITY 1337.14 1.010 
PRIN l IHT UII 11222.07 8.478 HIGf 7957.98 6.012 ----
CfERATINI COST UII 20764.27 15.687 HIGfI7296.18 13.067 

YEHICl£ SAL~ YALLE L~ 383.52 0.290 HIGf 383.52 0.290 
~TTERY SALVA(£ UII 150.98 0.114 HIGf 150.98 0.114 

roTAL LIFE CYCl£ COST LaI23035.28 17.403 HIGfI8751.17 14.166 
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6Et£RAL -

ELECTRIC AND HYBRID vtHIltE COST PIOl£L 

ZN/BR 100-/'11 EV - 60/K~ 

f-itflUTS-f 

'fEAR: 1982 

09-12-1934 

VEHICLE SIZE: 5-PASS 
C~B hEIliiT: 1700 KG 

REAL INTEREST RAW 10 ~ 
VEHICLE SALVAGE VALle: 10 Yo 

VEHICLE WEIGHT , WI: 1836 
LIFE: 132365.9 Kt1 ACCESSORY COST: $ 200 

BATTERY- NAME: ZN-BR2/2.4 
BATTERY "::IGHT: 544 KG BATTERY CYCLE LIFE: 7':iJ 
ELECTRICITY COST: .05 S/Kw-H I1AXIl1l1M SHELF LIFE: 10 YEARS 
AVERAGE [rAlLY [(PTH OF DISCHARGE: .2387005 

DEPTH OF A [(EP DISOiARGE: .8 
HAINTENANCE FACTOR: 2 

TRANSMISSION TYPE: fIxed ratIO 
ItJTffi-

RATED P~£R: 46.3 I\W TYPE: ac 
MTROLLER: 51.4 I<.W 

mlVING -- AMOUNT: 13236.59 KI1/1EAR 
At«.1AL £lEe USE: 4842.51 II.W-H 

t- OUTPUTS --t 

COST IT81S-
$ C/KI1 

BASIC VEHICU COST 7183.03 5.427 
MOTOR COST 879.70 0.6bS 
CtJHRClLER COST 2313.00 1.747 
EV TRANSMISSIOO COST 239.01 0.181 
BATTERY L!ll 1453.96 1.008 HIGH 2500.32 1.889 

----- ---
INITIAL COST L(lj 12068.71 9.118 HIGH13115.56 9.909 
OOWNPAYMENT LOW 2413.74 1.824 HWH 2623.11 1.982 

REPLACtM'T BATTS LOW 1453.96 1.098 HIGi 2500.82 1.889 
REPAIRS & MAINTENANCE 3335.24 2.897 
REPLAC.£I'ENT TIRES 357.10 0.270 
INSURANCE 3479.00 2.628 
GARAGING, PARK, TOLL 782.50 0.591 
TITLE, R£G, LIC, L~. 803.44 0.607 HIGH 855.78 0.647 
£lECfRICITY 2421.26 1.829 
PRIN & INT LOW 9654.97 7.294 HIGH 049"2. 45 7.9"27 

---- ---
OPERA TI t«I COST LOW 22787.47 17.216 HI6H23677.29 17.8~ 

VEHICLE ~VAGE VALUE LOW 1205.88 0.911 HIGH 1779.46 1.344 
BATTERY SfLV(!{£ LOW 53.31 0.040 HIGH 53.31 O.o4U 

TOTAL LIFE CYCLE COST LOW23942.02 18.088 HIGH24467.63 18.485 
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ElECTRIC All) HYBRID \ll:JfICLE COST fIJIEl 

100-111 ZN/CL 5-P EV - EM PRO..ECTIOO 08-29-1984 

--Iff'UTS-+ 

(B£JW. -
~IClE SIZE: 5-PASS 
ems ~IGir: 1378 KG 
'oeiICLE WEIOO ,NT: 1514 
LIFE: 132365.9 ItJt 

BATTERY -
BATTERY WEIGHT: 322 KG 
aECTRICITY COST: .OS $/KIHf 
AYERA(E MILY ~TH (»- DI~: 

~IHrewa f'Ik:Tm: 2 

TRANSHISSION TYPE: fIxed ratIo 
IIJTm -

M TEll PtIt.R: 38.2 tal 
C{IffR(UER: 42.4 tal 

IRIVIt«J -
~ afC USE: 3649.362 KIHf 

YEM: 1982 
~ INTEREST RATE: 10 X 
VEHICLE ~V(tE VAllE: 10 y. 

~SSOOY COST: f 200 

NAME: ZN-cL2/2.4 
BATTERY CYCLE LIFE: 1500 
~XI"-" Sf£lF LIFE: 10 YEARS 

.2163071 
IHTH {l- A IEEP DISOfAR(E: .8 

-- OOTPUTS -+ 

COST HOO-
f C/ItJt 

BASIC VEHIClE COST 6671.99 5.041 
t«J1M COST 725.80 0.548 
COO'R(llER COST 1908.00 1.441 
EV TIW6fISSION COST 197.16 0.149 
BATTERY LOW 3856.97 2.914 HIGf 0.00 0.000 ---
INITIfl. COST LOW 13359.93 10.093 HIGf 9502.9S 7.179 
InWAYt'EHT LIlI 2671.98 2.019 HIGf 1900.59 1.436 

REPl..AC8t'T BATTS LOW 0.00 0.000 HIGf 0.00 0.000 
~AIRS " ItAINTENAta 3835.24 2.~n 
REPL.ACa£HT TIRES 326.35 0.247 
INSIJWn 3479.00 2.628 
~IHG,PARI(, nu 782.50 0.591 
TITlE, Rl:G, L1C, UII. 868.00 0.656 HIGH 675.15 0.510 
afCTRICITY 1824.68 1.379 
PRIM & INT LIlI 10687.94 8.075 HIGH 7602.36 5.743 ----
(fERATIt«J COST LOW 21803.71 16.472 HIGiI8525.28 13.996 

VEHICLE ~V(tE VAllE La. 366.38 0.2n HIGH 366.38 O.2n 
BATTERY SALV~ La. 0.00 0.000 HIGH 0.00 0.000 

TOTAl LIFE CYCLE COST LW14109.31 18.214 HIGi20059.4915.155 
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a£CTRIC AND HYBRID YEHIa.E COST tIIiEL 

10(HtI FE/AIR 5-9 EV - ~STIto«lISE PmfCTI(Jf3 

f-lfflUTS-f 

OOI:RAI.. -
miIa.E SIZ~: 5-f'ASS 
rum ~IGiT: 1153 KG 
~UClE ~IGfT • NT: 1289 
LIFE: 132365.9 KIf 

&UTERY -
amERY ~IGfT: 168 KG 
8..ECTRICITY COST: .05 SlKlHt 
AYERAC£ MILV r£PTH (f DISCHM(£: 

ttAINl'ElWa FAC~: 2 

'TRANSrtISSl~ TYPEI fixed raho 
JtOT~-

RATED POER: 32.5 KW 
COfJR(ll£R: 36.1 KW 

mlVING -
AN«JAI.. EI.£C USE: 2562.068 KW-+I 

YEAR: 1982 
REtL INT~ST RATE: 10 X 
YEHIa.E SAlWG: YAlLE: 10 X 

~SS(Jf1 COST: • 200 

HAI£: FE-AIR2.4 
amERY CYClE LIFE: 500 
ttAXUUt Sf£l..F LIFE: 10 YEARS 

.2091861 
IUTH (f A [££p DI5CHAR(E: .8 

TYPE: 

AfO.WT: 13236.59 lOt/YEAR 

f- OOTPUTS -f 

COST ImtS- • C/KH 
BASIC VEHICL.£ COST 13)7.74 4.765 
I'llTOR COST 617.50 0.467 
CQITR(UER COST 1614.50 1.227 
EV TRANSftlSSI(Jf COST 167.86 0.127 
BAHERY Lal 1332.62 1.007 HIGt 0.00 0.000 ----
INITIAl COST Lal 10050.22 7.593 HIGi 8717.60 6.586 
mwAYI£NT Lal 2010.04 1.519 HIGt 1743.52 1.317 

REPLACEI't'T BAnS Lal 1332.62 1.007 HIGi 0.00 0.000 
F£PAIRS " I'tAINTa.wa: 3835.24 2.897 
REFtJatefl' TIRES 304.86 0.230 
lHStWtfa 3479.00 2.628 
GARAGING,PMK, TlU 782.50 0.591 
TITlE. REG, LIC, Lal. 702.51 0.531 HlGi 635.88 0.480 
8..ECTRICITY 1281.03 0.968 
FlUN l INT La. 8040.18 6.074 HIGt 6974.08 5.269 --
€ftMTINJ COST lOf 19757.95 14.927 HIGtI8625.22 14.071 

\EHIClE SAlV~ VALLE lOf 457.61 0.346 HIGt 336.10 0.254 
amERY SAlYNE Lal 0.00 0.000 HIGf 0.00 0.000 

TOTAl LIFE CVQ.E COST LOOI310.39 16.100 HIGf20032.63 15.134 
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(E£M. -

ElECTRIC AND HYBRID ~IQE COST tOE. 

l00 .... fU LI IFES 5-fI EV - AN.. PRO.ECTI(HJ 

f- ItflJTS-. 

YEAR: 1982 
REJW.. INTEREST RATE: 10 X 

OO .... '}J-I984 

'BfIU-E SIZE: 5-fASS 
ClRB IElOO: 1338 KG YEHIU-E ~VAGE VALl.{: 10 7-
VEHIClE WEIGfT • NT: 1474 
LIFE: 132365.9 KIf ACCE~Y COST: S 200 

BATfERY - NAME: LI-FE-S2.4 
BATTERY IEIGfT: 295 KG BATTERV CYQE LIFE: 1000 
ElECTRICITY COST: .OS S/Kw-H ItAXIHtJI sm..F LIFE: 10 YEARS 
AVER~ DAILY l£F'TH ~ DISCHAR~: .1746534 

DEPTH Of A DEEP DISCHARGE: .8 
ItAINIDWa: FACT~: 1.25 

TRANSHISSI(w nllE: fIxed ratio 
tt:lTflt-

RATED mER: 37.2 KW TYPE: 
~TRCUER: 41.3 KW 

IRIVINJ -
AfN..W.. illC USE: 2688.873 I<W-H 

f- OUTPUTS -. 

COST I TEI1S-
$ CII01 

BASIC YEHIQ..E COST 6604.27 4.989 
Pl)TIJ< COST 706.80 0.534 
ctWTRru.ER COST 1858.50 1.404 
EV TRANSMISSI(w COST 192.05 0.145 
BATTERY La4 3464.18 2.618 HIGi 0.00 0.000 -_ .... _-
INITIAL COST L~ 12826.39 9.690 HIGi 9361.61 7.073 
OOIWAVI£HT L~ 2505.23 1.938 HIGi 1872.32 1.415 

REPLAWI'T BATTS La4 0.00 0.000 HIGi 0.00 0.000 
~AIRS & PfAINTEtW«:E 2703.51 2.042 
REPLACEI'£NT TIRES 3'22.53 0.244 
INSlWt.'£E 3479.00 2.623 
GMroIf«J.PARK. Till 782.50 0.591 
TITLE. REG. LIC. lOW. 841.32 0.636 HIGf 668.08 0.505 
ElECmICITY 1344.44 1.016 
PRIN Ii INT LOW 10261.11 7.752 HIGH 7489.29 5.658 ----
(RRA TINJ COST l(J4 19734.40 14.909 HIGfI6789.35 12.684 

YEHIO.E SJ¥.. V~ VALI.£ l~ 360.93 0.273 HlGi 360.93 0.273 
mTTERY SAl..V~ l(J4 51.33 0.039 HlGi 51.33 0.039 

lOrAL LIFE CYCLE COST LOOI887.42 16.536 HIGfI8249.41 13.787 
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aECTRIC AND HYBRID V9lUli COST fUEl 

loo-HI HAIS 5-P EV - FlJID PRO..£CTIOO 

f-ItRlTS--f 

08-29-1984 

~-
VEHIClE SIZE: 5-PASS 
rum I£IGff: 1226 KG 
'.fHIClE WUGfT ,NT: 1362 
LIFE: 130583.:) KIt 

BATTERY-
&UTERY WEIGIT: 218 KG 
ELECTRICITY COST: .05 S/KW-H 
AVERAGE MIlY DEPTH (f DISCHARGE: 

t1AINTENAN::E FACTm: 1.15 

TRAHSlfISSI~ TM: fixed raho 
tIlToo-

RATED p(JEf(: 34.3 KW 
~TRIl..lER: 38.1 IGI 

[RIVING -
AtHJAl. aEC USE: 2155.389 KIHt 

YEM: 1982 
RBi. INTEREST RATE: 10 X 
VEHIa.E Sfl.V~ VIt.I£: 10 1-

ACCE5SmY COST: $ 200 

tw£: NA-S2.4 
BATTERY CYClE LIFE: 800 
t1AXItI.t1 SJ£LF LIFE: 10 YEARS 

.2175298 
r£PTH ~ A I£EP DIsowroE: .8 

TYPE: 

AI'OMT: 13058.35 KIf/YEAR 

f- OOTPUTS --t 

COST I TEItS-
$ C/Krt 

BASIC Vt:1UClE COST 6426.71 4.922 
moo COST 651.70 0.499 
COORru.ER COST 1714.50 1.313 
EV TRANgUSSI~ COST 177.16 0.136 
BATTERY LIlI ~70.37 3.040 HIGf 0.00 0.000 ----
IHITIIl. COST LIlI 12940.45 9.910 HUll 8970.07 6.869 
WWAYJI:1H llll 2588.09 1.982 HIGi 1794.01 1.374 

REPlf£9I'T BATTS LIlI 3970.37 3.040 HIGi 0.00 0.000 
f£PAIRS & t1AIHTENAta 3422.44 2.621 
REPl..ACEl£NT TIRES 303.66 0.233 
INSlWIta 3479.00 2.664 
GMAGING,PMI(, T(ll 782.50 0.599 
TITLE, REG, LIC, LIlI. 847.02 0.649 HlGi 648.50 0.497 
aECTRICI TY 1077.69 0.825 
PRIN " IHT llll 10352.36 7.928 HIGi 7176.06 5.495 ----
<FERATING COST LIlI 24235.04 18.559 HIGH20860.23 15.975 

~ICLE SALVAGE VAlUE llll 3360.94 2.574 HIGH 345.84 0.265 
SITTERY Sfl.VA(£ llll 0.00 0.000 HIGi 0.00 0.000 

TOTIl. LIFE CYCtE COST LOO3462.19 11.967 HIGt22308.41 17.084 
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GEt£RAI.. -

ELECTRIC AND HYBRID VEHICLE COST HODEL 

PB/ACIO 15o-NI EV - 80/~WH 

f-II'RlTS--* 

YEAR: 1982 

0'~-12-1984 

VbHICLE SIZE: 5-PASS REAL INTEREST RATE: 10 X 
am WEIGH: 2366 KG 
VEHICLE wtIGHT ,loin 2502 
LIFE: 150106.7 KH 

BATTERY-
BATTERY WEIGHT: 1001 KG 
8LECTRICIfY COST: .05 S/KW-H 
AVERAGE DAILY DEPTH OF DISCHARGE: 

I1AINf~ FACTOR: 

TRAN~ISSION TYPE: fIxed ratlo 
HOTOR-

RATED POWER: b3 KW 
COOfROLLER: 70 KW 

IRIVING -
AtHJAL £lEC USE: 3862.698 KIoI-H 

VEHICLE SALVAGE VALUE: 10 y. 

ACCESSORY COST: $ 200 

NAME: PBAC/AD2.4 
BATTERY CYC.LE LIFE: 800 
MAXIMUM SHELF LIFE: 10 YEARS 

.1667522 
DEPTH OF A £HP DISCHARGE: .8 

TYPE: ac 

AMOUNT: 15010.67 KH/YEAR 

f- OOTPUTS -f 

COST ITEMS-
S C/K'" 

BASIC VEHICLE COST 8255.97 5.500 
r1JTOR COST 1197.00 0.797 
~TRCUER COST 3150.00 2.099 
EV TRA~3MISSION COST 325.50 0.217 
BATfERY LlJ.I 2966.15 1.976 HIGH 3559.37 2.371 

----- ----
INITIAL COST LOW 15894.62 10.589 HIGH16487.85 10.984 
DOWNPAYMENT LOW 3178.92 2.118 HIGH 3297.57 2.197 

REPLACEWT BATTS LOW 0.00 0.000 HIGH 0.00 0.000 
REPAIRS & MAINTENANCE 2633.01 1.754 
REPLACEI1ENT T I RES 530.49 0.353 
INSOOANCE 3479.00 2.318 
GARAGING, PARK, Till 782.50 0.521 
lITLE, REG, LIC, LOW. 994.73 0.663 HIGH 1024.39 0.682 
ELECTRICITY 1931.35 1.287 
PRIN & INT UM 12715.69 8.471 HIGHI3190.28 8.787 

---- ---
OPERATING COST LIl4 23066.77 15.367 HI6H23571.02 15.703 

VEHICLE SALVAGE VALLE LOW 498.45 0.332 HIGH 498.45 0.332 
BATTERY Sf.II..VA(£ LOW 68.13 0.045 HIGH 68.13 0.045 

rOTAL LIFE CYCLE COST LIl42S679.12 17.107 HIGH26302.01 17.522 
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aECTRIC AND HYOOID YEHIa.£ COST tOIl 

l5O-ftI HllFE 5-P ~V - EPI Pln£CTI(ws 

t-UflUTS-t 

00-19-1984 

00f.:M.. -
VEHIctE SIZE: 5-PASS 
rum !.EIGiT: 1853 KG 
VEHIctE ~IOO • WI: 1989 
LIFE: 150106.7 K" 

BATTERY -
OOTTERY WEIOO& 648 1<6 
aECTRICITY COST: .05 $IJQHi 
A'weW£ MILY IIPTH ~ DIsotAfG:: 

MINTENAfa FACT~: 1.25 

TRA'SnSSIai TYPE: fixed riho 
tm~-
~lED mER: 50.1 KW 
cafTRB.LElU 55.7 KW 

IRIVIPIi -
MN.W. ELEC USE: 3510.207 JQHi 

YEAR: 1982 
REAL INTEREST RATE: 10 % 
IkHICl£ ~YAGE VALlE: 10 X 

MESS®' COST: $ 200 

NAf£: NH·E2.4 
BATTERY CYctE LIFE: 1500 
I'tAXIIUt Sf£J..F LIFE: 10 YEARS 

.1662515 
[(PTH ~ A IfiP DISCWtRt£: .8 

TYPE: 

AIO.NT: 15010.67 Krt/YEAR 

I- OOTPUTS -t 

COST I rEI'tS- • C/Krt 
BASIC VEHICl£ COST 1436.69 4.954 
rIIT~ COST 951.90 0.634 
~JRru.ER COST 2506.50 1.670 
EV TRANSHISSIaf COST 259.01 0.173 
BATTERY Lo. 6432.87 4.286 HIGi 0.00 0.000 ---
INITIIl.. COST Lo. 17586.97 11.716 HIlJflU54.09 7.431 
IDWAYJ£HT UII 3517.39 2.343 HIIJf 2230.82 1.486 

REPl.Jn/'f'T BATTS LOI 0.00 0.000 HIGi 0.00 0.000 
~PAIRS Ie MIHTawa 3094.59 2.062 
REPt...ACa£NT TIRES 468.71 0.312 
IHSlPItHCE 3479.00 2.318 
~IPIi.PARI(. TW, 782.50 0.521 
TITLE. REG. LIC. Lo.. 1079.35 0.719 HIGi 757.70 0.505 
El.ECTRICITY 1755.10 1.169 
PRIN It INT Uif 14069.57 9.373 HIGH 8923.27 5.945 ---
(JIERATIMi COST Lo. 24728.82 16.474 HIGHI9260.88 12.831 

VEHICl£ ~Vta: VALLe LOI 430.04 0.286 HIGi 430.04 0.286 
BUTERY ~V~ LOI 2"£.05 0.159 HIGH 238.05 0.159 

TOTAL LI~! CYCl£ COST L0W275'l8.1318.372 HIGH20B23.61 13.873 
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ELECTRIC I\'4D HY~UD VEHICLE COST HODEL 

ZNfBR 15O-MI EV - 60fKWH 

f-INPUTS--f 

09-12-1984 

GENERAL -
VEHIClE SIZE: 5-PASS 
MB WEIGH: l3b6 KG 
VEHIClE WEIGHT • WT: 2502 
LIFE: 150106.7 KH 

BATTERY -
&UTERY WEIGHT: 1001 KG 
ElECTRICITY COST: .05 S/Kw-H 
AVERAGE DAILY DEPTH OF DISCHAAGE: 

MAINTENANCE FACTOR: 2 

TRANSMISSION TYPE: fIxed ratIo 
!'tHOR -

RATED fUI~R: 63.1 KW 
COOTRCUER: 70.1 K"W 

mIVING -
I\W.JAL ELEC USE: 7463.92 K"W-H 

YEAR: 1982 
REAl.. INTERtST RATE: 10 X 
VEHIClE SALVAGE VALU£: 10 'l. 

ACCESSffiY COST: $ 200 

NAME: ZN-BR2/2.4 
BATTERY CYCLE LIFE: 750 
MAXIMUM SHELF LIFE: 10 YEARS 

.1979718 
DEPTH OF A DEEP DISCHAR&E: .8 

TYPE: ac 

MOllNT: 15010.67 Krr/YEAR 

f-- ruTF1JTS -f 

COST ITEMS-
$ C/KH 

BASIC VEHILLE COST 8253.79 5.49'l 
t(lTOR COST 1198.90 O.79'? 
CONTRtl.LER COST 3154.50 2.102 
EV TRAtr"MISSICfi COST 325.97 0.217 
BAfTERY LG4 2675.40 1.782 HlGi 4601.69 3.066 

------
INITIAL COST UlI 15608.55 10.398 HIGiI7S34.84 11.682 
OOWNPAYHENT LOW 3121.71 2.080 HIGH 3506.97 2.~~ 

REPLACEW T SA TTS La. 2675.40 1.782 HIGH 4bOl.69 3.066 
REPAIRS & HAINTENANCE 4479.33 2.984 
REPLACEI'ENT TIRES 530.49 0.353 
INSlRANCE 3479.00 2.318 
GARAGING. PARK. TClL 78"2.50 0.521 
TITLE. REG. LIC. La.. 980.43 0.653 HIGH 1076.74 0.717 
ELECTRICITY 3731.96 2.486 
PRIN & INT L~ 12486.84 8.319 HIGU4027.87 9.345 ----
OPERATIMJ COOT L~ 29145.95 19.417 HIGH30783.29 20.508 

VEHIetE SALVAGE VALUE L~ 2627.37 1.750 HIGH 4160.06 2.771 
BATTERY SALVAGE LOW 98.10 0.065 HIGH 98.10 0.065 

TOTAL LI~E CYetE COST L~29542.19 19.681 HIGH30032.10 20.007 
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00£RI1.. -

ELECTRIC AND H~ID ~fIa..E COST run 
15O-f11 IN/a. 5-P EV - EllA PRlU:CTIOO 

t-UfUTS-t 

YEAR: 1982 
REAl INTEREST RATE: 10 % 

08-29-1984 

VEJfICLE Sllf: 5-fASS 
ClR8 ~IGtT: 1717 KG VEHICLE SALYAIE wt.1.E: 10 % 
VEHICLE 6I:IGtT , NT: 1853 
LIFE: 1~106. 7 KIf 

BATTERY-
BATTERY ~IGfT: 555 KG 
aECmlCITY COST: .05 s/KW-H 
~ DAILY IEPTH a= DISCHM(£: 

MINTEHAta FACTm: 2 

~ISSION TYPE: fIxed tatlo 
IIlTm-

RATED PMR: 40.7 KW 
alfnnl.ER: 51.9 kW 

IRIVIP«l -
IHIJAl ELEC USE: 4887.218 KW-H 

~S5(Jf{ COSH f 200 

NAt£: ZH-Cl2I2.4 
~TTERY CYCLE LIFE: 1500 
ftAXIIUt SI£l.F LIFE: 10 YEARS 

.165164 
lEPTH a= A IEEP DIS'OWa: .8 

At 

AtO..M: 15010.67 lOt/YEAR 

t- OOrPUlS -t 

COST ITOO-
f C/KIf 

BASIC VEHICLE COST nI5.22 4.807 
It)T£R ~T 887.30 0.591 
IXWmllfR COST 2335.50 1.550 
EV TRNelISSU1~ COST 241.34 0.161 
BATTERY Lal 6647.89 4.429 HJGt 0.00 0.000 --
INITIAl.. COST Lal 17327.25 11.543 HIGtl0679.36 7.115 
IDWAYl£HT Lal 3465.45 2.309 HIGH 2135.87 1.423 

REPUaJt~T BATTS Lal 0.00 0.000 HIGt 0.00 0.000 
REPAIRS Ie ttAINTEtWa 4479.33 2.984 
REPL.ACEI£NT fIRES 452.33 0.301 
INSlWH:E 3479.00 2.318 
GAfWjIfIJ, PARK, TIl.L 782.50 0.521 
TITlE, REG. LIC. LOW. 1066.36 0.710 HIGt 733.97 0.489 
i:l.ECTRICITY 2443.bl 1.628 
PRIN " INT Lo. 13861.80 9.235 HIGH 8543.49 5.692 ---
I:fERATIfIJ COST Lell 26564.93 17.697 HIGH20914.22 13.933 

VEHICLE SALVAGE VAlUE LOW 411.74 0.274 HIGt 411.74 0.274 
BATTERY SAlW4 LOW 0.00 0.000 HIGH 0.00 0.000 

TOTAl.. LIFE CYCLE COST L0W29618.64 19.732 HIGi22638.35 15.082 
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a.ECTRIC AND HYIIUD \9fIClE COST tGll 

1~1 FE/AIR 5-fJ EV - IESTItoWSE PRO..eCTIOOS 

f-INPUTS-f 

~-
VEHIClE SIZE: 5-PASS 
aRB IEIGfT: 1266 KG 
WfIClE IEIGfT ,NT: 1402 
LIFE: 148805.8 klI 

BATTERY -
BATTERY IEI(JfJ': 245 KG 
ELECTRICITY COST: .05 $I~ 
~ DAILY I£PTH CF DISCHAR(E: 

ftAIHTtNAfa F~Tm: 2 

TRI1QtISSI(w TYf£: flxtd ratio 
~Tm-

RATED POIERI 35.3 KIf 
mmll.LfR: 39.3 KW 

IRIYINJ -
AffUt. B.fC USE: 3166.333 KW-H 

YEAR: 1982 
REAl IN1tREST RATE: 10 % 
VEHIClE ~VAGE YN.LEI 10 X 

ACCESSmVCOSr: $200 

IWE: FE-AlR2.4 
BATTERY CYClE LIFE: 500 
MXIK»f SI£l.F LIFE: 10 YEARS 

.1724618 
IIfTH CF A J£EP DISCHAR(£: .8 

TYPE: 

AfOMT: 14880.58 klI/YEM 

f- OOTPUTS -f 

COST ITets-

BASIC \9fIClE COST 
I'I)Tm COST 
COO'R(UER COST 
EV TRAHSltISSIa. COST 
BATTERY l~ 

IHITIN. COST l~ 
IDIPAvt£NT l~ 

REPlAc:en BArrS l~ 
f£PAIRS It MINTEHAfa 
REPl.AC8£NT TIRES 
I NStIW«::E 
GMAGINJ,PAfI(, Till 
TITlE, REG, LIC, l~. 
a.EClRICITY 
PRIH It INT l~ 

~TINJ COST l~ 

$ C/Klt 
6493.66 4.364 
670.70 0.451 

1168.50 1.188 
182.75 0.123 

1943.41 1.306 --
11059.02 1.432 
2211.80 1.486 

1943.41 1.306 
4447.32 2.989 
391.97 0.263 

3479.00 2.338 
782.50 0.526 
752.95 0.506 

1583.11 1.064 
8847.21 5.945 ----

22227.53 14.937 

HIGf 0.00 0.000 

HlOO 9115.61 6.126 
HIOO 1823.12 1.225 

HIOO 0.00 0.000 

HlOO 655.78 0.441 

HIOO 1292.49 4.901 

HIGH20575.64 13.821 

VEHIClE SlLVM: YN.LE L~ 1119.89 0.793 HIGf 351.45 0.236 
BATTERY SlLV~ L~ 0.00 0.000 HIOO 0.00 0.000 

TOrN. LIFE CYClE cosr LIJI23259.44 15.631 HIGf22047.31 14.816 
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IB£Rft. -

ElECTRIC AtIJ HYmID VEHIClE COST fOB. 

150-''1 LIIFES 5-P EV - AN.. PRO..ECTIOO 

......... lff1UTS-I 

YEAR: 1982 
REAL INTEREST RA1E: 10 % 

08-29-1984 

VEHIClE SIZE: 5-PASS 
rum lEI GfT: 1507 KG \\:lfICLE ~VA(£ yt1..lE: 10 % 
VEHIClE WEIGiT • WT: 1643 
LIFE: 150106.7 KIf ACCESSOOY COST: f 200 

BATTERY - ~: LI-FE-S2.4 
OOTTERY IEIGlT: 311 KG BATTERY CYClE LIFE: 1000 
ElECTRICI1Y COST: .05 S/KW-H KAXIHUH SHELF LIFE: 10 YEARS 
A~ DAILY {£PTH CF DISCWIRGE: .1464898 

[£PTH CF A IHP DISOWl(E: .8 
KAINTawa FOCT~: 1.25 

lRANSKISSI~ TYPE: flxed raho 
It)Too-

RATED mER: 41.4 KW TYPE: OC 
WHRW.ER: 46 KW 

(RIVING - AfO.NT: 15010.67 KPt/WlR 
IWIW. ELEC USE: 3289.512 KIHf 

......... OOTPUTS -I 

COST HOO-
f C/K" 

BASIC VEHICLE COST 7571.91 5.044 
pt)T~ COST 786.60 0.524 
romnLER COST 2070.00 1.379 
EY ~ISSI~ COST 213.90 0.142 
BATTERY LCM 3652.70 2.433 HIGI 0.00 0.000 -----
INITIAL COST La. 14295.17 9.523 HIGH0642.48 7.090 
IllWAYt£NT L()I 2859.03 1.905 HIGH 2128.49 1.418 

REPI...ACEIt'T BATTS La. 0.00 0.000 HIGI 0.00 0.000 
~PAIR& Ie KAINTENAta 3094.59 2.062 
REPt..ACa£NT TIRES 427.04 0.284 
IICS1JWa 3479.00 2.318 
GARAGItIi, PARK, Ttu 782.50 0.521 
TITLE. REG. LIC. LOW. 914.76 0.609 HIGH 732.12 0.488 
ELECTRICITY 1644.76 1.096 
foRIN ft INT LOW 11436.14 7.619 HIGH 8513.98 5.672 -----
(fERATINj COST LIJI 21n8.78 14.509 HIGHI8673.99 12.440 

VEHIClE ~VAGE VALlE LOW 410.31 0.273 HIGI 410.31 0.273 
91TTERY ~V{a LOW 54.11 0.036 HIGI 54.11 0.036 

TOTAL LIFE CYClE COST L0W24173.38 16.104 HIOO20338.05 13.549 
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tBEAA.. -

mCTRIC AND HYlfUD VEHIClE CO&T J«>In 

150-1'11 HAtS 5-P EY - F(JID PRO.£CTI(ws 

f-IfflUTS-f 

YEAR: 1982 
REAL INTEREST RATE: 10 % 

08-29-1984 

VEHIClE SIl~: 5-PASS 
ClRB !EIGlT: 1418 KG VEHla.E SAlV~ \IJl..le: 10 X 
~Ia.E !EIGIT • WI: 1554 
lIFE: 148487.7 K" ACCfSSll<V COST: f 200 

BATTERY - tw£: NA-S2.4 
SHTERY ~IGIT: 350 KG BATTERY CYClE lIfE: SOO 
ElEC1RICITY COST: .05 StKw-H MXIflI1 Sf£LF LIFE: 10 YEARS 
AV'EF.fi£. DAILY DEPTH OF DISOiMGE: .1654134 

DEPTH (F A rHP DI~: .8 
I'IAINTEtW£:E FACTm: 1.75 

TRANSl'fISSI~ TYPE: hxed ratIo 
flITOO-

RATED POIER: 39.2 KW 
aJfl'R(U£R: 43.5 KW 

IIUVIffI - ArO.WT: 14848.77 KrftY~ 
IHt.lFL flEe USE: 2687.817 KW-H 

f- OOTPtlTS -f 

COST HOO-
f CtKrf 

BASIC VEHICtE COST 6132.76 4.534 
/'(JTm COST 744.80 0.502 
m. J'R(llER COST 1957.50 1.318 
EV TlWf.)HISSI~ COST 202.28 0.136 
BATTERY l~ 6374.45 4.293 HIGI 0.00 0.000 ----
INITIAl COST l~ 16011.79 10.783 HIGI 9637.34 6.490 
IOWAYfttNT l~ 3202.36 2.157 HIGI 1927.47 1.298 

REPlACE/'l'T BATTS l~ 0.00 0.000 HIGI 0.00 0.000 
REPAIRS" ItAINTEHIWl: 39'82.?O 2.682 
REPLACa£NT TIRES 406.46 0.275 
INStIWa 3479.00 2.343 
OOAAGIt«1. PARK. nil. 782.50 0.527 
TITlE. REG. LIC. U". 1000.59 0.674 HIGI 681.87 0.459 
ElECTRICI TV 1343.91 0.905 
PRIN Ie INl l~ 12809.44 8.627 HIGI 7709.87 5.192 ----
(FERATIfIJ COST l~ 23806.79 16.033 HIGHI8388.50 12.384 

VEHICtE SAlvta VAlle l~ 371.56 0.250 HIGf 371.56 0.250 
a\TTERY SAlVAGE l~ 0.00 0.000 HIGH 0.00 0.000 

TOTAl LIFE CYClE COST lOO6637.58 17.939 HIGll9944.41 13.432 
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00£RAl-

ELECTRIC IN) HYIIUD VEHIClE COST I'DEl 

25O-fII 2N/a.. s-P EV - l:.M PAO.£CTlIJ4S 

f-lfflUTS-f 

YEAR: 1982 
rBll INTEREST RATE: lOt 

00-29-1984 

VEHIClE SIZE: 5-PASS 
ems iEIGfT: 1163 KG VEHICLE SAL~ VALlE: 10 X 
VEHIClE IlEIGfT ,WT: 1899 
LIFE: 166106.7 Kft ACCESSOOY COST: $ 200 

BATTERY - ~: ZH-CL2/1.0 
~TTERY 1lE100: 587 KG BATTERY Cva..E LIFE: 1500 
aECTRICITY COST: .OS S/kW-H ttAXlI'lIt SJ£lF LIFE: 10 YEARS 
~ DAILY IEPTH (F DIstWtR(E: .1036325 

lfPTH (F A I£EP DIS'OWi(£: .8 
ftAIHTElWa F~rm: 2 

TRAHSftISSI~ TYPE: fixed riho 
fl)TOO-

RATED mER: 47.9 KW 
WfTRW.ER: 53.2 kif 

MIVING - 1WUff: 16610.67 KrI/YEAR 
IWtMIl ELEC USE: 5459.819 KW-ff 

COST ITetS-

BASIC VEHIClE COST 
tIITeR COST 
mfTROL.l.l:R COST 
EV TRANS.IlSSI£JI COST 
BATTERY UII 

INITIAL COST LOW 
InWAYI'EHT WI 

RE:FllWn BATTS LOW 
REPAIRS" ftAINTENAI«:E 
REPU¥;9£NT TI~S 
INSlIWa 
~ING,PARK. rru 
TITLE. REG. LIe, LlII. 
ELECTRICITY 
PRIN " INT LOW 

(llEAAlING COST LOW 

f- OOTPUTS --f 

$ c/Kft 
7285.53 4.386 
910.10 0.548 

2394.00 1.441 
247.38 0.149 

5812.50 3.499 HIGf 0.00 0.000 -----
16649.51 10.023 HIOOl0837.01 6.524 
3329.90 2.005 HIGf 2167.40 1.305 

0.00 0.000 HIGf 0.00 0.000 
4604.53 2.n2 
543.32 0.327 

3479.00 2.094 
782.50 0.471 

1032.48 0.622 HIOO 741.85 0.447 
2729.91 1.643 

13319.61 8.019 HIOO 8669.60 5.219 ---
26491.34 15.948 HIGf21550.71 12.974 

YEHIa..E SAL~ VALlE LOW 417.81 0.2S2 HIGf 417.81 0.252 
BATTERY SAL~ WI 0.00 0.000 HIGf 0.00 0.000 

TOTAL LIFE CYa..E COST UJl29403.43 17.102 HIGH23300.30 14.027 
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mCTRIC AND HYBRID YEHIa.E COST fOB. 

25O-fII FE/AIR ~ EV - .eWOO.ISE PRO-.ECTI~ 

t-IJf'UTS-f 

€EJmi. -
~Ia.E SIZE: 5-PASS 
rum IEIGiT: 1338 kG 
VEHIClE IEIGHT • WT: 1474 
LIFE: 166106.7 Krf 

YEAR: 1982 
RUt. INTEREST RATE: 10 1 
~Ia..E SALYAG£ YALt.e: 10 X 

ACtEssmv COST: f 200 

BATIERY - NAf£: FE-AIRI.O 
BA1TERY ":100: 295 KG BA1TERY CYa.E LIFE: 500 
aECTlUCITY cosr: .os s/KW-H rlAXIIUI SI£l.F LIFE: 10 YEARS 
AYERA(E DAILY [£PTH Of DI5CHAH(£: .1076719 

I£PTH Of A I£EP DI5CHAR(£: .8 
rlAINTENAfa F~T~: 2 

TRAHSftISSI£If TYPE: hxed ritlo 
IlJT~-

RATED mER: 37.2 KW TYPE: AC 
COmnLER: 41.3 KW 

DRIVltiJ - ~r: 16610.67 ""'¥EM 
Attt.W.. ELEC USE: 3668.601 KW-H 

t- OOTPllTS -f 

COST IIDIS-
f C/Krf 

BASIC ~1a..E COST 6604.27 3.976 
t«JTOO COST 106.80 0.426 
COO'Rlll.ER COST 1858.50 1.119 
EY TRANSlUSSIl1. COST 192.05 0.116 
BATTERY L~ 1747.47 1.052 HIGf 0.00 0.000 ----
IMHIAl COST WI 11109.08 6.688 HIGt 9361.61 5.636 
lDWAYfENT L~ 2221.82 1.338 HUff 1812.32 1.127 

REPI.A(l:lt'T BATTS L~ 0.00 0.000 HIGf 0.00 0.000 
REPAIRS Ie rlAItlTENAt«:E 4604.53 2.712 
REPI.I£EJ'ENT TIRES 482.58 0.291 
INSmAt«:E 3479.00 2.094 
GARAGIN3.PARI(. TtU. 782.50 0.41J 
TITLE. REG. LIC. L~. 755.45 0.455 HIGf 668.08 0.402 
aECTRICITY 1834.30 1.104 
PRIM Ir INT L~ 8881.27 5.350 HIGf 7489.29 4.509 ----
(IlERATINJ COST ~ 20025.64 12.538 HIGfI9340.28 11.643 

YEHIa..E SALVA(i; VAll.( l~ 360.93 0.217 HIGt 360.93 0.217 
amERY SAL\¥« L~ 0.00 0.000 HIGf 0.00 0.000 

TOT#l LIFE CYa..E COST l(lf22686.52 13.659 HI~I.67 12.553 
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IE£RrL -

ElECTRIC AND HYYUD Vl:HInE COST POE. 

250-1'11 LIIFfS 5-f ~V - Ml.. PRO..ECTI(JfS 

f-IhfUTS-f 

'{EM: 1982 
RaW.. INTEREST RATE: 10 X 

08-29-1984 

VEHICLE SIZE: 5-PASS 
ems IE:IGff: 1526 KG VEHlnE SAlV~ VrLLE: 10 % 
'd:lI1U.E 1E:1&lfT • WT: 1662 
LIFE: 166106.7 KrI ;£C£SSOOY COST: $ 200 

BATTERY - NAME: LI-fE-Sl.0 
BATTERY WEIGHT: 424 KG BATTERY CYnE LIFE: 1000 
aECTRICIfY COST: .05 S/KIHf HAXIPU1 SH:LF LIFE: 10 YEARS 
AVERAGE OOILY II:FTH (F DISCHARGE: .1020019 

OO'TH (F A IEEP DISCHARGE: .8 
MINTaw«:E F;£TOO: 1.25 

lRANSHISSI€J4 TM: fixed raho 
IIlTOO-

RATED P£IER: 41.9 KW TYPE: 
~TRIllER: 46.5 KW 

[IUVlNi - ArOMT: 16610.61 KIf/YEAR 
AfHW.. ElEC USE: 3655.433 KW-H 

f- OOTPUTS -f 

COST I TI:l1S-
S C/KIf 

BASIC Vt:HICLE COST 6907.75 4.159 
IIlTOR COST 796.10 0.479 
IlWTRIllER COST 2092.50 1.260 
EV TRANSrfISSI~ COST 216.23 0.130 
BATTERY Ull 7784.64 4.687 HIOO 0.00 0.000 ------
INITIrL COST Ull 17797.21 10.714 HIOOl0012.57 6.028 
IDWAYrfEHT LOW 3559.44 2.143 HIOO 2002.51 1.206 

~'T BATTS LOW 0.00 0.000 HIOO 0.00 0.000 
~AIRS l< I1AIHTBWa 3184.32 1.917 
REPLf£El'EHr TIRES ~.45 0.307 
I~CE 3479.00 2.094 
GARAGINJ.PARK. nu 782.50 0.471 
TITLE. REG. LIe. LOW. 1089.86 0.656 HIOO 700.63 0.422 
ELECTRICITY 1827.72 1.100 
PRIN " INT LOW 14237.77 8.571 HIOO 8010.06 4.822 -----
(JIEAA TlHG COST LOW 25110.61 15.117 HIOOI8493.67 11.134 

VEHICl.£ SIl.VAGE VrLLE LOW 386.03 0.232 HIOO 386.03 0.232 
amERY SALVAGE LOW 115.33 0.069 HIOO 115.33 0.069 

TOTrL LIFE CYCLE COST lOOSI68.70 16.958 HIOOI9994.83 12.037 
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OO£WL -

mCTRIC AND ~ID VEHIClE COST fUR 

250-ft1 tt:l/S 5-P EV - FOOD POO..RTI(WS 

t-INVTS-f 

YEM: 1982 
REAl INTEREST RATE: 10 % 

08-29-1984 

VEHIClE 51 ZE: 5-PASS 
rum IEIM: 1470 KG VEHIClE SAlVAGE Wl.t.E: 10 X 
VEHIClE IE IGiT • WT: 1600 
LIFE: 166106.7 KM ACCESSOOY COST: $ 200 

BATTERY - NAf£: NA-Sl.0 
BATIERY IEIM: 385 KG BATTERY CYClE LIFE: 800 
a.ECTRICITY COST: .05 S/KW-H MXIIUt SI£LF LIFE: 10 YEARS 
A\£RAGE DAILY lEPTH (f DI5CHAR(£: .1094112 

I£PTH (f A IHP DISCHAR!E: .8 
MINTENAta FOCrm: 1.7S 

TRANSl'tISSIOO T'r'PE: fIxed raho 
I'IlTOO-

RATED roER: 40.5 KW TYPE: AC 
CCWTR\l.llR: 45 KW 

IRIYIMi - MlM: 16610.67 KM/YEM 
AfH.W.. I:lEC USE: 3037.261 KIHf 

t- OOTPUTS -f 

COST I fEI1S-
$ C/KM 

BASIC VEHIQ.E COST 6820.96 4.106 
I'I)Too COST 769.';Ij 0.463 
COO"Ra...LER COST 2025.00 1.219 
EV TRANSI'IISSIa. COST 209.25 0.126 
BATrERY LIlI 6081.08 3.661 HIGi 0.00 0.000 ------
INITUl. COST LIlI 15905.79 9S16 HIGH 9824.71 5.915 
IDIfIAYPENT L£J4 3181.16 1.915 HIGH 1964.94 1.183 

I~PllM:an BATTS L£J4 0.00 0.000 HIGi 0.00 0.000 
Iti'AIRS " rtAINTEHAt«:E 4131.13 2.487 
REPl.ACl-JENT TlRfS ';Ijl.44 0.302 
INSlRlta: 3479.00 2.094 
GARAGIMi.PARK. nu 182.50 0.471 
TITLE. REG. LIC. LIlI. 995.29 0.599 HIGH 691.24 0.416 
ElECTRICITY 1518.63 0.914 
PRIN " INT L£J4 12724.63 7.661 HIGH 7859.77 4.732 ----
(JlEAATlMJ COST L£J4 24132.63 14.528 HIGHI8963.71 11.417 

VEHIQ.£ SAlVAGE Vft.t.E L£J4 378.79 0.228 HIGH 378.79 0.228 
BATTERY SALYAC£ L£J4 0.00 0.000 HIGH 0.00 0.000 

TOTft. LIFE CYQ.£ COST LOO6935.00 16.215 Hl000549.87 12.371 
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GfJ£IW. -

ELECTRIC AND HYBRID VEHIClE COST IQE. 

Al/AIR - WI. PRO.ECTI£WS 

t-Iff>UTS-f 

Y~: 1982 

08-29-1984 

VEHHU ~ZE: 5-PASS 
rum ~IGir: 1507 KG 

HEI'L IN1EREST RATE: 10 % 
VEHIClE ~VAGE VI'LLE: 10 ~ 

VEJiICl.E ":IGiT ,NT: 1643 
LIFE: 166106.7 KIf ACCESSffiY COST: $ 200 

BATrERY - NAt£: I'L -A IR 
ItATTERY IEIGiT: 411 KG BATTERY CYClE LIFE: 1500 
El£CTRICI1Y COST: 0 S/KW-H MXII'UI SI£L.F LIFE: 10 YEARS 
(WfP..P{£ [WIllY IEPTH (F DISCHAR(£: .1028866 

IFTH (F A DEEP DISCHAR(£: .8 
f'lAINTEHAt«:E FACTOO: 2.25 

TRANSI'IISSI~ TYPE: fixed raho 
~TOO-

kATED mER: 41.4 KW TYPE: 
~TRW.ER: 46 KW 

(fUVIt«l - AfO.M: 16610.67 Krl/YEAR 
AfftW. £lEC USE: 10119.13 Kw-H 

f- OOTPUTS -f 

COST ITEI'fS-
$ C/KIt 

BASIC VEHIClE COST 6876.97 4.140 
rIITOO COST 786.60 0.474 
~TRfllER COST 2070.00 1.246 
EV TRANSt'llSSICW COST 213.90 0.129 
BATTERY ltll 3909.73 2.354 HIGi 0.00 0.000 ------
INITIAl COST LI1I 13857.21 8.342 HIGi 9947.47 5.989 
IXNf>AYMENT ltll 2771.44 1.668 HIGH 1989.50 1.198 

REPLACE/'I'T SA TTS ltll 5555.08 3.344 HIGi 0.00 0.000 
~PAIRS " ftAINTaw.CE 5077.94 3.057 
REP\..ACEI£NT TIRES 506.73 0.305 
INSlRIH-E 3479.00 2.094 
GAAAGIt«l,PARK, Tll.l 782.50 0.471 
TITLE, REG, lIC, ltll. 892.86 0.538 HIGi 697.37 0.420 
aECTRICITY 10381.67 6.250 
PRIN " INT ltll 11085.76 6.674 HIGH 7957.98 4.791 ----
(fERATIN3 COST LtII 37761.54 22.733 HIGH34438.27 20.733 

VEHIClE Sl\.VAGE Vft.LE LtII 383.52 0.231 HIGi 383.52 0.231 
EWmERY SAlVAGe ltll 0.00 0.000 HIGH 0.00 0.000 

TOTft. lIFE CYClE COST l0W40149.46 24.111 HIGH36044.24 21.699 
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ElECTRIC AND HYBRID VEHICLE COST HODEL 

PB/ACID HYBRID - SO/KWH 09-12-1984 

GENERAl.. -
VEHICLE SIZe: 5-PASS 
ems IA:IGHT: 1747 KG 
VEHICLE WEIGHT ,loll: 1883 
LIFE: 160106.7 KM 

BATTERY -
BATTERY WEIGHT: 410 KG 
ELECTRICIfY COST: .05 S/KW-H 
AVERAGE DAILY DEPTH OF DISCHARGE: 

MINrENANCE FACTOO: 

ENGINE -
fANK C.APACITt: 40 L 
ICE TRANSMISSION TYPE: CVT 

HOTOR-

YEAR: 198"2 
RfJL INTEREST RATE: 10 ~ 
VEHICLE SAlVAGE VAlUE: 10 70 

ACCESSORY COST: $ 200 

NAME: PBAC/AD3.3 
BATTERY CYClE LIFE: 800 
MAXIMUM Sf£lF LIFE: 10 tEARS 

.3336073 
DEPTH OF A DEEP DISCHARGE: .8 

FUEL COST: .373 $/L 
Flfi TYPE: I£THANOL 
Pc.JER: 52.7 KW 

RATED POWtR: 47.5 KW TYPE: ac 
ru4TROLLER: 52.7 1<-101 

EV TRANSMISSION TYPE: fIxed ratIO POWER: 52.7 KW 

IJHVItlI - AMOUNT: 16610.67 "'~/YEAR 
ICE FRACTIOOAL RANGE: 22.2 k 
AtUJAL t-UEL lJ'3E: 486.02B3 L 

EV FRACTIONAL RANGE: 74.3 k 
ANNUAL ELl:C USE: 2635.126 "'W-H 

1-- ~.lTPUTS --I 

COS r IT81S-
$ UKM 

BASIC VEHIClE COST 7261.10 4.375 
EN(.I~ COST 1331.99 0.802 
ICE TRAN3MISSION COST 588.66 0.354 
r1>TOR COST 902.50 0.543 
CONTROUER COST 237}.50 1.428 
E.V TRANSMISSION COST 245.06 0.148 
BATTERY LOW 1126.01 0.678 HIGH 1430.03 0.861 

----- ---
INITUi. COST Lal 13832.81 8.328 HIGi14136.83 8.511 
IOWNPAYNEUT LOW 2766.56 1.666 HIGH 2827.37 1.702 

REPLAC81'T BATTS Lal 1126.01 0.678 HIGH 1430.03 0.801 
REPAIRS & MAINTENANCE 4;''90.78 2.583 
REPLACE/'ENT TlHES 541.03 0.326 
IH'3URANCE 3479.00 2.094 
GARAGING,PAkK, reu 782.50 0.471 
TITLE, REG, LIC, LOW. 891.64 0.537 HIGH 906.84 0.546 
FUEl-oIL 1867.27 1.124 
ELECTRICITY 1317.56 0.793 
PRIN &: IUT LOW 11066.24 6.662 HIGHl1309.46 6.809 

---- ---
IFERATl~ COS f Ll~ 25362.04 15.269 HI6H25620.46 15.424 

VEHICLE SAlV/lC.f VAlUE lOW 599.57 0.361 HIGH 629.18 0.379 
BATTEHY SALVAGE lOW 25.86 0.016 HIGH 25.86 0.016 

TOTAL LIFE CYCLE COST lOW27503.17 16.558 HI('H27792.78 16.732 
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aECTRIC AND HYIIUD \tHI(U COST tIlI£L 

HIIFE HYBRID - EPI PmECTI(JfS 

f-ItflUTS-f 

08-29-1984 

tB£M.. -
VEHIClE SIZE: 5-PASS 
rum !.Elan: 1529 KG 
~Hla.£ hEIGfT • WT: 1665 
LIFE: 166106.7 t<tt 

YEAR: 1982 
REAl INTEREST RATE: 10 t 
~Ia.£ SALVAIE VAllE: 10 X 

ACtESSCfiY COST: f 200 

BArTERY - NAPE: NI-fE3.3 
aUTERY hEIGfT: ~ KG BATTERY CYClE LIFE: 1500 
ELECTRICITY COST: .05 s/klHf MmUI st£l.F LIFE: 10 YEARS 
AVEIW£ DAILY lIPTH (f' DISCHAR(£: .3478479 

MINTENAra F~rm: 1.25 

OOIt£ -
TAN< ~ITY: 40 L 
ICE TRANSI'IISSI~~: CVT 

tIlT(R-
RATED ro.ER: 42 KW 
~TRIUER: 46.6 I<W 
EV T~ISSI~ TYPE: fIxed ratIo 

BUYINJ -
ICE FRACTlaw.. RAJ«: 22.1~ X 
IVIUl. FlEL l/S£: 447.3148 L 

IEPTH ~ A I£EP DISCftM(£: .8 

FUEL COST: .373 f/L 
FlEL TYPE: tE1lMl.. 
roo: 40. 6 ~1I 

muff: 16610.67 ,,"/YEAR 
EY FRACTI(fW. RAJ«: 74.30828 t 
IHUlL afC l/S£: 2552.365 Kw-+f 

f- OOTPUTS -f 

COST ITetS-
f C/JIJI 

BASIC ~IClE COST 6913.07 4.162 
OOltE COST 1279.00 o.no 
ICE TIWCStIISSION COST 520.52 0.313 
!'IITm COST 798.00 0.480 
C(WTR(U£R COST m7.00 1.262 
EV TRANSlUSSla. COST 216.69 0.1~ 
BATTERY LI:II 2481.82 1.494 HIOO 0.00 0.000 ---
INITIt1.. cosr LI:II 14306.10 8.613 HIOOl1824.28 7.118 
rowA\1UT LI:II 2861.22 1.723 HIOO 2364.86 1.424 

REPl.Jt:an BATTS LI:II 2481.82 1.494 HIOO 0.00 0.000 
r£PAIRS " MINT~ 4041.15 2.794 
REPLACB£NT TIRES 509.88 0.~7 
INSIJWa 3479.00 2.094 
GARMINJ. PARK. T(U 782.50 0.471 
TITLE. REG. LIC. LI:II. 915.31 O.5!ll HIOO 791.21 0.476 
Fl£l.~IL 1718.54 1.035 
B.ECTRICITY 1276.18 0.768 
PRIN &r INT L(II 11444.88 6.890 HIOO 9459.43 5.695 --
tFEAATINJ COST WI 2n49.25 16.405 HIGH2S139.71 15.135 

VEHIClE SALYfa \W..l£ UII 2793.66 1.682 HIGf 455.88 0.274 
BATTERY SAL~ LOI 91.84 0.055 HIOO 91.84 0.055 

TOTt1.. LIFE CYCl£ COST L007224.98 16.390 HIOO6956.85 16.229 
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ELECTRIC AND HYBRID VE:HICLE COST HODEL 

ZN/BR HYBRID - bOlKWH 

I-INPUTS--t 

09-12-1984 

GEt£RAL --
VEHIClE SIZE: 5-PASS 
~B WEIGHT: 1783 KG 
VEHICLE WEIGHT, WT: 1919 
LIFE: 166106.7 KH 

BATTffiY-
BATTERY WEIGHT: 432 KG 
ElECTRICIrf COST: .05 S/~W-H 
AVERAGE DAILy DEPTH OF DlSLHARGE: 

MAINTENANCE FACTOR: 2 

ENGINE --
TAN< (APACITY: 40 L 
ICE TRANSIUSSION TYPE: CVT 

PllTOO-

YEAR: 1982 
REAl INTEREST RATE: 10 i. 
VEHICLE SALVAtt VAlLE: 10 'l. 

ACCESSORY COST: S 200 

tw1E: ZN-BPlI3.3 
BATTERY CYCLE LIFE: 750 
HAXIMlW'1 SHElF LIFE: 10 YEAAS 

.3634617 
rEPTH OF A DEEP DISCHARGE: .8 

FUEl COST: .373 S/l 
FLU TYPE: I1ETHANOL 
PIllER: 53.7 KW 

RATED POWER: 48.4 KW TYPE: ac 
C(WTROlltR: 53. 7 ~W 
EV TRANSMISSI(W TYPE: flxed ratIo POWER: 53.7 KW 

UHVIr«l - ~T: 16610.67 ~/YEAR 
ICE FRACTIONAL RAMJE: 22.2 % 
rtNJAL FUEl lr-,E: 512.1392 L 

EV FRACTIONAL RANGE: 74.5 l 
Atf/lIAL ElEC USE: 464 7 • 743 KW-H 

f-- OUTPUTS -I 

COST ITEI1S-
S C/KM 

BASIC ~{HICLE COST 7322.19 4.400 
ENGINE (.\.15T 1340.28 0.807 
ICE TRANSMISSION COST 599.83 0.361 
I1JTffi COST 919.60 0.554 
COOTRCtLER C0'3T 2416.50 1.455 
EV TRANSMISSION COST 249.71 0.150 
BATTERY LOW 942.55 1).567 HIGH 1724.86 1.038 

---- ----
INI rIAL COST LOW 13790.65 8.302 HIGHI4572.96 8.773 
roWNPAYI'IENT LOW 2758.13 1.660 HIC>H 2914.59 1.755 

REPLACI:'H'T BATTS LOW 188:).09 1.135 HIGf 3449.72 2.077 
REPAIRS & "AINTENAN~E 5705.31 3.43~ 
RtPlACHENT TIRES 546.18 0.329 
INSURANCE 34n.OO 2.094 
GARAGIr«l, PABK, Tct.L 782.50 0.471 
TITLE, REG, LIC, LOW. 889.53 0.536 HIGH 928.65 0.559 
FLEI..-oIL 1967.59 1.185 
RECTRICITY 2323.87 1.399 
PRIN & INT LOW 11032.52 6.642 HIGH11658.37 7.019 ---- ---
Cf'ERATIr«l COST LOW 28611.59 17.225 HIGf29276.56 17.625 

'kHICLE SI't.VAC,£ VALUE LOW 1238.96 0.746 HIGH 1856.16 1.117 
BATTERY SAlVAGE LOW 69.12 0.042 HIGf 69.12 0.042 

TOTAl.. LIFE CYClE COST LOW3OO61.63 18.098 HIGf30265.86 18.221 
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mCTRIC AN) HYmID IJEJfIa.E COST fIIEL 

IN/a.. HYIIUD - EllA PRnETI(ws 

f-INlUTS~ 

08-~-I9S4 

cE£Rft. -
\eiICl£ SIZE: 5-PASS 
rum IEIGn: 1517 kG 
VEHICl£ IEIGfi • WT: 1653 
LIFE: 166106.7 KI1 

BATTERY -
mTTERY IEIGfI': 273 KG 
ELECTRICITY COST: .05 S/K\Hf 
A~ MILY DEPTH IF DISCtfI\Ca: 

ttAIHl1::lMl: FACTffi: 2 

OOIhE -
TM< CAPACITY: 40 L 
ICE TRAHSftISSI~ TYPE: C\IT 

tIlTm -
RATED m.ER: 41.7 KW 
00fTRW..ER: 46.3 I<W 
EV TRAHSrtISSI<W TYPE: flxtd raho 

mIVIN3 -
ICE FRACTI(M. RAJa: 22.15058 X 
AfH.W. FlEl. USE: 444.8058 l 

YEAR: 1982 
~ INTEREST RATE: 10 X 
~IClE ~~ V~LE: 10 X 

~YCOSr: S200 

~: IN-CL213.3 
BATTERY CYClE LIFE: 1500 
MXltUt St£LF LIFE: 10 YEARS 

.3518266 
DEPTH IF A JEEP DISCHAln:: .8 

R£l.. COST: .373 S/L 
Fl£L TYPE: 1£1lW«l. 
mER: 40.3 KW 

TYPE: AC 

AMOUNT: 16610.67 KI1/YEAR 
EV FRACTI€:»W. RANJE: n.51238 X 
Afft.W.. aEC USE: 3865.076 K\Hf 

f- OOTPUTS ~ 

COS r ITEI'tS-
f C/KI't 

BASIC VEHID.E COST 6891.41 4.149 
OOItE COST 1276.27 0.768 
ICE TlWtSttISSI~ COST 517.17 0.311 
Pk)T~ COST 792.~ 0.4n 
ctWTRIllER COST 2083.50 1.254 
EV TlWtSttISSI~ COST 215.~ 0.130 
BATTERY La. 3611.79 2.174 HIGI 0.00 0.000 ---
INITI~ COST La. 15387.74 9.264 HIGll1nS.95 7.fHJ 
InWAYr£HT L~ 3()n.55 1.853 HIGH 2355.19 1.418 

~"'T BAHSLa. 3611.79 2.174 HIOO 0.00 0.000 
REPAIRS & ttAINlENAfa 5817.83 3.502 
~TTIRES 508.16 0.306 
INStfWa 3479.00 2.094 
GAROOIN3.PARI(. nu 782.50 0.471 
TITlE. REG. LIC. La.. 969.39 0.584 HIOO 188.80 0.475 
FlEl-oIL 1700.90 1.0~ 
ElECTRICITY 1932.54 1.163 
PRIN. INT L~ 12310.19 7.411 HIOO 9420.76 5.672 --
(JlERATIN3 COST l~ 31120.30 18.735 HIGf28050.27 16.887 

WfIa.E SAlW&: WLl£ l~ 3812.47 2.295 HIOO 454.01 0.273 
BATTERY ~~ UII 0.00 0.000 HIOO 0.00 0.000 

TOT~ LIFE CYa.E COST l~385.37 18.293 HIGf29951.4~ 18.031 
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lE£RAI.. -

ElECTRIC AlII HYBRID VEHIa.E COST IGR 

FE/AIR HYMID - IESTItOWSE PRO..ECTI(JfS 

f-IfAlTS-f 

YEAR: 1982 
IaL INTEREST RATE: 10 % 

oe-~-l984 

VEHIa.E SIZE: 5-PASS 
Me !EIGHT: 1257 KG VEHIClE SfLVAGE VALt£: 10 X 
VI:lHa.E IEIGHT • NT: 1393 
LI~E: 166106.7 KM ACCESSOOY COST: S 200 

BATTERY - WtfE: FE-AIR3.3 
BATTERY ~IGiT: 117 KG BATTERY Cva..E LIFE: 500 
ElECTRICITY COST: .05 s/KW-H MXItlJH St£LF LIFE: 10 YEARS 
~ DAILY JE7TH IF DISCHAR££: .3796501 

m'TH IF A JEEP DISCHAR(i: .8 
MINTawa F~T(R: 2 

OOIN: - FUEL COST: .373 S/l 
TtW< CAPACITY: 40 L FlEl TYPE: t£1lWQ. 
ICE TAAHSHISSICW TYPE: CVT roER: 39 KW 

t(lJ(R -
RATED roER: 35.1 KW TYPE: AC 
m.TRCUER: 39 kW 
EV TRAHSHISSI(Jf TYPE: fixed nho 

~IVlffJ - AfIlWT: 16610.67 Ktt/YEAR 
ICE FRACTltHIL RAta: 22.15058 % EV FRACTJ(M.. RAta: 75.94268 X 
AfH.W.. FlEI.. USE: 393.7921 L ANtt.IAI... ruc USE: 2551.061 1Cw-H 

f- OOTPUTS -f 

COST ITBtS-
S C/Ktt 

BASIC 1JEH1a..E COST 6477.11 3.899 
OOHE COST 1206.02 0.726 
Ice TRAt6USSICW COST 435.63 0.261 
KlT(R CO&T 666.90 0.401 
m.TRG..LER cosr 1755.00 1.057 
EV TRAHSfUSSI(Jf COST 181.35 0.109 
BATI'ERY La. 1035.29 0.623 HIGt 0.00 0.000 --
INITIAL COST La. 11757.30 7.078 HIGfl0722.01 6.455 
lnWAYJfEHT La. 2351.46 1.416 HIGf 2144.40 1.~1 

REPlACE.n BATTS La. 3105.87 1.870 HIGf 0.00 0.000 
REPAIRS 3c I1AINmwt:E 5758.38 3.467 
REPLACaENT TIRES 471.00 0.284 
INStfMIa 3479.00 2.094 
GARAGIffJ.PARl<. Till 782.50 0.471 
TITlE. REG. LIC. La.. 787.86 0.474 HIGf 736.10 0.443 
A£L-oIl 1512.91 0.911 
ElECTRICITY 1275.53 0.768 
PRIM It IHT La. 9405.84 5.663 HIGt 8577.61 5.164 ---
(JIERATING COST La. 26578.91 16.001 HIGH25698.91 15.471 

VEHIa.E SfLVA(E VALI£ LOW 967.98 0.583 HIGt 413.38 0.249 
BATTERY SfLWG La. 0.00 0.000 HIGH 0.00 0.000 

TOUt.. LIFE CYa..E COST LaI27962.39 16.834 HIGf27429.93 16.513 
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GEr£Rrt. -

ElECTRIC AHD HYBRID VEHIClE COST tOE. 

LI/FES HYlJUD - Aft. PRO..ECTIOO 

t-Iff'UTS-t 

YEAR: 1982 
REAL INTEREST RATE: 10 % 

00-29-1984 

\£HIClE SIZE: 5-PASS 
rum ~IGfr: 1368 KG \£HICLE SAl..V~ VAll£: 10 1-
VEHIClE kEIGfT • Wl: 1504 
LIFE: 160106.7 Krt 

BATTERY -
BATTERY hElOO: 184 KG 
aECTRICITY COST: .05 s/KW-H 
AVERAGE OOILY [£PTH (F DI~: 

I'IAINTENAIa FACTOO: 1.25 

OOINE -
TAN< CAPACITY: 40 L 
ICE ~ISSI~ TYPE: cvr 
~Too --

ACCESSOOY COST: $ 200 

tM: LI-fE-53.3 
BATTERY CYClE LIFE: 1000 
!tAXI"'" SlnF LIFE: 10 YEARS 

.221M 
IEPTH (F A IHP DISCWIRGE: .8 

FlE.. COST: .373 $/L 
FlE.. TYPE: ttETlW«l.. 
mER: 42.1 KW 

RATED POER: 37.9 KW TYPt: AC 
aMRa..LER: 42.1 I<W 
EV TRANSKISSI~ TYPf:: fixed ratio 

OOIVIt«3 -
ICE FRACTloo.. twa: 22.15058 X 
PIffJAI.. FW. USE: 415.3776 L 

AtO.lH: 16010.67 Ktl/YEAR 
EV FRACTIoo.. RAMJE: 75.5597 X 
Afft.JAI.. me USE: 2639.009 Kw-tf 

t-- OOTPUTS -t 

COST I Tl:ltS-
$ C/KH 

BASIC VEHIClE COST 605J.94 4.005 
OOINE COST 1236.85 0.745 
ICE TRANSlfISSICW COST 470.26 0.283 
I1IToo COSl 720.10 0.434 
~TRIUER COST 1894.50 1.141 
EV TAANSrIISSIOO rosT 195.n 0.118 
BATTERY La. 3924.22 2.362 HIGH 0.00 0.000 ----
INITIAl COST L~ 15093.63 9.007 HIGfI1169.41 6.724 
OOH'AYr£HT L~ 3018.73 1.817 HIGH 2233.88 1.345 

REPlACBn BATTS L~ 3924.22 2.362 HIGf 0.00 0.000 
REPAIRS & "AINTENANCe 4670.77 2.812 
HEPlACEJ£NT TIRES 486.87 0.293 
IHStJWa 3479.00 2.094 
GAAAGIt«3,PARK. T(ll 782.50 0.471 
TITLE. REG. LIC. LOW. 954.68 0.575 HIGH 758.47 0.4~7 
~l.ll-oIL 1595.84 0.961 
ElECTRICITY 1319.50 0.794 
PRIN Ie INT L~ 12074.90 7.269 HIGH 8935.53 5.379 ------
€JlERATINJ COST L~ 29288.28 17.632 HIGH25952.10 15.624 

VEHIClE SfLVOO: VAllE L~ 4310.77 2.595 HIGH 430.63 0.259 
BATTERY Sft.Vf\(E L~ SO.05 0.030 HIGf SO.05 0.030 

TOTAl LIFE CYClE COST L~27946.19 16.824 HIGH277~.90 16.680 
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ELECTRIC AND HYOOJD Vl:HIClE COST tun 

~/S HYaUD - FaID PRO...ECTIOO 

t-ItflITS-f 

09-29-1984 

IEBW.. --
VI:lfIClE SIZE: 5-PASS 
rum IEIGfT: 1327 KG 
VEHIctE ~IGHT ,liT: 1463 
LIFE: 166106.7 tat 

BATTERY-
BATTERY ":100: 159 KG 
ElECfRlCITY COST: .05 S/Kw-H 
AYERA<£ DAILY lEPTH CF DI~: 

I'tAINTawa FACT~: 1.75 

Et«iIr£-
TIM: CAPACITY: 40 l 
ICE TRANgUSSHW TYPE: CYT 

tl}Tm-

YEAR: 1982 
REAL INTEREST RATE: 10 % 
VEHICLE SlLVAGE V$¥.LE: 10 X 

~Y COST: $ 200 

NAPE: ~S3.3 
BATTERY CYClE LIFE: 800 
I'tAXItu1 st£LF LIFE: 10 ¥EMS 

.3693321 
I£PTH CF A InP DISOi'lRG£: .8 

flEl COST: .373 S/l 
FlEl. TYPE: t£THAPQ.. 
ro.ER: 41 KII 

RATeD mER: 36.9 .,14 TYPE: AC 
~TR(UER: 41 KW 
EV TRANS'USSI£W TYPE: hxed raho 

IIUVINJ - ~r: 16610.67 Kl'f/YEAR 
ICE FRACTIoo.. 1Wa: 22.15058 t EV FRACTICM. RIlla: 76.46053 t 
AtH.IAI.. flEL USE: 406.854 l MN.JAI.. ELEC USE: 2208.89 Kw-H 

t- IlJTPUTS -f 

COST ITats-
$ C/tat 

BASIC VEHIClE COST 6587.31 3.966 
OOU£ COST 1226.09 0.738 
ICE ~IS."I£W COST 457.97 0.276 
KJTCR COST 701.10 0.422 
CI:flTRa..li:R COST 1845.00 1.111 
EV TRANSftISSI£W COST 190.65 0.115 
BATTl:.RY l~ 3291.95 1.982 HIGi 0.00 0.000 ----
INITIAL COST LIlI 14300.06 8.609 HIGfl1008.l1 6.627 
OOWAYI£HT L04 2860.01 1.722 HIGf 2201.62 1.325 

REPl..f£a.'T BATTS LIlI 6583.90 3.964 HIGf 0.00 0.000 
~AIRS " ftAINlEJWa 5416.03 3.261 
REPl.flC9£HT TIRES 481.01 0.290 
INSlfWa 3479.00 2.094 
GMAGINJ, PARI(, T(U 782.50 0.471 
lITLE, REG, lIC, llll. 915.00 O.SSI HIGf 750.41 0.452 
FlEL-oll 1563.09 0.941 
ElECTRICITY 1104.45 0.665 
PRIN Ie INT l~ 11440.05 6.887 HIGf 8806.49 5.302 ----
fFERATINJ COST LIlI 31765.03 19.123 HIGf28966.87 17.439 

VEHIClE SAlVAGE VAlLE LIlI 3366.21 2.027 HIGf 424.41 0.256 
BATTERY SlLVAGE LIlI 0.00 0.000 HIGf 0.00 0.000 

TOTAl LIFE CYCLE COST L0431258.77 18.818 HIGf30744.09 18.509 
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DESIGN AND ANALYSIS OF FUEL-CELL VEHICLES 

The fuel-cell vehicles in this assessment were not designed in the same 
manner as the other advanced vehicles. The AVSIZING program is not capable of 
automatically des1gning the fuel-cell veh1cles, and the ELVEC program is 
comprised of only specific 20-kW designs that are not scaleable, making 
several assumptions necessary. This section details the assumptions and the 
procedure used in the assessment. 

(1) The relative eff1c1ency of a fuel cell compared to a heat engine 
remains constant with power level. Th1s assumption is basic to 
understanding the approach because 1t implies that the fuel 
efficiency of a specific fuel-cell-powered vehicle can be 
estimated by simulating a heat-eng1ne-powered veh1cle of the same 
we1ght and adjusting for the eff1ciency difference and the warm-up 
requ1rements. For example, the relative eff1c1enc1es are: 

(a) Solid polymer electrolyte (SPE) Fuel cell: 51% cont1nuous 

(b) Phosphoric acid fuel cell (PAFC): 56% continuous 

(c) High-compession spark-ignition engine: 16 to 20% 

Therefore, the SPE-powered vehicle would get approximately 51/18 
(or 2.8) times the fuel economy of an ICE-powered vehicle of the 
same weight, without the warm-up fuel adjustment. 

(2) The warm-up fuel consumption can be scaled linearly from the 
values supp11ed by General Electric (GE) for the SPE and United 
Technologies Corporat10n (UTC) for the PAFC (References F-l and 
F-2) based on the power rat1ng of the fuel processor and the 
estimated number of complete and partial warm-ups over a year. 
For example, the PAFC system was assumed to cool-down about 80% 
each day with about 320 days of operation per year. Based on the 
UTC value of 0.46 gal per warm-up, this would imply 117 gal/year. 
Similarly, a 20-kW SPE system was estimated by GE to consume 0.084 
gal per start-up and uS1ng 2 starts per day for 320 days implies 
over 50 gallons. In these analyses, the grade requirement drives 
the continuous rating to about 40 kW, implying that over 100 gal 
would be required per year. 

(3) Subcomponents of the SPE system could be scaled linearly with 
power rating, exclus1ve of the cell stack. 

(4) The SPE cell stack could operate intermittently at 1000 ASF for 
grades and other maneuvers if the other subcomponents were sized 
to supply the fuel and cooling requirements. (The basic GE 
assumption of 60:1 charge/discharge time of the hydrogen and 
oxygen tanks has not been changed.) Th1s assumpt10n implies that 
a vehicle requiring 40 kW could use a system with a cell stack 
orig1nally designed for a 20-kW system, but with the fuel 
processor and cooling subcomponents for a 40-kW system. The 
system cost is dramatically reduced; however, the effect on life 
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is uncertain and would depend on the duty cycle at the high rates. 
This assumpt~on was necessary because linear scaling of the system 
as described by GE produced exceptionally high costs. The or~ginal 
study by GE for Los Alamos Nat~onal Laboratory did not consider a 
vehicle grade requ~rement, assumed that all h~gh-power operation 
would last no longer than 20 s, and the demand would occur no more 
often than 10 min (i.e., the 60:1 charge/discharge ratio). The 
typical veh~cle is capaole of a 7% grade at 88 km/h and the 
advanced vehicle (AV) requirement is for 3.3 min. Therefore, the 
fuel cell must be sized for continuous operation at the power level 
required for gradability (about 28 W/kg of vehicle test weight). 
W~th the increased system power, the 200% overload capability is 
not necessary, and the tanks were sized for 50% overload. The 
basic cell-stack design was not disturbed, and the same cell stack 
was assumed for various systems. However, the duty cycle on the 
stack var~es with system size as shown in Table F-l. 

The sales price of a 40-kW plant with 200% overload capabil~ty 
would be $13,200 (2 x $6600), using the linear scaling approach. 
The advantage of using the listed weights and costs is apparent 
and is critical to the comparative analyses. If these assumptions 
are ambitious, the SPE system will not look as good as it is 
portrayed ~n the assessment. 

(5) Fuel-cell/battery, load-leveled systems were also considered 
because of the uncertainty of the sizing assumpt~ons and the 
unfavorable cost analyses resulting from the costly fuel cells. 
In addit~on, the PAFC system designed for full power could not be 

Table F-l. Solid Polymer Electrolyte Fuel-Cell Scaling Assumptions 

SPE cont~nuous rating, kW 

Characteristics 20 30 40 

20-s rating, kW 30 45 60 

H2/02 stored energy, kW-s 600 900 1200 

Weight, kg 155 185 220 

Component box volume, 1 140 175 210 
with 60% packing factor 230 290 350 

Manufacturing cost, 1982$ 3300 3510 3720 

OEM price, 1982$ 4300 4600 4800 

Sales price, 1982$ 6600 7020 7440 
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packaged in the vehicle assumed in the AV Assessment. The impact 
of load-leveling the fuel cells with batter~es that would provide 
the peak-power requirements were approximated by looking at the 
gross differences in the systems. For example, assuming vehicles 
designed with the same performance, the load-leveled vehicle would 
use a smaller fuel cell (20 kW in all cases) but would incur the 
battery costs. The differences are summarized in Table F-2 for 
SPE and PA vehicles. 

The load-leveled SPE system is not better than the basic SPE 
system because of the already bold assumptions concerning the 
operation of the cell stack. However, it is substantially better 
than designing a vehicle with a 40-kW system based on the linear 
sizing and costing approach (approximately $6000 savings). 
Therefore, if operating the cell stack at 1000 ASF intermittently 
is impossible, a logical approach would be the load-leveled 
version with approximately the same economics as the redesigned 
SPE vehicle. 

Table F-2. Impact of Load-Leveling on Vehicle Components 

Curb Fuel cell Battery 
weight, weight, Cost, weight, Cost, 

Vehicle kg kg $ kg $ 

Solid polymer 1205 216 7340 NA NA 
e1ectro1ytea 

Load-leveled 1243 153 6600 120 800 
solid polymer 
electrolyte 

Load-leveled 1598 227 8000 200 1330 
phosphoric 
acid 

aRedesigned, using 1000 ASF intermittently. 
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