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APPENDIX  

A.  CHARACTERISTICS OF BATTERY-POWERED ELECTRIC VEHICLES 
PRODUCED TO DATE 

A.1  FULL-FUNCTION ELECTRIC VEHICLES 
Table A.1 lists the performance characteristics of the full-function EVs that large-volume 

manufactures have produced to date.  These vehicles were sold or leased between 1997 and 2000 
to satisfy the memoranda of understanding between CARB and the automakers.  For each full-
function EV, the table reports the performance characteristics of an internal combustion engine 
vehicle (ICEV) that is comparable in size and body style.   

EV range on a single charge generally varies from 50 to 100 miles, with the exception of 
GM’s NiMH-powered EV1.  Where comparisons are available, the EVs have substantially lower 
top speeds than the comparable ICEV and, again with the exception of GM’s EV1, accelerate 
more slowly. 

A.2  CITY ELECTRIC VEHICLES 
City EVs offer lower performance than full-function EVs, with concomitantly less demand 

on the batteries.  They are ultracompact (105 inches to 120 inches long), two-passenger cars with 
top speeds and acceleration that make them fit primarily for surface road use.  They are intended, 
ultimately, to meet all Federal Motor Vehicle Safety Standards (FMVSS) for passenger cars, 
including, for example, having dual air bags.1  Four of the auto manufacturers subject to the ZEV 
program have announced their intention to introduce city EVs. 

In January 1999, Ford acquired the bankrupt Norwegian company Pivco, manufacturer of 
the Citybee city EV.2  The Citybee and its successor, the Th!nk City,3 have had Scandinavian 
sales of over 500 (EV World, 2000) at a price of approximately $25,000 (USA Today, 2000).  
The City has a top speed of 56 mph, a 0-30 mph acceleration of 7 seconds (Automotive 

Intelligence  
____________  

1No currently available city EVs are FMVSS 591 certified.  Certification is required only for 
production models with U.S. sales of more than 2,000. 

2Forty Citybees were used in a 1995 station car demonstration in the San Francisco area (Moore, 
2000a). 

3The Th!nk Group is intended to become a separate brand within the Ford Motor Company, home 
for all its alternative-power vehicl
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News, 2000), and a range of approximately 60 miles (Ford Motor Company, 1999) on a 114-volt 
NiCd battery pack (Brown, 2001). 

Ford has a manufacturing capacity of 5,000 City vehicles per year at its Th!nk Nordic AS 
plant (Walsh, 1999), and a domestic manufacturing site is possible if demand warrants it 
(Wallace, 2000).  In 2000, Ford announced plans for 47 dealers that already sell the Ranger EV to 
sell the City by the fourth quarter of 2001 (Connelly, 2000).  No price was given, but a Ford 
executive reported telling Pivco that the target price was $15,000 (Wallace, 2000), and a Pivco 
official earlier suggested an expected U.S. price of $20,000 (Moore, 2000a).  Following on a 
2000 U.S. demonstration program of about 700 vehicles (300 in California) (CARB, 2000b), the 
City became available in 2001, for 34-month lease only, at $200 per month (Brown, 2001).4  The 
City will be offered for sale in 2002, pending FMVSS certification.5 

The Nissan Hypermini has a top speed of 60 mph and a range of 80 miles on lithium ion 
(LiIon) batteries (Tribdino, 2001).6  The Hypermini is currently for sale in Japan for 
approximately $35,000 (Nissan, 2000); 120 vehicles have been sold to city officials and private 
citizens in car-sharing programs in three cities.  No plans have been announced for U.S. sales, but 
at least 30 vehicles have been sent to the United States for trials (Moore, 2000b), including those 
at the Los Angeles Department of Water and Power (Brungard, 2001) and at UC Davis (2001). 

Toyota and Honda have also developed city EVs.  The Toyota e·com has a top speed of 62 
mph and a range of 60 miles on NiMH batteries (Electric Vehicle Association of America 
[EVAA], 2001); 12 vehicles are currently being tested at UC Irvine (2001).  The Honda City Pal 
has a top speed of 68 mph and a range of 80 miles on NiMH batteries (EVAA, 2001); it is 
currently available for rent on a trial basis in Singapore (Singapore Straits Times, 2001). 
____________  

4Because the current models are not FMVSS certified, they may stay in the United States for only 
36 months. 

5A notice from Ford of Norway to Norwegian Th!nk City owners says that a new model, meeting 
all U.S. safety standards and with a higher top speed of 65 mph (at the expense of some range), will be 
offered in the United States in January 2002.  Translation at 
groups.yahoo.com/group/think_ev/message/222 (viewed November 5, 2001). 

6A more recent press release claims a “real-world” driving range of 30-35 mph (Nissan, 2001). 
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B.  ASSUMPTIONS USED TO CALCULATE VEHICLE PRODUCTION VOLUMES 

This appendix details the assumptions used to calculate the production volumes for the 
scenarios in Subsection 3.2. 

The number of ZEV credits generated by a ZEV is the product of 
• the ZEV phase-in multiplier 
• the extended range multiplier 
• the high-efficiency multiplier. 

Table B.1 shows the assumptions we used to calculate the generated credits.  The first row 
shows the phase-in multiplier specified by CARB.  The extended range multiplier is calculated 
using the following:  (urban all-electric range – 25)/25.  For the full-function EV, we assume a 
vehicle with an urban all-electric range of 125 miles, which roughly corresponds to a real-world 
range of 100 miles.  For the city EV, we assume an electric all-urban range of 55 miles.  The 
resulting range multipliers are listed in the second row of Table B.1. 

The high-efficiency multiplier is  
• CMPEG/(1.5*Baseline Fuel Economy) from 2002 to 2007 
• CMPEG/(2.0*Baseline Fuel Economy) from 2008 on 

where CMPEG is the California miles per equivalent gallon and baseline fuel economy is the gas 
mileage for the reference vehicle.  We base our high-efficiency multiplier for the full-function EV 
on data from the RAV4.  For the city EV, we use data from Toyota’s e·com (as reported in 
CARB, 2001e, p.19).  The parameter values and resulting high-efficiency multipliers are listed in 
the bottom group of rows in Table B.1. 

The range multiplier is phased out over time, and the high-efficiency multiplier is phased 
in.  The phased multipliers used to calculate the overall ZEV credit are determined by 

• ((range multiplier – 1)*range phasing factor) + 1  
• ((efficiency multiplier – 1)*efficiency phasing factor) + 1  

for the range and efficiency multipliers, respectively.  The phasing factors are given in CARB, 
2002 (p. 16).  (The weight on the range multiplier declines from 1.0 in 2004 to 0.15 in 2012.) 

Table B.2 shows the resulting credit multipliers for full-function and city EVs when the 
phase-in, range, and high-efficiency multipliers are combined. 

The number of credits for an advanced technology partial zero emission vehicle 
(ATPZEV) is 

• (0.2 + advanced ZEV componentry allowance)*(PZEV phase-in 
multiplier)*(ATPZEV high efficiency multiplier). 
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Table B.1 

Assumptions Used to Calculate Credits Generated by Full-Function EVs and City EVs 

Multiplier Full-Function EVs City EVs 
ZEV phase-in multiplier 1.25 from 2003 to 2005; 

1 from 2006 on 
1.25 from 2003 to 2005;  
1 from 2006 on 

Extended range multiplier 4 1.2 
High-efficiency multiplier   
 Baseline fuel economy 25.0 30.6 from 2003 to 2007; 

45.9 from 2008 on 
 CMPEGa 102.6 127.4 
 Multiplier 2.74 from 2003 to 2007; 

2.05 from 2008 on 
2.78 from 2003 to 2007; 
1.38 from 2008 on 

aCalifornia miles per equivalent gallon. 
 

Table B.2 

Number of ZEV Credits Per Vehicle 

Year Full-Function EV City EV ATPZEV 
2003 5.00 1.50 2.17 
2004 5.00 1.50 1.08 
2005 5.10 1.72 0.70 
2006 4.51 1.82 0.54 
2007 4.60 2.16 0.54 
2008 3.10 1.30 0.54 
2009 3.04 1.33 0.54 
2010 2.94 1.36 0.54 
2011 2.94 1.36 0.54 
2012 2.71 1.35 0.54 
2013 2.71 1.35 0.54 
2014 2.71 1.35 0.54 
2015 2.71 1.35 0.54 
2016 2.71 1.35 0.54 
2017 2.71 1.35 0.54 
2018 2.71 1.35 0.54 
2019 2.71 1.35 0.54 
2020 2.71 1.35 0.54 
2021 2.71 1.35 0.54 
2022 2.71 1.35 0.54 
2023 2.71 1.35 0.54 
2024 2.71 1.35 0.54 
2025 2.71 1.35 0.54 
2026 2.71 1.35 0.54 
2027 2.71 1.35 0.54 
2028 2.71 1.35 0.54 
2029 2.71 1.35 0.54 
2030 2.71 1.35 0.54 
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The ATPZEV phase-in multiplier is specified in CARB, 2002 (p. 9).  To calculate the 
high-efficiency multiplier, we use the formula above and data from CARB, 2001e (p. 19) on the 
Toyota Prius gasoline hybrid electric vehicle (GHEV).  The Prius has a CMPEG of 57.7 miles 
with a baseline fuel economy of 30.4.   

The advanced componentry allowance is based on the reduction of carbon dioxide 
emissions using the method specified by CARB (2002, p. 8).  The result for a Prius is 0.23.  The 
resulting number of credits per GHEV is listed in the last column of Table B.2.  
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C.  COMPONENTS OF INCREMENTAL COST IN VOLUME PRODUCTION AND  
SENSITIVITY ANALYSIS 

C.1  COMPONENTS OF HIGH-VOLUME INCREMENTAL COST   
Tables C.1 through C.4 break down our estimated incremental vehicle cost in volume 

production into several categories.  Separate cost breakdowns are reported for battery-powered 
electric vehicles (BPEVs) that use NiMH and PbA batteries.   

For full-function EVs, we assume a pack size of 30-kWh for the high end of our estimates 
and 24-kWh for the low end.  The smaller pack size reflects the possibility of increased vehicle 
efficiency (see Subsection 4.7).  For city EVs, we set pack size to 10 and 8 kWh for the high and 
low cost estimates, respectively.  The multipliers used to calculate the change in indirect costs are 
as follows: 0.15 for the low estimate for battery packs (modules and auxiliaries) and hydrogen 
fuel-cell systems (excluding fuel tank), 0.30 for the high estimate of battery packs and fuel-cell 
systems, 0.5 for other electric components and the hydrogen fuel tank, and 1.0 for the internal 
combustion engine (ICE). 

A direct hydrogen fuel-cell vehicle (DHFCV) with a 60-kW proton exchange membrane 
(PEM) and a 25-kW battery costs more than a DHFCV with a 25-kW PEM and a 60-kW battery.  
We assume that manufacturers will select the configuration that is least costly, so use the 25-kW 
PEM and 60-kW battery configuration in our analysis of volume production costs. 

C.2  SENSITIVITY OF INCREMENTAL COST TO VEHICLE SPECIFICATIONS 
Here we consider how incremental cost changes as a result of changes in vehicle 

specifications.  CARB (2000b) provides ranges for full-function EV and city EV characteristics; 
those for energy storage and peak power are quite large (see Table C.5).  The wide range reflects 
the range of vehicles that have been produced.  For example, Toyota’s RAV4 has a 50-kW peak 
motor whereas an EV1 has a 100+ kW motor. 

Figures C.1 and C.2 show how the average incremental cost for a full-function EV 
between 2003 and 2010 varies with motor peak power and battery size.  Clearly, as power and 
range vary, so does the cost increment relative to an internal combustion engine vehicle (ICEV).  
Nonetheless, the eight-year (2003-2010) average cost increment for a full-function EV with an 
NiMH pack is never below $9,800, given the ranges from the table. 
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Table C.1 

Incremental High-Volume Production Cost Breakdown for Full-Function EVs  
($) 

 NiMH Batteries PbA Batteries 
 
Component 

Low 
Estimate 

High 
Estimate 

Low 
Estimate 

High 
Estimate 

Battery modules 5,400 7,500 2,400 3,000 
Battery auxiliaries 192 240 336 420 
Motor and controller 725 1,200 725 1,200 
Conductive charger 250 300 250 300 
Other (transmission, electric steering, etc.) 168 210 168 210 
ICE savings (85-kW engine) -1,530 -1,360 -1,530 -1,360 
Subtotal 5,205 8,090 2,349 3,770 
Indirect costs -120 1,817 -548 521 
Total 5,085 9,907 1,801 4,291 

 

 

Table C.2 

Incremental High-Volume Production Cost Breakdown for City EVs  
($) 

 NiMH Batteries PbA Batteries 
 
Component 

Low 
Estimate 

High 
Estimate 

Low 
Estimate 

High 
Estimate 

Battery modules 1,800 2,500 800 1,000 
Battery auxiliaries 64 80 112 140 
Motor and controller 450 550 450 550 
Conductive charger 250 300 250 300 
Other (transmission, electric steering, etc.) 56 70 56 70 
ICE savings (85-kW engine) -765 -680 -765 -680 
Subtotal 1,855 2,820 903 1,380 
Indirect costs -107 554 -250 122 
Total 1,748 3,374 653 1,502 
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Table C.3 

Incremental High-Volume Production Cost Breakdown for GHEVs  
($) 

Component Low Estimate High Estimate 
20-25kW NiMH battery 500 500 
Motor and controller 750 851   
ICE savings (assumes motor is 33-kW smaller  
 than in non-hybrid vehicle) 

-594 -528 

Subtotal 656 823 
Indirect costs -144 47 
Total 512 870 

Table C.4 

Incremental High-Volume Production Cost Breakdown for DHFCVs  
($) 

 25-kW PEM + 60-
kW Battery 

60-kW PEM + 25-
kW Battery 

 
Component 

Low 
Estimate 

High 
Estimate 

Low 
Estimate 

High 
Estimate 

60-kW PEM system 875 1,500 2,100 3,600 
Motor and controller 725 1,200 1,100 1,800 
Hydrogen tank 336 652  336 652 
Energy storage (25-kW NiMH battery) 1,200 1,200 500 500 
Othera 168 210 168 210 
ICE savings -1,530 -1,360 -1,530 -1,360 
Subtotal 1,774 3,402 2,674 5,402 
Indirect costs -604 481 -338 1,201 
Total 1,170 3,883 2,336 6,603 
aTransmission, electric steering, etc. 

Table C.5 

Range of Vehicle Specifications Cited in CARB Staff Analysis 

 
 
Vehicle Type 

Energy Storage 
Capacity  
(kWh) 

Drive 
System Peak 
Power (kW) 

 
 

Examples 
City EV 10-15 20-30  Toyota e·com, Nissan 

Hypermini, Th!nk City 

Full-function EV 15-35+ 50-150  EV1, EV-Plus, RAV4 EV, Altra 
SOURCE:  CARB, 2000b. 
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Figure C.1 Average Cost Increment for Full-Function EV with  
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D.  METHODS USED TO CALCULATE ELECTRICITY AND HYDROGEN COSTS 

This appendix describes the methods for deriving the electricity and hydrogen costs used 
in our analysis. 

D.1  ELECTRICITY COSTS 
We assume that electric vehicles (EVs) are charged at off-peak rates with power generated 

by a modern, efficient, natural gas-fired, baseload power plant.  We first discuss the fuel costs of 
generating electricity.  The most efficient large combined-cycle plants require approximately 
6,300 BTUs to generate 1 kilowatt-hour (Gas Turbine World, 2000).7 Costs of natural gas 
delivered to a utility under contract can be expected to vary between $4 and $6 per million BTUs 
(MMBTU), which implies a fuel cost of from $0.041 to $0.058 per kilowatt-hour.   

The construction cost of such a plant runs on the order of $500 per kilowatt.  A reasonable 
estimate of the annual amount needed to pay back construction costs and the cost of capital is 15 
to 20 percent of the construction (Bartis, 2001).  This results in a capital cost of $75 to $100 per 
year per kilowatt-hour.  If the plant runs 70 percent of the time, this amounts to between $0.012 
and $0.016 per kilowatt-hour.  We allow the capital cost to vary between $0.012 and $0.016 per 
kilowatt-hour. 

Table D.1 lists ranges for the fuel and capital costs as well as the other components of 
electricity costs.  The transmission and distribution costs and metering costs are taken from 
Southern California Edison’s rates for domestic charging of EVs (Southern California Edison, 
2000).  Estimates of typical plant operations and maintenance (O&M) costs are from James T. 
Bartis, a RAND energy expert (Bartis, 2001). 

If the number of EVs remains low and they are charged off peak, then it is possible that 
they could be charged using existing generating capacity and the existing transmission and 
distribution system.  In this case, the social costs of electricity would only be $0.035 to $0.048 
per kilowatt-hour.  We think this range appropriate for the low volume of vehicles that will be 
produced between 2003 and 2007.  In volume production, the number of EVs on the road will be 
substantial, in which case additional generation and transmission capacity would have to be built.  
We thus think it appropriate to use electricity rates that include the full capital and transmission 
costs for our high-volume lifecycle cost estimates. 
____________  

7Gas prices are expressed in terms of higher heating values, whereas power-plant heat rates are 
expressed in terms of lower heating values.  The 5,650-BTU/kWh heat rate listed for this particular power 
plant was increased by 9.9 percent to convert to the higher heat units used in natural gas prices. 
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Table D.1  

Estimates of Components of Electricity Cost 
($ per kWh) 

 
Cost Category 

Lower End of 
Range 

Upper End of 
Range 

Fuel  0.025 0.038 
Capital  0.012 0.016 
Plant O&M  0.005 0.005 
Transmission and distribution 0.025 0.025 
Metering 0.005 0.005 
Total 0.072 0.089 
SOURCES:  Southern California Edison, 2000, and Bartis, 2001. 

Table D.2  

Parameters Used to Calculate Costs of Hydrogen 

 
2006-2010 

High-Volume 
Production 

 
 
Parameter 

Used for  
Low-Cost 
Estimate 

Used for  
High-Cost 
Estimate 

Used for  
Low-Cost 
Estimate 

Used for  
High-
Cost 

Estimate 
Cost of natural gas ($/MMBTU) 5.5 7.5 5.5 7.5 
Heat rate (MMBTU/kg hydrogen) 0.192 0.192 0.192 0.192 
Capital cost ($) 450,000 450,000 220,000 220,000 
Rate of return per year 0.15 0.20 0.15 0.20 
O&M costs ($/fill-up) 0.49 0.49 0.49 0.49 
Vehicles per day 60 50 75 75 
Hydrogen per fill-up (kg) 4 4 4 4 

D.2  HYDROGEN COSTS 
We develop estimates of the costs of refueling direct hydrogen fuel-cell vehicles 

(DHFCVs) at a fueling station, with hydrogen generated on site from natural gas using a 
reformer.  Our estimates are based on an analysis of fueling station costs by Unnasch (2001). 

Table D.2 lists the parameter values used in our analysis.  Natural gas will cost more to 
deliver to service stations than to large power plants, so we set the price of natural gas to $5.50 to 
$7.50 per MMBTU.  Unnasch provides data that allow us to infer the amount of natural gas 
required to generate a kilogram of hydrogen.  He estimates that at $5.50 per MMBTU, $1.06 of 
natural gas will generate a kilogram of hydrogen, which implies a “heat rate” of 192,000 BTUs 
per kilogram of hydrogen.  For 2006 to 2010, we use Bevilacqua-Knight’s estimated cost of 
$450,000 for a natural gas-based reformer and associated vehicle fueling equipment that can 
serve 50 to 75 vehicles a day (Bevilacqua-Knight, 2001, p. E-4).  This cost is supposed to 
represent the unit cost of the first 500 units installed.  The authors note that this cost represents a 
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“fairly aggressive” reduction in hydrogen fueling equipment costs from current levels.  To 
calculate hydrogen fuel costs when DHFCVs reach volume production, we reduce the fueling 
station costs to $220,000 per fueling dispenser, which is the cost of adding an additional 
hydrogen dispenser at an existing hydrogen fueling station (Bevilacqua-Knight, 2001, p. E-4).  
As in our analysis of electricity cost, we allow annual capital costs to vary between 15 and 20 
percent of equipment cost.8 

Unnasch’s analysis (2001, pp. E-4, E-5) implies that the O&M costs are $0.49 per fill-up at 
gasoline stations, and we adopt this figure in our analysis.  The hydrogen reformer is sized to 
service 50 to 75 vehicles a day.  Unnasch reports that gasoline stations typically serve 72 vehicles  
per nozzle per day.  We assume that each hydrogen nozzle serves 50 to 60 vehicles a day (60 is 
used for the low hydrogen cost) in the short run, which increases to 75 a day in the long run.  
Finally, based on initial specifications of vehicles being developed by Honda, we assume that 
each vehicle takes 4 kg of hydrogen per fill-up. 

The component and total costs of hydrogen are reported in Table D.3.  Fuel costs are 
calculated by multiplying the cost of natural gas by the heat rate.  The cost of compressing natural 
gas is taken from Unnasch, 2001 (p. E-12); we caution, however, that we do not know what 
electricity rates Unnasch used to calculate compression costs.9  Finally, O&M costs are calculated 
by dividing the O&M cost per fill-up by the amount of hydrogen per fill-up.  Note that, as before, 
we do not include taxes in our costs.  We find that hydrogen costs fall between $2.32 and $3.16 
per kilogram between 2006 and 2010, and between $1.85 and $2.33 once DHFCVs reach volume 
production.10 

Table D.3  

Estimates of Components of Hydrogen Cost 
($ per kg) 

 
Cost Category 

 
2006-2010 

High-Volume 
Production 

Capital  [0.77, 1.23] [0.30, 0.40] 
Fuel   [1.06, 1.44] [1.06, 1.44] 
Compression 0.37 0.37 

____________  
8We calculate capital cost per kilogram of hydrogen by dividing annual capital cost by the amount 

of hydrogen delivered per year (the number of fill-ups per year times the number of kilograms per fill-up).  
The number of fill-ups per year is 365 times the number of vehicles per day (see Table D.2 for number of 
vehicles per day). 

9A $0.37 compression cost means that between 4 and 5.2-kWh are needed per kilogram of 
hydrogen when electricity costs $0.07 to $0.09 per kilowatt-hour.  

10As in the case of EVs, one might argue that hydrogen for fuel-cell vehicles can be produced using 
excess electrical and natural gas capacity.  As before, however, we are interested in a scenario with 
substantial numbers of fuel-cell vehicles and thus use fully burdened electricity and natural gas costs in our 
calculations of hydrogen costs. 
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O&M 0.12 0.12 
Total [2.32, 3.16] [1.85, 2.33] 
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E.  WILLINGNESS TO PAY FOR FULL-FUNCTION AND CITY ELECTRIC 
VEHICLES 

In this appendix, we examine available information on consumer willingness to pay for 
battery-powered electric vehicles (BPEVs).  We first review the information available on full-
function EVs and then turn to city EVs. 

E.1  WILLINGNESS TO PAY FOR FULL-FUNCTION ELECTRIC VEHICLES 
We base our analysis on two sources:  the experiences of the large-volume manufacturers 

to date with full-function EVs and stated-preference studies on the demand for these vehicles. 

Manufacturer Experience with Full-Function EVs 
Table E.1 lists the numbers of vehicles leased and their lease rates from 1996, when the 

first full-function EVs were available, through March 2000.  It also lists the lease rates for 
comparable internal combustion engine vehicles (ICEVs).  With the exception of the Ford Ranger 
and Chevy S-10 with PbA batteries, vehicles were available only for lease.  Manufacturers chose 
to lease the vehicles because of uncertainty about battery lifetime, as well as their concern that the 
vehicle and battery technology would quickly become obsolete.  Some of the manufacturers also 
leased and sold vehicles outside California, although across all manufacturers, at least two-thirds 
were in California.  Here we focus on the experience in California. 

Lease rates for full-function EVs were higher than those for comparable ICEVs, except in 
the case of the EV1 with PbA batteries.  These rates were in part due to special features of the 
leases:  leases usually covered all maintenance of the vehicle (in addition to the bumper-to-
bumper warranties available on most new cars) and, in some cases, included roadside assistance.  
Honda’s lease rate included collision insurance, which might account for upwards of $70 of the 
$455 lease rate.  The lessee, however, usually had to pay at least part of the charger installation 
cost (see Subsection 4.4). 

The high lease rates indicate that at least some consumers are willing to pay a premium for 
a full-function EV.  However, experience to date does not suggest that the number of consumers 
willing to pay such a premium is large.  The number of vehicles required under the ZEV program 
is many times the number produced to date.  Roughly 2,500 full-function EVs were sold or leased 
between 1997 and 2000.  Even our low-volume scenario for full-function EVs (see Subsection 
3.2) shows manufacturers producing 4,000 vehicles a year during the early years of the program, 
and the number rises to 20,000 by 2012 and nearly 40,000 by 2020 (see Figure 3.1). 
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Table E.1  

Lease Rates of Electric Vehicles Leased in California Between 1997 and March 31, 2000  

     Comparable ICEV 

Full-Function EV 
Make and Model 

 
Battery 
Type 

Market 
Where 

Available 
Lease 

Pricea,b 

Number 
Leased in 

Calif.b 

 
Make and 

Model 

Zero-
Down  
3-Year 

Lease Rate 

 
Approxi- 

mate 
MSRPc 

Chevy S-10 PbA  F 439 110 ICEV S-10 225 15,000 
Chevy S-10 NiMH  F 440 117 ICEV Gas S-10 225 15,000 
DC EPIC NiMH  F 450 185 Voyager 325 21,000 
Ford Ranger  PbA R,F 349 52 ICEV Ranger 200 12,500 
Ford Ranger NiMH R,F 450 356 ICEV Ranger 200 12,500 
GM EV1 (Gen I) PbA R,F 349 400 Mazda Miata 375 26,000 
GM EV1 (Gen II) NiMH R,F 499 162 Mazda Miata 375 26,000 
Honda EV+ NiMH R,F 455d 276 Honda CRV 300 19,000 
Nissan Altra LiIon R,F 599 81 Saturn SW2 275 18,000 
Toyota RAV4 NiMH  F 457 486 ICEV RAV4 300 20,500 
aPrice paid by consumer (net of subsidies). 
bCARB, 2000b, p. 11. 
cMSRP = manufacturer’s suggested retail price. 
dIncludes collision insurance. 

Below we review the leasing experience of each manufacturer to better understand the 
market for full-function EVs.  For the most part, this review shows that manufacturers had 
difficulty moving the vehicles at the lease rates offered.  The descriptions are based on publicly 
available information, such as automaker presentations at CARB workshops. 

DaimlerChrylser EPIC.  Chrysler built 207 NiMH EPIC minivans in May 1998, and it 
took nearly 2.5 years to lease them all.  The last one was leased in August 2000.  All leases were 
to fleets. 

Ford Ranger.  Ford leased NiMH Rangers in California to meet the terms of its 1996 
memorandum of agreement (MOA).  The leases were priced at $450 a month, and the vehicles 
moved slowly at this price:  Between mid-1998 and mid-1999, Ford leased only 42 of the 205 
vehicles required by the MOA.  Ford reduced the monthly price to $199 at the end of 1999 and 
leased the remaining 163 vehicles in a few months.  This lease rate is comparable to the lease rate 
for a gasoline Ranger.   

GM EV1.  GM offered EV1s with PbA batteries for sale in California and Arizona starting 
in December 1996.  Sales during the first three months were encouraging but soon slowed 
thereafter.  It took 27 months (until February 1998) to sell the first batch of 500 vehicles built.  
The vehicles were initially offered at $477 a month, but the rate was soon reduced to $399 and 
then reduced to $349 in mid-1998.  The price reductions did little to stimulate sales. 
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GM was further disappointed by the results of an employee lease program at Southern 
California Edison.  Edison and some automakers joined to subsidize lease rates of their EVs to 
Edison employees.  In the latter part of 1997, GM offered low-mileage demonstration EV1s at 
$249 per month, but only two vehicles were leased.  In 1998, new EV1s were offered at $299 a 
month, but there were no takers (Stewart, 2000). 

GM also produced a batch of second-generation EV1s; these vehicles moved slowly.  GM 
has suspended production of the EV1 and has publicly released no plans to produce more full-
function EVs. 

Honda EV+.  It took Honda longer than it initially expected to lease the 276 EV+’s that 
were on the road by March 2000.  Honda had to expand the number of dealers that offered the 
vehicle and also had to compromise on its objectives for the split of sales between households and 
fleets.  Originally, Honda hoped to lease 75 percent of its EV+’s to households, a market it 
viewed as critical to the future commercial viability of its EVs (CARB, 2000b, p. 71).  To date, 
however, about one-half of the vehicles leased in California have gone to households.  The EV+ 
was discontinued in 1999. 

Nissan Altra.  The lease rate for the Altra was high ($599 per month), but the number of 
vehicles offered for lease to August 2000 was limited (81).  The Altra is not currently 
manufactured, and no new leases are available.  

Toyota RAV4.  Toyota began leasing the RAV4 for $457 per month and appears to have 
had little trouble leasing the vehicles it has produced.  It is the only large-volume manufacturer 
that continues to produce a full-function EV.  Toyota initially leased only to the fleet market.  
When it tried to lease to consumers, the results were not encouraging.  The RAV4 was offered to 
Edison employees at $250 a month, but there was little response.  In late 2001, Toyota announced 
plans to sell the RAV4 in California beginning in February 2002 (Hart, 2001).  The MSRP is 
$42,000, but state and federal credits will knock the price down to $30,000. 

Market Research on Demand for Full-Function EVs 
Below we highlight and interpret findings of several stated-preference studies on 

willingness to pay for full-function EVs.  These studies are based on surveys that ask households 
or businesses how much they are willing to pay for different types of vehicles.  Stated-preference 
models of vehicle choice may exaggerate how much consumers value BPEVs, as survey 
respondents may want to indicate their support for public policies to reduce pollution when there 
is no cost to them to do so (i.e., they do not have to actually buy the vehicles they select in a 
hypothetical situation).  Dixon and Garber (1996, pp. 274-286) provide a more detailed review of 
studies completed by 1996. 
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Hill.  Hill (1987) analyzed data from 474 respondents in a mid-1983 phone survey of 
managers of commercial vehicle fleets.  Each respondent was presented with a series of vehicles 
characterized by their range and lifecycle cost relative to a conventional vehicle, and was asked 
whether each vehicle would be useful to the operations of the respondent’s fleet and, if so, how 
many the respondent would buy.  The three ranges considered were 30, 60, and 90 miles, and the 
three lifecycle costs were 10 percent less, 15 percent more, and equal to the lifecycle costs of a 
conventional vehicle.  Econometric analysis of the data led Hill (1987) to conclude that his 
analysis “provides strong evidence that firms would be willing to cope with the limited range of 
electric vehicles if these vehicles were able to provide a less costly means of doing business” (p. 
284) [emphasis added]. 

Turrentine and Kurani.  Turrentine and Kurani (1995) interviewed 454 California 
households on their preferences regarding EVs.  Study participants were asked to choose, based 
on written and video descriptions, between a gasoline vehicle and an EV, each of which had 
several body styles and options.  Turrentine and Kurani predicted the quantities of EVs that 
would be demanded at prices equal to those of ICEVs comparable in size, body style, styling, and 
optional features.  In their “Choice One Situation,” which is most relevant to the types of full-
function EVs that manufacturers might offer in 2003, consumers could choose between a battery 
pack that would provide a range of 80-100 miles and a more expensive pack that would extend 
the range to 100-120 miles.  The EV with the 80-100 mile range had operating costs similar to 
those of a comparable ICEV. 

Turrentine and Kurani conclude that “The results of this study give strong evidence of a 
market for EVs large enough to fulfill the year 1998 and 2001 mandates with current electric 
vehicle and battery technologies” (p. 10).  (At the time of the Turrentine and Kurani study, the 
program requirement was 2 percent in 1998 and 5 percent in 2001.)  They were overly optimistic 
about the EV technologies that would be available in 1998 and 2001, but their assumptions seem 
more reasonable for 2003.  We thus interpret their results to indicate that full-function EVs could 
account for 5 percent of household sales if (a) the prices to households of full-function EVs were 
equal to those of comparable ICEVs, and (b) the lifetime operating costs of full-function EVs 
were equal to those of ICEVs. 

Turrentine and Kurani provide no direct information for their Choice Situation One on the 
quantities of EVs demanded at prices above those of comparable ICEVs.  However, they note that 
“Our previous research, though informal, seems to confirm the opinion that not many consumers 
will pay extra for electric vehicles” (p. 9). 
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Kavalec.  Kavalec (1996) projected the number of EVs that would be bought at different 
prices.  His analysis is based on an extension of the CALCARS model, which is based on the 
stated vehicle preferences of 4,750 households surveyed in 1993.11 

Kavalec found that “To achieve the ten percent requirement in 2003, electric vehicles had 
to be priced $2,000 (in 1993$) less than similar gasoline vehicles. . . . By 2005, the mandate 
could be met with the same prices for gasoline and electric vehicles” (p. 31).  The results are 
based on a set of vehicle characteristics that seem reasonable in some cases but overly optimistic 
in others.  The assumptions on incremental EV operating costs and the 80-mile range, for 
example, seem reasonable,12 but the vehicle efficiency, top speed, service station availability, and 
recharge time do not.13  It is hard to understand why the price differential disappears in 2005 
when the only apparent difference is that EV range in 2005 is 90 rather than 80 miles and vehicle 
efficiency increases by 15 percent, from 3.7 to 4.2 miles/kWh. 

Brownstone et al.  Brownstone et al. (1996) use the same 1993 household survey data as 
Kavalec and also use a multinomial-logit based model of household vehicle choice.  They differ 
from him, however, in that they appear to use plausible assumptions about the attributes of EVs 
that will be available in 2003.14  The main exceptions might be an overly optimistic assumption 
about the public recharging capability (10 percent of service stations are assumed to offer 
recharging) and an emphasis on 0-30 as opposed to 0-60 mph acceleration (EVs likely compare 
better with ICEVs on 0-30 mph acceleration times). 

Brownstone et al. (p. 122) project that the full-function EV market share will amount to 5 
percent when full-function EVs are priced at the same levels as comparable ICEVs.  Market share 
remains at 3.6 percent even when full-function EVs carry a $10,000 premium. 
____________  

11CALCARS (California Light Duty Vehicle Conventional and Alternative Fuel Response 
Simulator) is the forecasting methodology used by the California Energy Commission to project the 
number and types of personal cars and light-duty trucks owned, annual vehicle miles traveled, and fuel 
consumption in California. 

12To account for battery replacement costs, EV operating costs are $0.07 per mile above those for a 
comparable ICEV.   This amounts to $9,100 (undiscounted) over a 130,000-mile vehicle life, which is 
roughly equal to the cost of a replacement NiMH battery pack. 

13Kavalec’s assumed EV efficiency is 3.69 mi/kWh AC (wall-to-wheels), which is above the 2 to 3 
range observed for most current vehicles.  Top speed is assumed to be 94 mph, which is higher than that of 
most current EVs.  Recharging time at service stations is assumed to be seven minutes, which even with 
fast charging systems is not currently feasible, and recharge time at home is three hours—shorter than the 
four to six hours required even with 220-volt lines.  Finally, the ratio of public recharging facilities to gas 
stations is assumed to be 0.16, which is likely far in excess of the current public EV infrastructure in 
California.  CARB (2000b, p. 61) estimates that there are currently 400 public charging stations in 
California, which offer about 700 chargers. 

14They assume that range varies from 80 to 120 miles across the types of EVs available to 
consumers, top speed varies from 64 to 92 mph, operating costs are $0.07 per mile above those of gasoline 
vehicles, and it takes four hours to recharge an EV at home (Brownstone et al., 1996, p. 120). 

 



 -128-  

Interpretation.  The above studies suggest that the lifecycle costs of full-function EVs 
must be similar to those of comparable ICEVs in order to achieve 5 to 10 percent market shares.  
These full-function EVs have an 80 to 100 mile range and are similar in size, body style, styling, 
and amenities to the ICEVs used for comparison.  There is evidence that some consumers are 
willing to pay a premium for EVs, but the number of these consumers is not large.  This means 
that consumer surplus will accrue to some EV consumers at the market-clearing EV price, but this 
situation is not different from that in the ICEV market.  Based on the results of these studies and 
the disappointing reception of EVs offered at price premiums between 1997 and 2000, we think it 
reasonable to conclude that the lifecycle cost of full-function EVs must not exceed those of 
comparable ICEVs if full-function EVs are to achieve meaningful market shares. 

E.2  WILLINGNESS TO PAY FOR CITY ELECTRIC VEHICLES 
We base our analysis of consumer willingness to pay for city EVs on the sales experience 

for small cars in the United States.  As far as we know, no stated preference studies on the 
demand for city EVs are publicly available.  

While no city EVs have ever been offered for sale in the United States, experience with 
sales of the smallest conventional cars may be instructive.  The two smallest classes of cars sold 
domestically (minicompacts and subcompacts) have seen their market shares decline for two 
decades (Figure E.1).15  Not only have the market shares declined, but the types of vehicles in 
each class have changed in ways that do not favor city EVs.  Some minicompacts of the 1980s, 
such as the Renault Le Car and the Honda Civic CVCC, did functionally resemble city cars, but 
by model year (MY) 1990, all minicompacts were high-performance sports cars. 

Table E.2 lists the smallest cars (by interior volume) currently available, excluding high-
performance sports cars and luxury cars.16  It shows that the domestically available vehicles most 
closely resembling city EVs sell for approximately $10,000 to $12,000.  In total, these models 
have a market share of 0.5 percent, which corresponds to 7,500 vehicles when light-duty vehicle 
(LDV) sales are 1.5 million (roughly the current level in California).  In our city EV production 
scenario (see Figure 3.3), sales (for California only) start below this level but soon exceed it, 
rising to over 10,000 per year by 2012.  We think it unlikely that manufacturers will be able to 
sell this volume of city EVs if lifecycle costs exceed those of the small ICEVs on the road today. 
____________  

15Minicompacts have interior volume less than 85 cubic feet; subcompacts are between 85 and 100 
cubic feet. 

16We do not list the prices for models with engines larger than 1.6 liters, which do not conform to 
the idea of a “very small car.” 
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Figure E.1—U.S. Market Share of Minicompact and Subcompact  
Passenger Cars (excluding two-seaters) 

Table E.2  

Passenger Cars with Smallest Interior Volume  

 
 
Make/Model 

 
 

Style 

Passenger 
volume 
(cuft) 

Luggage 
volume 
(cuft) 

Interior 
volume 
(cuft) 

 
Engine 
(liters) 

 
 

Pricea 
Toyota Paseo  convertible 64 7 71 1.5 b 
Toyota Celica convertible 67 7 74 2.2 c 
Mitsubishi Eclipse hatchback 74 5 79 2.0 c 
Toyota Paseo 2-door 74 8 82 1.5 b 
Chevrolet Metro  hatchback 77 8 85 1.0/1.3 11,500 
Suzuki Swift  hatchback 77 8 85 1.3 10,600 
Honda Prelude 2-door 78 9 87 2.2 c 
Toyota Celica 2-door 78 10 88 2.2 c 
Acura Integra hatchback 77 13 90 1.8 c 
Chevrolet Metro  4-door 80 10 90 1.0/1.3 11,500 
Volkswagen Cabrio 2-door 82 8 90 2.0 c 
Hyundai Tiburon 2-door 80 13 93 2.0 c 
Ford Escort 2-door 81 12 93 1.6 13,600 
Nissan Sentra 2-door 84 10 94 1.6 13,200 
SOURCE: U.S. Environmental Protection Agency, 2000. 
aMY00 base price with standard transmission, air conditioning, stereo. 
bDiscontinued. 
cPrices not listed because engine larger than 1.6 liters. 
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