
UC Berkeley
Earlier Faculty Research

Title
The Household Market for Electric Vehicles: Testing the Hybrid Household Hypothesis -- A 
Reflexively Designed Survey of New-Car-Buying Multi-Vehicle California Households

Permalink
https://escholarship.org/uc/item/8h46j3s9

Authors
Turrentine, Thomas
Kurani, Kenneth S.

Publication Date
2001

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8h46j3s9
https://escholarship.org
http://www.cdlib.org/


The Household Market for Electric Vehicle.
Testing the Hybrid Household Hypothesii-
A Reflexively Designed Survey of New Car
Buying, Multi-vehicle California Househe~

Thomas Turrentme
Kenneth S. Kurani

Reprint
UCTC No 460

The University of CaUfornia
Tra~sportatlon Center

Uniw~,~-ivj of Cdffomla
BerI~.Iey, CA 94720



The University of California
Transportation Center

The Umverslty of Cahfomia
Transportation Center (UCTC)
is one of ten regional umts
mandated by Congress and
estabhshed m Fall 1988 to
support research, education,
and trmmng in surface trans-
portataon The UC Center
serves federal Region IX and
is supported by matching
grants from the U.S Depart-

ment of Transpo~t~o~ ~.~
Califorma Department of
Transportation (Caltrans), and
the Umverslty.

Based on the Berkeley
Campus, UCTC draws upon
exasting capablhttes and
resources of the Insututes of
Transportataon Smdms at
Berkeley, Davls, trvme, and
Los Angeles; the Instatute of

Urban and Regaonal Develop-
ment at Berkeley" and several
acadenuc departments at the
Berkeley, Davis, Irvme, and
Los Angeles campuses.
Faculty and students on other

Umverslty of Callforma
campuses may particzpate m

Center actaVltaes Researchers
at other umversmes wathm the
region also have opportunmes
to collaborate with UC faculty

on selected stu&es.

UCTC’s educauonal and
research programs are focused
on strategzc planmng for
improving metropohtan
aeeess~bd~ty, with emphas:s

on the spe~al conditions m

Region IX Pamcular attenaon
is directed to strategms for

using transportalaon as an
instrument of econonuc
development, while also ac-
commodating to the reglon’s

persistent expansion and
while mamtmmng and enhanc-
ing the quality of hfe there

The Center dlsmbutes reports

on ~ts research In workang

papers, monographs, and m

repnnts of published artlcles

It also pubhshes Access, a

magazine presenlang sum-
maries of selected studies For
a list of publicauons in print,
write to the address below

University of Cahforma
Tra~po~iou Center

108 Naval Ar¢lumcture Budding
Berkeley, Cahfomia 94720
Tel 510/643-7378
FAX 510/643-5456

The contents of flus repor~ reflect the vmws of the author who ts responsible
for the facts and accuracy of the dam presented hereto The eontems do not
neeessardy reflect the officlal vzews or policles of the State of Cahfomm or the
U $ Department of Transportation Tins report does not consntute a standard,
spcc~cauon, or re~malalaon



The Household Market for Electric Vehicles:
Testing the Hybrid Household Hypothesis -

A Reflexively Designed Survey of New car buying, Multi-vehicle
California Households

Thomas Turrentine
Kenneth S. Kuram

Institute of Transportatlon Smdtes
University of Cahfomta

Davis, CA 95616

Reprinted from
institute of Transportatzon Studies Research Report

UCD-ITS-RR-95-5 (i 995)

UCTC No. 460

The Universlt5~ of Califomxa Transportatlon Center
Umversity of Cahfomia at Berkeley



THE HOUSEHOLD MARKET FOR ELECTRIC VEHICLES
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THE HOUSEHOLD MARKET FOR ELECTRIC VEHICLES

ABSTRACT

We report the results of a survey of the potentlal demand for electric vehicles (EVs) among
a subset of Califomm households. We hmit our analysis to one group of potential hybrid
households. These households own two or more hght duty vebacles and buy new vehicles
of the body styles we expect will be offered as electric vehicles. These characteristacs
ldenufy households who may be able to incorporate at least one limited range vehicle into
their household vehicle holdings with no, or rmnimal, affect on household lifestyle choices.
We define hybrid households to be those households that choose an electric vel~cle in the
choice exercases m the survey. We formulate our central research question as the hybrM
household hypothes~s. It states that potential hybrid households will choose to include at
least one EV m then" household fleet of vehicles, thus becoming hybrid households.

We beheve that this subset of potentlal hybrid households buys between 35 and 45 percent
of all new, light-duty vehicles sold m California every year. The survey instrument was
admimstered to households who belong to this subset of households in 6 metropohtan
areas of Cahforma. Four hundred and fifty-four households completed and returned the
quesuonnmre.

The hybrid household hypothesis is supported by our respondents’ choices. In two
&fferent choice scenarios, nearly half our sample m&cates they would choose an electric
vehicle as their next new vebacle. Even among those who indicate then" next new vehicle
would be either a gasoline or natural gas vehicle, some indicate they would choose an EV at
some point m the future.

Based on the responses to the vetucle cholce exercises and on the share of the market that
our sample represents, we find the market potential for EVs to be 13 to 15 percent of the
annual, new light-duty vehtcle market in Cahfornia Based on past annual sales of 1.4
milhon new, hght-duty vehicles in Callforma (a typacal market dunng the past few years),
the EV market share represents between 186,000 and 213,000 vehicles annually. Th~s Is
subject to several assumptions, most ~mportantly that, besades smaller EVs, consumers wall
be able to choose from midsize EVs that have driving ranges between 60 and 150 males and
that EVs wall be priced comparably to gasoline vehacles Even ff the former as not true, and
only sub-compact and compact body styles are available, the potential market for EVs
among hybrid households will be no less than 7 percent of the new hght-duty vel~acle
market.

We beheve therefore, there is sufficaent household consumer interest m EVs to satisfy the
mandated 2 percent level of sales of zero emasslon vehicles (ZEVs) m the year 1998 as well
as the 5 percent level m 2001 gaven current EV technologies To meet the mandated level of
10 percent of hght-duty vebacle sales m the year 2003. will reqmre either that advances in
elecmcal storage technology allow for mid-s~ze electric vehacles w~th driving ranges of 60
to 150 miles or the sale of sufficaent smaller EVs to the market segments not surveyed for
this study--commercial and government fleets and households that do not meet the
potentzal hybrid household defimtion used m this study
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EXECUTIVE SUMMARY

Introduction

The Califorma An: Resources Board will soon require that auto-makers offer for sale "zero
en’ussion vebacles" (ZEVs) m California. Stamng m 1998, the auto-makers subject to this
mandate will be those who sell more than 35,000 vehicles in Califorma whose laden weight
is less than 3,750 lb. They must offer for sale ZEVs in sufficient numbers that at least 2
percent of all the vehicles (under the weight hmat) that they offer for sale, are ZEVs. Tins
mandate is flexible in two ways: sales of ZEVs weighing between 3,750 lb. and 5,750 lb.
are not required, but any such ZEVs will count toward the mandate and auto manufacturers
can obtain credits from other manufacturers who exceed then- quotas. This 2 percent level
increases to 5 percent m the year 2001. In the year 2003, the mandate changes in two
ways. First, any auto maker who sells more than 3,000 vehicles that are under the 3,750
lb. weight lirmt will be subject to the mandate. Second, the proportion of ZEVs offered for
sale rises to 10 percent. Currently, the only type of vehacle to meet the 77EV defimtaon is
electric-powered vetucles (EVs) that store then- energy m batteries. The idea behind the
mandate is to kick start a competitave industry for clean cars that need no emissions systems
testmg, suffer no long term degradation of emissions control eqmpment, and will help to
eliminate emassions from urban centers in Calfforma.

Market research for ZEVs Is difficult because, besides having no tailpipe emissions, electric
vehicles are different from gasoline vehacles m ways winch are unfamihar to consumers,
most notably the way in which energy to drive the wheels is stored, used and replenished.
Compared to the fuel tanks of gasoline vehicles, wbach store at least 300 miles of fuel,
current EV battery technologies store a very hmtted amount of energy. Current EVs must
be recharged after 60-120 males of use depending on the type of batteries and vemcles.
Compared to refueling gasohne vebacles, recharging electric vetucles can take hours,
depending on the voltage and sophtstaeataon of recharging equipment. However, there are
potential advantages to electric vebacles winch mitigate these lumts, primarily that
recharging can take place at many locaUons where cars are parked, including home, work
and public parking, thus ehmanatang special trips to refueling staUons. EVs can also be pre-
cooled, heated or defrosted while they are being recharged. Electric vehicles will have new
driving, braking and sound characteristacs which may appeal to some drivers. Additionally,
electric vehicle costs and maintenance schedules will be different, offering advantages to
some users. Finally, some drivers who dishke gasoline for its smell, toxlcxty or
combusuon dangers as well as prefer a velucle with no tailplpe emassions may prefer
electric propulsion.

The lirmted range and long recharge tames of EVs have been seen by market analysts as
either a fatal flaw or a minimal hrmtataon. Econometric models of stated preferences purport
to show almost no market for EVs. Travel behawor studies wbach study travel patterns,
purport to show sizable markets We report here the results of a survey for the electric
vehicle market designed to resolve thas conflict. In the absence of established purchase
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preferences or habits for EVs which could be measured in conventional surveys, we
investigate here a central research question we call the hybrut household hypothesis:

A driving range limit on one household vehicle will not be an important
barrier to the purchase of an EV by a potential hybrM household.

Underlying this hypothesis, :s the assumpuon that electric vehicles could be compliments
to gasoline vehicles in many multi-vehicle households given some of the advantages listed
above. A hybrid household is one winch combines electric vehicles and gasoline vehicles
into its household fleet. We htmt our analysis to one group of potential hybrid households.
These households own two or more hght duty. vehicles and buy new vehicles of the body
styles we expect will be offered as electric vehicles. These characteristics ldentlfy
households who may be able to incorporate at least one lirmted range vehicle into then"
household vehicle holdings with no, or mimmal, affect on household lifestyle choices. We
believe that our subset of potential hybnd households buys between 35 and 45 percent of
all new, light-duty vehicles sold in Cahfomia every year.

Based on the hybrid household hypothes:s, and on the share of the market that our sample
represents, we predict the market potentml for EVs to be 13 to 15 percent of the total, new
hght-duty vehicle market m Cahforma. Based on a projected sale of 1.4 milhon new, light-
duty vehicles m Cahforrfia (a typical sales number from the past few years), the EV market
share represents between 186,000 and 213,000 vehicles. This is subject to several
assumptaons, most amportantly that, besides smaller EVs, consumers will be able to choose
from n-udsize EVs that have driving ranges between 60 and 150 miles and that EVs wall be
priced comparably to gasoline vehicles. Even ff the former is not true, and only sub-
compact and compact body styles are available, the potenual market for EVs will be no less
than 7 percent of the new light-duty vehicle mazket, still above the 5 percent level.
Additionally, this analysis has not included potential commerc:al fleet sales.

The hybrid household hypothesis is supported by our respondents’ choices :n the survey.
In two different choice scenarios, nearly half our sample indicates they would choose an
electric vehicle as then" next new vehicle. We believe therefore, there is sufficient consumer
interest in EVs to sausfy the mandated level of sales of 2 percent zero emission vehicles
(ZEVs) in the year 1998 as well as the 5 percent level in 2001, even ifEV technologies are
lirmted to currently available technologies. To meet the mandated level of 10 percent EVs m
the year 2003, will require either that advances m electrical storage technology allow for
mid-size electric vehicles with driving ranges of 60 to 150 miles or the sale of sufficient
smaller EVs to the market segments not surveyed for thas study---commercial and
government fleets and households that do not meet the potenttal hybrM household
definition used in tins study.

Survey Design

Our survey was designed to overcome some of the hmitations of previous EV market
research; primarily we strove to reform part~clpants about EV technology and to help
partic:pants assess the effects of electnc vehicle technology on the:r hfestyle. The survey
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was developed to test what we call the hybrid household hypothests. This hypothesis is
implicit m much previous work, but has not been exphcitly tested.

The survey was administered through the mail. It consisted of 4 parts.

Part One: A prehmmary quesuonn~ure of household vehicle holdings, previous
vehicle purchase patterns, demographics and environmental attitudes.

Part Two: A three day travel diary, a map for recording household activity
locations, and questionnaire based on these two for the two primary drivers m the
household.

Part Three: A 15 minute informational video on electric and natural gas vehicles
and CARB’s ZEV mandate, as well as a set of magazine and newspaper amcles on
electric vehicles, the electric vehcle industry and the mandate. The reformation
packet was designed to present a balance and variety of information. References for
the articles are in Appendix B.

Part Four: A set of new car purchase experiments that included two different new
vehicle purchase situations. The first, Choice Situation One, included elecmc
and conventional gasoline fueled vehicles. It was designed to test the hybrid
household hypothesis. Choice Situation Two was a more complex market
scenario with a number of alternative fueled vehicles including reformulated
gasoline, natural gas vebacles and hybrid electric vehicles, m addition to three types
of electric vehicles.

It Is xmportant to understand that the choice experiments are not intended as forecasts or
predictions of future vehicle market scenarios. They are intended to maximize the
mformatton we gain about household response to dnwng range hmits and home
recharging As such, the differences and similariues between vebacle types expressed m the
choice expenments are a blend of existing, expected, and expertmental design features For
example, it is both an existing and expected feature of electric and natural gas vehicles that
they will have shorter driving ranges than gasoline vehicles. It is part of our experimental
design that we have lumted natural gas vehicles to ranges that are shorter than those already
demonstrated for some natural gas vebacles.

Another intentional design feature of the choice experiments m Pagt Four was that we do
not use purchase prices to chfferentmte vebacles that use different fuels and propulsion
systems Prices are used to distinguish between body styles, trim levels, and optional
eqmpment, just as they do m today’s car market. Prices of altemauvely fueled vehicles are
kept roughly comparable to gasoline to keep the focus of the study on consumer response
to limited range and home recharging. These are the two fundamentally new attributes of
electric and, to a lesser degree, natural gas vehmles.

Thus, one potential criticism of this study may be that we have priced EVs too low The
price of EVs is a central issue m the ZEV debate, but it is a tughly uncertain and polmclzed
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v&’aable. Some auto companies clmm that electric vehicles will be priced at much more than
gasoline vehicles. Most of tiffs concern comes from the currently high price of batteries.

We counter this argument thus. It is true that the price for an EV with a certain driving
range and the cost of budding that EV are related through the cost of the battery. But the
performance levels we offer in EVs are in many cases very modest, and well within the
technical feasibihty of existing EV and battery technology. For exarnple, we define a range
class of"community EVs" that are modest m terms of their range and performance; several
examples of such vehicles are already on the road. We see little reason for such vehicles to
persistently cost any more than gasoline vehicles of comparable body styles. Our price
assumpuon is far more speculative when we consider longer range, mSd-sxze electric
vehicles and we address thas issue in our analysis and conclusions.

Sample design

The survey was axmed at a specific portion of the light duty vetucle market--households
with two or more cars, who buy new cars, who have at least one vehicle they purchased
new that Is not a full size van, sedan, truck or sport utility, and who have a logical location
to recharge a vehicle while it is parked at home. Seven hundred forty such households were
recruited from 6 metropohtan areas of Cal:forma. They were offered $50 to complete the
survey. 454 households completed all four parts of the survey, a total response rate of
61%. We compared this sample to other, larger samples from studies of the new car buyer
market. We conclude our sample is representative of households that buy new cars.

Testing the Hybnd Household Hvpothesis

To state the hybrid househoM hypothesis in a form we can test, we must make the
foUowmg assumptions. Our sample selection cntena define what we believe to be the
largest and most likely group of potential hybrtd households. We assume that over a long
period of tame, hybrid households will choose to buy an EV about one in every N times
they buy a new vebacle, where N is the number of vehicles they own. Given that we have
found in previous work that about 8% of households who meet our selection criteria are
unable to adapt to tirmted ranges because of their travel needs, and that our sample in tins
survey owns on average 2.43 cars per household, then the hybrid household hypothesis
becomes:

Ho: at least 38% of our sample will choose an EV for thezr next new vehtcle.

The hybrid household hypothesis is supported by our respondents. In fact, more
households chose an EV than the hypothesis predicts. In the most robust test of our
hypothesis, Choice Sltuauon One, participants were offered a conventional gasohne vehicle
in all vehicle body styles or a moderate range electric vehicle (80-100 wales) m all but full
sized vehicle categories.

46% of our sample chose an EV over a gasoline vehicle for thezr next household vehicle.
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Explanataons other than the hybrid household hypothesis, such as environmental attltudes,
income, age, sex or education, do not explain the distribution of choices as well as does the
hybrid household hypothesis. These other household characteristics do contribute in less
significant ways to explaining to the size and development of the market.

Traw=~l pattems of participants

Among the reasons the hybrid household hypothesis is that most households’ travel
patterns are not a serious barrier to use of an electric vehicle. We note the following:

,, The median one way commute distance of participants in this study is I0 miles;

90% of all one way commute distances m this study are under 35 males;

90% of critical destinaUon distances are under 50 miles, where the critical
destmaraon distance is the distance to an important desnnation a person needs to
reach even if an "unlLrmted" range vehicle is not available.

Range, recharqing , battery and vehicle body choices

In Choice Situation One, EVs were offered m seven body styles. EVs were offered
with two different battery packs that had different ranges and costs:

¯ Type 1 was standard equipment and offered 80 or 100 miles driving range
(depending on body style)---37% of those who chose an EV chose this battery;

Type 2 cost $1,200 more and offered 100 or 120 miles driving range (depending
on body style)--63% of those who chose an EV chose this battery

The graph below illustrates the distnbuUon of Type 1 and Type 2 battery choices, showing
the concentraUon of Type 2 choices in rmd-s,zed vetucles categories.

4O%
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25%
20%
15%
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5%
O%

Sports
Car

Compact
Pick-up
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Sport

Utdity
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Compact
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Minlvan

Type One
I! Type Two
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In Choice Situation Two, range and recharging choices were far more complex. In this
more detailed scenario, households were offered a wider range of vehicles, including
natural gas fueled vetucles (NGVs) with 80 or 120 miles of range, and hybrid electric
velucles with 140 and 180 miles of extended range (40 and 80 miles of battery only range).
Replacement battery prices (minus core refunds) m this groups ranged from $800 for 
small convenuonal lead acid battery pack in the neighborhood electric vetucle (NEV) to 
$4,000 advanced battery pack in the Regional Electric Vehicle.

Types of vehicles offered in Choice Situation Two

.

6.

Dlstnbutlon of vehlcle choices m Sltuati0n Two

I.

2.
3.
4.

5.
6.

Range
O

®

t

O

1. Neighborhood electric, range 40 miles, top speed 40 mph (small sedan only)
2. Commumty elecmc, range 60 or 80 males, top speed 75 mph (no full size styles)

3. Regional electric, ranges 120 to 150 miles, top speed 85 mph (no full size styles)"

4. Hybrid electric, ranges 140 or 180 (40 or 80 on batteries), top speed 85 (no full
size styles)
Compressed natural gas, ranges 80 or 120, all body styles
Reformulated gasohne, range same as current gasohne vehicles, all body styles

Neighborhood electric:
Commumty electric:
Reg:onal electric"
Hybrid electnc:
Compressed natural gas:

Reformulated gasoline:

19 households, 4%

28 households, 6%
119 households, 26%
44 households, 10%

88 households, 19%
154 households, 34%

groupings of vehicle choices m Sltuatmn Two (includes NGVs)

75 households chose vebacles with 40-80 miles of range

I 12 households chose vehicles with 120-130 miles of range

106 households chose vehicles with 140-180 males of range

154 households chose vehicles with ranges similar to exasting gasohne vetucles.

Home refuehng/rechargmg capabdlty.

¯ 246 households chose vehicles which refuel or recharge both at home and away-
from- home (EVs and NGVs plus home refueling apphance).

206 households chose vehicles that refuel away-from-home only (NGVs w~thout 
home refueling appliance and gasohne vebacles).

Interpretations of range and rechar_qtng choices and vehtcle refuelinq habits

As noted m several of our previous stu&es, understanding consumer response to driving
range reqmres careful attention to household fleet composition, consumer learning
processes (especially as consumers have previously not considered the impact of reduced
range on hfestyle choices), changes m vebacle range instmmentat:on, and the recharging
infrastructure (home and away-from-home).
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We find in this study that consumer travel patterns are less of an obstacle to limited range
vehicles than is lack of experience and knowledge with electric vehicle technology.
Additionally, prevlous market research has fa.ded to consider consumer response to the
whole package of likely EV features, including precise range instrumentataon and new
recharging infrastructure. Further, they clad not present new vehicle choices in the context
of the household’s fleet of vehicles. The findings we report m the body of the report on
consumer travel patterns, use of existing range instrumentation m gasoline vehicles, and
refuehng behavior gwe evidence that gasohne vehicles currently do not meet consumer
wants for much of their local driving tasks, a job that electric vetucles may do better.

Finally, st has been argued by others that to make it m the market, electric vehicles must
have equivalent ranges and refuehng times as gasoline vehicles. We believe this is an
extreme and unwarranted positaon. We argue instead there is a vmble niche market for
"short" range electric vehicles m multi-vehicle households, just as there are niche markets
for p~ck-up trucks and rmnivans.

We believe from the results of this study and previous studies we have done, that It Is more
important to provide a less expensive battery capable of providing 60 to 100 miles of range
than to develop an expenswe battery for vehicles with 200-250 miles of range The
marginal utihty for electric vehicles with ranges above approxamately 150 miles will rapidly
approach zero so long as there are gasoline vehicles on the road which have 300-400 miles
of range and can be refueled in less than 5 minutes. The utihty of EVs with short ranges
and home recharging lies primarily in their complementary relauon to gasoline vebacles m a
hybnd household to provide dwersified, personal transportation services.

Choices of body styles

The most commonly chosen body style for any vehicle type was mad-sized sedan (114
households), with minlvan (64 households) a dastant second, followed by compact sedan
(41 households), and small sedan (39 households). The single most frequently selected
vehicle m our study was a n~d-size regional electric sedan (41 households). At present 
have not seen any rmd-slze regional electric vehicles demonstrated, although expected
advances in batteries combined with light weight materials could fulfill this expectauon by
the year 2003.

If electric storage technology does not advance to allow rmd-sxze electric vehicles with
ranges up to 140 miles by the year 2003, then given the results of this survey, the EV
market potential for smaller and shorter range velucles represented by our sample is about
7% of annual, new hght duty vehicle sales. Additional EV sales to commercial and
government fleets and to other household market segments would be requu-ed to meet the
10% mandate level

Vehicle chotce and intended trip use

The body style a household chooses ~s shaped by a definmg purpose for that vehicle. While
a household may use a vehicle for all types of travel, the choice of a particular body style is
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often determined by the desLre to access one particular type of activity. Thus, while one
household member might commute to work everyday in a sport-utility vehicle (SUV), the
reason the household bought a SUV, rather than any other body style, may have been to
access recreation activities on weekends. In this case, the defining purpose is weekend
recreation travel, not commuting. We recogmze that not all vetncles are purchased for
purely utihtanan reasons. We allow households to choose vehicles slmply for styling and
appearance. Below are the defining purposes for the body styles of the vehicles chosen in
Situation Two by all participants.

® Commutang to work or school:
® Vacation or weekend travel:
® Chauffeur children:
® Looks and styling"
® Hauling loads:

Business errands:

Chauffeuring clients:

188 households, 47%

91 households, 23%
44 households, 11%

36 households, 9%

19 households, 5%

16 households, 4%

8 households, 2%

These defimng purposes affect what types and sizes of vehicles are chosen. For example,
70 of the 90 households who said vacataon travel was the defining purpose of thetr vetucle
choice chose natural gas or reformulated gasohne vehicles in Choice Situation Two. The
majority of the twenty remaining "vacauon" choosers selected the longest ranged reglonal
electric. Smailarly, those choosing "hauling loads" selected natural gas and reformulated
gasohne. Wtthin the deeming purposes of "commuting" and "chauffeuring chaldren", more
households choose regional EVs than chose gasoline vehicles.

Life-cycle: Effect of age and presence of children on choices

We found m previous research (Turrentme et al 1992) that households of mid-aged adults
with children favored EVs more than other household types. We surmised that these
households had stronger t~es to community health goals (for their children), more routine
driving patterns and tugher incomes. We also found that households of retired persons
tended to reject EVs more strongly than other household types. We find similar results m
this current study. Households of two or more adults whose youngest child is 15 years old
or younger are more ILkely to buy a regional EV than they are to buy a gasoline vehicle.

We develop a model that links household hfe cycle, and defining purpose of the next new
vebacle to vehicle type cholces. Analyzang life cycle, defining purpose for the vehacle, and
vehicle type choices reveals that young famihes were very much more likely to choose an
EV than any other type of vebacle, ff their defining purpose for the vehicle was either to
chauffeur children or commute to work or school Commuting m general was assocmted
with a higher probab~xty of choosing an EV, regardless of life cycle. Among those
households that did not choose EVs were those retired households selecting a vetucle for
weekend and vacataon travel.
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How q_reen is the market?

Prior to the ZEV mandate there had been little politacizing of automobile purchase choices
along environmental lines. Fuel efficiency has never really entered consumer dehberations
about vehicle purchases m the same way that some EV proponents and opponents assume
emissmns will. Primarily because of umform vehicle emission standards (unul the advent
of CARB’s low emission vehicle program), consumers have not chosen among cars
differenuated by, or marketed based on, then" emissions. Certified differences in emissions
of new cars are manor and not advemsed to consumers. Neither are differences in
emissions part of any pubhc health campaign. Thus a zero emission vehicle market is an
entirely new development.

It remains to be seen what consumers will do m this market. It isn’t clear yet what the
social context of such a household choice will be. We don’t know the extent to which car
makers will want to promote or differentiate vetucles on environmental attributes, whether a
pubhc health campaign w~ll be waged to draw consumer attention to the emassions benefits
of ZEVs or ULEVs, or what kinds of promouonal and counter-promouonal infrastructure
will be put into place by communities and interest groups to mfluence consumers.

Any number of opinion polls and market research projects (including our own) have shown
broad pubhc support for electric vehicles. Despite such general support, there are serious
doubts about whether consumers will shoulder any of the financial burden of electric
vehicles. Our prevmus research, though informal, seems to conf’m’n the opmmn that not
many consumers will pay extra for electric vehicles. Cars are already expensive: the buyers
we interviewed were already stretching their budgets to buy the cars they wanted Large
addiUonal cash (or crecht) outlays for "green" autos were not reallsuc for most of these
households. Only a minority of affluent, environmentally conscious households could
afford to pay prerraum prices to express then" envtronmental proclivmes through thetr
automobile purchases. While we expect these buyers to be important m the early years of
EV markets and to influence other buyers, their numbers are small and should not be
counted on for reactung mandates in later years of the market.

In ttus survey though, a high percentage of all our participants put the envtronment l’ugh on
then. list of concerns They show strong support for electric vehicles and pubhc health
campaigns. Over 3/4 of our respondents thought that envtronmental problems are the
biggest, or among the biggest, crises of our tames. Automobiles are seen as a slgmficant
source of pollutmn Nearly half our respondents (46%) perceive ghsohne to be extremely
toxic, and another 37% perceive it to be somewhat toxic. These findings suggest a
pervaswe concern with environmental degradation and pubhc health, and a perception that
gasoline and gasoline vetucles are an important part of the problem.

While we find that practical issues of cost and usefulness dominate the final declsmn to
purchase an electric vebacle among the majority of our pammpants, environmental concerns
have a strong influence over then. reformation search behavior. That ~s, their concern for
low emassions encourages them to seek out and evaluate electric vehicles for purchase
consideratmn. Finally, all things equal, most households are more interested in electric
vehicles rather than gasoline vehicles because of the emasslons benefits.
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Conclusions and recommendations

The results of this study glve strong evidence of a market for EVs large enough to fulfill the
year 1998 and 2001 mandates with current electric veb.Jcle and battery technologies. Our
results indicate that fulfilling the year 2003 mandate will requke either EVs having
advanced batteries and rnJd-size body styles (in particular rind-size sedans and n-Jamvans),
or sufficient sales of EVs to commercial or government fleet and to household market
segments outside our sample of potential hybrid households.

We believe that it is more important to market less expensive battery-powered EVs capable
of providing driving ranges of 40 to 120 miles than to develop more expensive battery-
powered velucles with ranges m excess of 150 miles. So tong as people persist in believing
EVs must mumc the long range and short fuehng times of gasohne cars, practaca! EVs will
elude us until new electric energy storage technologies can be commercialized. However,
we argue that the utihty of short range, home recharged EVs hes in their complementary
relaraon to gasohne vetucles and in their ability to provide diversified transportation services
in a hybrid household. Marketed as such, it appears to us that both the state of the art m
technology and consumer demand are adequate to launch the market for ZEVs.

Tilts study assumes EVs will be priced compai’ably to gasoline vetucles. There are concerns
that EVs will cost much more. We recommend that the California Air Resources Board
mvesugate the probable prices of mass produced EVs and identify strategies to mittgate
large price differences, ff such differences shoutd be found to exist. For meeting the 1998
mandate, such an investtgauon should focus on determining the costs of small and compact
vehicles with driving ranges from 60 to 150 miles. There is a demonstrated need to
convince pohcy makers and consumers that such vehicles are technologically vmble and
economically competitive with gasoline vehicles. For meeting the 2003 mandate or long
term goals, the possible price of mass-produced n~d-slze EVs should be investlgated.

The estimate we offer for the portion of the annual hght-duty vehacle market represented by
hybrid households (35-40%) is conservative. Given the importance of understanding the
nature of the stocks of vehicles that households buy and own (at the household level, not
some aggregate level) It is important that data on household vebacle stocks be publicly
available. Tins data could offer a better estimate of the hybrid household segment.

The many different possible designs of hybrid elecmc vetucles pose complex research,
policy and market problems. Consumer response to hybrid EVs, whether a pamcular
hybrid EV design sattsfles ULEV or ZEV defimuons, and the technological hurdles to
braiding a hybrid EV are all intertwined. We tested household responses to one possible
hybrid EV. In the near future, CARB may wish to investigate more fully household
response to hybrid vehicles

Finally, we suggest that CARB or the approprmte state agency prepare consumers for the
coming market for electric vehicles by educating potential hybrid households of the
possible benefits and lifestyle imphcataons of EVs m a household fleet.
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INTRODUCTION

The California Air Resources Board will soon require that auto-makers offer for sale "zero
emission vShicles" (ZEVs) in Califorma. Starting in 1998, the auto-makers subject to this
mandate will be those who sell more than 35,000 vehtcles m California whose laden weight
is less than 3,750 lb. They must offer for sale ZEVs in sufficient numbers that at least 2
percent of all the vehicles (under the weight limat) that they offer for sale, are ZEVs. This
mandate is flexible in two ways, that ZEVs sales in weight categories between 3,750 lb.
and 5,750 lb. wall count for credits and that manufacturers can obtmn credits from other
manufacturers who exceed their quotas. This 2 percent level increases to 5 percent in 2001.
In the year 2003, the mandate changes in two ways. First, any auto maker who sells more
than 3,000 vehicles that are under the weight hmit will be subject to the mandate. Second,
the proportion of ZEVs offered for sale rises to 10 percent. Currently, the only type of
vehicle to meet the ZEV definition is electric-powered vehicles (EVs) that store their energy
in batteries. The idea behind the mandate is to kick start a competitive industry for clean
cars that need no emissions systems testing, suffer no long term degradation of emissions
control equipment, and will help to ehminate emissions from urban centers m California.1

The auto-makers are resisting and criticizing the mandate, claiming consumers will not
want these electric vehicles because of their limited driving range. Given current vehicle
technologies, the only type of veincle that will meet the zero emission definition is electric
veincles (EV) that store then" energy in batteries. But currently available batteries have low
energy densities, which results an greatly reduced driving ranges compared to gasoline
vehicles. Also, typical battery recharging tames are measured m hours, not minutes.
Lttmted range and long recharge times create uncertainty and skepttclsm about the
possibthty of selhng battery electric vehicles to consumers habituated to long driving ranges
and quick, ubiqmtous refuehng.

Market research on ZEVs Is difficult because, besides having no tadpipe emissions, electric
vebacles are different from gasoline veincles m ways winch are unfamiliar to consumers,
most notably the way in winch energy to drive the wheels is stored, used and replemshed
Compared to the fuel tanks of gasohne vehicles, which store at least 300 rndes of fuel,
current EV battery technologies store a very limited amount of energy. Most existing EVs
must be recharged after 60-120 miles of use depending on the type of batteries, vetucles
and dnwng Compared to refueling gasoline vehicles, recharging electric vehicles can take
hours, depending on the voltage and sopinstacauon of recharging equipment. However,
there are potential advantages to electric veincles winch mitigate these limits, primarily that
recharging can take place at many locations where cars are parked, including home, work
and pubhc parking, thus ehminatang special trips to refueling stauons EVs can also be pre-
cooled, heated or defrosted winle they are being recharged. Electric vehicles will have new

1Throughout th~s report we use the terms "car", "automobile", "hght-duty vehicle" and "vehicle" mterchangeably We do so
for vartat~on m the text In each instance, unless expressly defined otherwise, we mean hght-duty passenger ears and trucks,
including rmmvans, p~ckup trucks and sport uul~ty vehicles
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driving, braking and sound characteristics which may appeal to some drivers. Finally,
some drivers who chslike gasoline for its smell, toxicity or combustion dangers as well as
prefer a vebacle with no tailp~pe e~ sslons may prefer electric propulsion.

This report summarizes the responses to a statewide survey and other research by the
authors on consumer response to linaited range, electric vehicles2. We conceptuahze
household response to hmited range vehicles as the hybrid household hypothesis. We
develop the hypothesis in greater detail below, but it can be stated simply as: potential
hybrid households will find EVs to be pracucat and desirable choices for at least one of
their household vehicles. A household that combines EVs and gasoline vehacles in its stock
of vehicles is one example of what we call a hybrid household. In contrast to a hybrid
electric vehicle that combines electric and heat engine drive systems m one vehacle, a hybrid
household chooses two vehicles with different types of energy systems and then must
allocate household travel accorchngly. We note that a household that chooses a hybrid
elecmc vetucle is also a hybrid household.

This research dn’ectly tests whether consumers will buy EVs m sufficient numbers to
sausfy the ZEV mandate. Our conclusions are based on the results of a statewide survey of
households that buy new cars. The survey is the culnunauon of three years of research into
the household market for EVs. As such, we include results of some previous studles that
provide insights germane to our research design. We define our central hypothesis--the
hybrid household hypothes~s--m the next section. We follow that with a dlscusslon of our
research and survey instrument design. That section includes a review of past research,
including our own and that of other researchers, that was instrumental in our formauon of
the hybrid household hypothesis and guided the design of our survey instrument. Next we
describe how we selected our sample and compare it to other samples of new car buyers
and other samples of households. We develop the details of our estarmte of the proportion
of the total light-duty vehicle market that we believe our sample represents. We then report
the results of our test of the hybrid household hypothesis and prowde an expanded
discussion of the choices of driwng ranges and vehicle recharging opuons made by our
respondents. We develop a detailed image of one plausible future light-duty vehicle market
and use that image to explore changes in household vehicle choices and the types of
households who buy EVs. The last section of results provides an in-depth discussion of
environmental dimensions of vehicle choices within our choice experiments and thetr
possible lmplicatlons for the sale of environmentally more benign vebacles. We close with a
section of summary conclusions and recommendations.

2In fact, the survey includes natural gas vehlcles too We address both etectnc and natural gas vehicles m th~s report, but
the fundamental premises of th~s research, the basic design features of the survey instrument, m fact, the very reason for
th~s entire study ~s the market for electric, not natural gas, vehicles We include natural gas vehicles because they are part of
a plausible future scenario for hght-duty vehicles, because they are mtermedmte between EVs and gasohne vehicles on
certain vehicle attributes, and because our original proposal to one of the sponsors of th~s research included an assessment
of the market potenual of natural gas vehicles
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THE HYBRID HOUSEHOLD HYPOTHESIS

In a broad sense, the mittal target markets for EVs are commercial, utility and government
fleets and the growing number of multi-car households. We focus on the household market
in tl~s report. The new technical features of electric vehicles indicate a niche market for
consumers; multi-vehicle households that prefer to speciahze the types of vehicles an their
household fleet. In such a market roche, EVs should not be seen as simple one-for-one
substitutes for ICEVs. EVs offer new lirmtatlons as well as new capabilities. They
comprise an alternatave travel technology that owners must learn to integrate with familiar
gasoline vehicles.

Who are Hybrid Households?

A household that combines electric and gasohne vehicles m its stock of vehicles is one
example of what we call a hybrid household. In contrast to a hybrid electric vehicle that
combines electric and heat engine propulsion systems in one vehicle, a hybrid household
chooses two vehacles with different types of energy systems and then must allocate
household travel accordingly. We note that a household that chooses a hybrid electric
vetucle is also a hybrid household.

The criteria used to select households for this study identify those whom we believe
represent the largest single group of potential hybrid households. These households already
make vehicle purchase decisions that render the formation of a hybrid household fleet most
plausible--they already own multiple vetucles, they buy new vehicles, and they own at
least one vehicle of the body-styles most likely to be offered as EVs.

This group does not represent all hoaseholds that may buy EVs Other potential EV buyers
include: households that do not buy new cars but would buy a new car to buy an electric
vehicle; households that do not own vetucles of the likely EV body-styles, but would buy
one to get an electric velucle; and single car households that would become two car
households by purchasing art EV. These households would have to make some change to
their vehicle purchase behavior m order to buy an EV. To focus only on those households
who face the least bamers to EV purchase, we exclude them from the sample for this study
and focus only on those we have defined to be potential hybnd households.

The hybrid household hypothesis

Witch our defimtmn of a hybrid household, we can state the research hypothesis--the
overarching quesUon to be answered by this study. We call ttus the hybrM household
hypothesis:

A drivmg range limit on one household vehzcle wdl not be an important bamer
to the purchase of an EV by a potenttal hybrM household.
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If the hypothesis is true, then we expect over a long period of ttme (long relative to the
period of tlme between new car purchases within a household) that potential hybrid
households wall actually choose to buy an EV about once every N times they buy a new
car, where N is the number of vehicles they own. Thus if a household in our sample
maintains ownership of two vehicles over a long period of time, we assume that 1/2 of the
time they buy a new car, it will be an EV This is based on the assumption that a hybrid
household always maintains ownership of at least one long range vehicle. (We assume for
this study that such a vehicle will be a gasoline vehicle but conceivably it could be a hybrid
electric, natural gas, methanol or some other type of vehicle).

Based on our interactive stated preference interviews we know that not all potential hybrid
households will find a limated range vebacle to which they can adapt (Kurani, et al 1994).
In that study, four of the fifty one households were unable to fred a limited range to which
they could adapt. (We note that we did not include hybrid EVs in that study and all four of
those households maght have overcome any of their range problems through the use of a
hybrid EV of the type we included m tins study.) As an Lnmal extension of that result, we
hypothesize that 8 to 10 % of our sample of potentaal hybnd households in tbAs study will
also be unable to adapt to any of the hrmted range vehicles offered. We call such
households non-hybrid households.

Now, this study does not cover a long period of time. We do not observe repeated choices
by households across time; we ask only about the next new vetucle purchase decision We
have only a cross-section of this one group of potential hybrid households. We make the
following strong assumptaon. All the factors that determine whether the next vehicle
purchased by these households is an EV or an ICEV are distributed throughout our sample
such that 1/g of our households choose to buy an EV for their next new vehicle, where g
is the average number of vehicles owned by all households. In the sample l.t = 2 43 The
potential hybrid households that do not choose to become hybrid households by purchasing
an EV in tins, then- next new vehicle purchase decision, are either non-hybrid households
(as defined above) or simply remain potential hybrid households--perhaps choosing to buy
an EV at some point in the future.

We can now state the hybnd household hypothesis in a manner that can be tested. If the
hybrid household hypothesis and its related assumptions are true, then about 8% of our
survey sample are in fact non-hybrid households and wilt not choose an EV. Of the
remaimng 92% of our sample, 41% (1/2.43 x 100%) wlll choose to buy an EV and thus
become hybrid households. The other 59% will choose to buy an ICEV this time, but
remain hybrid households who may buy an EV at some later date. Thus we restate the
hybrid household hypothesis as:

Ho: We expect the proportion of our original sample of respondents who
choose an EV m th~s study to be about 38% (41% of 92%)
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How many hybrid households are, in the California new car market?

The target period for the study is 1998-2003, the first five years of the 77EV mandate.
Therefore we need an esumate of the likely level of new cars sales starting in 1998. The
California light-duty vehacle (under 6000 lb.) market in 1992 was about 1.4 milIion
vehicles (Polk 1992). The national new car market was largest m 1988, decreasing every
year until I993. New light-duty vehicle sales in Cahfomla have followed these trends.
Thus, despite the fact that many studies, especially those of the auto compames, forecast
continued growth of vehicle sales, it would be prudent not to forecast auto sales much over
the 1992 or 1993 levels In this study, we use 1992 as a representauve year, thus we base
our market share esurnates on a total 1998 market of 1.4 million vehicles in California.

For the purposes of tbas study, we divide this annual market into four market segments:
1. Commercial and government fleets, 2. Single vehicle households, 3. Potenual Hybrid
Households and 4. Multi-vehicle, non-potenual hybrid households. Thxs last segment
includes a number of multi-car households that fit our hybrid household definitmn, but are
unable or unwilling to adapt to a hrmted range vehicle. They include households whose
vehicle use patterns reqmre long distance capabdities for all their vehicles; households that
want only full-sized vehicle body styles, or households that demand that the newest vehicle
always be a long range vehicle (because the other vehicle is either not new or not
maintained well enough to serve as a long distance vebacle) We esttmate that potential
hybrid households buy between 35 and 40% of all new vehicles in California every year.

Given these market size eslamates, we can restate the hybrid household hypothesis in terms
of total vehicle sales. If the annual sales m Calfforma for hght duty vehicles are 1.4 malhon
vehicles, ff our sample buys between 35 and 40% of new hght-duty vehicles, and if 38%
of potential hybrid households choose an EV, then...

..... we expect 13.3

to 15.2% of all
light-duty

vehicle sales, or
186, 000 to

213, 000 vehlcles
per year, would
be hmited range
electric vehicles

sold to thzs
hybrid

household

segment.

Figure 1: California hght duty vehicle market for 1992

Single vehicle
households 15-20%

Multt vehicle, low
EV potential

households 12-20%

Commercial fleets
20-25%

Potential Hybrid
households 35-40%
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RESEARCH AND SURVEY INSTRUMENT DESIGN

Previous market research on EVs

Some auto companies and other cntics have lobbied to dismantle the California ZEV
mandate, primarily on the grounds that consumers will not buy electric vehicles. Car
companies have argued that their research shows that electric vehicles are going to cost
more than comparable gasoline cars, yet consumers will want to pay less because of the
range hmitations. ConservaUve sales estimates m turn lead to yet bagher cost estimates
because costs are spread over few vehicles. High cost estimates lterauvely reinforce
minimal EV market estimates.

There are problems in relying on auto company sponsored research as a basis for pubhc
policy. The market for automobiles is baghly competitave and thus a proprietary area of
research° Information generated by the car companies about the market is rarely openly
presented and debated.

Much of the publicly ava_tlable research on markets for EVs has focused on predicting the
szze of the market at the expense of understanding market dynamics for a fundamentally
new consumer product Many of these studaes have relied upon convenient rather than
appropriate data samples. Almost all, we beheve, rely on an implausible set of assumptions
regarding consumer behawor. Such shortcomings exist precisely because there are no sales
data for EVs. In the absence of sales data, researchers have reed three methods to develop
estimates of EV market potential---attatude stu&es, travel behavior analyses, and stated
preference surveys.

These three reseca’ch streams present an apparent paradox. Atutude studies and travel
behawor analyses tend to show EVs to be a pracucal and destred technology, but stated
preference studies typically conclude consumers are unwilling to consider EVs at anything
but "fire sale" prices. This paradox calls for close scrutiny of the methods and findings m
these studies.

Attitude Surveys

A number of attttude surveys and some focus group stu&es by auto manufacturers, electric
utdmes and auto market analysts have found a sizable percentage of consumers who are
interested m, and favor, electric vetucles and other alternatives to gasohne (Buist, 1993;
Karchman, 1993; Fairbanks, Mauhn and Associates, 1993; Dohnng 1994). It appears that
electric vehicles in pamcular have a special fascinataon over other propulsion systems
because they have the most progressive techmcal and envtronmental image (Turrentine, et
al, 1992)o However, these attitudes are far removed from vehicle purchase and use; they
represent the ideals of consumers and not their full decision process. Additionally, these
stu&es often report conflicting atUtudes. They report that on the one hand consumers
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strongly favor electric cars, but on the other, want smailar driving range as their gasoline
vehicles.

An important flaw exists in those attitude studies that start with the premAse that the market
for EVs is a "green" market. These stuches unduly constrmn then- search for EV market
segments. Ford Motor Co. (Buist, 1993) reported using th~s approach; first, find the
environmental consumer, and then cull those wilhng to pay the purchase price premium
Ford projects for EVs. Tiffs approach may be interesting to manufacturers for several
reasons. It captures those consumers with certain strong convicuons about EVs; at may
identify some consumers who are wilhng to pay more for an EV than a gasoline vehicle;
and it may even identify consumers who have not previously purchased a new vehicle, but
might buy an EV. However, many of those with strong environmental convictions have
neither appropriate vehicle use nor purchase behavior to consider buying an EV. By
hmiung the possible buyers of EVs through tbas "’green" filter, studies such as Ford’s
elimanate a wide set of consumers for whom EVs offer practlcal advantages as part of a
household fleet. We have found in prevmus studles (Turrentme, et al, 1992) and in thls
work that broader hfestyle issues are better primary filters for the EV market than are
environmental convictions.

Travel Behavior Studies

Travel behavwr studies (someumes called "constraints analyses") have largely focused 
the issue of limited range. Typically such studles attempt to count the households that have
more than one veb:cle and travel habits that can accommodate a 1Lrmted range EV. The
primary assumption in these studies is that potential EV-owning households must have at
least two vehicles. The other common assumption is that there can be no pattern of vehicle
use in the household such that all household vehicles travel beyond the expected range of
EVs on a daily basis. The data used in these studies often come from the Nationwide
Personal Transportation Survey (NPTS) or the American Housing Survey (AHS). 
NPTS contains a one day travel diary. The AHS asks only about typlcal travel and
commute travel. For examples of these constrmnts analyses, see Deshpande (1982),
Kiselewlch and Hamilton (1982) and Nesbitt, et al (1992).

In general, such studies conclude that 55 to 60 million households could accommodate a
1t30 mile range vebacle. This is based on the finding that more than 90 percent of two car
households could use one vehicle with 100 miles of dally range and that most "second"
cars are used more than 100 miles on only a few days per year.

One of the more recent of these studies added a further constraint--the household must
have a logical ptace to recharge the EV. They found about 28% of American households
(28 million households) could accommodate an EV (Nesbltt, et al, 1992). Greene (1985)
used the travel behavaor approach but dlsunct data; he analyzed multi-day refueling diaries,
and inferred underlying distributmns of travel. He concluded that with 95% probabihty,
half of all household vehicles travel less than 105 miles per day on 95% of all days. There
was no substantive difference between vehicles in stogie and mulu-car households.
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A recent study by General Motors, aimed at understanding the market for electric vehicles,
concurs that the majority of any household’s travel required minimal range or passenger
payloads (DaNes, 1992). Potential EV owners kept three-week driving logs m that study.
GM reported 84% of their sample drove less than 75 miles a day and in only 5% of trips
were more than two persons in the car.

All these studies present reassuringly large market potenuals. But the limitation of the travel
behavior approach is that it doesn’t measure consumer preferences or observe vebacle
purchases. While measuring a "potential market", these studies don’t examine atutudes or
social processes that will shape consumer 1,festyle choices. Additionally, they analyze
vehicle stocks, not new car sales. Skeptics of the potential market for EVs have criucized
constraints analyses, argmng that regardless of how people actually use their vehicles,
consumers probably won’t gwe up unlirmted range or fast refuehng of ICEVs. Hamilton
complained that such studies were merely wishful thinking (Hamilton, 1983). The third
approach to EV market studies, stated preference techmques, appear to support thts
argument quite forcefully.

Stated Preferences

Stated preference stu&es of vetucle markets present consumers with choice sets of
vebacles, then ask which one vebacle from each choice set they would be willing to buy.
Each vehicle is described by attributes common to all the vehicles. The attribute levels are
varied over several trials to elicit &fferent choices. Wlth this data, econometric models can
be used to assign partial utihty values to consumer preferences for vehicle attributes The
partial utilities for driving range have often been used to esttmate a purchase price penalty
for lin~ted range vetucles

Virtually every stated preference study has estimated huge average price penalties for
limited range vehacles. For example, consider the average discount yoa would have to give
on a 50 mile range vehicle, compared to a 200 mile range vehicle, as estimated by the
following three studies: Morton, et al (1978), $10,000; Beggs and Cardell (1981),
$16,250; and more recently, Bunch, et al (1993), $I5,000. In a slightly different study,
Calfee (1985) calculated household-specffic price penalties. The range of estimated
penalties is large, but many are close to the average penalUes reported above---even for
consumers who chose EVs.3 Considering that the average pnce of a new automobile m
1991 was $16,700 (MVMA, 1992), these studies suggest that, on average, consumers
would be indifferent to the chmce between two cars that were idenucal, except one was free
and had a 50 mile range, and the other, for which they must pay full pnce, had a 200 mile
range. Using these large average penalties for hrnited range, projected EV sales are very
low. Market penetration estamates in these studies range from 2% down to 0%.

3The variable of range is separated from other refueling or recharging attnbutes such as type of fuel, speed of recharging or
refuehng We selected from the data m these stu&es the 50 mde range to fit the bottom end capabdmes of EVs and the 200
rode range to represent the possible result of advanced battery technology These advanced battery systems have been
demonstrated m full pack sxze but not yet perfected All prices are m $1991
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We are skeptical regarding this conclusion for two reasons. Fast, the average utility is
irrelevant to the dynamics of market development. The average penalty for hrmted range
makes an apparently compelling argument for those opposed to the introduction of EVs
But "average" consumers are not, by defimtion, the first buyers of something new. It is
the &stributaon of dasufilities that matters. The appropriate objective of an econometric
approach then, would be to determine how many consumers assign positive, or relatively
small negative, total utilities to EVs as compared to gasohne vehicles. Our second reason
for skepticism is the underlying assumptions regarding consumer behavior in stated
preference studies and the contra&cfions to these assumptions we find m our work. We
address these issues next.

The underlying assumptions about consumer behavior contained an these econometric
models seem untenable to us. A complete critique is provaded elsewhere (Turrentine and
Sperlmg, 1992). Here, we focus bnefly on the characteristics of preferences. In order
to make inferences about the value placed on driving range, it must be assumed that
respondents have well formed preferences for range. ?references have specific properties,
e.g. transiuvity and communafivlty. Most importantly for purposes of forecasting future
market shares, preferences must be stable or there must be enough longitudinal data and
an adequate theoreucal understanding to also forecast the rate of change of preferences.
These are tughly speculat,ve assumptions for attributes w, lth winch consumers have no
experience. We have shown consumer "preferences" for driving range shift dramatically
based upon small increments of informatmn. Such sinfts are evidence of instability and
may result in non-transitivity of "preferences" for different driving range, home recharging,
and other novel attributes of EVs (Kuram, et al, 1994).

Precedln9 market research by ITS-Daws

Our cntaques of many previous studies were developed m the course of completing two
years of preparatory research for tins statewide survey It was during this time that we
observed the behaviors that lead us to examine the state of consumer "preferences" and to
explore the conflict between the conclusions of stated range preferences and actual travel
behavaor. As part of a drive test clinic of electric, compressed natural gas and methanol
fueled vehicles in 1990 in Pasadena, California, we conducted 11 focus groups with drive
clinic partacapants (TurrentJne, et al, 1992). In the focus groups, we elicited imtial estamates
of needed driving range from each parficlpant at the start of the session. Then we &scussed
range needs in a number of different ways. We asked parficapants.to estimate their actual
daily driving, and then to make tmde-offs be~,een range, fuel prices and vehicle prices to
explore the stability of their initial range need estimates. The primary finding was that
partlclpants’ stated preferences for range were extremely volatile and changed dramaucalty
under the influences of new information, amtudes expressed by other group members, and
attempts of the moderator to influence responses by suggesung range related problems.
Some respondents’ stated needs increased, but overall, there was a pattern of drastic
reducttons m stated daily range needs. Tins finding suggested there was a learning curve
for driving range With conventional gasoline technology, driving range as an infrequent
problem for even the most extreme driving needs, so households have not prod attention to
thetr own travel routines in a way that would help them evaluate the impact of a lirmted

PAGE 20



THE HOUSEHOLD MARKET FOR ELECTRIC VEHICLES

range vehicle on thetr hfestyle. While our sample was small and the setting informal, we
found nothing to support the extreme average penalties reported in stated preference work,
if people chd reflect on then" range needs.

We then developed an innovative household interview techmque we call PIREG (Purchase
Intentions and Range Evaluation Games) Fifty-one suburban Califorma households kept
one week diaries of their driving and participated in a two hour mteracttve stated preference
interview. By interactave, we mean the role of the interviewer was not to ask questions, but
rather assist the household m forming what they thought were the important criteria for
evaluating the utiht-y of limited range vehicles. We learned from the PIREG interviews that
a range limit on one household vehicle was not a barrier for most of these households. The
problems caused by a range lirmt were few and were solved rather easily by common
vehacle allocation strategies (Kuram, et al, 1994). In that work, we first formulated the
hybrid household hypotheszs.

Design of the survey instrument

The preparatory work reported above lead us to conclude that innovative survey methods
were needed to provide both consumers and researchers with an adequate context to
understand and measure potentml consumer demand for products that embody
fundamentally new attributes. As the revlew of previous studies shows, standard
techmques were clearly not resolving the issue of consumer response to the hmited range of
battery electric vehicles. Overall, the goals of this research were to educate households
about potentlal EV technologies and their lifestyle impacts. Only then do we offer a
plausible future market scenario in which we ask whether they would buy an EV.

Fundamental Design Assumptions

Any research design makes basic assumptions that are not themselves d~rectly tested, but
serve as the foundation upon which the research is built We describe three basic prermses
that shape the design of this research and the survey instrument. F~rst, households are the
fundamental umt of vehicle purchase and use decisions. Second, the research mstrument
must create an informataon context appropriate to the decisions being studied. Thud,
research that rehes upon hypothetical choices can, and should, be improved through the uge
of reflexlve designs that allow respondents to construct images of their own lifestyles
Additionally, we also discuss what might be the most controversial port~on of our research
design----our choices of vehicle prices in the Choice Situations.

Household based study

We assume the unit of automobile purchase and use decision-makang is the household We
designed the survey instrument so that all members of the household can participate. If the
household members makes joint declsions m the Choice Situations, they report this m Part
Four of the quest~onnmre. In households that contain more than one person, the structure
of the household relauonships and responsibilities will affect such fundamental choices as
vehacle body style and amount of household resources commatted to vehicle purchase. A
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Newsweek study of new car buyers reported that only 8% of respondents stud they were
not influenced by their spouse. Children played a role m vehicle choice in most households;
only 27% of households reported not being influenced by children. Adult children are the
most independent in making their own vehicle purchase decisions, still the majority (56%)
are influenced by their parents (Newsweek 1991).

In the long term, households move through life cycles, defined by the slze of the
households, the age of its members and their employment status. Such life cycles have
been shown to exert a systematic influence on vehacle purchase choices. As a corollary to
this assumption about household decxsion making we add: households’ vehicle purchase
decisions are made within the context of the vehicles they already own. In particular, it is
the attributes of vehicles that the household already owns that exert the greatest influence on
the formaUon of the choice set from which the household selects its next vehicles.

As a final design choice based on the choice of the household as the umt of analysis, we
chose a mail out/mail back survey that required households to spend several days to
complete the questionnaire. The Newsweek study clted above reported that on average,
households required six weeks to make a car purchase declsmn. Thus a telephone survey
would be an inappropriate context to pose vehicle purchase questions. (Telephone contact
could be used to retrieve responses to a questionnaire households had had time to ponder )

Lifestyle and Life cycle

Two important concepts in ttus study are lifestyle and hfe cycle. Life cycle refers to the
composiuon of households as they move through some developmental phases that affect
travel needs and wants, and therefore affect decisions about the composition of each
household’s fleet of vehicles. Life cycle phases are defined primarily by the presence of
children, the age of children, the age of heads of households, the presence of one or two
heads of household, and school, work or retirement status of household members These
developmental phases are not universal; there ts much variation m the populauon as to what
constatutes a household.

Lifestyle, on the other hand, relates more to the consumptaon goals of a household as those
are shaped by somal class, ethniclty, local values and other recelved values. Significant
lifestyle expressions include choices of home location, recreatmn and other expressive
actiwtles, and career. Lifestyle and hfe cycle can overlap considerably when choice of a hfe
cycle Is an expression of consumpuon choices rather than slmply an expected pattern. One
example would be retirement A household may become a "retired household" (a life cycle
change), without altering its hfestyle, or the household may chose retirement as part of 
hfestyle change. The importance of "hfestyles" to this study is that, especially in multi-car
households, vetucles are a strategic technology for acbaeving lifestyle goals and travel
patterns are at the heart of the organization of hfestyle goals. For some households, hn-uted
range creates severe blocks to hfestyle plans. In others, electric vetucles may become a
more appropriate expressmn of values, as well as a practical technology to achaeve then-
lifestyle goals.

PAGE 22



THE HOUSEHOLD MARKET FOR ELECTRIC VEHICLES

Information rich survey

Consumers do not have adequate knowledge of electric vehicles to form preferences or to.
make hypothetical choices that rehably reflect real purchase intentions. A frequent comment
from our previous work was that respondents were surprised that EVs look and drive like
conventional vehicles. Many respondents expect EVs to look futuristic and perform like
golf carts. In our drive test in Pasadena, most respondents said the EVs performed much
better than they expected.

In tl’us statewide survey, we don’t have vehicles for participants to test drive. Instead we
offer an informational video that shows a number of natural gas, electric, and hybrid
electric vehicles being refueled, recharged, driven on city and freeways, being parked, etc.
We found that for many participants, flus visual information was a necessary adjunct to
written materials for grasping the fundamentals of EV use. We also included reprinted
articles on EVs from the popular press. Finally, we included detailed brochure-like
information on each of the hypothetical vehacles being offered to participants m the choice
section of the survey.

Reflexive Survey Techniques

The purpose of reflexive techniques is to reflect back to subjects then. own behawor and
decisions as contcxt in which they can learn the impacts of new tec~’mlogies or ideas on
then. hfestyle choices. This study was designed to reflect back to participants the impact of
a hmated range vebacle on their lifestyle. We used a number of methods to encourage this
refleclaon and learning, including travel diaries, maps of household activity locations and
reflexive questioning. The reflexive questmns refer back to the diaries, maps and earlier
questmns m the survey to link vehicle choices to real elements of the household’s life. This
study was designed to both educate particlpants on the design features of electric vehacles
and the effects of a daily range budget as well as home and away-from-home recharging on
then" hfestyle as we would expect in a real purchase sltuaaon.

Overview of the survey instrument

Tins survey was divided into four parts and was designed to be completed over several
days to encourage critacal evaluatmn of the options. A copy of the entn.e survey (except for
the video and maps) is included m Appendm A. The four parts are summarized below.

Part One, Initial survey of household vehicle holdings, purchase intent_tons for next
new vehicle, demographics, and environmental attatudes.

Part Two: Three day travel diary for two primary household vehicles, a map on which
the household plotted then. actavity locations, and a survey of the travel and
refueling patterns of the two primary drivels.

Part Three: Information video and reprinted articles from major media that explain and
demonstrate distmct refueling and recharging routines, emissions and other
new features of compressed natural gas, battery powered electric, hybrid
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Part Four:

electric and neighborhood electric vebacles. References for the reprinted
articles are given m Appendix B.

Household is presented with two Choice Situations for their next vehicle
purchase. The Fast situation is a test of the hybrid household hypothesis. The
second situation develops a more detailed picture of market segments for
elecmc vehicles. We explain this section in greater detail immediately below.

Vehicle Choices in the iTS Survey

The automotive market place is complex, with a broad range of vebacle brands, body styles
and models° The trend is toward increasing &versity with each new model year. Tbas
complexity is increased greatly by the introduction of altematave-fueled vehicles. They
introduce entirely new lines of market segmentation. We use the following terms
throughout this discussion mad tNs report to dlstangulsh between vehacles and market
segments for those vebacles:

Vehicle type refers to the type of propulsion system, i e., electric, gasoline, or natural gas

Body style refers to the shape and design of the body, e.g., sedan or mimvan.

We include two Cholce Situations m Part Four of the questlonnatre. Each ~s constructed as
a dastinct experiment. Situation One is designed as a robust test of the hybrid household
hypothesis. It makes relatavely few assumptaons about EV technology or future markets for
vehicles. It is a choice between a conventional, gasoline-fueled vehicle and a hmited
ranged, home recharged, electric vehicle. This is a simple test to see how many households
select a limited range vebacle as their next vehicle. Situation Two is designed as one
plausible market scenario that could occur m the next five to ten years. That market includes
slx vehicle types: reformulated gasoline, compressed natural gas, hybrid elecmc, two types
of freeway capable battery electric, and a neighborhood eIecmc. Because it is much richer
in detail, this scenario rehes on many more assumptions than does Situation One. Tt-as
richness of detail though allows us to build a more detailed maage of market segments
defined by vehicle types, body styles, and driving range.

In both scenarios, we offered electric vehicles only in the body styles we expect them to be
offered m during the next few years. These EV body styles include sports cars, small
sport-utihty vehicles, small (sub-compacts) sedans, compact sedans, mad-size sedans and
minivans. Gasoline and natural gas vehicles were offered m the full range of body styles,
including full sazed sedans, pick-ups, vans and sports utltlty vehicles

Part Four of the questmnnmre included two booklets, a Price-Workbook and an Answer
Booklet. The Price-Workbook contains eight vebacle brochures, one for each of the two
vehicle types in Choice Situation One and one for each of the six vehicle types in Choice
Situation Two. Each brochure is a two page folio One page is a descriptmn of the vehicle
type and the other is a one page price sheet. The price sheet is formatted as a table of body
style and vehxcle opraons, as well as prices. Participants recorded their vebacle choices In
the Answer Booklet. Part Four ends with a few final de-briefing questions about household
decision strategies and post-survey perceptmns of EVs.
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It is important to understand that the choice experiments are not intended primarily to be
forecasts or pre&cuons of future vehicle market scenarios. They are intended to maximize
the informataon we gain about household response to driving range hrnits and home
recharging. As such, the differences and sinnlarifies between vehicle types expressed m the
choice experiments are a blend of existing, expected, and experimental design features. For
example, it is both an existing and expected feature of electric and natural gas vehicles that
they will have shorter driving ranges than gasohne vehicles. It is part of our experimental
design that we have lumted natural gas vetncles to ranges that are shorter than those already
demonstrated for some natural gas vehicles.

As an example, the reformation contained m the Price Workbook brochure for the elecmc
vehicle offered in Choice Sltuataon One is shown on the next page. The associated pnce
sheet is shown on the following page. All brochures for all vebacle types have a moderate
promouonal tone, drawing attennon to the distract features of each vetucle type.
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Electric vehicle

(EMscnptton provtded m Chotce Sttuatton One.)

Recharging: Do most of your refueling at home; no gasohne on your hands or fumes.

Slow charge 110 volt wall socket (8-10 hours if batteries fully discharged).

OR

Normal charge Install a 220 volt (2-4 hours if batteries fully discharged) circuit and
outlet m your garage, carport or driveway of your home, condormmum or apartment.
Utility rebates available for installing new circuit.

Optional Fast charging: Recharge up to 80% of your battery in around 20 minutes at
specxal fast charge stations.

Optional Solar: panels for roof and hood provide 10 extra miles on sunny days or can
extend range by offsetting air-conchtioning load.

Electricity Costs: 1-2 cents per mile, when charged at night,

6 cents per mile for daytime charging

Battery pack options:

Type Y: 80-100 miles per charge depending on model, (replacement cost $1200).

Type 2: 100-120 miles per charge depending on model, (replacement cost $2000).
New range instrumentation: Indicates how many miles are left on the vehicle. "Smart
Instruments" estimate range based on how you drive.

Drive train: 120 horsepower, 3 phase, alternating current motor (no translmsslon xn
electric velucles)

Top speed: 80 mph (speed is governed at 80 mph to reduce dram to batteries)

Acceleration: 0-60 in 10 seconds (some sports models faster).
Air conditioning: Interior of vehicle pro-cooled or heated while recharging.

Option: Heat-pump, high efficiency air conchtioning
Maintenance: Battery and check up service each 10,000 miles Battery life estimated at
25,000 miles

~’arranty: 2 years or 24,000 miles warranty on electronics, 8 year or 100,000 mile
warranty on motor and drive trmn, 25,000 mile warranty on batteries.

Meets Zero Emissions Vehicle requirements for State of California ($4,00(}
tax credits)

No smog check required

Economy models come with AM FM radio, pro-cooled and heated seats.
Standard models come with AM/FM and Cassette, anti-lock brakes, drivers air-bag,
power windows and cruise control.

Luxury models come also with CD Stereo system, heat pump climate control, dual
mrbags, all power accessories, sunroof, keyless entr3,
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Table 1" Electric Vehicle Price Sheet from Choice Situation One

Body Sports car Compact Small Small Compact Mid-size~ Minivan
Style: two-seater :~plc~,Up ~] sport-utility f~,,sedan ~-i~ sedan o

O

Choose economy, standard or luxury
(air condmoning included in luxury model)

Economy $17,000 -$ amoo,$14,000 ~$14,oo&,$17,000 ,$19~000.; $19,000
Base price O O O ~ ~o~ O O
Standard $20,000 $17,000 $1~,000~ $20,000 $22~09.~$22,000
Base price o o o o
Luxury $24,000 $20,000$21,000 $21~;000 $24,000 $26,000 ~ $26,0O0
Base price O O o O
Tax Zero Emission Vehicle Tax Rebate: Subtract $4000
Rebate from base price above

Choose battery type / preferred range option

Type 1 100 r~fles 80,miles 80 redes 100 miies l lOO miles ,80 miles .~ 80 mttes
standard O O

?
~0 0 O, o

eqtuipment
Type 2 120 mdes 100 miles ~ 100 m=les 120 miles- 120 m;les t00 miles i100 miles
ba~ttery $8oo $800 $800 $8oo $800~~ $8O0

o O O 0 O O O

Choose options
(heat pump atr conchtiomng standard for luxury model)

Fast $900 $900 $900 $900 $900
charge O ’O O o O
setup
solar $1200 $1200 $1200 $1200 $1200 $1200 $1200
panels o O O O o O o
setup
Four door not not not $1000 $1000 $1ooo " not

apphcable applicable apphcable O 0 -~ apphcable
Wagon or not $8oo , not ~-.$800 $10oo , ,slooo o not
extended apphcable O apphcable ,0 O O apphcable
cab
heat pump $800 $800 ", $8OO $800 $8OO $8O0 $800
al}r o o O O O o
condition

Please add your base price, subtract tax rebate, and add opt=ons.

Total price of your package $ .00
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Vehicles Prices in the Choice Situations

Another difficulty in designing EV market stu&es is that the prices at which electric
vehicles will be sold in the future are extremely uncertain. The price of a single vehicle will
be a complex function of development and production costs and total vehicle sales. These
in turn depend on the precise performance charactenstacs of the EVs being offered for sale.
Longer range electric vehicles will cost more to build, will therefore be priced higher, and
likely will be sold in minimal numbers. Imphcit m our prermse that the market for EVs can
be segmented by driving range is the assumptaon that many more, lower cost, shorter range
EVs can be sold than indicated by previous research. In order to focus on consumer
response to driving range and home recharging, we designed choice situations in which all,
vehicle’s prices are roughly comparable. With the excepUon of optional equipment and
replacement costs of batteries, the base prices of all vehicles m this study are made
equivalent through purchase incentives for ultra-low and zero emission vehicles. Thus
respondents had httte incentlve to choose between vehicles based upon price alone.

One potentaal criticism of this study may be that we have priced EVs too low. The pnce of
EVs Is a central issue in the ZEV debate, but it is a highly uncertain and politicized variable.
Some auto companies claim that electric vehicles will be priced at much more than the
$4,000 price differential between gasoline and regional electric vehicles we use in this
study. Most of this concern comes from the currently tugh price of batteries.

We counter krus argument thus. The cost, and therefore price, for an EV is related to
driving range. The technical features and performance levels we offer m EVs are in many
cases very modest, and well within the capabihties of existing EV and battery technologies.
For example, we define range classes of "neighborhood" and "community" EVs that are
modest in terms of their range and performance; several examples of such vehicles are
already on the road. We see little reason for such vehicles to persistently cost any more than
gasoline vehicleg of comparable body styles (We note that neighborhood EVs are offered
to respondents at prices very much lower than any other vebacle type.)

Thus, by examining whether the market can be segmented by range, we design a study that
both focuses on driving range and speaks to the issue of future prices for EVs. If we
demonstrate there exists a viable market for shorter range EVs, then the discussion of
prices for those vebacles (under con&tions of large-scale production) is made much less
speculative. The technologies to bmld those vebacles, and then" prices, are better known
than those of the hoped-for super battery.

The prices of gasoline and reformulated gasoline vehicles presented in the study are based
on average prices of a sample of gasohne vehicles in each vehicle s~e class. We used price
data from the 1992 model year (Automotive News Market Data Book, 1993). For example,
we took the average base price of the five best selhng compact sedans in 1992 to provide
a standard price for the compact gasohne and reformulated gasoline sedans All vehicles
were offered with economy, standard and luxury option tevels to reduce bias based on the
perceived image of any class of vehicles That ~s, we did not want responses bmsed by the
possibihty that compact cars are generally percmved to be "economy" cars. Differences
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in prices between option levels were also calculated based on 1992 prices. The pnce of
options such as six cyhnder engines, atr-conchtlonlng, automatac transmissions, etc., were
also based on 1992 prices. No vehicle brand names were uzed.

The base pnce of electric, hybrid, and compressed gas vehicles were higher than gasohne
vehicles of the same body style (see Price Work Book in AppendLx A to see all prices). 
offered "ZEV" or "ULEV" cre&ts that largely offset the tugher offered purchase prices,
thus equilibrating the final purchase prices of electric, natural gas, and gasoline vehicles.

The use of purchase incentaves was meant to communicate a plausible scenario. We found
in previous studies that many respondents had heard that EVs are expected to be expensive,
so these participants already expect higher pnces. We explain that those prices reflect early
market costs and that the government may play a role m fostenng development of the
market by attempting to mitigate the initlal purchase price penalty of new vetucle types.

The replacement prices of lead acld batteries for neighborhood and community electric
vehicles m S1tuataon Two are based on prices and recychng value of currently available
lead-acid, deep-&scharge battenes. The replacement costs of advance lead acid battenes
used m the EVs in S~tuation One are based on expected pnces for Horizon advanced lead
acid batteries and their expected recycle value. The replacement costs for the batteries m the
regional electric vehacles m Situation Two are based on expected mass producuon prices of
Ovomc’s mckel metal hydride battenes and their expected recycle values.

Perceptions about EVs before and after the survey

Because of the large amount of informatton we provided to our respondents, we wanted
to gather some sense of the impact of that reformation on then" general perceptions of
electric vebacles. The process of completing their travel &anes and maps, reviewing the
informahonal material, and completing the choice exercises generally Improved respondents
opmmns of EVs.

We asked participants at the start and end of the survey to respond to a number of
statements about EVs. They were asked to in&cate whtch statements best matched then.
opimon of EVs. Multaple responses were allowed. Their responses are tabulated m Table 1.
On the whole, respondents were more hkely to believe EVs will work with a htfle planmng,
will be clean and will be cheap to operate after the survey than they were before the survey.
In Part One, 58 percent of our sample of potentml hybrid households beheved tEVs would
work with a little planmng. After they had completed the survey, 70 percent thought so.
Sixty-eight percent thought "’EVs are clean cars" prior to the mmn survey, 81.5 percent
thought so afterward Opiruons of EVs’ speed and performance also improved, though not
as dramatically Only a tiny fraction of respondents felt "EVs are a bad idea", either before
or after the quesUonnaxre.

Ad&tional informauon regarding electric vebacles unproved general perceptions of EVs.
Th.ts speaks to the possible changes and improvements m consumer response to EVs as
more informauon ~s made available to consumers In the remaxmng time between now and
the year 1998
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Table 2: initial and post-survey opinions of EVs

Frequency m Part

, Answer: , One pre-survey

EVs are a bad idea 9

EVs would work with planning 264

EVs are small cars 156

EVs are cheap to operate 101

EVs are. clean cars 310

EVs are not powerful 172

EVs are fast cars 9

EVs pollute like any other car 12

EVs are just golf carts 34

Never heard of EVs 5

Know ver~, httle about EVs 183

Frequency m Part
Four post-survey

15

316

118

181

370

146

34

12

30

Note: - not asked at end of quesuonna~re
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SAMPLE DESIGN AND SELECTION

We selected households we believe belong to the largest and most likely group of potential
hybrid households. Our selection criteria were that households: own two or more vebacles;
buy new vehicles; own one 1989 or newer vehicle and one 1986 or newer vehicle; and at
least one of their vehtcles not be a full sized sedan, van, sport-uulJty vehicle or pick-up
truck. The ages of recruited particlpants were matched to the age distribution in the
Cahfornia new car market. We sought to fill quotas for minivans, sports utility vehicles,
and sedans based on recent proportions of those vehicles in the California market. Also, we
matched the spht of foreign and domesuc makes, 50-50 m California, of the most recently
purchased vehicle.

A total of 740 households were recruited by 8 market research firms in 6 metropolitan areas
of Califorma: the San Francisco Bay Area, Sacramento, Fresno, Santa Barbara, Los
Angeles and San Diego. Participants were selected by each market research ftrm from their
own data bases to fill our survey quotas. Each fu’m then contacted the households to see if
they would be wilhng to participate ,n the study Pamclpants were offered an incentive of
$50 because of the Ume demands of the survey and to keep the study from being biased
toward those interested m the subject.

Percentage of participants to complete survey

Of the original 740 households we recruited, 454 completed the study. Between 60-80% of
the recrmts from each market ftrm completed the study except for one fm-n was unable to
deliver more that 35%. To compensate for that low rate of completion, a second round of
recruiting was contracted for the Los Angeles and Santa Barbara areas. The final,
composite response rate was 61%. The relatively high rate of completion ,n this study g~ves
higher confidence that the sample was not biased to those interested m alternative fueled
vehicles

How representative of the market are those who completed the study?

The sample selectaon criteria we use to identify potentzal hybrid households are different
from those used in any other study of the market far light-duty vehicles. Because of this, it
is chfficult to establish how our sample compares to other households that buy new cars. It
is even more difficult to determine how our potential hybrid households compare to
households who buy only used cars. The greatest difficulty is establishing what percent of
the total market for new hght-duty vehicles our sample of potential hybrid households
represents° Because of the importance of thls last problem, we present several comparisons
of our sample to those m other studies.

In the next few paragraphs we present various demographic measures of our sample and
compare them to two other stu&es of the auto market, an R.L Polk study of new vehicle
reglstrations m 1992 and a nationwide Newsweek survey of 13,692 new car buyers
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conducted in 1990. We also make some comparisons to the naUonal sample of households
in the Nationwide Persona/Transportation Survey (NPTS). These comparisons provide 
sense of how our sample of new car buyers compares to samples in other studies of the
total fight-duty vehicle market.

Life ,cycle

This is a study of households. One comprehensive measure used in transportation research
to capture the effects of different household structures is the life cycle. The most sigraficant
aspects of life cycle measures are the number, age, work or school status and family
relationships of people in the household. We adapted the 10-category life cycle measure
used by the Nationwide Personal Transportation Survey (NPTS). In our sample, only 6 
the 10 categories have an appreciable number of households in them because of our
samphng scheme and the correlation between life cycle defmkions, income and vehicle
ownership. Our sample contains very few households of single adults--with or without
children. We make one modification to the NPTS definitions. We distinguish households
of adult children living with thetr retired parents from other types of all ad~t households.
Figure 1 below shows the distribuUon of the ITS survey respondents across life cycles.

Figure 2: Life cycle distribution of the ITS-Davis sample

Adults w/t~ecr parents

2 + adults, >65, no chJlcl

2 ptus adults, chgd > 16

2 plus adults, cht~d 6-16

2 plus adults, chzld < 6

smngle adults w/chdd

2or more adults, no chdd

sn gle adult~ no chtld

i
m

m

|
0 5 10 15 20 25 30 35

Percent of households
4O

Note The age categories for chddren refer to the age of the youngest chdd m the household
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The life cycle distribution of our sample does not appear to precisely match that of the
Newsweek study. However, the differences are small and the same general distributions
are evident in both samples. In the Newsweek study, people were asked if they were
married; we do not specify whether the adults in the household are married or not. Also,
the ages of children used to distinguish dafferent life cycles are not the same in both stuches.
Still, households of two, non-retired adults with no children at home make up the largest
group in both samples. They account for about 37% of our sample and 32% of the
Newsweek sample. While households of two adults whose youngest child is less than 6
years old consUtute about 18% of our sample, households of married adults whose
youngest child is less than 6 years old made up 10% percent of the Newsweek sample.
Households of two adults whose youngest child was between the age of 6 and 16,
incluswe, were about 18% of our sample; households of married adults wlth children
between the ages of 5 and 17 constatuted 17.3% of their sample. Households of adults
whose youngest child living at home was older than 16 made up 14% of our sample;
roamed adults with children 18 and older made up 9.1% of their sample. We conclude
overall though that our sample is similar to the much larger (and national) Newsweek
study. Nothing about the life cycle distributaon of our sample appears so chfferent that it
would lead us to beheve our sample is not representative of households that buy new cars.

The age distributions of file female and male household heads in our sample are shown in
Figure 2. The median age for women in our study was 43 and for men, 45. The median
age of all people in the 1990 Newsweek study was 44.6. That study reported only the age
of one person in the household.

Ftgure 3: Age dIstributions of heads of households in ITS-Davis sample
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Household income

We believe our sample accurately reflects the incomes of multi-car households that buy new
cars. The median income reported for our sample was $60,700. This does not compare
closely to the Newsweek study that reported a me&an income of $48.000. However, that
study included one ca,," households, nearly half (47%) of whom had incomes under
$30,000. Only 5.5% of our households had annual household incomes less than $30,000.
Seventeen percent of all the households in the Newsweek study earned under $30,000 per
year. While it appears the average household income is higher in our sample, the &fference
is largely attributed to the absence of one vehicle households in our sample.

Figure 4: Frequency distribution of household income in the ITS-Davis sample, 19935
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Current Vehicle Holdings

One of the primary household selection cntenon for th~s study was that households own
two or more cars. In Table 2 below, we compare the number of vehicles owned by
households m our sample with household vehicle ownerslup in the sample of new car
buying households in the Newsweek study and the national sample of all households m the
NPTS. The NPTS data includes all households, not just households that buy new cars
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Table 3: Household vehicle ownership for three samples

Number of Vehicles

Sample: None One Two Three Four or more

ITS -Davis 0% 0% 67% 23% 10%

Newsweek 0% 23% 40% 19% I7%

1990 NPTS 11.5% 33.7% 37% 17.3% (three or more)

Clearly, we have sampled households that not only buy new cars, but currently own
more cars than either the national sample of new car buyers in the Newsweek study or
the national sample of all households in the NPTS. (The Newsweek sample contains 
higher proportion of households that own four or more vehicles.) This is likely due to our
additaonal selection cnteria on the age of the vehicles. The newest vehicle in our households
could be no older than a 1989 vintage vehicleDfour years old at the time of our survey.

In Table 3 we compare the body styles of the vehacle holdings of our sample with the
distnburaon of new light duty velucle registrations m 1992. We did not have access to a
more recent version of the Polk report, but the data are no more than two years older than
the data on the vehicle holdings of our sample. Still, since there is a trend toward greater
sales of sport-utility vetucles and minivans to all households, it seems that our sample
owns fewer of these vehicles than we n~ght expect. Still, the differences appear small.

Table 4: Comparison of vehicle body styles m ITS-Davis sample to new vehicle
registrations

Sample:

ITS -Davis

1992 new vehicle
registrauons for Cahfomia1

Sedans and
sports cars

Body Styles

Sports utility
and minivans

Pick-ups and
full sized vans

72.5 %

66.2%

11.5%

14.9%

16%

16.9%

1 Source R.L Polk, I992

PA GE 35



THE HOUSEHOLD MARKET FOR ELECTRIC VEHICLES

Table 4 and 5 compare the distribution of domestic and foreign vebJcles makes in our
sample with that of new 1992 vehicle registrauons. As in Table 3, the vehicle registrations
data are from Polk. While the sample of domestic makes is slightly skewed toward Ford
vehicles, this is due to the nature of the data base of one of our market research firms. The
bias is slight, and overall the makes of vehicles owned by our households are distributed
similarly to the &stribufion of all vehicle registrations m 1992.

Table 5: Distnbution of domestic makes in the ITS-Davis sample compared with
distribution of registrahons of new domestic hght duty vehicles in CA

Domesuc Manufacturer

Sample: GM Ford ChrysIer Total domesUc

ITS-Davis 18% 26% 8% 52%

All 1992 CA 22% 21% 10% 53%
Reglstrauons

Table 6: Distribuhon of foreign makes in the [TS-Davts sample compared with
distribution of registrations of new foreign light duty vehicles in CA

Foreagn Manufacturer

Sample: Toyota Nlssan Honda Other Total foreign

Davis study 15% 8% 13% 12% 48%

All 1992 CA 14% 7% 10% 15% 47%
Registrataons

We conclude that our sample of potential hybrid households meets the original sample
selection cnteria we set. We conclude that the national NPTS sample is not an appropriate
basis from which to detemune what pomon of the market for new cars our sample
represents. Further, we conclude that, while neither is an ideal source, the Newsweek
study and the Polk registrataon data will provide an adequate basis to provide an lmtial
estimate of the proportion of the hght-duty vehicle market our sample represents.
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HYBRID HOUSEHOLD HYPOTHESIS - IS IT SUPPORTED?

Choice Situation One is the most robust test of the hybrid household hypothesis. It is a
fairly simple scenario in which we make relatively fewer assumptions. The scenario
contains a simple choice between moderate range electric vehicles---80 to 120 rniles--and
conventional gasolme fueled vehicles. Prices of the vehicle types are made comparable
through purchase incentives, yet still reflect that there may be potent.tally higher purchase
costs for EVs. Participants are not offered elecmc vehicles m full sized body styles.

We hypothesized above, that over a long period of time, the hybnd household hypothesis
would predict that roughly 38% of our sample of potential hybnd households should
choose an electric vehicle in any given year. The results in Figure 2 show that even more
households choose an EV than the hybrid household hypothesis prechcts. Almost half of
our sample, 46%, said they would purchase an electnc vehicle as then" next new vehicle.

Figure 5: Percentage of households choosing EVs in Choice One

us d
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Competing explanations of EV choice

The hybrid household hypothesis predicts that 38% of our sample will choose an EV. We
observe that 46% of our sample does so. Thus the hybrid household hypothesis exptains
about 83% of observed vehicle type choices Below we present a discussion of why more
households chose EVs than the hybrid household hypothesis alone predicts. We present a
series of charts that show the relative effects of household attitudes and demographics on
vehicle type choice. In each chart, we show how many households chose EVs or gasohne
vehicles. If these other variables do not affect vehicle type choices then we would expect
the ratio of EV choosers to gasoline choosers for each response level of these attitudinal
and demographic variables to be the same as the overall response rate across all levels and
equal to the proportions predicted by the hybrid household hypothesis--38% EV to 62%
gasoline. S~gnificant dev~auons from this ratio would indicate these other variables are
affecting vehicle type choices.

Initial Likehness to BUy an EV

Of all the variables to compete with the hybrid household hypothes~s as explanatory factors
of EV and ICEV choices, the existence of a prior wllhngness to buy an EV is the strongest
alternative explanaUon. Prior to presenting any mformaUon about elecmc veb-~cles or
choices of elecmc vehicles, we asked respondents the following question:

Question 1.20. Gtven what you know about electric vehicles, if an electric car
was available to buy next time you buy a car, how likely would you be to purchase
one, if it were the same price as a gasohne car?

(1) Very unlikely (2) unlikely (3) not sure (4) likely (5) very 

Responses to this quesuon, cross-tabulated by the choice of an electric or gasoline vehicle
m Situation One are tUustrated in Figure 6. The number at the top of each column is the
total number of people m that response category° The shaded area within each column
shows the propomon of those people who chose an EV. The line across the chart at 38%
indicates the proportion of EV choices predicted by the hybrid household hypothesis For
example, we see that 67 households stated they were very unlikely to buy (1) an EV in Part
One of the quesUonnaire. Of these, only 25% chose aa EV m SituaUon One. This is tess
than the 38% predicted by the hybrid household hypothesis.

The figure shows that initial likehness to buy an EV had an effect on subsequent cho:ce of
an EV. A very Ngh percentage of those who felt they were likely to buy an EV chose an
EV. A very high percentage of those who felt they were unlikely to buy EVs, chose
gasohne vebacles. We note though, that nearly half our entire sample was undecided (3),
yet even among thas group, the ratio of EV to gasoline choices exceeds the pred~ctlons of
the hybrid household hypothesis. While a pre-disposiuon to buy an EV indicates a strong
likehness of choosing an EV, st does not appear as ff even a moderate pre-dlsposit:on to
buy an EV is a prereqmsite for choosing an EV.
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Figure 6: Initial willingness to buy an EV by vehicle type choice in Situation One
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Environmental Attitudes

In adchtaon to pre-conceptions regarding EVs, more general environmental attitudes have
been used in attempts to identify market segments for EVs. In order that our measures of
envtronmental attitudes would be most comparable to those in other studies, we asked
people about these attatudes m Part One, before they had completed their travel d~arles and
activity maps, before they had seen the reformation on electric and natural gas vehacles, and
before they had completed the choice exercises.

We present here an analys~s of the effect of two measures of "’env~ronmentahsm" on
choices between e!ectnc and gasohne vehicles m Situation One. The first measured how
important people beheve environmental problems are compared to other problems. Rather
than a stmple scale of "importance", we asked people to md~cate the degree of hfestyle
change they believe they must make to solve environmental problems. The responses to
this questaon are cross-tabulated by choice of vehicle type m Situation One. The data are
presented in Figure 7. The text of ttus question was:
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Question 1.12. How would you characterize your feelings about the world’s
environmental problems ?

1. The biggest crisis and challenge of our times. The solutions requtre immediate
intkrnational effort and major changes m our economies and lifestyles.

2. Among our biggest problems. The solutions require cooperation of government and
citizens. Time to reconsMer our lifestyles and make changes.

3. Environmental problems extst, and need some affentton, but are minor compared to
other problems in our world.

4. Environmental problems are not an important problem. There is no need to change
the way we live.

Fagure 7: Lifestyle changes to solve envlronmentar problems by vehicle type choice in
Situation One

100%
54 272 117

1 2 3

Electnc [] Gasohne

Note The number of households an each category ~s gtven by the number at the top of each column. Thzrty-etght percent ~s
the predicted proportion of EV choices under the hybrid household hypothesis
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The degree to which people felt the solutions to environmental problems will require life
style changes is correlated to their choice of an electric or gasoline vehicle. First, we note
that only 3 households inchcated they beheved environmental problems simply are not
important (Life Change = 4), so these people are dropped from Figure 7.. In Figure 7, 
see that a strong behef that hfestyle changes are warranted to solve envtronmental problems
is associated with a greater likeliness of choosing an EV. People who do not believe
environmental problems are particularly pressing are more ldcely to choose a gasohne
vehicle, though more than a third of these people choose aa EV.

Willingness to pay more for non-polluting goods

The second measure of environmental attitudes was willingness to pay for less polluting
products. In the quest~onna.tre, we asked the following question in Part One. Responses are
cross-tabulated by vehicle type choice in Situation One. The data are presented m Figure 8

Question 1.17. How much more are you wdling to pay for products which don’t
pollute compared to products whtch do pollute ?

0 0% 1. 3% 2. 5% 3. 10% 4. 20% 5. >_30%

There Is neither a stadsucally significant nor well-ordered relauonship between willingness
to pay more for goods that are less polluting and the choice between an EV or ICEV m
Situation One. Only the relauvely few people wilhng to pay virtually nothing more for non-
pollutang products chose EVs at a rate less than that prechcted by the hybrid household
hypothesis. Households wiling to pay as little as 3 percent more for less polluting products
chose EVs more frequently than predlcted by the hybrid household hypothesis

Demographics and Income

Age and sex of household heads had little systematic effect on choices between electric
and gasohne vetucles in SituaUon One. The average age of female and male heads of
households was not sigmficantly different between households that chose electric or
gasohne vehicles. There was no systematic or significant relauonship between age of
household heads and vehicle type choices. Households with younger female and male
heads of household were nelther more nor less likely to choose an EV than households
with older female or male heads of household. Many other studies have found that younger
buyers were more receptive to EVs than older buyers. We believe the reason our study
finds otherwise is that, once households take time to reflect on then" travel needs, the travel
patterns and vehicle purchase habits of young households make them less likely, though
not unlikely, buyers for EVs

PA GE 41



THE HOUSEHOLD MA RKET FOR ELECTRIC VEHICLES

Figure 8: Willingness to pay for green products and Choice One
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Note "l"he number of households m each category ~s gwen by the number at the top of each column 38 % ~s the pred~cte~
proporUon of EV choices under the hybnd household hypothes~s The response categories 0 to 5 are defined m the text

Neither was household income a s~gruficant variable in explaimng choices between electric
and gasoline ve~cles. Figure 9 on the next page shows there was no systemauc effect of
income on the choice between electric and gasoline vel~cles. In all income categories but
one, more households chose EVs than we expected based on the hybnd household
hypothesis. It does appear that a higher propomon of lower income households in our
sample chose EVs than the overall sample proporuort. Some of the higher income
households also chose EVs more often than the whole sample, but the highest income
households chose EVs only as often as the sample proporUon. The test of the hypothes~s of
independence indicates there ~s no statistically s~grfificant relationship between income and
choice of an electric or gasohne vehicle m Situation One.
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Figure 9: Household income by vehicle choice in Situation One
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Note The income categories are 10,000s of thousands of dollars The category number corresponds to the lower
hm~t of the category, e g., category 2 ~s $20,000 to $29,999 Category 10 ~s open-ended, $100,000+

The number at the top of each column indicates the number of households m that income category.

Why do so many households choose an EV?

The choices of our respondents mdtcates the hybnd household hypothesis is plausible. A
driving range hrmt on one vehicle is not a substantml barrier to the purchase of an EV by
our sample of potential hybrid households. In fact so many households chose an EV m the
chotce exercise, that their numbers far exceed our prediction We find there exists a hagh
level of pre-dispositmn to buy EVs across much of our sample, and this prior wilhngness
to consider buying an EV ~s associated w~th a greater llkeliness of choosing an EV m
S~tuataon One. A greater sense that ~mmedlate hfestyle changes are required to address
environmental problems ~s also assocmted w~th an increased hkehness to choose an EV,
but even those households who are relatively unconcerned about environmental problems
chose EVs at a rate almost equal to that predicted by our hypothes~s Neither w~lhngness
to pay more for less polluung products nor household income provide a systematic
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explanation of the high rate of EV choices. Age and sex of household heads are also
relatively uninformative.

We offer two non-exclusive explanations for why so many households chose EVs. First,
only after households have considered the hfestyle impacts of lirruted range and have been
given increased informatlon about EVs, do then" environmental attitudes begin to shape
vehicle purchase decisions.

The second relates to a possible artifact of our research design. It may be that more of our
sample of potential hybrid households chose an EV m the choice exercises than would
actually choose an EV for then" next vehacle. The tmmediacy of the survey process or the
newness of EV themselves may make households m&cate they would buy an EV for then"
next vehicle, when m fact, their EV choice would be delayed until some later time. In terms
of our assumptions, the long-term EV purchase rate may be proportional to the number of
velucles the households own (~t from page 40), but early in the market, across all potentml
hybrid households, they may buy EVs, or say they will buy EVs, at a f~ter rate than
imphed by our assumpUon.
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RANGE, RECHARGING AND BATTERIES

The decision to purchase a limited range vetucle is a new consideration for households. The
limited range of electric vehicles is considered by all researchers to be among EVs’ defining
features and by many to be a fatal flaw. We agree the range lumtataons of electric vehicles
are a central feature that will reduce then" market appeal for many users. We argue however,
that limited range is not a fatal flaw, but rather a new attribute on wbach the market for
vehicles will be segmented.

Moreover, previous research has not framed the response of consumers to limited range in
a sophisticated way. We argue that consumer response to hrmted range is conditioned by
many variables: the travel routines of households and the subsequent allocation of driving
tasks; and demand for home recharging, away-from-home slow charging (such as 
workplaces), and fast charging at special stations. Additionally, the instrumentation of
electric vehicles is still rudimentary--given the limited range of electric vehicles and the
differences m refueling locauons, range instrumentation will play a major role in consumer
responses to electric vebacle range.

Travel Routines of households and range selections

As stated in the hybrid household hypothesis, households’ travel routines and their abihty
to complete those routines will be central to decismns to purchase any type of limited range
vehicle. Wlth that stud, this next statement will sound somewhat contrachctory; while travel
routines are central to our study, in the sample we have chosen, differences m travel
routines between households have only a mimmal effect on vehicle type choices. The
reason for this (as found in many prior travel behavior studies, including those reviewed 
the Introduction of tbas report) is that seldom do any multi-vehicle households encounter
situations m which they could not access then- routine acUvity space using their fleet of
household vehicles----even if that fleet contains one hrmted range vehacle. That is to say,
rarely do households use all their vehicles s~multaneously to accomplish long range travel.

Providing a complete assessment of the households’ routine actwlty spaces is beyond the
scope of this study. However, we expect that so long as the vehicle holdings of multi-
vehicle households include at least one "unhmited" range vehicle, then vehicles wlth ranges
of 80 to 100 miles (as offered m Sltuauon One) would suffice for 90-95% of all travel days
for all such households We do provide the following indicators of the geographmal extent
of the routine actavity spaces of households in our sample in Table 7. As found m other
travel behavmr studies, the vast majority of households m our sample have routme and
important desmnations well w~thin the range of an electric vehicle.
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Table 7: Activity Space of Participating Households

Median one-way commute distance 10 miles

Ninetieth percentile of one-way 35 miles
commute distances
¢

Median distance to the cntacal 11 miles
destinationI

Seventy-fifth percenule of chstance to 23 miles
the critacal destination

Ninetieth percentile of distance to the 50 miles.
cnUcal destination

I The cntzcal destanatmn ~s an actlwty destmatmn the dnver feels they must be able to reach even ff an "unhmated" range
vehmle is not available Different households, indeed different drivers m the same household, wall have &fferent actzvmes
that define the cnttcal destination In general, the critical destmanon is some actw~ty locataon that ts central to defimng
the household’s hfestyle goals

Driver response to range information

In this section we explore the complexity of driving range. We demonstrate why we believe
that consumer preferences for range are a complex function of vehicle instrumentauon, the
intended use patterns for the vebacle, and the convenience of home refueling compared to
station refueling. This study was designed to allow drivers to reflect on these three aspects
of driving range.

Econometric studies conceptualize household preferences for driving range as a continuous
variable. Economemc models use continuous preferences for range to esumate consumers’
partial utdities for driving range, regardless of the fuel being used. Several of these stu&es
purport to show that consumers attach very high cost penalties to short range; esUmated
average penalues are often equal to the purchase price of the vehicle.

In our research, we found this approach to be erroneous for several reasons. First,
consumers usually have little experience with differences in range. Typically they have
owned and driven ordy vehacles w:th driving ranges equivalent to modern motor cars.
Those consumers who have experienced ranges &fferent from gasoline cars are most hkely
to have experimented with longer ranges in diesel velaicles or vehicles with two fueI tar&s
Lacking any basis m experience, households are tll-prepared to consider the effect of a
range limit. Respondents in mterv:ews and focus groups exhiblted responses to driving
range that in&cated they had no well-formed preference. Further, several households in our
statewide survey sample demonstrated they were unfamthar w~th the range of the gasohne
vehicles they now drive. Figure 10 illustrates the vehacle ranges that drivers m our study
reported for their vehicles. One-third of our sample reported implauslbly low ranges for the
veh:cles they have been driving for months or years.
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FigurE: 10: Perceived range of household vehicles in ITS-Davis sample
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We had previously found in interviews with car drivers that the driving range/fuel level
instrumentation of gasohne vehicles is relatively imprecise for day to day use and gives
them only an approxamate sense of how much fuel, and thus how much range, is left in the
tank at arty point m time. Extsting fuel instrumentation on most gasohne vehicles shows
fuel reserves varying from full to empty on an analog scale. Very few cars have
mstrumentataon that reports remaining miles of range. A few luxury vehicles now have th~s
added feature of d~gltal range instrumentation. However, they still use the same internal
float mechamsms in the tank as do cars eqmpped with analog gauges and therefore are of
dubious accuracy. We know of one such vehicle with a dagital range readout that s~mply
switches to a "low fuel" warning when the estimated range falls below 50 miles.

We highlight the importance of experience with short range by examining driver
information about fuel levels m their current gasoline cars and their responses to that
mformaUon. Most current fuel gauges adwse drivers to refuel either by an inchcator
warmng hght that flashes on at a low fuel point or simply by an needle entering an "empty"
indicator range on an analog dial. Five hundred thirty-four drivers in our study (59% of
drivers) reported they have a low fuel warning light in the vehicle they most often drive.
We asked these drlvers how many miles they thought they could stall travel when that
warning light comes on.

,, 25% thought there was less than 15 miles of range on the vehicle
¯ 25% thought there was 16-30 miles of range on the vehacle

,, 25% thought there was 31-45 miles of range on the vehicle
¯ 25% thought there was 46-80 miles of range on the vehicle

In adchuon to the wide range of behefs about how much range is left on a gasoline vehicle
when the low fuel indicator hght goes on, these drivers showed a wide range of responses
to that information. We asked both primary drivers m the household when they typically
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refuel. The responses of those drivers who had low fuel indicator hghts are shown in
Figure 11. Fewer than 15 percent of these drivers use the information provided by the low
fuel indicator hght to determine when they typlcally refuel. Some parUclpants try to
circumvent the limited accuracy of current range instrumentation by using odometer
readings and an estimate of their fuel economy to determine when to refuel. However, the
vast majority of these drivers, and of drivers who do not have a low fuel indicator light,
refuel when their analog gauges indicate they have one-eighth or more of a tank of gas left.

Herein lies the &fficulty in assuming people have formed a preference for driving range
that encompasses the driving ranges of EVs. Based on their assessment of when they
refuel, most drivers refuel then" cars when they have between 40 and 80 miles of range
remaining. The instrumentation on then" vehicle makes it difficult to do otherwise. They are
looking to replenish their range back to its full amount, at just about the distance at which
an EV (based on current technology) would still be somewhere between half and fully
charged. TNs clearly indicates very few drivers have experience operating their gasoline
vehicles with the same types driving range as EVs will h~tve, even when fully charged.

Figure 1 1: Refuehng behavior of dnvers in the ITS-Davis sample
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hght first flashes

use tnp odometer and
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We see a need for much more accurate range information being provided to drivers of EVs.
To explore the effect of improved range information, we aSKed respondents to imagine their
own vehicles were equipped with accurate, digital gauges that provided information on the
number of miles of travel left in 1 mile increments. We then asked them to consider
refuehng in a variety of situations. We learned that the point at which people refuel is not
just a function of distance, but also of familianty with the area or region in which they are
driving and their proximity to home.

If people are close to home or are in a familiar area, then on average they would wmt until
there were only 25 miles worth of gasohne left before refueling; half the sample would walt
until there were only 10 miles left. In an unfamiliar part of town, the average driver would
refuel wlth 42 miles left; half would walt until only 30 miles range remained. Lastly, if they
were driving on a long highway trip and did not know how far It was to the next fuel
station, the average driver refuels with 68 miles of range left; half would wait until only 50
miles rem~uned. Based on these, it is clear the fuel tank capacity, reserve range and exasting
range instrumentation of gasohne vehicles are clearly designed for long-distance, highway
travel situations, not for around town driving m which more accurate instrumentation and
knowledge of daily travel routanes would figure more strongly. The singular issue for
gasoline refueling and preference for the range of gasoline vehicles is the intended use of
the vehacle--whether it Is intended for long distance touring or local and regional use.

Range Choices by Households in Situation One

The hypothetical electric vehicle choices m Situation One in Part Four of the questionnaire
included vehicles with ranges based upon types of batteries we expect to be available by
1998. The electric vehicles offered in Sltuataon One were designed with advance lead acid
battenes ha rmnd (see page 3 of the Part Four Price Work Book in Appendix A). The
battery prices used in the choice experiments were chosen after consultation with several
battery companies regarding expected mass production prices.

Situation One: Initial choices m a limited hypothetical market for EVs

In Situation One, respondents were provided only a limited selecUon of EV driving ranges..
We offered two battery options, a Type One standard battery pack that is included in the
base price of the vehicle. The Type One battery offered 80 miles of range in most vehicles,
and 100 miles of range in Sports cars and Small (sub-compact) Sedans. The replacement
cost, after core rebate, was given as $1,200. The optional Type Two battery pack offered
an additional 20 miles of range for $800 more than the Type One battery. The replacement
costs of the entire Type Two battery pack, after core rebate, was given as $2,000. The
intention of this price increment was to offer additional range at a l’ugh price, to see how
man), consumers felt an addiuonal 20 miles was very important. As seen m F~gure 12,
almost two-thirds of the EV choosers in Situation One choose the extra 20 miles of range
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Figure 12: Choice of battery type in Situation One

Type Two
63%

Type One
37%

Type One is the base battery, Type Two is the optional, longer range battery

In addition to a choice of two driving ranges, participants were offered a fast charging
opUon. We described fast charging as the abdlty to obtain 80% of a full recharge in about
20 minutes at special recharging stauons Current research indicates such recharging is
techmcally possible. This opuon was priced at $900. Tiffs is one example of an attribute
whose level we assigned based on the conditions and intentions of our experimental
design. We have no particular reason to believe that fast charging capability might actually
cost that much. However, we specified this pnce here simply because we wanted
consumers to have to make a strong commatment m order to get fast charging. If we had
offered it for free, there would be no reason not to take It, and therefore no reason for
households to reflect on whether they actually wanted it. In order to further increase their
reflection on tbas choice, ff the household selected fast charging, they were also asked to go
back to their activity map from Part Two of the questionnaire and indicate at least one
location on their map where they would like a fast-charging stataon to be located.

Overall, 70 % of those households that chose an EV as thetr next new vehicle also chose
fast charging. Choice of fast charging was strongly related to battery choice as shown m
Figure 13. Among those who chose the longer range, Type 2 batteries, 83% also selected
fast charging. Among those who chose the base Type 1, only 49% chose fast charging too.

If we look at the body styles choices of those who chose each battery type, shown m
Figure 14, we find that those who chose a mid-size sedan, compact pick-up truck or sports
car are more likely to have also chosen the longer range battery. Households that chose
small and compact sedans and small sport uuhty vehicles were more likely to stay’ with the
base Type One battery Buyers of numvans evenly splat on range choice.
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o

these services. T’ms data could be of use to ~hose promoting infrastructure
development.

FmaUy, one of the primary findings and underlying premises of this research is that
currently households are not well informed aboht electric vehicle technologies. We
recommend that in the interests of fulfilling the development of the markets described in
this study, that the state assist the design and implementatton a marketang campaxgn that
educates potential hybrid households about the potential benefits of electric vehicles and
fosters their exploration of the hfestyle implicauons of electric vehicles
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RECOMMENDATIONS

°

.

.

.

One assumption in our choice experiments is that EVs will be priced comparably to
gasoline, natural gas and other altemaave fueled vehicles. There are concerns by many,
including the OEMs, that EV costs will be higher. We recommend that the California
Air Resources Board investigate the probable pnces of mass produced EVs and identify
strategies to mitigate large price differences, if such differences are found to exist. If the
focus is upon reaching the 1998-2002 mandate years, we recommend that analysis
center upon the costs of small and compact vehicles with driving ranges from 60 to 150
miles and mid-size vehicles with ranges of 60 to 80 miles. We beheve we have
demonstrated there is sufficient demand for such EVs to exceed the mandated sales.
Given that, there is a need to support policy makers and inform consumers with the
evidence that such vehicles are technologically vmble and economically competitive
with gasoline vehicles. If the focus is upon reaching the mandated levels of 2003 and
beyond, our research suggests an evaluation of the probable prices of mass-produced
imd-size electric vehicles with driving ranges of 100 to 150 miles would provide
direction for contmued growth of the EV market in the next century.

Given the importance of understanding the nature of the stocks of vehicles that
households buy and own (at the household level, not some aggregate level) it 
important that data on household vehicle transactions and stocks be publicly available.
The single most uncertain aspect of this research is our estimate of the share of the
annual hght-duty vehicle market that our potential hybrid households represent. We
have had to construct what we beheve is a plausible estimate from two different
sources, neither of which is entirely satisfactory. We have been given some private
indications from researchers with access to proprietary data bases that our esttmate is
probably conservative. If our potential hybrid household segment does represent a
larger share of the market than we have assumed, then the market shares for EVs are
larger than stated in this report.

The many different possible designs of hybrid electric vehicles pose complex research,
pohcy and marketing problems. The issues of consumer response to hybnd electric
vehicles, whether a hybrid EV satisfies the ULEV or ZEV defimtions, and the
technological hurdles to buildmg a hybrid EV are all intertwined. We have only tested
household responses to one possible hybnd EV. At some point m the near future,
CARB may wish to investigate more carefully the impact of hybrid EVs on both the
hght-dut-y vehicle market and emissions. We have demonstrated m this survey research
the types of research techniques reqmred to assess both

Also, this report covers a smaIl port~on of the results of this survey. Our choice
expenments were designed to answer questions beyond those merely of market
segments for EVs. For example, we can assess demand for recharging under different
scenarios of recharging infrastructure development. These scenarios can include fast
charging at stations, opportumty charging at other away-from-home locations, and
home recharging. The survey included spatml, temporal and intensity of demand for
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Household market segments for EVs

Analysis of household life cycles inchcates that younger families in our sample are more
likely than other households to buy EVs while older households are less likely. Also, in
households with no children, households m which the heads of household are middle-aged
are more likely than other households wxthout children to choose an EV. We showed that
these changes are related to the defining purpose of the vehicle being chosen. Young
famihes are most likely to chose a vehicle whose defining purpose ~s to chauffeur children.
Sixty-two percent of households in winch the youngest child Is less than 16 years old and
whose defining purpose for the vehicle the selected in Situation Two was chauffeuring
children, chose an EV. Retired families were more likely to have assigned weekend and
vacataon travel to their next new vehicle, and therefore were more likely to have chosen a
gasoline or natural gas vehicle. Households m all life cycles that contained workang adults
were likely to asslgn commuting as the defining purpose of their next new vehicle. These
households were likely to choose an EV, but especially young families. Sixty-seven
percent of households whose youngest child was less than 6 years old and whose defining
purpose for the vehacle selected in Situation Two was commuting, chose an EV.

We make the following observation about the class of non-freeway neighborhood EVs
The life cycle groups that do, and do not, choose NEVs must be interpreted with care.
While we did expect households of middle age parents with children to be more responsive
to EVs (based on prior research), the low cost of NEVs confounds any expectations 
may have had based on household income. The apparent disinterest toward NEVs shown
by households made up of retired persons should not dissuade us from beheving that
households of retired people wdl be an important market for NEVs. These households m
particular highlight the tmportance of the specific community m which the NEV might be
used. Winle it is possible that retired households in our sample did not choose NEVs
because they do not foresee enlarging then" stock of vehicles and because they tend to
define the purpose of their next new vetucle as weekend and vacation travel, we have
documented elsewhere (Kuram et al, 1995) that within appropriate environments, retired
households will be important NEV market segments.
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Just as EV hobbyists and affluent environmentalists act early in the market, so to do some
electric utihties and government agencies suppomve of the emerging EV market. These
fleet buyers are important to build momentum and to insure the mandate level is met in its
first years. After waating for EVs to prove themselves rehable among EV hobbyists and
affluent greens, hybrid households begin buying EVs. Every year thereafter, the hybrid
household segment grows, eventually becoming the most slgmficant market segment.

Range and Body Style Market Segments for Electric Vehicles

None of the segmentation strategies that we applied to the households in this study were
as successful in identifying buyers of EVs as were two of our initial premises--identify
potenual hybrid households and segment the market by demand for driving range. We
defmed potential hybrid households to be those who own more than one vehicle, buy
new vehicles and own at least one vehicle that is not of a full-size body style. Within this
population a driving range hmit on one household vehicle is not an ~mportant barrier to the
purchase of an EV. These households do show wide variation in just how low that range
limit can be. The abihty and wilhngness of different households to chose electric vehicles
of different ranges defines market segments based on the technological feasibility of
supplying EVs to a sufficiently large market to meet the ZEV mandate.

In addition to driving range, vehicle body style will affect the ability of manufactures to use
erasting EV technology to provide the types and styles of vehicles our households say they
will buy. Across elecLric, natural gas and gasohne vehicles, mid-size sedans constitute the
single most frequently selected body style. Existing batteries will not provide the driving
range we offered in the longest range class of EVs m rmd-slze vehicles. So those potential
hybrid households that want a mid-size vehicle will either have to wait, or choose to buy a
smaller, or shorter range, vehicle. In Figure 24, these households would enter the market
later than buyers of smaller cars, or would join thetr ranks in order to buy an EV sooner.

Within a rich information context that allows them to become familiar with the novel
attributes of new types of vehicles and to reflect on the impact of those attributes on their
lifestyle choices, households demonstrate flexibihty and adaptabihty when faced with
choices of new vehicle technologies. Our analysis of the affect of body style, and the
intended use of the next new vehicle demonstrates that households will construct very
different household fleets of vehicles if offered an expanded array of vehicle types.
Households change the intended body style of the next new velucle and the defining use of
that body style choice. Households tend to choose smaller vehicles than they indicate they
would prefer. Yet this is not due to any onerous constraint ~mposed by the lack of full-size
EVs in the choice situations. The shift to smaller vehicles Is evident even in those
households that chose gasoline and natural gas vehicles. Households also assigned
different defimng trip purposes to the vehicles they chose. These shifts m intended use of a
vehicle were related to the type of vehicle chosen. A choice between a vehicle whose
defining purpose is to commute to work or school or to chauffeur chddren and a vehicle
whose defining purpose is to take weekend and vacation trips or to haul large loads
separates households that chose an EV from households that chose natural gas or gasoline
vehicles.
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main household market segrnentsmEV hobbyists, affluent environmentalists, and hybrid
households. We discuss fleets and other households secondarily.

Hobbyists, Affluent Environmentalists and Hybrid Households

We have already entered the phase where EV hobbyists and affluent, envirornnentahsts are
shaping the emerging market. EV hobbyists have been builchng EVs and converung
gasoline vehicles to electricity for years. Many of these people are not interested m buying
an OEM electric vehicle; building their own cars is what they do. But many others are part
of the entrepreneurial and consumer vanguard of the emerging EV market (Kurani and
Turrentine, 1994). They are not only early buyers of EVs, they are among the technological
innovators and business risk takers. Then" numbers are of course small compared to the
total market, but they are busy creating the future of electric velucles. AJso among the
consumer vanguard are affluent, environmentally conscious buyers. These consumers will
be very influenual m both promoting and ~llustraUng the use of EVs.

Figure 24: Our Concept of the PotentEal Development of the EV market

A Vision of How the EV Market Will Develop

Other household
segments and fleets

Hybrid Households

Affluent Greens
EV hobbyists

1995 [ ~ 2003 to 2010 ]
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We believe from the results of this study and prewous studies we have done, that it is more
important and more profitable to market less expensive battery-powered EVs capable of
traveling between 40 and 120 males than it is to develop more expensive battery-powered
vehicles with ranges m excess of 150 miles. The marginal utihty for electric vehicles with
ranges beyond 150 miles will be small so long as there are gasoline vehicles on the road
that have 300-400 miles of range. Therefore, so long as people persist in believing that EVs
must mimic the long range and short refueling times of gasoline cars, practical and
profitable EVs will elude us until new electric energy storage technologies can be
commercialized. However, we argue that the utility of short range, home recharged EVs
lies primarily in their complementary relation to gasoline vehicles, in the~ ability to provide
diversified transportation services in a hybrid household. Marketed as such, it appears to us
that both the state of the art in technology and consumer demand are adequate to launch the
market for ZEVs.

Households are the unit of analysis

We designed this survey to allow the household to participate in the velucle purchase and
use decismns. The choice of households as the umt of analysis has several corollaries.
Analysis of households implies the choice of the next new vehicle is made wlthm the
context of the household’s resources, including the vehicles it already owns. It imphes that
the value a household places on a vebacle being considered for purchase is partly a function
of the vehicles the household already owns, not.lUSt on the attributes of the vebacle being
purchased.

Do household members make decmmns together about vehicle purchases and use? Over 70
percent of the households m our sample indicated that more than one person in the
household was mvolved m the decismn-making process. The households most likely to
have only one person making the decisions were households of one adult whose youngest
child is older than 16. Do households consider then" existing vehicle holdings when making
ve~cle purchase decisions? The ewdence here is less direct, but the fact that households
will change from a preferred body style and will change the defining purpose for a
particular vehicle indicates they are considering not only what vebacles they own, but all the
vehicles the’,/will own once they have actually purchased then" next new vebacle.

An Image of EV Market Development

We present an image of the development of a market for electric vehicles m Figure 24. The
concepts illustrated are based the results of this survey and the preceding three years of
market research the authors conducted at ITS-Davm. We show conceptually how we
believe the market will grow through the increasing participation m the market for EVs by
new market segments over time The image we develop in Figure 24 is not a forecast. It is
a tool to organize the results of several different research projects we have undertaken in the
past four years. We do not put a precise time line on the development depicted in the figure;
the rate of development of the market is contingent on the marketing of technologies
assumed in this study and the promotmnal efforts of industry and govermnent to insure a
stable pohcy and market development context We will primarily address the role of three
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there are about 98,000 ZEVs sold m 1998, about half this many more, or a total of about
150,000 ZEVs, will need to be sold in the year 2003. If mid-size vehicles can be built that
have the range capabilities of our regional EVs, the market potential for electric vehicles
expands to between 13 and 15 percent of the light-duty vehacle market, or between 185,000
and 215,000 vehicles. Thus tins development alone would allow the ZEV mandate to be
fulfilled. If changes and improvements to energy storage technologies do not allow for
mid-stze electric vehicles with ranges up to 140 miles by the year 2003, then it would
appear that approxamately 50,000 EVs would have to be sold to market segments that are
not represented in tbas study.

Though we offered only one of many poss:ble d:fferent hybnd EV designs to our
participants, we note that if"range-extender" hybrid EVs are buitt, and sold as ULEVs, the
total electrified share of the light-duty vebacle market rises to between 16 and I9 percent

Validation of Hypotheses and Research Design Assumptions

The Hybrid Household Hypothesis

The basic conclusions of this study substantiate several of our research design hypotheses
and assumptaons. The hybrid household hypothests has been supported strongly by the
evidence in this study. Within our sample of potential hybrid households a driving range
limit on one household veNcle is not a s:gnificant barrier to the purchase of an EV.

To reiterate our definitions for readers who have passed over earlier sections, a hybrid
household is a one that combines electric and gasoline vebacles in its stock of vehicles. In
contrast to a hybrid vehiclemthat combines electric and heat engine drive systems m one
vebaclema hybrid household chooses two vehicles with different types of energy systems
and then must allocate household travel accordingly. We note that a household that chooses
a hybrid electric vehicle is also a hybrid household. For purposes of this study, we defined
potential hybrid households as those households who own two or more light-duty vehicles,
own at least one vebacle that is not a full-size vebacle, own relatively newer vehicles, and
buy new vehtcles We note thas definiuon specifically excludes several types of households
that may buy EVs. However, we beheve that the barriers to EV purchase and use faced by
the households that meet our selection criteria are inherently smaller than those faced by
households outside our sample. We discuss thts further m the following section on market
development. In fact, the responses to the survey indicate an even greater market share for
limited range, home recharged electric vehicles

The market for EVs will be segmented by demand for driving range

We have demonstrated that our assumptaon that the market for EVs can be segmented by
driving range is true. Any number of households opted for shorter range electric vetucles
when longer range EVs were ava:lable. Any number of households opted for a short range
EVs when long range gasoline vehicles were available. It is precisely this demonstrated
willingness of households to choose shorter range vehmles that opens up the market for
ZEVs to electric vehicles that can be bmlt and sold based on today’s EV technology
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CONCLUSIONS

The Market for ZEVs

Throughout our research, we have emphasized the role of fundamentally new attributes of
limited driving range, home recharging, and zero tailpipe emissions on likely consumer
response to electric vehicles. Given that emphasis, tlus survey was based on a mix of
assumptions. Some are grounded in demonstrated technologies. Others are based on
expected developments. Still others were chosen because they furthered our primary
cause--to understand how households that own more than one car are likely respond to
the nnx of new and famfllar attributes represented by EVs.

Based on our assumptions about our sample and on demonstrated EV technologies, the
results of our choice experiments indlcate there IS adequate consumer demand for electric
vehicles to meet or exceed the 1998 CARB mandate for the sale of ZEVs in Cahforma.
These vebacles include small (sub-compact) and compact sedans, wagons, sport-utility
vehicles, pick-up trucks and sports cars with ch’ivmg ranges of 60 to 150 miles and rmd-
slze body styles with ranges of 60 to 80 miles. Based on the conclusions reported here, we
believe that the potential market for these vehicles will be no less than 7 percent of the total
hght-duty vebacle market. Based on a projection of 1.4 milhon new hght-duty vehacle sales
m California m 1998, this represents the sale of 98,000 electric vehicles. This estimate does
not include any sales to commercial or government fleets, nor does it include any sales to
households who he outside our sample ofpotenttal hybrid households.

The mandate requires in 1998 that 2 percent of light-duty vehicles offered for sale be ZEVs
For purposes of the mandate, only light-duty vehicles whose laden weight is less than
3,750 lb. are subject to the mandate. Also, in 1998, only manufacturers who sell more than
30,000 vehicles per year in California are subject to the mandate. Again, using a total hght-
duty vehicle sales projection for the year 1998 of 1.4 million vehicles and adjusting for the
laden weight hmtt and the hmit on affected manufacturers, we believe the ZEV mandate will
require that no more than 20,000 ZEVs be offered for sale in 1998.

By the year 2003, the ZEV mandate requires that 10 percent of hght-duty vehicles offered
for sale m California be ZEVs. The same weight restricuon apphes, but all vetucle
manufacturers who sell more than 3,500 light-duty vehicles m California will also be
required to meet the mandate. To meet these higher sales figures will reqmre one or more of
the following: sales of EVs of the same body styles and range capabilities described above
to households that do not meet the definiuon of a potential hybrid household used m tb~s
study; sales of such vebacles to commercial and government fleets; or the development of
electrical energy storage technologies that allow the construction of mad-s~ze electric
vehicles with driving ranges up to 140 n-ales.

The slze of the market gap between sales of vebacles based on current technology and the
year 2003 requirement is about 50 percent of the projected ZEV market demand. That is, ff
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Summary of environmental responses

We believe only a small group of affluent, environmentally motavated consumers will be
able to purchase EVs if they are sold at high prices--a widely expected, but not necessary,
condition of the early EV market. Most car buyers we have interviewed in previous
research have already stretched their budgets to buy the cars they own. But as we have
discussed here and elsewhere, consumers demonstrate very posiuve attitudes towards EVs
and express a wilhngness to investigate the potential purchase and use of electric vehicles.
Once they begin these investigations, we beheve a significant number (indeed, most) 
potential hybnd households will find then" adaptaUons to EVs with driving ranges of 100
miles or less are so mimmal that the envn-onmental benefits will overshadow these rmnor
adjustments in travel. Thus while we do not expect most potential hybrid households to pay
high premiums, we do expect them to choose EVs over gasohne when all else is equal (or
nearly equal) to gain environmental benefits. The environmental attitudes expressed m this
study show that there :s broad support for the idea of zero emissions vehicles and a
government sponsored campaign to promote clean transportauon altemauves such as EVs

WhiIe affluent consumers can be counted on for a small percentage of sales of higher priced
vehicles m the early years of the market, efforts to create a green market should be targeted
at hybrid households The goal should be to provlde high quahty, high amenity, short
range electric vehicles at comparable prices to gasoline vehicles and to promote the health
benefits as well as the pracucality of electric vehicles to tbas market segment. The efforts of
government to support sales among this segment should be measured and constant, an
effort at a rehable parmerslup with a critical set of clients, a partnership not unlike that of
curbside recychng programs.

Several historical processes coincide w~th the introducuon of ZEVs. There is still
widespread behef that environmental problems are among our most important and
mmledmte ~ssues Envn.onmental problems are seen as so important that they warrant
lifestyle changes and most people are wilhng to pay something more for products that are
less polluting. The process of introducing alternatives to gasoline will embody other
historical processes that have not been prev:ously addressed. As electric vehtcles become
available, and consumers are able to act on then" environmental and health concerns through
the purchase of EVs, not only taflplpe ermssions, but contact with, and smell of, gasoline
itself may be stigmatized m a slmilar manner to tobacco smells
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Responses of participants to current environmental problems

We also probed about how this group is currently responding to environmental problems.

¯ 17 households said they are actively protesting environmental problems
t

¯ 315 households said they are working on their own hfestyles

¯ 82 households said they are sympatheuc but uninvolved

¯ 36 households said they working on other problems but not the environment

We asked what are the major obstacles to better environmental hfestyles m their own hves

¯ 54 households said they are too lazy

¯ 109 households said they don’t have enough ume

¯ 175 households said the world is not set up to do the right thing

¯ 28 households said green products cost too much

¯ 20 households sald green products don’t work as well

We also asked what kinds of things they are doing to improve the envlronment. On this
questaon they could check more than one category.

¯ 435 households said they recycle

¯ 383 households said they conserve water

¯ 191 households said they buy green products

¯ 164 households said they try to reduce car use

¯ 126 households said they make donations to action groups

¯ 13 households said they take dtrect pohdcal acuon

¯ 4 households said they do nothing

In a question designed to ehcit attitudes about how environmental problems should be
handled, we asked participants How we shouM handle the &sposal of toxic household
batterzes which have become a problem in landfills?

¯ 6 households agreed we should fine manufacturers

¯ 16 households agreed we should make disposable batteries illegal

¯ 195 households agreed we should develop a community disposal program

¯ 235 households agreed we should have a pubhc education program to encourage use of
rechargeable batteries and alternatives.
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Table 29: Vehicle ripe choice in Situation Two by perceived gasoline toxicity.

Vehicle Type Perceived gasoline toxicity Total

Count Highly Toxic Moderately RelaUvely Don’t Know
Toxic Safe

Neighborhoods EV 22 11 2 3 38

Community EV 22 27 2 2 53

Regional EV 116 85 18 I2 231

Hybrid EV 30 28 7 20 85

Gasohne, Reform 130 113 22 35 300

Natural Gas 81 62 6 16 165

401 326 57 88 ]1 872
Chi-square Test Chi-Square Prob.>ch)-square
Llkehhood Ratio 34 827 0 0026
Pearson 36 827 0 0013

The cells in Table 29 shown in bold contain more households than the null hypothesis of
independence pre&cts. These cells verify the conclusions of the correspondence analysis.
The test staustacs for Table 29 in&care we reject the hypothesis that perceptions of
gasohne’s toxmity and choxce of vehicle type are independent.

Though the smell of gasoline does not elicit systematic choices of vehicle type, we beheve
it may become aft important symbol of gasoline as an environmentally inferior fuel. We
note two recent news stones that indicate our position is plausible First, a story regarding
alleged adverse health effects from exposure to reformulated gasohne vapors during vehicle
refueling in Wisconsin recewed nauonal coverage. Second, a major oil company has begun
an advertising campaign touting that its fuel pumps have been refitted w~th improved vapor
recovery systems and higher speed fuel delivery systems. We note that refueling is the one
occasmn when motorists are in closest proximity to gasoline. While the advertisements do
not point this out, the new pumps clearly have the capabihty to reduce consumers exposure
to gasohne fumes by reducing the exposure tame and the level of vapors.

It is possible that Iike the current anti-cigarette campaign, consumers may become more
sensitized to the smell of gasohne. The campaign against smoking gained momentum when
the dangers of "’second-hand smoke" were documented. However, the social mores that
support the campaign were formed over the last few years. One stimulus to this social
change was the smell of cigarette smoke. Many negauve images of smoking have their
basis in our sense of smell, e.g., the smell of someone else’ s smoke ruining your dmmg
experience or your dry cleaning bill to remove the smell of co-workers’ smoke.
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figure illustrates which rows or columns are distributed more like each other. The
horizontal axis separates vehicle types into one group of pure electric and natural gas
vehicles and another group of reformulated gasoline (RGV) and hybrid electric velucles.
Also, people who do not believe gasoline is particularly toxic or do not have an opinion are
located on one side of this axis--the same slde as those who chose a gasoline vetucle or
hybrid EV, People who believe gasoline is moderately or strongly toxic are located on the
other side with the groups of people who chose electric and natural gas vehicles.

The distribution of vehicle type choices in Situauon Two is more similar among households
who believe gasoline is toxic than it is to househol~Is who do not believe, or do not "know,
whether gasoline ~s toxac. Further, a behef that gasoline is toxic is associated with a greater
likehness to choose a pure electric or natural gas vehicle than we would expect if
percepUons of gasoline toxicity and vehicle type choice were independent. It is mteresUng
to note, that the hybrid electric vehicle, whose range extender motor runs on reformulated
gasoline, is perceived to be more hke a gasoline vel’ucle than an electric vehicle on the
attribute of gasoline toxicity.

Figure 23: Correspondence Analysis of Gasoline Toxictty and Vehicle Type Chotce tn
Sttuation Two

0.6-

4
HEV

¯ RG~ 3

+ 2- NGV
÷ 1 .NEV
,REV

¯ CEV

0.5--

0.4-

0.3-

0.2-

0.1-

-0.0-

-01-

-0.2-

-0.3 -

-0.4-

-0.5-

-0.6- I t t ~ I J I t t
-0.6 -0.4 -0.2 -0.0 0.20.30.40.50.6

c2

1 extremely toxic 2 somewhat toxic 3 don’t know 4. relatively safe

PAGE 94



THE HOUSEHOLD MA RKET FOR ELECTRIC VEHICLES

offer consumers thxs opportumty. We developed this hypothesis after hearing several
participants in focus groups and interviews &scuss their disltke of the smell of gasoline. To
examine this issue, we asked our respondents about their perceptions of the toxicity and
smell of gasoline.

We find that people generally have very negauve percepuons of gasoline. In Figure 22, we
see that nearly half our sample percewes gasoline to be extremely toxic. Only 7 percent
perceive it to be relatwely safe. Equally important, very few people are undecided, only 10
percent indicate they don’t know whether gasoline is toxic. Almost everyone has an
opinion of the toxicity of gasoline, and almost all those opinions are strongly or moderately
negative. Perceptlons of the smell of gasoline are less strong, but still quite negatwe.
Almost two-thtrds (63%) of our respondents find the smell of gasoline unpleasant and only
11% find it pleasant. Twenty-sLn percent of respondents mchcate they don’t particularly
noUce the smell of gasoline.

Rgure 22: Perce,ved Toxicity of Gasoline

relat,vely safe
7% don’t know

10%

somewhat toxic
37%

extremely toxic
46%

We find there ts a correlation between the percewed toxicity of gasoline and respondents
choices of vebacle types, but not between percepuons of the smell of gasoline and vetucle
type choices. We show the results of a correspondence analysis between vehicle type
choices m &tuation Two and perceptions of the toxlclty of gasoline in Figure 23. The
cross-tabular:on of the data :s gwen in Table 29. Since we asked both respondents m each
household, to respond to these quesuons, the sample size m this table is larger than the
number of households.

Recall that correspondence analys:s presents a visual presentation of the relaUonships in a
cross-classification table. Each point represents a row or column from the table and the
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We have made every effort to reduce the problem of simplistic and overly optimisuc
answers. We chd so by better educaUng the consumer about the features of electric vehicle
technology and by grounding household responses to EVs in their own behavior. Because
we would expect some optimism, we emphasxzed practical impacts of EV technologies on
household lifestyle choices and expressions. We allowed respondents to express their
environmental opinions and attitudes toward the environment separate from vehicle
purchases making it clear that such attitudes are not comprormsed by a decision to purchase
something other than an electric car. Only after they have spent several days chronicling
their travel and acuvities and learning about EV technology do we ask them to express a
purchase retention.

One important type of influence on consumer purchases in an actual market for electric
vehicles wall be social and cultural issues. Th6se are dependent on many historical
variables, such as consumer education programs, the pohtlcal chmate, the promotional
efforts of auto companies and communitaes and the sense of urgency about the quahty of
an’. Below we explore some attatudes about such market variables.

Are we poised to launch a green transportation market?

When we sought altemative explanations to the hybrid household hypothes~s, we looked
first at envtronmental a~tudes. We found that no single measure of environmentalism
explained choices between EVs and gasoline vehicles as well as our initial hypothesis But
we find several reasons to beheve that we live in a society still very concerned about the
envtronment. Based on those concerns, we beheve certain historical con&tions are correct
for the beginning of a new environmental ethic in the market for private transportatton
services.

There is a high degree of concern with the environment. Recall from Figure 7 that 80% of
our respondents felt environmental problems were the b~ggest, or among the biggest, of
our times. With different degrees of urgency, all these people felt hfestyle changes will be
requn’ed to solve envtronmental problems. We showed that concern translates into a greater
hkeliness of choosing an EV. Lastly, vn’tually the entire sample mchcates they will pay
sometlung more for products that are less polluting. Sometimes this is very little, 3%, and
some times ~t is substantaal, 30% or more.

Perceived toxicity and unpleasantness of gasoline

Another historical process, concomitant with a developing market for ZEVs, is evolvmg
consumer percepttons of gasoline itself and the possibihty of directing a pubhc health
campaagn against tins fuel when cleaner alternatives become available. In the absence of
any alternatives, consumers cannot overtly express their percepuons of gasoline. The smell
and perceived toxicity of gasohne are background issue for consumers. That is, w~thout an
alternative product in the market for comparison, little concern is voiced by consumers
about exposure to gasohne and researchers have not asked about these percepuons. We
believe that as alternatives come to market, percepUons of gasoline may become more
important influences on consumer cholce and pohtlcs Electric and natural gas vehicles
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In the case of electric vehicles, there are large differences of opinion as to whether some
consumers will be sufficiently motivated by then. environmental concerns to pay a premium
for a clean vehicle. Recent opinion polls have shown wide popularity for the idea of zero
emissions vehicles and electric vehicles in particular (e.g., Dohring 1994). In our own
preliminary work on the EV market, we found the idea of EVs to be immensely popular
with a group of Pasadena residents who test drove EVs (Turrentine et al 1992).

As discussed in the introductaon to this report, some market studies have tried to identify
consumers with particularly strong environmental sentiments---the green consumers who
might be willing to pay a pren~um for electric vehacles. Wtule this strategy is attractive to
car makers who wish to identify those who will pay more for then- products, it unduly
constrains the potential market and fails to identify those consumer whose lifestyles match
well the capabilities and characteristics of etectnc vehicles.

Understanding the "feel good" effect in survegs

Understanding the ~mpact of social concerns on consumer responses to hypothetical choice
situations, such as those posed about elecmc veNcles, is a thorny issue. There is the risk
we may elicit what some researchers call "feel good" answers, especially in studies of
consumer atutudes toward things perceived to be socially desxrable. After all, who is
agmnst clean mr? But the feel good label overemphasizes the affecfive (emotional) quahty 
consumer responses and under emphasizes then" politacal, expressive and commumcauve
intenuons. In responding to a hypothetical quesUon, consumers may be expressing both an
affective intentmn to pay higher pnces for an elecmc vebacle (the "feel good" or ’Tin 
good person" answer) but may also be taking the opportunity to express a pohtical opmmn
they hope will influence the policy outcome of the survey. In a real purchase sltuataon, they
may not be able to carry out their affecfive retentions or express their pohtical opinion.
What blocks them is their budget, not then" sincerity. Such optxrmsm is not solely
constrmned to socml issues such as clean air. We see evidence in this survey of unfulfilled
wants and desn.es with respect to more prosaic features of the cars our respondents would
hke to buyma higher than expected percentage of households expressed the intention to
buy a sports car or a full slze car for thetr next new vehicle than we would expect based on

t

actual vetucle registrauons and sales.

Dealing with thas problem is not easy, yet it affects the confidence researchers can have
in whether responses to their hypothetical choice experiments mirror "real" purchase
mtentmns. We cannot second guess consumers retentions. On the other hand, we must
expect a certain amount of optimism among consumers m a survey sltuaUon ff we are
presenting something soclaily desirable, whether its a zero ermssmn vehicle or a stuny red
sports car. And such opumism should not be merely written off as "feel good" answers
Consumers are expressing desires. In the case of the shiny red sports car, the response of
manufacturers would not be to simply dismiss the overly opUmistic desires of consumers,
rather they would find a way of giving the consumer what they want within the
households’ budget.
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HOW GREEN IS THE MARKET?

The most significant reason for introducing electric vehicles is their potential to reduce
emissions from the transportation sector. However, when the source of emissions are the
vehicles operated by the milhons of households m Cahfornia, the environmental benefits
of ZEVs will only be realized when large numbers of consumers cooperate towards
attaining those benefits. Thus far, Califorma has not imposed prices on energy and
pollution that would encourage private choices that would produce improved environmental
quality The inability to appropriately price resources, products and services so that private
choices actually achieve socially desired goals is a classic problem m a free marketplace. It
is one reason that governments intervene m markets to ensure public health and security
and to protect access to basic resources and rights. In the case of zero emissions velncles, it
is widely believed that some public subsidies of electric vehicles may be necessary to insure
sales and spur innovation. Still, there remains the possibihty that some consumers will be
so motivated by the envlronmental benefits of ZEVs that they would buy elecmc vehicles
even if they were pnced much higher than gasohne vehicles. These consumers are green
buyers.

Consumers have shown an increasing tendency m the recent past to purchase green goods
or to pamclpates in some other form of environmental consumerism (Turrentine 1995)
Such actwism has not always been predictable. The electric vehicle market, as a green
market, has its own peculiarities that we chscuss beIow. Of course environmental concerns
vary from regmn to region, and person to person. Some stuches of green consumerism
show that education levels have a significant effect on environmental concern, as does
location--t~hose who hve in urban centers linked closely to an area of scemc beauty are
regularly among the most environmentally progressive.

Green products have been successfully marketed at a prermum a price, but most often these
products are common and relatively low cost itemswrecycled paper products are one
example. Wealthy home owners have been wilhng to invest larger sums m energy
efficiency products (Turrentme 1995). Addiuonally, consumer demand for some products
has lead to new regulations, such as the Montreal Protocol, m 1992, which controls ozone
aggressive products That agreement resulted from consumer boycotts of ozone damaging
aerosols (Kempton 1994). Consumers have also shown a willingness to participate 
commumty sponsored recychng programs when curbside pickup is provided.

California has some of the strongest enwronmental sentiments, as well as some of the
strongest movements to reduce regulauon Despite the current conservahve trend in
American pohtacs, replete with ~ts backlash against top down envtronmental regulation (as
part of a more general backlash against percewed government "interference"), there Is still
widespread support for environmentalism as a way of life m American society. Polls
continue to find that some 80% of Americans consider themselves to be environmentally
concerned (Kempton 1994).
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At the bottom of Table 28, we see that across our entire sample 46 percent of households
chose one of the electric vehicles, 19 percent chose a natural gas vehicle and 34 percent
chose a reformulated gasoline vehicle. Among households whose youngest child is 5 years
old or younger and whose defining purpose for the vehicle they chose in Situation Two
was either comrnutmg or chauffeuring children, approximately two-.thtrds chose one of the
EVs. Across all life cycles (except households whose youngest child is between the ages of
6 and 15 inclusive), more than half of the households whose defining trip purpose for the
vehicle they chose in Situation Two was commuung chose an EV. Equally dramatic, no
rettred household that defined their Situation Two choice by weekend and vacation travel
chose an EV.

Summary of Life cycle Definitions of Market Segments

Using the life cycle definitions from the Nationwide Personal Transportation Study, we
identify some groups of households that are more likely to buy electric, natural gas or
gasoline vehicles Households with two or more adults (with or without children) appear
more likely to buy EVs than are households of retired persons or households of single
adults whose youngest child is older than 15. We offer no conclusions about other single
adult households with children because so few appear m our sample Households of two or
more adults whose youngest child is 15 years old or younger are more likely to buy a
reglonal EV than they are to buy gasohne vehicle. These are the only households that we
can say are more likely to buy one particular type of EV than a gasoline vebacle. However,
for all life cycle groups, all EVs taken together are chosen more often than are gasoline or
natural gas vehicles.

We do observe differences across life cycle groups in the reasons why households choose
a parUcular body style. Households of two or more adults who have young children chose
commute vehicles and vehicles to chauffeur children. Households of two or more non-
retired adults w~th older cluldren primarily chose commute vehicles. Households of two or
more adults who have no children at home either chose their next new vehicle for weekend
and vacation travel or based on vehicle styhng.

Analyzing hfe cycle, defimng purpose for the vebacle, and vehicle type choices reveals that
young fatmhes were very much more likely to choose an EV than any other type of vehicle,
if their defimng purpose for the vehicle was either to chauffeur children or commute to
work or school Commuthag in general was assocmted with a higher probabihty of
choosing an EV, regardless of life cycle. Among those households that did not choose EVs
were retared households who selected a vehtcle for weekend and vacation travel.
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Table 28: Observed vehicle type choices for selected subsets of life cycle category
and defining purpose, percent

Household life cycle and defining

purpose of the body style chosen in

Situation Two

Two or more adults, youngest child is younger

than 16 years old (C1As, C2As), defining

purpose is to chauffeur children.

Two or more adults, youngest child 5 years old

or younger (CIAs), defining purpose is 

commute to work or school

Two or more adults, youngest chald is between

6 and 15 years old, inclusive (C2As), defirtmg

purpose :s to commute to work or school

Two or more adults, youngest cbald.ls 16 years

old or older (C3As), def’ming purpose is 

commute to work or school

Single adult, youngest child is 16 years old or

older (C3SA), defining purpose is to commute

to work or school

Two or more adults (not rettred), no chaldren

(COAs), defining purpose is to commute 

work or school

Two or more rettred adults, no children,

defining purpose :s weekend and vacatmn

travel

All households

"Electric" mcludes REVs, CEVs, NEVs and Hybrids

Situation Two vehicle type choices

of these households,%1

Electric 62

Natural Gas 12

Reformulated Gasoline 26

Electric 67

Natural Gas 14

Reformulated Gasoline 19

Electric 47

Natural Gas 21

Reformulated Gasoline 32

Electric 59

Natural Gas 9

Reformulated Gasoline 31

Electric 60

Natural Gas 0

Reformulated Gasoline 40

Electric 52

Natural Gas 14

Reformulated Gasoline 33

Electric 0

Natural Gas 50

Reformulated Gasoline 50

Electric 46

Natural Gas 19

Reformulated Gasoline 34
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Table 27: Observed d~stributien of vehicle type chosen in Situation Two by life cycle
and defining purpose

Vehicle Type: All Electric vehicles (includes hybrids, NEVs, CEVs, REVs)

Defining purpose of Chosen Life cycle Total

Body Style

Observed Count COAs C 1 As C2As C3As

Commute 25 21 16 18 80

Chauffeur Children 2 11 10 1 24

Weekend/Vacauon 8 2 1 3 14

Styhng 6 1 2 3 12

II 4i 35 29 25 it 130
Vehicle Type: Natural Gas

Defining purpose of Chosen

Body Style

Observed Count

Life cycle

COAs C 1 As C2As C3 As

Commute

Chauffeur Children

Weekend/Vacation

Styling

5 5 7 2

2 1 2 3

6 2 0 5

4 0 1 0

Total

19

8

13

5

IJ ,7 8 ,0 ,0 It 45
Vehicle Type: Gasoline

Defining purpose of Chosen Life cycle Total

Body Style

Observed Count COAs CIAs C2As C3As

Commute 19 7 11 10 47

Chauffeur Children 0 5 4 0 9

Weekend/Vacation 17 8 8 4 37

Styhng 5 0 0 1 6

Total 4i 20 23 15 [I 99
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c~dren, weekend and vacation, and styling) and the four most common life cycle
categories (all households with two or more adults, with or without chtldren of any age).
About 60 percent of our entire sample is in this sub-sample: We collapse all EV types into.
one category of vehicle type and retain reformulated gasohne and natural gas as &sUnct
types. The observed distributJon of households wit.bin the table identified by fins three-
variable model is shown in Table 27.

The model that best fits this data ~s consistent with the set of relationsbaps shown in F~gure
21. The decision-making process this model represents assumes that a household’s hfe
cycle is determined by choices made either prior to, or external to, vehicle purchase
decisions. Given that a household is in a partlcular life cycle, st chooses a body style for the
vehicle it will purchase next based on the travel needs of the household through the
assignment of a defining purpose for the velucles being considered for purchase and the
fleet of vehicles the household owns. Once a defining purpose is chosen, the household
then chooses the type of vehicle--electric, natural gas, or reformulated gasoline. The effect
of ttus decislon-makang process on vehicle type choices can be seen in Table 28 where we
show some of the observed vehicle type choice frequencies.

Figure 21: Model structure for life cycle, defining purpose and vehicle type

Lfe Cycles:
C1As--Two adults (not retired), youngest child less

than 5 years old
C2As---Two adults (not retired), youngest child

between the ages of 5 and 16, inclusive
C3As--Two adults (not retired), youngest child older

than 16
C3SA--Slngle adult, youngest child older than 16

Defining Purpose.
Commute to work or school
Chauffeur children
Weekend and Vacatton travel
Vehtcle Styhng

Electnc
Natural Gas
Gasoltne
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We have established there is a statistically slgmficant relationship between defining purpose
and life cycle within the sub-sample of our potennal hybrid households that both belong to
one of the four largest life cycle groups and chose one of the four most frequent defining .
trip purposes. Next, we compare their choices of a defining purpose for the vehicle selected
in Situation Two and then" defining purposes for their preferred body styles. This provides
insights into whether the choice set of vehicles we provided to our respondents affected
their choice of defining purpose. That is, by offering households a greater variety of
vehicles, did we allow them to reshape their vebacle holdings m ways they could not m a
market that offers only gasohne vehicles? The answer to thts question appears to be yes.

Table 26 on the previous page shows the cross-classification of the defining purpose of
the preferred body style by hfe cycle for these same 275 households. This table also
indicates there is a significant relauonship between these two variables in this sub-sample,
but examinatmn of the table indicates the same type of relationships do not exist in th.ts
table as in Table 25. Over all life cycle groups, fewer households stated the defining
purpose of then" next new vehicle was to cormmute to work or school. This is especially
true in households with older cluldren. Also, nearly half the households with the youngest
children stated the defining purpose of their preferred body style was to chauffeur children.
Across all four hfe cycles, households were more likely to express that vehicle styling
defined their preferred body style chmce than they were to state that vehicle styling defined
thelr body style choice m Situation Two.

Thus, there exists a relattonship between life cycle and both the defining purpose ot the
preferred body style and the defining purpose of the chosen body style.’~ Not only is
there a staustically significant change in the distribution of defining purposes of the
preferred body styles and the chosen body styles, but the changes are different within
different hfe cycle groups. Households chose to own different sets of vehicles m our
choice experiments, than they had imagined they would own at the beginning of the
questionnatre. The differences are related to the composition and age of the households.

To test for the combined effects of life cycle and defining purpose on the types of vehacles
chosen m Sltuatmn Two, we esumate a model that includes all three variables.5 Again, we
resmct our analysis to the four most common defining purposes (commute, chauffeur

4 To test whether the differences between these two tables are s~gmficant reqmres we construct an hypothes~s test based on

log-hnear models of the three variables m questmu--hfe cycle group, defimng purpose of the preferred body style and
defining purpose of the chosen body style. We construct the test by calculating a hkehhood ratm chl-square for a model m
which we hold the d~stnbuuon of the fitted values constant across hfe cycle categories and another m which we allow the
fitted values to vary by hfe cycle We condmon both models on the joint d~stnbutmn of defimng purpose of the preferred
body style and defimng purpose of the chosen body style. The hkehhood ratm ch~-square for the first model as 96 62, w~th
48 degrees of freedom, that of the second model as 79 28, wlth 45 degrees of freedom The difference of two ch~-square
measures is Itself chl-square dlsmbuted, with degrees of freedom equal to the difference m degrees of freedom Thus the
hkehhood ratm for our test is 17 34, wzth three degrees of freedom Based on the preceding result, we reject the null
hypothes~s that the joint d~stnbutmn of defining purposes Is independent of hfe cycle category

5 We esumate a log-hnear model that includes hfe cycle, defining purpose and vehmle type of the chosen vehicle m

Satuanon Two The model that best reproduces this table includes mteractmns between hfe cycle and defimng purpose and
between defimng purpose and vehicle type The hkehhood rauo ch~-square ~s 24 63, w~th 24 degrees of freedom Thus, we
do not reject the null hypothes~s that the dastnbutmn generated by the model ~s the same as the observed d~stnbutmn
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Table 25: Defining purposes for the vehicle chosen in Situation Two by life cycle
groups

Defining purpose

chosen in Life cycle Total
Situatiion Two

Count COAs C1As C2As C3As
i i ,i

Commute 49 33 34 30 146

Chauffeur Children 4 17 16 4 41

Weekend/Vacation 32 12 9 12 65

Styhng 15 1 3 4 23

Total [[ 100 63 62 50 I[ 275

Test chi-square Prob.>chi-square
Ltkehhood Ratio 39 380 0 0000
Pearson 36 848 0.0000

OTable ,.6: Defimng purposes for the preferred next car in Part One by life cycle groups

Defining purpose of
next purchase in
Part One Life cycle Total
(pnor to choices
offered in our study)

Count COAs C1As C2As C3As

Commute 39 22 28 22 111

Chauffeur Chtldren 12 29 11 6 58

Weekend/Vacation 25 10 12 12 59

Styling 24 2 11 I0 4?

II 1013 63 62 50 275

Test chi-square Prob.>chi-square
Ltkehhood Ratio 37 562 0 0000
Pearson 37 788 0 0000
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Figure 20: Correspondence analys~s of life cycle and trip purpose
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Life cycle groups
COAs = no cluldren, two are more adults (not reured)
C1As = youngest chdd age 5 or less, two or more adults (not reUred)
C2As = youngest child between the ages of 6 and 15 mcluswe, two or more adults (not retired)
C3As = youngest child aged 16 or older, two or more adults (not reured)
C3SA = youngest chdd aged 16 or older, single adult (not reured)
NCRAs = no ehddren, two or more reured adults

Codes for the defimng purpose of the body style choices
1 --- commute
2 = chauffeur chddren
4 = business errands
5 = weekend and vacauon
6 = haul large loads
7 = styhng

Within this sub-sample, there is a statistically significant relationship between life cycle and
defining purpose. While nearly half or more of households in each hfe cycle chose a
commute vehicle, households whose youngest child Is 16 or older were most hkely to
choose a commute vehicle. One-fourth of all households whose youngest child is younger
than 16 chose a vetucle for chauffeuring children. Households with no children were the
most likely to have chosen a vetncle for weekend and vacatmn travel and for its styling.
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Table 24: Defining purpose of selected vehicles by life cycle category in Setuation Two

Defining purpose of

chosen vehicle type

in Situation Two

Count

Corm~mte

Chauffeur CbJldren

Business Errands

Weekend/Vacation

Haul large loads

Vehicle Styling

Life cycle Total

COAs C1As C2As C3As C3SA NCRAs

63 36 38 32 5 2 176

7 t8 16 4 0 1 46

5 1 2 4 0 2 14

37 15 10 13 2 8 85

9 3 2 2 1 0 17

19 1 3 5 2 2 32

Total

The correspondence analysls m Figure 20 shows that households with young children tend
to define the use of their next new vehicle chosen in Situation Two differently than do
households with older cbaldren or no cbaldren. Households in which the youngest ctuld is
either less than 5 years old, or between the ages of 5 and 16, are more hkely to define their
next vehicle by its use to chauffeur ctuldren than are any other households. Households of
retired adults (NCRAs) are distributed dufferently than all other households. Half of retlred
households chose a vehicle for weekend and vacation travel. All remaining households are
distributed more like each other and less like retired households and households with
young children. Though the majority of households with older children and households of
adults with no chaldren chose a commute vehicle, they are also the most likely to have
chosen vehicles for hauling loads and for the styling of a particular vehicle.

Table 25 shows the dmtribution of the 275 households who belong to the sub-set of
households from Table 24 who satisfy the following con&tions"

- they belong to one of the four largest hfe cycles in our sample; and

- they chose one of the four most frequent defining purposes for the vehicle they
chose m Situauon Two.
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These tentative conclusions point to the complexities of identifying market segments for
such diverse vehicles as those in ths study. In addmon to life cycle, income too, appears
to have little explanatory power. For example, both the groups from which no household
chose a NEV--single, working adult with youngest child older than 16 and retired adults
with no children---on average have the lowest incomes. Thus we might conjecture that
higher income households are more inchned to buy NEVs than lower income households.
Yet households in hfe cycle CIAs (youngest child age 5 or less, two or more), chose
NEVs, REVs and HEVs more frequently than we expect (under the hypothesis of
independence) and on average had lower incomes than the two adult households with
older children (C3As).

Casting further doubt on the role of income on vehicle choices m our sample, we observe
that households m category C1As were more likely to choose the relatively expensive
regional and hybrid EVs than expected. In fact, we saw m Table 22 that these households
were just as likely to have chosen a regional EV as they were to have chosen a reformulated
gasoline vetucle. Households wlth the lowest average mcomesmretired adults and single
parents with older chtldren--disproportionately chose gasohne vehicles. This could be
related to income as gasoline vebacles were shghtly cheaper than other types of vehicles,
even after purchase incentives for natural gas and elecmc vehicles. On the other hand, in
retired households it may also have to do with conservausm on the part of older
consumers. Faced with fixed incomes, they may be less willing to experiment with a new
vehicle type. In households of single adults with older cl’uldren, household members make
relatively autonomous decisions about vehicle purchases. Cross-classification of life cycle
by decision-making strategies used to choose vehicles in Situation Two shows that one
person made the decisions an households with one adult m which the youngest child is
older than 16 Thus despite their high househoM vel-ucle ownership, individuals wltb.m
these households make autonomous vehicle purchase decisions and may not have the same
flexibility to use more than one vehicle as do individuals m households that make
cooperative demsions about vehicle purchases and use.

Life cycles, Body Styles and Defining purpose

We do expect there to be a relationship between a households’ hfe cycle and the body style
it chooses. We examine here the question of whether the lack of fuU size body styles for
EVs restricts vetucle choices by households in specific hfe cycles. Cross-classification
analysis reveals the cbolce of body styles, within the broad categories of "EV body style"
and "non-EV body style" was independent of life cycles Therefore, we examine whether
the cholce of a defimng purpose, rather than of a body style per se, was hmited by the
absence of full-size electric vetucIes.

The defining purpose of the vehicle chosen in Situatmn Two is cross-tabulated by life cycle
m Table 24. This table contains only those households that chose one of the six most
frequent defining purposes and belong to one of the six largest life cycle groups. Still, there
are a large number of sparse cells, so we do not report tests of independence for this table.
We explore the relatlonstup between life cycle and the defining purpose through the
correspondence analys~s shown in Figure 20 and through analysis of sub-sets of Table 24.
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Table 22: Life cycle groups and EV choices in Situation Two

Vehicle Choice Life cycle Total

Observed Count COAs C1As C2As C3As C3SA NCRAs
Tll i i

Neighborhood EV 4 6 1 5 0 0 16

Corrwnunity EV 13 2 5 2 1 1 24

Regional EV 38 24 27 17 1 4 111

Hybrid EV 21 11 3 6 2 1 44

Gasoline, Reform. 55 25 26 22 7 9 144

Natural Gas 32 11 15 12 3 6 79

Total Count [1 163 79 77 64 14 21 [[, 418
The five hfe cycle classlficauons are defined as follows

¯ COAs = no children at home, two are more adults (not retlred)
¯ C1As = youngest chdd age 5 or less, two or more adults (not reured)
¯ C2As = youngest chdd between the ages of 6 and 15 mcluswe, two or more adults (not retired)
¯ C3As = youngest chdd aged 16 or older, two or niore adults (not retired)
¯ C3SA = youngest child aged 16 or older, single adult (not retired)
¯ NCRAs = no cluldren at home, two or more reured adults

Tes~ chi-square Prob.>chi-square
Llkehhood Ratm 30 612 0 2022
Pearson 28 067 0 3048

The number of cells with expected counts less than 5 does not mvahdate our conclusmn not to reject the null hypothes~s

Table 23: Vehicle Choice by Age of the female head of household for households mn
life cycle COAs---no children, two or more adults younger than 65 years.

Vehicle Type Age Category of the Female Head of Household Total
Choice

Observed Count 18 to 35 36 to 45 46 to 55 56 to 65

All EVs 19 9 16 22 66

Natural Gas 12 9 7 3 31

Refon~ed. Gas 17 5 20 6 48

II 48 23 43 3, II ,45
Test chi-square Prob.>chi-square
Llkehhood Ratm 16 381 0.0 l 18
Pearson 16 914 0 0096

The age category of the female and male heads of household are so highly correlated that both are eqmvalent proxies for the
age of the household The table of vehicle chmce by age of male head of household leads to the same conclusmns
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Life Cycles and Electric Vehicles

In a previous study (Turrentine, et al 1991), we identified a group of middle-age adults
who responded more favorably to EVs than people in other age groups. Based on that
conclusion and other results from that study, we speculated that households in the hfe
cycles that contain rmddle-aged parents with children responded favorably to EVs because
they tended to: have higher household incomes; own more vehicles and have more vehicles
per driver; have more routine driving patterns; and be more cograzant of fuel savings and
life cycle costs. We also surmised they had stronger ties to their communities than
households without children. What these conclusions revealed was a complex set of
relationships between the market for EVs and household structure. Therefore, we do not
expect responses to vehacle types in this study to be a smooth function of progresslon
through a series of life cycle classifications.

Table 22 which shows choices of vebacle type m Situation Two cross-tabulated by life
cycle The cells shown m bold indicate those combinations of vehicle type and hfe cycle
that occur more often than we would expect under the hypothesis that vehicle type and hfe
cycle are independent of each other. When we examine Table 22, we see just the sort of
complex relauonships discussed above, It is impossible to discern any orderly relatlonsbap
based on age and number of people m the household. Nelther can we reject the null
hypothesis of independence. It would appear as if life cycle has no systematic xmpact on
chfferences m the vehicle types chosen by households.

Despite that conclusion, we make a one observation about Table 22. Households with two
or more adults younger than retirement age, whether or not they have cl’nldren (life cycles
COAs, C2As, C2As and C3As) were more l~ely to choose an EV than were households
of retirement age adults (NCRAs). This conclusion is clouded by the NPTS life cycle
definitions that fait to distinguish between young adults who do not have children and older
(but not yet reured) adults who do not ha,ve children (if they ever had them) living at 

If we select the households that belong to the group "COAs" (no children at home, two or
more adults younger than retirement age) and look for a relationship between vehicle type
and age of the household members, we get the results tabulated in Table 23. (We have
grouped all EVs together m one category.) Within this sub-sample of households, the
households whose female head is in the age group 56 to 65 years chose EVs more often
than expected under the hypothesis of independence. The younger age groups chose natural
gas and gasohne vebacles more often than expected. Thus the NPTS hfe cycle defimtmns
mask some important differences m vehicle choices.
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whose defining purposes are commuting, chauffeuring children, weekend and vacation
travel, or vehicle styling, the distribution of choices of a defining purpose for the vehicles
chosen in Situation Two is different from the distribution of defining purposes for the
preferred body styles of these households. (Likelihood Ratio Chi-Square = 24.29; degrees
of freedom = 3). Also, the transitions between defining purposes are not symmetrical
(Likelihood Rat.to Chi-Square = 26.72; degrees of freedom = 6).

Simply put, this somewhat arcane statistical discussion tells us we are more than 95%
certain the changes we observe in households’ defining purposes for their next new
vehicles did not occur by chance alone. Faced with a new choice set of vehicles from
which to choose, households will change the defining use of their next new vehicle to
allow incorporataon of a novel vehicle into their vehicle holdings. Table 21 shows a strong
shift toward commuting as the defining purpose of the vehicle chosen in Situation Two and
a lesser shift to weekend and vacation travel, with a shift away from chauffeuring children
and vehicle styling. These changes in defining purpose also define choices of vehicle type.
Households that chose any of the electric vehicles were more likely to say the defining
purpose of the body style they chose was commuting. A disproportionately large number
of households that chose gasoline and natural gas vehicles state that weekend and vacation
travel or hauling large loads determined their cholce of body style.

The effects of life cycle and income

Household life cycles are typically defined in terms of the number, ages and relationships
of people in a household. The "cycles" are intended to capture the effects of: the presence
or absence of children; children entering "school years"; children obtaining their own
driver’s license; children leaving home; and the concomitant aging and rettrement of their
parents. Income is not an explicit element m most life cycle definittons, never-the-less, hfe
cycles are correlated with income. We adapted the I0-category life cycle measure used by
the Natlonwide Personal Transportanon Survey (NITS). In our sample, only 6 of the 
categones have an appreciable number of households in them because of our samphng
scheme and the correlataon between hfe cycles, income and vehicle ownership. Our sample
contains almost no households of single adultsBwith or without children---except those in
which the oldest child was older than I6 years.

The defnitions of the hfe cycle categories that do appear in our sample are glven below

COAs= no children at home, two are more adults (not retired)
C1As= youngest child age 5 or less, two or more adults (not retired)
C2As= youngest child between the ages of 6 and 15 inclusive, two or more

adults (not renred)
C3As = youngest child aged 16 or older, two or more adults (not retired)
C3SA = youngest ctuld aged 16 or older, single adult (not retired)
NCRAs = no children at home, two or more reured adults
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Figure 19: Mosaic Plot of Table 21
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Note NEWTRIP0 ~s the defining purpose of the preferred body style of the household’s next new vehicle identified m Part
One NEWTRIP2 Is the defimng trip of the body style chosen m S~tuat~on Two

Trip codes are the same as m Table 21
1 = commute
2 = chauffeur children
5 = weekend/vacauon
7 = styling

While we show the statistics for the test of independence between the defining purpose of
the preferred body style and the chosen body style below Table 21, this hypothesis is of
httle interest m this case. We expect that people will not change the defining purpose of
then- body style choice. Thus we expect to reject the null hypothesis of independence and
such a test does httle to reform us about the nature of the changes we do observe. Two
other hypotheses prowde greater insight. The first ~s a test for marginal homogeneity. If
Table 21 displays marginal homogeneity, then the defining purposes of the chosen body
styles in Situation Two are distributed in the same way as the defining purposes of the
preferred body style. Marginal homogeneity implies that the same number of people define
then" preferred body style by each purpose as define their chosen body style by each
purpose. The second hypothesis is a test for symmetry. In a symmetrical table, as many
households will change to a parucular defining purpose as change from that purpose. The
nult hypotheses are that symmetry and marginal homogenelty exist in Table 21.

We reject both these null hypotheses, The marginal distributions (the row and column
totals) are slgmficantly different. Across the sub-sample of potentml hybrid households
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determined by one of these four trip purposes were less subject to change than were the
choices of households whose preferred body style was determined by one of the defining
purposes not included in Table 21.

Table 21" Defining purposes for the chosen body style in Sttuation Two by defining
purpose for the preferred body style in Part One

Defining purpose of
chosen body style in

Situation Two

Observed Count

Defining purpose of preferred body style

in Part One

Commute Chauffeur Weekend/ Styling

Commute 9 0 19 25 27 161

Chauffeur Children 6 2 6 8 2 42

Weekend/Vacation 19 15 3 1 12 77

Styhng 8 0 5 1 7 30

II 123 60 69 58 11310

Total

Test chi-square Prob.>chi-square
Llkehhood Rauo 102 153 0 0000
Pearson 116 290 0 0000

Figure 19 shows a mosaic plot of the data in Table 21. Gwen the defimng purpose of the
preferred body style, the mosaic plot shows the percentage of households that chose each
of the four defimng purposes for their chosen body style m Situation Two. For example,
nearly three-fourths of the people who state that comrnuUng to work or school
(NEWTRIP0 = 1) defines their preferred body style retmn that defining purpose when
choosing a body style m Situation Two. However, fewer than half the people who chose
one of the other three defining purposes retain that same defimng purpose. In particular, 71
percent of the households for whom the defining purpose of their preferred body style was
vehicle styling shifted to some more practical application to define their choice of a body
style in Situation Two. Forty-three percent of those households who initially indicate that
chauffeuring children and 45 percent of those who indicate weekend and vacation travel are
the defining purposes of then" hkely next new vehicle stay with that choice.
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Figure 18: Correspondence analysis of defining purpose and vehicle type choice
in Situation Two
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Note. Tnp purposes are tdent~fied as

1 = commute
2 = chauffeur children
3 = chauffeur business chents
4 = business errands
5 = weekend/vacauon
6 = haul large loads
7 = looks/styhng
8 = other

The largest group of people (90 of 310) stated the body style of then" next new vehacle
would be defined by its use as a commute vehacle and then retained this same defining
purpose when they chose a vehicle in Situation Two. All told, 53 percent of the households
whose defining purpose for then. preferred next new vehicle was commuting to work or
school, weekend and vacation travel, chauffeunng children or vehicle styling chose a
vehicle based on that same defining purpose m S~madon Two. These households are
indicated by the diagonal shown in bold in Table 21. Since fewer than half of all
households retained the same defining purpose between then. preferred and chosen vetucles
(Table 19), we conclude that the choices of households who preferred body style was
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For the vehicles chosen in Situation Two, the commute trip is by far the most common
reason for choosing a pamcular body style across all vehicle types except reformulated
gasoline and natural gas. We see that a substantial number of gasoline and natural gas
vehicles were chosen for weekend and vacation travel. Seventy of the 90 households who
said that weekend and vacataon travel was the defining purpose of the body style they chose
in Situation Two, chose natural gas and gasoline vehicles Not surprisingly, households
that chose the EVs with the longest range, regional EVs, make up the majority of the
remaining households that chose a weekend and vacation vehicle. We also note that despite
the fact that many more people chose a reformulated gasoline vehicle than chose a regional
EV (151 to 119), within the defining purposes of commuting and chauffeuring children,
regional EVs outnumber gasoline vehicles.

Figure 18 is a graphical representation of the data m Table 20. Correspondence analysis
provides a visual image of the relationships in a cross-classlficatton table. In particular,
correspondence analysis illustrates m winch rows (and columns) the data are dmtributed 
slmdar proportions. Rows (and columns) that he on one side of an axis indicate the data are
more alike than rows (and columns) that lie on opposite sides of that axis. We see that all
the EV types are grouped together on one side of the y-axis (c 1) and natural gas and
gasoline veincles together on the other sade of the axxs. Thus, the def’mmg trip types of all
the EVs tend to be distnbuted more like each other and less like those of the ICEVs. This
axis places weekend/vacaUon travel and hauling loads on the same side of the aras as
gasohne and natural gas veincles. It also separates them from other defining purposes. The
correspondence analysis illustrates how the choice between an EV or an ICEV and the
defirung trip type are related.

The overall shift toward commuting and weekend/vacataon travel suggests these two trip
types may define choices between electric and ICE vehicles since only ICEVs were offered
in the larger body styles appropriate for hauling loads and m long ranges suitable for travel
to weekend and vacation destinaUons that tend to be further from home than other, more
routane, activity locations. We examine these shifts in more detml next.

A review of Table 19 shows that four of the defining purposes---commute trips, weekend
and vacation travel, chauffeuring children, and vehicle styling--account for two-ffurds of
the households’ choices. To explore the relationship between vehicle type, body style, and
the defining purpose in greater detatl, we select for further analysis only those households
whose defining purpose for both their preferred body style and their chosen body style in
Situation Two were one of these four defining purposes. The data on defimng purpose
from these 310 households are cross-tabulated in Table 21. The diagonal shown in bold
shows the households that did not change their defining purpose from that of then"
preferred body style.
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When presented with an expanded variety of vebacles in Situauon Two, most households
redef’med the defining purpose of their next new veh/cIe. The diagonal shown in bold in
Table 19 indicates those households that did not change their defining purpose between
their preferred body style and their chosen body style. Taken together, they constitute less
than half the sample. Offered an expanded variety of vehicles, our sample demonstrates a
willingness and abdity to redefine the uses of the vehicles they plan to acquire next. Tins
reinforces our bel/ef that market research based only on past vehicle purchase behavior will
fail to identify markets for rachcally new vehicles such as ZEVs.

We now determine whether the choice of a vehicle type ~s associated with defining
purposes. We expect to see that the defining purposes of natural gas and gasoline vehicles
are weekend and vacation travel and hauling large loads more often than we would expect.if
defining purpose and vehicle type were independent. This is because natural gas and
gasoline vehtcles can be quickly refueled away from home, have longer ranges (in the case
of gasoline vetucles) and come m fuU-slze body styles. The cross-tabulation of vehicle type
by defining purpose from S1tuanon Two is shown m Table 20.

Table 20: Vehicle type choice by defining purpose in Situation Two.

Chosen Vehicle Defining purpose of the chosen body style in Situation
Type in Two
Situation Two

Total

Count I 2 3 4 5 6 7 8

Neighborhood EV 11 2 0 1 0 0 0 4 18

Community EV 13 1 0 2 3 1 5 3 28

Regional EV 57 20 1 7 13 3 11 7 119

Hybrid EV 22 4 4 2 4 1 4 3 44

Gasohne, Reform 56 9 1 5 46 10 11 13 151

Natural Gas 29 11 2 0 24 4 5 7 82

Total H1.88 47 817 90 I9 36 37 442

Note" Tnp purposes are tdennfied as

1 = eornmute
2 = chauffeur children
3 = chauffeur business chents
4 = business errands
5 = weekend/vacanon
6 = haul large loads
7 = looks/styling
8 = other
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We asked households to identify the defining pro’pose each tame they were asked to indacate
a preferred body style or a body style choice. Thus, we asked them to identify the defining
purpose of their preferred body style in Part One of the survey, and again in choice
Situation One arid Two. In Table 19, we cross-tabulate the defining purpose for the
preferred body style of their next new velucle as stated in Part One of the survey by the
defining purpose of their chosen body style in Situation Two. The column totals in Table
19 show that commuting to work defined the preferred body style of the next new vehicle
for about one-third of our households, followed by weekend/vacation travel, hauling large
loads, vehicle styhng and chauffeuring children. The row totals show a pronounced shift
across the whole sample toward commute trips and hauling large loads as the defimng
purposes of the body style choices in Situation Two.

TabJe 19: Defining purposes for the chosen body style in Situation Two by defining
purpose for the preferred body style

DefinJing
purpose of
chosen body Defining purpose of preferred body style

style in in Part One Total
Situation Two

Count 1 2 3 4 5 6 7 8

1 9(} 19 2 3 25 4 27 18 188

2 6 26 0 0 8 0 2 2 44

3 4 0 1 0 2 0 0 1 8

4 2 0 0 9 4 0 1 0 16

5 19 15 1 0 31 3 12 10 91

6 3 0 0 2 1 13 0 0 19

7 8 0 0 1 5 0 17 5 36

8 5 2 0 2 10 0 7 11 37

I 137 62 4 17 86 20 66 47 439
Note Trip purposes are idenufied as

1= commute
2 = chauffeur children
3 = chauffeur business chents
4 = buslDess errands
5 = weekend/vacatton
6 = haul large loads
7 = looks/styhng
8 = othel
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vehicles are sub-compact, compact and mid-size vehicles and minivans that have ranges of
60 to 80 re.ties, sub-compact and compact sedans, small sport-utility vehicles, compact
pickup trucks with ranges between 60 and 150 miles, and Neighborhood EVs. The market
share these vehicles (not households) represent would likely be larger than this estimate 
we include in our sample neither several types of households who may buy EVs nor fleets.
Additionally, if storage technologms for electrical energy are hmproved to the point where
mid-size vehicles achmve our regional EV range capability, the market for EVs wiU more
than double.

The importance of body styles to the market for EVs should not be overstated based on
people’s prior preferences for the body style of their next new vetucle. The fact that one-
third our sample Imagine then" next new velucle to be a full-s~e.e vehacle appears to be bad
news for EVs. However, we found that such prior preferences for body style had no
correlation to either the body style chomes made by households or the choice among EVs,
NGVs and ICEVs. The large propomon of people who chose a smaller body style than
they preferred and the lack of any affect of this on chomes between types of vehicles
suggests that such body style shifts are not perceived as large sacrifices of lifestyle goals.

Changes in the Dehnmq Purpose

We have argued that households make vetucle purchase decisions within the context of
their entire stock of vebacles. We saw m the previous secuon that, w~thin our choice
experiments, households will choose a vehicle of a chfferent body style than they had
previously indicated they preferred. Further evidence of households’ willingness and
ability to construct a fleet of specialized vehicles to accomplish then" travel needs is
provided by changes in the defining purposes for their next new vetucles. While a
household may use a vehicle for all types of travel, the cholce of a particular body style is
often determined by the desire to access one particular type of activity. "Fnus, while one
household member might commute to work everyday in a sport-utihty vetucle (SUV), the
reason the household bought an SUV, rather than arty other body style, may have been to
access recreation acUwties on weekends. In thls case, the defining purpose is weekend
recreation travel, not commuting. When offered new vetucle types with different range,
speed and recharging or refuehng characteristics than they have been offered before,
households may make different chomes of vetncles based on changes to the defining
purpose of their next new vehicle. We define these seven categones of defimng purposes:

¯ Commute to work or school on a regular basis;
¯ Chauffeur children or other non-drivers;

Chauffeur business clients and assocmtes;
¯ Run business-related errands;
¯ Take weekend and vacation trips;
- Haul large loads;
¯ Vehacle Styhng and Other.

We recognize that not all vehicle purchase decisions are made for purely practical reasons.
As seen m the hst of defining purposes, we did allow households to mdmate that vehicle
styling or some other non-travel related reason defined their chome of a particular body
style and vebacle type.
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Choice of electric vehicles and the preferred body style

It appears that pnor preference for a larger or smaller body style affects neither actual
choice of a body style from within the broad categories of"EV body style" and "’non-EV
body style" (Table 16) nor choices from within the broad categories of vehicle type (Table
17). We wish to determine whether these prior preferences for body style affect the choice
of a specific type of EV--NEV, CEV, REV or HEV. The data to investigate this question
are shown in Table 18. Again, we conclude that even wlthin the most specffic vehicle type
classifications, choice of vehicle type is not related to choice of body style. The fact a
household may prefer that their next new vehmle be smaller or larger does not affect then"
choice of the specific type of EV or of any type of vehicle m general. Households are able
and willing to imagine and rethink their enUre expected vehicle holdings when offered an
expanded variety of vehicles.

Table 18: Detailed vehicle type choice by grouped body choice in Situation Two

Vehicle Type Preferred Body Style Total
Choice

Observed Count "EV Body Style .... non-EV Body Style"

Neighborhood EV 12 6 18

Cormnuraty EV 21 5 26

Regronal EV 81 37 118

Hybnd EV 27 15 42

Gasohne, Reformed 96 53 149

Natural Gas Vehicle 52 33 85

Total 289 149 1[ 438
Test chi-square Prob.>chi-square
L~kehhood Ratm 4.239 0 5155
Pearson 3 998 0 5498

Summary of body style choices in Situation Two

Given the assumptions in our choice experiment, our sample represents a market m which
at least 7 percent of new, hght duty vehicles sold will be EVs, given available technologms.
These households indicate they would buy, as their next new vehicle, an EV. These
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Table 17: Body style choice by choice of electnc, natural gas, or gasoline vehicle in

Situation Two

Body Style Choice Vehicle Type Choice Total
Observed Count Electric Natural Gas Gasoline Observed

Expected Count Count

full size sport-utility - 11 24 35

0 I2.74 22.26

full raze pickup - 5 6 I1

0 4.00 7.00

full size sedan - 3 14 17

0 6.19 10.81

full size van - 2 4 6

0 2.18 3.82

small sport-utihty 17 3 5 25

13.13 4.32 7.55

compact pickup 13 10 10 33

17.33 5.70 9.97

compact sedan 23 8 15 46

24.16 7.95 13.89

mid-size sedan 61 21 36 I18

61.97 20.40 35.64

mlmvan 26 15 23 64

33.61 11.06 19.33

small sedan 31 3 6 4O

21.01 6.91 12.08

sports car 17 6 9 32

16.80 5.53 9.66

Jl 1++ +7 152 U 427
Test chi-square Prob.>chi-square
Llkehhood Ratio 24 75 0 074
Pearson 24 22 0 085

Note Because it is impossible within our research design to choose full-size EVs, those cells of the table are "structural
zeros" and the formula for computing the expected values m all other cells must be modified to account for the fact those
cells do not contmn zeros by chance, but by design Thus, the expected values m th~s table cannot be obtamed by reference
to the row, column, and table totals as would be the case ff there were no structural zeros
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saying we are tesung to see whether the column percents m Table 16 are equal in each row.
The ctu-square statistac tell us we cannot reject the null hypothesis. The choices between
electric, natural gas and gasoline vehicles made by our sample were independent of their
preferred body style for their next new vehicle. That is, the choice of propulsion system
was not detemuned by a prior preference for a pamcular size class of vebacle.

Table 16: Chosen vehicle type in Situation Two by preferred body style

Chosen Vehicle Type Preferred Body Style Total

Observed Count

Colunm Percent "EV Body Styles" "non-EV Body Styles"

EVs 141 63 204

48.79 42.28

Natural Gas 52 33 85

17.99 22.15

Reformulated Gas 96 53 149

33.22 35.57

289 149 438
Chl-Square Test chi-square Prob.>chi-square
Llkehho~xl Ratio 1 923 0 3822
Pearson l 928 0 3813

Note The category "EV" includes households that chose NEVs since thts tabulation does not rely on actual body style
choices, but only on the prior preferred body style

Having established that a prior preference for a full-size body style does not appear to
determane choices between vehicle types, we now wish to determine whether actual body
style choices affect vetucle type choices. In Table 17 on the following page, we compress
the data from T~ble 13 into fewer categories. We suppress the "wagon" variation of each
body style into the corresponding size class (e.g., compact stauon wagon is recoded as
compact sedan), eliminate all NEV choosers since their body style choices are treated as
being ennrely &fferent than any other body styles, group all other EVs into one category,
but separate ICEVs into natural gas and gasohne vehicles.

According to the data m Table 17, we conclude that choices of vehicle type were
independent of choices of body style, given our design restrictions on possible vetucle type
and body style cholces. Given that people could not have chosen a full-size EV, there does
not appear to be a relauonshap between chosen vetucle type and chosen body style.
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These data tells us that, irrespective of then" vebacle type choice, the vast majonty (80%) 
all households chose a vehicle that was of the smaller "EV body styles". Within the group
of 358 households who chose "EV body styles", the proportion of electric to ICE vehicles
is nearly equal. Ordy 15 percent of households (69 of 446) actually chose one of the larger
"’non-EV" body styles in the choice experiment. The zero values in the table are part of our
research design. Households that chose EVs, cannot choose a non-EV body style;
households that chose a gasoline or natural gas vehicle cannot chose a NEV body style.

Next we consider whether the body style choices in Table 14 reflect the households’
preferences for body styles. In Part One of the questionnau’e, we asked households to telI
us about the next new vehacle they thought they would acqmre. We asked them what the
body style of that vehicle was most hkely to be. We define this to be their preferred body ̄
style. If we group households’ preferred body styles m the same groups (EV and non-EV)
as we did their chosen body styles and cross-tabulate chosen by preferred body style, we
get the data in Table 15.

Table 15: Chosen body style in Situation Two by preferred body style for
next new veNcle

Chosen Body Style Preferred Body Style for next new vehicle Total
in Situation Two
Count "EV Body Styles" "non-EV Body Styles"

i ....

"EV Body Style" 259 90 349

"non-EV Body Style" 14 52 66

Total 273 142 [I
415

Note Households that chose NEVs are excluded from this table since they could not have expressed a prior preference for a
NEV body style based on famflmnty with such body styles

First we note that the colunm totals indicate a third of our sample (142 of 415) indicated
they preferred a full-slze body style for the vehtcle they thought they would next acqmre If
the hfestyle choices expressed through their desire for a larger vehicle were particularly
important, then we would not expect households to choose smaller body styles m the
Choice Situations. Our fn’st clue that a preferred, larger body style is not a binding
constraint on vehicle type cholces is contained in Table 15. Of the 142 people who, prior to
Situation Two, indicated they preferred a large vetucle, nearly two-thirds (90) chose 
smaller vehicle in the choice experiment.

The question remams, do the people who prefer a larger car, forego an EV in order to get
their desn.ed body style? In Table 16 we cross-tabulate the preferred body style group by
the motive power of the chosen vehacle type m SituaUon Two. We have split the ICEV
category into reformulated gasoline and natural gas. L-~ this table we test the nuU hypothesis
that choice of vetucle type is independent of the preferred body style. This is the same as
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Household Fleet Formation

As part of their decision context, households make vehicle purchase decisions based, in
part, on the vehicles they already own. During any given velncle purchase decision,
households consider whether to add another vehicle to their holdings or replace an existing
vehicle. They consider what types of travel the new vehicle Is expected to accomplish and
how other travel will be apportioned to other household vehicles (or other modes of travel).
In this section we analyze the vehicle choices made in Situation Two, our future market
scenario. We look for changes m body style cholces and vehacle use assignments. We
discuss the Impact of household life cycle on these vehicle and body style choices.

Chan_qes in Body style

We have stated that body styles choices are a reflection of household lifestyIe. To analyze
whether households make lifestyle adjustments to buy an EV, adjustments that are reflected
by changes m their body style choice, we first define two groups of body styles. Body
styles m which EVs are offeredmsmall, compact and rind-size sedans and wagons, small
pickup trucks and SUVs, and minivans--are defined as "’EV body styles". The full-size
vehicles that were only offered as ICEVs are defined to be "non-EV body styles".
Neighborhood EVs are defined as their own "NEV body style". These definitions apply
regardless of the source of moUve power. For example, a compact, natural gas powered
sedan is an NGV of an EV body style. Body styles are grouped by these definitions and
cross-tabulated by mottve power (EV or ICEV, where all EVs are grouped m the EV
category and reformulated gasoline and natural gas vehicles are grouped together in the
ICEV category) in Table 14.

Tab, le I4: Chosen motwe power by chosen body style category in Situation Two

Chosen Motive Chosen Body Style Category Total

Power

Count "EV body styles .... NEV body "non-EV body

styles" styles"

EVs 188 19 0 207

ICEVs 170 0 69 239

Total 358 19 69 446
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percent mandate in the year 2003 will depend on sales to these other market segments or
advances in ZEV technology that bring mid-size vehicles up to the regional EV performance
level. This last is potentially very Lrnportant. If EV technology makes this advance, large
new markets, well beyond the mandate requirements, will be opened.

Table 13: Chosen body style by vehicle type

Body Style Vehicle Type Total

Observed Count NEV CEV REV HEV Gasoline NGV

NEV 19

SUV, full size - 24 11 35

SUV, small 3 7 7 5 3 25

compact pickup 2 9 2 10 10 33

compact sedan 3 13 5 14 6 41

compact wagon 1 0 1 1 2 5

full size pmkup - - 6 5 11

full size sedan - - 12 3 15

full size van - 4 2 6

full size wagon - - 2 0 2

mid-size sedan 4 41 13 35 21 114

mid-size wagon 0 2 1 1 0 4

minivan 3 20 3 23 15 64

small sedan 7 17 6 6 3 39

small wagon 0 0 1 0 0 1

sports car - 5 8 4 9 6 32

II 19 28 117 43 152 87 II
Note Cells marked with a dash indicate body style/vehicle type combmauons that were not available in the choice set

"SUV" is an acronym for sport-uuhty vehicle
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Market Segments by Vehicle Body style

In this section, we describe the market represented by the vehicle type and body style
choices of our sample. This description provides clues to 771~N market development and
provides insights into the types of life style changes households made to incorporate a
kmited range, electric vehicle into their vehicle holdingsqi.e., to become hybrid
households. The body style and vehicle type choices made in Situation Two are cross-
tabulated m Table 13. The remainder of tlus section is devoted to understanding the
distribution of choices shown in flus table. We explore the impact of these results on the
ZEV mandate. We see how households made these body style choices and how they
structured their vehicle holdings to accomplish their desired travel. We look at households’
adaptations through changes m body style choices and changes in the intended uses of thelr
vehicles. Lastly, we examine the role of household demograpbacs and income on vehicle
type and body style choices.

We warn the reader that tins secUon revolves more techmcal and complex analysis that an
other sectaons of flus report. This is because of the more demanding task of examining
multiple variables and special sub-sets of our sample.

Body styles and the ZEV Mandate

The row totals in Table 13 show that across all propulsion systems, the single most
common body style choice is a n’ed-size sedan. Manivans are a chstant second, followed by
compact sedans, small sedans and full-size sport utihty vehacles. (NEVs of course are only
offered in one of the special NEV body styles.) The single most frequently chosen vehicle
is a mid-size, regional electric sedan, representing about 9 percent of the total sample.
Though some of the major motor vebacle manufacturers are developing EVs in rind-size
body styles, the range capability of the regional electric vehicles m our study have to date
only been demonstrated in compact and small (sub-compact) vebacles.

If the single largest market segment (defined by vehicle type and body style) for any vebacle
m our sample has not as yet been demonstrated in an actual vehicle, what are the prospects
for the ZEV mandate? NEVs and CEVs of all body styles have either already been
demonstrated or are straightforward applicataons of existing EV technology. Furthermore,
regional EV capability has been demonstrated m small and compact body styles. Fifty-four
of the households who chose a regional EV also chose one of these small, "EV body
styles". NEVs, CEVs and these smaller REVs represent 23 percent of the vehicles chosen
by our sample. Subject to the same assumptions regarchng the conversion of our sample
proportions to California market shares as made previously, these households represent
approximately 7 percent of the annual new light-duty vehicle market in Califorma. Tbas far
exceeds the 2 percent mandate in the year 1998

Based on this analysis, the ZEV mandate can be met in its first few years with sales of
vehicles that have already been demonstrated to households m our potential hybrid
household sample. We remand the reader that our sample includes neither the several types
of households who may buy EVs but are not in our sample, nor fleets° Meeting the 10
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Instead, it appears that those who defected from gasoline to natural gas chose a vehicle
that was interme&ate between gasoline and electric vel~cles. Twenty of the 56 people
who defect from gasoline to natural gas said the most important reason was their belief
NGVs would more economical than gasoline vehicles. Indeed, the costs of each vehicle
type in the survey were structured so that NGVs were intermediate between electric and
gasoline vehicles. Nineteen people choose NGVs because they could refuel them at home
(a characteristic of EVs) and another 11 satd they chose an NGV because it refueled faster
than EVs (a characterisUc of gasoline vehicles).

EV Shares of the New Light Duty Vehicle Market from Situation Two

We estimate the lower bound on the annual market share for the neighborhood, commumty
and regional EVs in our study to be between 13 and I5 percent of the new light-duO,
vehicle market. If we include hybrid EVs, the annual market shuare for electrified vehicles
rises to between 16 and 19 percent.

The choice probabihtles in Table 11 do not themselves represent annual new car market
shares. To provide a lower-bound estimate of annual market shares we must make three
adjustments outhned below and previously discussed m detail in the Hybrid Household
section. Fn-st, recall our sample of potential hybrM households buys between 35 and 40
percent of the new cars and hght duty trucks sold in California every year. Second, we
hypothesize that over a long period of tmae, hybrid households wxll choose to buy an EV
once every N times they buy a new car where N is the number of vehicles they own.
Third, we found in previous work that about 8% of another sample of potential hybrid
households were unable to adapt to limited ranges because of their travel needs.

Given the assumptions in our experimental design, the market share estimate above must be
regarded as a lower bound for the following reasons. The estimate assumes that people
who &d not choose an EV for their next new vehicle will never chose an EV. Thas ~gnores
those households that did not choose an EV m tbas cho:ce exerclse, but will buy an EV
during a later vehicle purchase dec:stun. Further, our sample of potential hybrM
households does not include representataves of all households who may buy EVs. Other
households that may buy EVs include:

¯ households that do not now buy new cars but would do so to buy an EV;

® households that become two car households by purchasing an EV; and

households that do not now own cars of the likely EV (or NEV) body styles but
would buy such a vehicle in order to buy an EV.

While this study sheds no hght on the number of households m the first two categories, we
do observe that some households chose smaller vehicles than then" "preferred" body style
when they chose an EV in the Choice S~tuatmns If households in our sample will change
body styles m order to choose an EV, we surmase households outside our sample may too.
We return to this issue m a later sectmn on how households select their vehicle holdings
Lastly, this market share estimate for EVs is extremely conservative because ~t does not
include any potentml EV sales to commercml or government fleets.

PA GE 63



THE HOUSEHOLD MARKET FOR ELECTRIC VEHICLES

Defectors from gasoline vehicles

Households that defected from gasoline to one of the EVs support our argument that the
market for EVs can be segmented by driving range and that an expanded choice of driving
range options can pull some households into the EV market that otherwise would choose to
buy gasoline vehicles. Not surprisingly, the largest group of defectors from gasoline to
EVs chose regional EVs. Seventeen of these 24 households indicated they switched to an
EV because the REV provided them with adequate driving range. Nine others indicate they
switched because they beheve REVs were the best "environmental" vehicle.

While we expect longer range EVs to bring some gasohne vehicle choosers into the EV
market, we also see that the avadabihty of shorter range, lower cost EVs encourages some
households to switch from gasoline vehicles. Fourteen households defected from gasoline
to a community or neighborhood electric vehicle. This is too few to provide a basis for
discussing their motivations for choosing short range EVs, but the slmple fact that any
households that previously chose a gasohne vehicle would choose a low cost, short range
EV is evidence that the enttre market for EVs does not depend on the development of long
range batteries. We note these choices of short range vehicles were substantiated by the fact
that w:thin thls group of households, NEVs and CEVs were also the most frequently
selected "second best" vehicle type.

Defectors to hybrid electric vehacles reflect the complex charactenstacs of HEVs. Nearly
equal proportaons of these households stated that the fact HEVs are cleaner than gasohne
vehicles, more econormcal than gasohne vehicles, or can be refueled at home as their
reason for switching from gasohne. In many ways in our expenmental design, HEVs are
more hke natural gas vebacles than they are lake either gasohne or "pure" electric vetucles.
HEVs and NGVs can both be refueled at home or away-from-home. Both are cheaper to
operate, but more expensive to buy, than gasohne vehicles. Both have limited range
compared to gasohne cars, but longer range than most of the electric vehicles. The
perceived sirmlanties between these vehicles are seen m the "second best" vehicle cho:ces
of households that defect from gasoline to HEVs. These households second choices are
most frequently reformuIated gasoline and natural gas vehicles The one feature that
distinguishes HEVs from NGVs is the lack of full-stze body styles for HEVs. Yet we saw
above that body style choices do not play a large role m the defection of EV choosers m
Situation One to natural gas m Situation Two. We return to a discussion of the role of body
styles in defining vehicle markets m a later secuon.

We hypothesized that the defectors from gasoline to natural gas very much wanted a cleaner
car, but were unwilhng to gwe up a full-slze vehicle in Situation Onemthat is, they would
have chosen an EV in Situation One if EVs had been offered in full-size body styles. This
hypothesis is based on the fact that lumted driving range and the ability to refuel at home
are common to NGVs and EVs---only body style is markedly different. Our respondents’
choices do not support this hypothesis. If the hypothesis Is true, people who chose natural
gas vehicles m Situation Two should also have chosen full size body styles in both
Situation One and Two only 12 of the 56 defectors to natural gas did so
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(electric or gasoline) in Situation One. When offered an expanded army of alternative fuel
and electric vehicle opUons, 113 of 241 (47%) househo|ds defected from gasoline. Half 
these defected to one of the variety of electric vehicles and half defected to natural gas
vehicles. Fifty-eight of 211 households (27 percent) defected from electric vehicles to either
gasoline or natural gas, wlth about half defecting to each type.

Table 12: Vehicle type transitions from Situation One to Situation Two

Situation Two: Situation One Total
Observed Count Electric Gasoline

Neighborhood EV 9 10 19

Commumty EV 24 4 28

Regional EV 95 24 119

Hybrid EV 25 19 44

Gasoline, Reform 26 128 154

Natural Gas 32 56 88

Total I[ 211 241 i[ 452

Defectors from EVs

We originally hypothesized that defectors from EVs to natural gas and reformulated
gasohne may have been motavated by an attitude that NGVs and reformulated gasoline
vehicles were "clean enough" and allowed the household to go back to a preferred body
style. However, we find little evidence that body style choices motivated switches between
vehicle types. Only 4 of the 26 people who defected from electric to gasoline and 9 of the
32 who defected from electric to natural gas chose a full-s~.e vehicle that was not available
to them as an EV Most defectors from EVs to gasoline vebacles (16 of 26 households)
indicated that a desire for longer range motavated their choice. These statements were
contradicted though by the fact their most frequent "second best" choice was a natural gas
vehicle--a vetucle that shares the limited range of EVs. Those who defected to natural gas
did not provide a clear consensus as to why. Some, but not all, the defectors perceived
NGVs to be more economical, more reliable and safer than EVs. We return to the role of
body styles m defining market segments later in this section.
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Regional Electric Vehicles

The regional electric velucle was presented as having longer range (120 to 150 miles
depending on battery options and body style), bagher performance, and a longer lasting
battery (50,000 miles as opposed to 25,000 miles) than community EVs. Additionally, fast
charging was offered as a $900 option. They were eligible for a $4,000 ZEV purchase
rebate. A total of 119 households chose regional EVs (26.3 percent).

Hybrid Electric Vehicles

Hybrid electric vehicles were also offered with two battery packs--40 or 80 mile electric-
only range--and an additional 100 miles range from a 40 hp reformulated gasoline engine,
for total combined ranges of either 140 or 180 miles. The HEV we offer was a "range
extender". The vehicle operates on battery power until it reaches a pre-determined depth of
discharge. At that point, the IC engine provides power for battery charging. Of all the
possible hybrid EV designs, we chose thls as a representative hybrid because it was
relatively sunple to explain and is intended only to extend range, not to provide continuous
base power, peak power, or to meet some other performance goal. A $1,000 Ultra-Low
Emission Vehicle (ULEV) rebate was offered on the purchase of a hybrid EV. A total of 
households chose hybrid EVs (9.7 percent).

Compressed Natural Gas Vehicle Vehicles

Compressed natural gas vehicles (NGVs) were offered in the complete range of vehicle
body styles mcluchng full-size. Households that wanted an NGV had a choice of two range
options--80 or 120 miles. A home refueling appliance was offered separately under lease
or sale from the gas utility. NGVs came with a $1000 rebate for meeting ULEV emissions
standard. Eighty-eight households (20 percent) chose an NGV. Twenty-one of these (22
percent of NGVs), were vehicles with full-size body styles not offered as electric or hybrid
electric vehicles. Forty-one percent of households that chose an NGV also chose to buy or
lease a home refueling appliance.

Reformulated Gasoline Vehicles

Reformulated gasoline vehicles were described as identical to today’s gasoline vehicles
in every way except that their emissions were improved to meet Low Ermssion Vehicle
(LEV) standards. LEVs were not offered a tax credit. A total of 154 households chose
reformulated gasoline vehicles. Forty-eight (31% ) of these vehicles were of the full-size
body styles not avmlable as electric or hybnd vehicles.

Transitions in chotces of vehtcle type between Sttuation One and Two

Households frequently chose different types of vehicles in Situation Two than they had
chosen m Situation One. These transitions are tabulated in Table 12. The cells highlighted
in bold indicate the number of households that defected from their original type choice
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Table 11: Vehicle type choices in Situation Two

Vehicle Type Choice [ C9unt Probabihty Cumulauve Prob.

Neighborhood EV 19 0.042 0.042

Community EV 28 0.062 0.104

Regional EV 119 0.263 0.368

Hybrid EV 44 0.097 0.465

Gasoline, Reform 154 0.341 0.805

Natural Gas Vehicle 88 0.t95 1.000

Total I[ 452

Neighborhood Electric Vehicles

Neighborhood electric vehicles were described as non-freeway vehicles with a top speed of
40 males per hour and a range of 40 miles. They were offered in three models--2, 3 and 4
seat sedans--with the option of a convertible top. Despite their low top speed, we specified
the NEVs were fully certified to meet the Federal Motor Vehicle Safety Standards. Fast
charging was not offered as an option to reinforce the image of a NEV as a vehicle intended
for local travel. The prices at which NEVs were offered were substantially lower than any
other vehicle type. Households could chose NEVs that ranged in price from $5,500 to
$10,000 depending on seating and other options. Buyers were given a $2,000 zero
emission vehicle (ZEV) credat.

A total of 19 households (4.2 percent of the sample) selected NEVs. This is unexpectedly
large, but we had very httle m the way of prewous studies to gauge response to this type of
vehacle. However, the number of NEV choosers might have been even higher accor&ng to
comments made by parucipants--some respondents complained about the boxy styling of
the only NEV presented m our informational wdeo.

Community Electric Vehicles

The commumty electric vehicle was presented as a moderately priced electric vehicle, w~th a
60 mile range as "standard equipment" and 80 mile driving range as an $800 optaon. Fast
charging was not offered. CEVs were available m all the "EV body styles"---small,
compact and mid-raze sedans and wagons, small pickup trucks and sport-utility vehicles
(SUVs), and minivans. In this class of EV, body style d~d not affect range. As with all
other vehicle types expect NEVs, CEVs were offered m three trim levels and with other
adcht~onal options. They were eligible for a $4,000 ZEV purchase rebate. A total of 28
households (6.2 percent of the sample) chose a conmaumty EV.

PA GE 59



THE HOUSEHOLD MA R KET FOR ELECTR IC VEHICLES

Table 10: Range, speed and sample price characteristics of vehicles in Situation Two

Driving Top Speed, Comparative
Vehicle Type: Range, miles mph Prices, $xlO001

Neighborhood Electric Vehicle (NEV)

Community Electric Vehicle (CEV)2

Regional Electric Vehicle (REV)2

Hybrid Electric Vehicle (HEV)2, 3

Natural Gas Vehicle (NGV)4

Reformulated Gasoline Vehicle (REV)

40 40 3.5 - 7.1

60 or 80 75 8.0 - 16 8

120 or 140; 85 11.5 - 22.1
130 or 150

140 or 180 85 14.0 - 24.9

80 or 120 ms 9.5 - I7.4

m5 __5 10.0- 18.9
Comparative prtces are calculated for a sub-compact sedan The lower hrmt ts for the lowest trim level and no
other opuons added The upper hrmt Is for the luxury trim level, and all available engine, transmission and
energy storage opUons Price includes the &fferent purchase incentwes for the &fferent vehicle types The sub-
compact sedan is used for comparison because It is most slmdar m body style to the Neighborhood Electric
Vehtcle, which is only offered m one body style. The actual prtce "prod" by our respondents is of course a
functton of their actual choice of velucle type, body style, trim level and other options

2. Vebacle range depends on body style and choice of battery opuons
3 The battery-only dnwng range opuons are e~ther 40 or 80 miles.
4 Range depends on choice of one or two fuel cyhnders.
5 Comparable to exlsung gasohne vehicles

The vehicle type choices made by the households in Situation Two are summarJzed in
Figure 17 and Table 11. As Figure 17 in&cates, the single largest vehicle type group is
reformulated gasoline vehicles, followed by regional EVs and natural gas vehicles The
frequencies in Table 11 show that 34 percent of households chose a reformulated gasoline
vehicle, 26 percent chose a regional EV, and 20 percent chose an NGV. All EVs, including
hybrid EVs, account for 47 percent of the vehacles chosen in Situation Two.

Figure 17: Frequency distribution of vehicle type choices in Situation Two
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CHOICE SITUATION TWO: A FUTURE MARKET SCENARIO

Choice Situation Two represents one plausible future market for personal, private
transportation. In Situation Two, the households revisit then" purchase decision about their
next new vehicle m a more detailed scenario. Households choose from a set of vehicles that
includes expanded driving range options for EVs, natural gas vehicles that have some
features of both EVs (shorter range and the possibility of home recharging) and gasoline
vehicles (full-size body styles and away-from-home fast refuehng--faster than electric fast
charging) and reformulated gasohne vehicles. To insure that households reconsider their
vehicle choices rather than just repeat them, we do not offer households vetncles in
Situataon Two that are idenUcal to those m Situation One At the very least, households
who chose an EV in Situauon One must choose an EV w:th either shorter or longer driving
range in Situation Two. Even the reformulated gasohne vehicles in S:tuation Two are not
identical to the gasoline vebacles offered in Situation One. Thus the expanded range choices
for EVs in Situation Two tests our hypothesis that the market for EVs can be segmented by
demand for driving range. We sought adchfional insights into households’ choices in
Situation Two by asking them to indicate both their first and second choice of vehacle type,
again, where vetucle types are clef’reed by the propuls:on systems (and within the electric
vehicle type, by range and speed).

This section develops the linage of the market for private motor vehicles within our sample
of potential hybrid households. We &scuss market segments defined by vehicle types and
body styles. While we have already estabhshed that the market for EVs can be segmented
by demand for range, we provide more evidence in this secUon. Further, we examine
households’ choices of vehicle holdings, not just the purchase of one vebacle. We see the
impact of changes m the travel needs that the next new vehicle :s expected to fulfill. We
also look at vehicle choices made by house.holds m different life cycle categories. These
categories are defined by the age and relationships of people m the household.

Types of EVs offered in Situation Two

We observed m previous work that many households shift then" driving range choices as
they began to explore what :t meant to be a hybnd household (Kurani et al, 1994). These
shifting choices witban households and the very different range choices made by different
households suggested an EV market segmented by demand for range. We used this idea to
create four classes of electric and hybrid-electric vehicles in our survey. Range, speed and
sample price characteristics of all the vehicle types offered are summarized in Table 10
Complete descriptions of vehicles and options are in the survey document in Appendix A.
The vebacles with the shortest driving range are neighborhood electric vehicles (NEVs).
They are also defined to be non-freeway capable. Community electric vehicles (CEVs)
have longer ranges and top-speeds compared to NEVs that make them capable of traveling
on freeways Regional electric vehtcles (REVs) have stdl longer ranges and higher top
speeds. We also offered our respondents a hybrid electric vehicle (HEVs) that has the
longest (total electric plus ICE) driving range of any electric vehicle in our study.
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Conclusions

As noted in several of our previous studies, understanding consumer response to lumted
range requires careful attenuon to household fleet composition, consumer learning
processes (especially as consumers have previously not considered the impact of reduced
range on lifestyle choices), the recharging infrastructure (home, work, and station
recharging), and possible changes m vehicle range instrumentation.

As in previous studies, we find here that consumer travel patterns are less of an obstacle to
limited range choices than are lack of experience and knowledge among consumers with the
technology of electric vehicles. Adchtionally, previous market research has failed to
consider consumer response to the whole package of EV instrumentation, recharging
infrastructure and home recharging. Further, participants in many pnor studies were not
presented vehicle choices in the context of their overall fleet composition. The findings
presented here on household travel patterns, use of current gasoline instrumentation, and
refueling patterns add further evidence that gasohne vehicles currently do not meet
consumer wants for much of then" local driving tasks; a job that electric vehicle technology
may do better.

Finally, some have argued that to make it m the market, electric vehicles must have
equivalent driwng ranges and refueling times to gasoline vehicles. We believe this is an
extreme, and now insupportable, posinon. Such goals are unreachable for battery powered
EVs; they are also n-relevant. We argue there is a viable niche market for electric vehicles as
complements to long range vehicles m multi-vehicle households.

We beheve from the results of this study and previous studies we have done, that it is more
important, and wall be more profitable, to market less expensive battery-powered EVs
capable of prowdmg dnvmg ranges of 40 to 120 miles than to develop more expensive
battery-powered vehicles with ranges m excess of 150 miles. The marginal utility for
electric vehicles with ranges beyond 150 wtll be small so long as there are gasohne vehicles
on the road that have 300-400 miles of range. Therefore, so long as people persist in
behevmg that EVs must mimic the long range and short refueling tames of gasoline cars,
pracUcal and profitable EVs will elude us untd new electric energy storage technologies can
be commercialized. However, we argue that the utihty of short range, home recharged EVs
hes pnrnarily m their complementary relation to gasoline vehicles, in their abihty to provide
diversified transportation services m a hybnd household. Marketed as such, it appears to us
that both the state of the art m technology and consumer demand are adequate to launch the
market for ZEVs.
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In addition to choices of range, households made choices of refueling and recharging
capab~ties and locations. Their choices are shown in Table 9. Households that chose
Neighborhood EVs and Commumty EVs were limited to home recharging only. Buyers of
Regional EVs had the option of purchasing the ability to recharge at a fast charging station,
as in Situation One. In addition to refueling at stataons, households that selected natural gas
vebacles had the option of purchasing or leasing equipment to allow them to slow fill their
tanks at home. A home refueling apphance was offered that they could either buy for
$2,500 or lease for $60 per month. Hybrid EVs had the built in option of refilling with
gasoline at a station and recharging from an electric outlet. Fast charging was offered as an
option for hybrid EVs. Reformulated gasoline vehicles can only be refueled at gas stanons.

Table 9: Home and away-from-home refuehng choices in Situation Two

Home and Away-from-Home
Refueling [ Away-from-Home Refueling Only

Neighborhood EVs 19

Community EVs 28

Regional EVs 27
without fast charging

Regional EVs with 92
fast charging

Hybrid EVs 44

Natural gas with 36
home refuehng

Natural gas without 52
home refuehng

Reformulated 154
gasohne

Totals 246 206

Over half the sample, 246 households, chose vehicles that could be recharged or refueled
both at home or away-from-home. Away-from-home locations could be either an electrical
charging site at such locations as large employers and shopping malls, a spec~aluzed fast
charging station, or a compressed natural gas filhng statmns. Tbas suggests to us that home
recharging and refuehng may be a highly valued attribute of electric (and possibly natural
gas) vehicles. We touched earher on the combined role of home recharging and improved
driving range instrumentation to nutlgate and largely eluninate any day-to-day difficulty that
a hrmted driving range maght create The large propomon of households that select a
vehicle capable of restonng its dnwng range while parked at home is consistent w~th the
argument that many households believe this to be true.
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wish to simply observe whether different households will choose vehicles of distinctly
different range from along some dlstribuuon of driving range possibilities. Figure 16
provides evidence the market for EVs can be segmented by demand for driving range and
that some households will buy vehicles built wtth exasting EV and battery technology.

Figure 16: Driving range choices (by group) in Situation Two
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In addition to observing range choices across the whole sample, we wmhed to track
individual household’s range choices from S~tuauon One to Situation Two. In order to
force households who chose an EV in Situation One to reconsider their choice in Sltuauon
Two, we mtenttonally did not offer EVs ~n Situation Two that are ldentacal to those m
S~tuat]on One. At the very least, the household must decide whether ~t wants more or less
range Thus the absence of EVs with driving ranges between 80 and 120 miles from
Situation Two is a design feature of our choice experiment, not an expected development in
a future market for EVs.

Of the households who chose an electric veincle in both Situation One and Two, 19% (39)
chose a shorter range EV in Sltuat~on Two than they had selected in Situation One. More
dramatically, 46% of the households who had chosen a gasohne vehicle m Sltuatlon One,
chose a shorter range electric, hybrid electric or natural gas vehicle in S~tuation Two.
Across all vehicle types, 32% of households chose a shorter range vehicle in Sltuauon Two
than they had chosen in Situation One. We conclude that households will make choices
from across a spectrum of range possibdlties. A sizable portion of our sample chose very
short range veincles, even when offered longer ranges in the same type (electric or natural
gas) of vehicle. Tins ]s further evidence that the market for EVs will be segmented by
demand for driving range
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Table 8: Vehicle choices by range for electric and natural gas vehicles in
Situation Two

Vehicle Type

Neighborhood EV

Community EV with Type I batteries

Commumty EV with Type H batteries

Natural gas vebacle with single tank

Natural gas vehicle with double tank

Regional EV with Type I batteries1

Regional EV with Type II batteries1

Hybrid EV with Type I batteries

Hybrid EV with Type II batteries

Reformulated gas vebacle

Number of
Households

Range, choosing Range
re_des and Type

4O 19

60 10

80 18

80 28

120 60

120/130 52

140/150 63

140 6

180 37

300 154

1. Range of regional EV ~s also dependent on body style

Figure 16 shows the data from Table 8 m categories that illustrate a feature of our research
design. As we mentioned above, it is not part of our research design to estimate price
elasuc~taes for driving range or average price penalUes for hnuted range. Instead, we
deslgned groups of vetucles defined by three types of energy storage technologies. The
Neighborhood and Commumty EVs and the shorter range Regional EVs are based on two
battery technologies that are already commercaalty available or have been demonstrated m
on-road vebacles° The longer range regional EVs are based on battery technologies w~dely
expected to be commercially av~lable before 1998.

In our experimental design, the single tank, low range CNG vehicles are grouped with low
range EVs, and hybrid EVs and higher range CNG vebactes are grouped with longer range
EVs. The CNG range categories are not based on differences m avadable and expected
technology, but on our specific desire to create an "mtermedmte" vehacle between electric
and gasoline vehicles.

What ttus means as that range choices m our study are "lumpy". We have respondents make
only two vebJcle choaces, not several as as the case an many stated preference stu&es. We
make no reference of some underlying &stnbutlon of "preferences" for range. Rather we
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The greater than two-to-one preference for Type Two batteries among n’ud-size vehicle
buyers must be interpreted with care. We specified that given the same type of battery,
mid-size vehicI.es~ compact pick-up trucks, and minivans would have shorter ranges than
the smaller vehicles. For example, the Type Two battery provides 100 miles of driving
range in a compact sedan, but only 80 miles in a mid-size sedan. The chstribution of driving
range choices (as opposed to the battery type choices in Figure 12) are shown m Figure 15.
The darker shading m&cates mid-size sedans, mimvans, small sport-utility vehicles and
compact pick-up trucks. Households that chose these mid-size body styles tend to buy the
longest range they could, given their body style choice. Range is not seen as so important
that households abandon a body style choice, m order to get the longest range EV possible.

Figure 15: Ddving range choices in Situation One, miles

125

100
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Note Dark shading indicates larger body styles, hght shading mdscates smaller sports cars and compact sedans

Range Selections in Situation Two

Two reasons for the specific design of Situataon Two were to test our premise that the
market for EVs may be segmented by demand for driving range and to test whether there Is
a market for EVs that can, and are, being built with current technology We find evidence
that both are true.

The variety of driving range options offered to respondents m the second choice experunent
are shown m Table 8. As in Situatmn One, EVs (except Nelghborhood Electric Vehicles)
were offered with a Type One base battery or a longer range, more expensive, Type Two
battery. A hybrid electric vehicle with 40 or 80 miles range on its electric propulsion system
and an addmonal 100 miles of range from a "range extender" ICE was offered Natural gas
vehicles were offered with one or two CNG storage cyhnders The number of households
who selected each range option Is also shown in Table 8.
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Figure 13: Choice of battery and fast charging option in Situation One
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F~gure 14: Battery choice and vehicle body style in Situation One
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APPENDIX A

This appendix contains Parts One, Two, and Four of our survey instrument. Part Three
was an mformaUonal video produced for the survey and repnnted amcles from
newspapers, magazines, and newsletters. We do not have perlmsslon to dlstribute the
copyrighted articles m #,is report. References are provided in Appendix B If you wish to
review a copy of the video, please contact the Umverslty of Cahfomla Transportation
Research Center located at the University of Callforma, Berkeley.

Part One: Household demograpbacs, fleet holdings, environmental attitudes

Part Two" Diary, Map and Travel behavior questions

Part Three: Video (not included but available from UmversIty of Cahfomia
Transportation Research Center, Berkeley ), Repnnted artaclesmbecause of copyright
laws, we do not include articles whach were offered to participants

Part Four. Vehicle cholce answer book & Price work-book



PART ONE: Household Description

The information in this section will be used only for descriptive
purposes. We need to know how well our respondents match the
descriptions of households who buy new cars in California.

For each household member (except household heads) please enter
one of these numbers under "relation’:

1= child of one or both of the household heads;
2= other family relation of one of household heads;
3 = person unrelated to one of household heads.

Under "Work status" please use these descriptions:
1 = family care giver, not employed outside the home;
2 = full- or part-time employed at an away-from-home location;
3 = full- or part-time employed in a business located at home;
4 = presently unemployed;
5 = retired.

Under "Student status" use these descriptions:

1 = non-student 2 = student. 3 = pre-school

i Drivers
Person Relation Name Age Work Student License

Status Status yes/no
1 Female

H-hold Head , , ,,,

2 Male H-hold
Head

3
4
5
6
7
8
9
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’You and your cars

Your Household’s Motor Vehicles

1.1. How many motor vehicles (cars, vans, or light duty trucks) does
your household own?

.Vehicles total

~r =2~ Please fill in the table below, ff you own more than three
vehicles, include the three most recently acquired vehicles
which your household drives on a regular basis.
ff used less than monthly (like an RV used for vacations), write
an X next to its make.

,, ~ EXAMPLE I VEHICLE 1 I VEHICLE 2I VEHICLE 3

Make Ford
|l

Model Taurus

Body Style station
wagon

Model Year 1992

Own or Lease , Lease
,, ,, ,ll

Acquired new or new
used

Air conditioned Yes

All-Wheel Drive No
for 4x4

,, , ,,
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1,3, Now, consider the next new household vehicle you believe you
are likely to acquire. How soon do you believe your household
will buy or lease its next new car, van or light duty truck?

~3within the next 6 months.
Elbetween 6 months and 1 year from now.
Qbetween 1 and 2 years from now.
~between 2 and 5 years from now.
E~more than 5 years from now.

1.4. What is the body style of this new vehicle most likely to be?
QISports car
DCompact pickup truck
Q Small wagon/hatchback
[~ Mid-size wagon/hatchback
O Small sedan (sub-compact)
[~ Mid-size sedan
Q! Mini-Van
[~! Other (specify

[~Sport utility vehicle
[’-tFuli-size pickup truck
I~Compact wagon/hatchback
[~ Full-size wagon/hatchback
DCompact sedan
[~ Full-size sedan
[~! Full-size Van

1.5 People often buy a specific body style with a certain type of
trip in mind. For example, a household might buy a sport utility
vehicle with a ski trip in mind, even though most days they
would use it to commute to work. Please complete this
statement in the way that best describes why you are interested
in the body style and size of the vehicle above :

We would buy this style and size of vehicle to:
Check only one box

[~lcommute to work or school on a regular basis
~chauffer children or other non-drivers
O chauffer business clients and associates
[~run business errands
[~take weekend and vacation trips
[~lhaul large loads
[~ I/we chose the body style because of the way it looks
~1 other (specify:
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1.6. Of the vehicles you now own which one will this new vehicle
replace ?

Q None, it will be an addition to our vehicles.
l~i Vehicle 1 (from table on 2nd page)

Q Vehicte 2
Vehicle 3

D A household vehicle not listed on the first page

1.7. Is there another style or size of vehicle you are also
considering in addition to the one you indicated in question
If so, what is this other likely body style choice?

OINo other body style choice
Dr Sports car
DICompact pickup truck
[~ Small wagon/hatchback
[~1 Mid-size wagon/hatchback
l~lSmali sedan (sub-compact)

[~lMid-size sedan
I~! Mini-Van
[~i Other (specify

[~Sport utility vehicle
[~lFull-size pickup truck
~lCompact wagon/hatchback
01 Full-size wagon/hatchback
[-IICompact sedan

D Full-size sedan
0 Full-size Van

1.4?

1.8. Going back to the body style and size you indicated in 1.4, think
about all the vehicles your household will own after buying this
new vehicle. Including yourself, what is the largest number of
people you would absolutely want this new vehicle to carry?

l~iOne I~Six
~Two [~Seven
DThree [~Eight
[~Four [~lNine
[~Five {~lTen or more
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1,9, What type of luggage or cargo must this vehicle be able to
carry?

The vehicle my household will next acquire must be able
to carry the equivalent of at least:
(Check only one of the following boxes)

Ola few bags of groceries.
[~luggage for a weekend trip for two.
D luggage for two for an extended trip.
[~lluggage for four for an extended trip.
[~iuggage for more than four people for an extended trip.
~]llarge bulky items such as furniture, lumber, large boxes, etc.

1.10. I plan to regularly use roof racks, bicycle racks, ski racks or
similar equipment on this vehicle to increase its cargo capacity.

ONo OYes

1.11. Within the general body styles and sizes of vehicles in which
you are interested, which, ff any, specific makes and models
would you consider buying?

CiNo specific makes and models considered yet.

First Choice: Make;

Model;

Second Choice: Make;

Model;

Third Choice: Make;
Model:
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REDUCE

REUSE

REINVESTYour opinions about products
and activities designed to improve the environment.

1.12. How would you characterize your feelings about the world’s
environmental problems?

[3 The biggest crisis and challenge of our times. The
solutions require immediate international effort and
major changes in our economies and lifestyles.
Among our biggest problems. The solutions require
cooperation of government and citizens. Time to
reconsider our lifestyles and make changes .

[3 Environmental problems exist, and need some attention,
but are minor compared to other problems in our world.

13 Environmental problems are not an important problem.
There is no need to change the way we live.

1.13. Pick what you think are the 1st , 2rid and 3rd worst
environmental problems from the following list?
Write 1, 2 and 3 on the line next to your three selections -
leave the other options blank.

Utility power plants __
Household waste
Ozone Depletion __
Pesticides
Oil spills __
Green House Effect
Rainforest destruction
Farmland errosion
Automobiles
Other
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1.14. How would you describe your response to environmental
problems?

Check only one box

Actively protesting abuse of the environment.
Q Working on my own to make changes in my lifestyle.
!~! Sympathetic, but not working on environmental problems
D More active in other problems than environmental ones.

1.15. What things do you do to solve environmental problems?

Check all boxes that apply
[~1 participate in recycling
[~ purposefully reduce my use of cars
D support environmental groups with donations

participate in political actions to stop poilutors
[~ purchase ’green’ products
[~ conserve water
[~l nothing
I~ other

1.16. Which do you think is the biggest obstacle in your life to
helping improve the environment.

Check only one box

~! i have been too lazy to make the changes
[~ ! don1 have enough time
[~i The world is not set up to do the right environmental thing
Q! "Green" products cost too much
[~1 "Green" products just don’t work as well

[~ other

1.17. How much more are you wilting to pay for products which don’t
pollute compared to products which do pollute?

~]10% [~3% ~5°,/o ~10°,,’o [~20% ~30% [~50°/o [~100°/o
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Some questions about your home

1.21. Do you rent or own your residence?

QIRent OOwn

1.22 is your residence a single family home or one of a multi-family
unit?

~Singte family home
QICottage or "granny flat" located on property with another,

but separate, residence
~lDuplex, triplex, or four-plex (some resider~ces in each unit

share at least one common wall)
D Apartment or apartment style condominium
D Other (p~ease specify: )

1.23 DO you have space to park at least one of your household
vehicles reserved solely for your household’s use?

No reserved parking spaces. We park all vehicles either in a
shared use lot or on the street.

~Yes, we have at least one reserved space in a shared use
parking lot

[~Yes, we have at least one reserved on-street parking space
[~Yes, we have space to park at least one of our vehicles on

our own property (either in a driveway or in a garage/
carport).

1-24. ff your residence has a garage (or car port) do you regularly
park at least one of your vehicles in the garage or carport?

[~No [~Yes
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1.18. Scientists have found that the household batteries, like those
used in flashlights, are a serious toxic waste problem in local
JandfiJl.

Which one of the ideas below do you think is the best response to
the problem?

Check only .9.D.Lbox

[~ Battery manufacturers should be fined for the costs of
clean-up.

1~I Disposable household batteries should be illegal.
01 Set up acollection program to keep used batteries out of

landfill.
D Consun~ers sl~ouid be taught and encouraged to use and

recycle alternatives, like rechargeable batteries.

1.19. Which of these statements fit your opinions best?

Check all boxes that apply

~’~e|ectric vehicles are a bad idea
l~lelectric vehicles would work with a little planning
[~electric vehicles are not much better than golf carts
~electdc vehictes are small cars
r,~electric vehicles will be cheap to operate
[~electric vehicles are clean cars
[~lelectdc vehicles are not powerful enough

[~ electric vehicles are fast cars
~electric vehicles pollute like~ any other car
0 i/we’ve never heard of electric vehicles before
[~! i/we know very little about electric vehicles.

1.20. Given what you know about electric vehicles, ff an electric car
was available to buy next time you buy a car, how likely would
you be to purchase one, ff it were the same price as a gasoline
car?

[~ very unlikely
[~1 likely

[~ unlikety ~ not sure
[~1 very likely
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1.25 Please indicate the category which includes your househoid’s
total pre-tax income for tax year 1993.

J~0 - $9,999
[~$10,000 - $19,999
D$20,000- $29,999
[~1530,000 - $39,999
~1 $40,000 $49,999
[~ $50,000 $59,999

[~1$60,000 - $69,999
[~1$70,000- $79,999
!~1$80,000- $89,999
Ql$90,000- $99,999
[~lgreater than $100,000
~ldecline to state

1.26 How many of your household members contributed to this 1993
tax-year income?

persons

Thank you for completing PART ONE. Check to see if you
missed any questions.

Put PART ONE back into its envelope and put it in the mail
as soon as you can.

Your next step is to go to PART TWO and begin your 3 day
travel diaries.



Full name of household

member filling out this booklet

Car one

Full name of primary driver of car one

Car two

Full name of primary driver of car t~O

PART TWO:
Post-Diary Household Travel Questionnaire

Dear Participant,

By now you have completed a three day survey of your driving. At
this point you should clear a table, spread out your diary, pull out
the red and black pens from your diaries, this questionnaire, and the
map in PART 2 with the two sheets of bright dots, (the dots are for
use with the map questions on pg. 4).

There are two copies of this questionnaire, one for each of the two
primary drivers in your household. Please be sure that each driver
fills out their own copy° There is one map to be shared by both
drivers.

in this section, we want to learn more about your household travel
patterns. The next set of questions use the map and diaries as
reference.
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Questions about your travel diaries.

2.1. How typical was the number of trips you took each day during
the diary period?

[~1 ! made a typical number of tdps all three days
I made fewer trips than typical on:

Q day 1 Q day 2 I~! day 3
I~ I made more trips than typical on:

~1 day 1 [~! day 2 O day 3

2.2. How typical were the daily distances you traveled each day
during the diary?

[~ I traveled a typical distance on all three days
[~1 I traveled fewer miles than typical on:

[~1 day 1 [~1 day 2 ~ day 3
[~ I traveled more miles than typical on:

[~ day 1 [~! day 2 [~l day 3

2.3. Thinking about your travel in general, not just the diary days,
would you say the distance you travel is about the same every
day or do you travel very different distances each day?

Almost always the same distance each day
0 About half the time, the same distance each day
[~ Seldom the same distance each day

2.4. What is the longest trip you almost always make weekly,
even ff you didn’t happen to make it during this’diary?

Destination:

Nearest intersection:

One-way distance in miles:
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2.5. What is the longest trip you almost always make monthly,
even ff it didn’t happen during this diary?

Destination:

Nearest intersection:

One-way distance in miles:

2.6. Recalling which vehicles you have labeled "car one" and "car
two’, how often do you use each of these cars for a trip more
than fifty miles from home?

Car one [3 dai~y {3 weekly

Car two [3 daily [3 weekly

[3 monthly

[3 monthly

~]! rarely

[3 rarely

[3 never

[3 never

2.7. How often might both cars be used for trips more than fifty
miles from home on the same day?

Both cars [3 daily [3 weekly [3 monthly [3 rarely [3 never

2.8. How often do you swap or trade cars with the other principal
driver in the household?

[3daily [31or 2 days a week [31 or 2 days a month [3rarely [3never

2.9. When you take a trip out of town, do you tend to use car one or
car two?

[3 always car one
[3 either car equally
[3 usually car two

[3 usually car one

[3 always car two

2.10. Which car is used for vacation travel?

[3 always car one
[3 either car equally
[3 usually car two

[3 usually car one

[3 always car two
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Now for ’the map,

Mark your important destinations.

Using the colored dot labels, mark on the map the several

destinations listed in the table on the next page. Write the symbols

from the table on the dots with the black pen. Use the orange dots

for Driver #1 and the green dots for Driver #2. Stick the

dot/symbo~ in the right location for your household on the map.

Here is an example of a dot with a work location symbol.

If any of these destinations are off the map, place the dot and

symbol for that destination in the map margin in the direction of

that destination.

If any of these destinations are the same for both drivers, overlap

one green and one orange dot.
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q Location Symbol

Home H

Work. W

Schools (all that you or your children access by car). $1,$2,...

Usual grocery store. G

One important location -- a church, theater, club, R
restaurant, sports venue or other place you consider an
important part of your life.

Most often visited family or friends. F

Doctors Office, Dentists Office D1,D2

Emergency Medical Services E

Usual gas station (if there is one you most always use) X

Mark your longest regular destinations,

, Using the dots, mark the destinations of your longest weekly and
monthly trips (from questions 2.4 and 2.5) with the symbols L 
(long weekly) and L M (long monthly) on the map. ff either is not 
the map, put its symbol in the map margin in the direction of the
destination, ff you have already marked either destination with one
of the symbols from the table of destinations above, please mark it
again with the L W or LM.
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Draw a boundary around where you live.

Draw a boundary on the map around the area in which you do most of
your activities (Red Pen for Dt~ver 1, ~ for Dt~ver 2) 
working, shopping, attending school, regularly visiting family and
friends, other socializing and recreation, banking, business or
personal errands -- in short, draw a boundary around the area in
which you live. If part of this area is off the map, make a note in the
map margin. Use the locations you have already drawn on the map
plus any other activities you consider important to your lifestyle to
J~elp you define this area.

Locating one last important destination.

Is there any one destination either inside or outside the boundary
you just drew, or even off the map, which you feel you must be able
to reach on any given day no matter what? It can be one you have
already marked or one you have not marked yet. it is the kind of
place that if your car was in the shop, and the other car was gone for
t~e day, you would go to the trouble to borrow a car, rent a car, hire
a cab, or make some other arrangements in order to get there.

2.11A. Important Location

2.11B. Please estimate the one-way travel distance miles

2.12. Of your destinations marked with symbols on the map, which,
if any, would you be willing to reach by walking, bicycle or
transit? (use same destination symbols in boxes below)

Walking:

Bicycle:

Bus or rail transit:
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2.13. Not counting vacation travel, do you ever rent cars to travel in
your local area, for instance, when you have out-of-town guests,
or one of your cars is in the shop?

QYes

2.14. Do you have family or fdends nearby from whom you feel you
could borrow a car in an emergency situation?

~No [~Yes

2.15. Look back over your trip diary and your map. How easily could
you have completed travel in your diary ff you had not been able to
drive on any freeway or expressway?

Choose one answer.

Of i could have easily completed ~!1 3 diary days without ever
travelling on a freeway or expressway.

Ei With some change~ to the routes ! drove or by some other
change, ! could have completed all 3 dia~ days without
travelling on a freeway or expressway.

With some changes to the routes I drove or by some other
change, i could have completed at least 1 diary. ¢rav without
travelling on a freeway or expressway.

[~ It would have been imPosSible for me to complete even 1 of
my diary days without travelling on a freeway or urban
expressway.
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Questions About Refueling Your Car
~

2.16. in the household vehicle you drive most often, how many miles
total can you drive on a full tank of fuel? (not miles per gallon /)

miles

2.17. Is this vehicle equipped with a "low fuel" indicator light?

[~No (If no, skip to 2.18)~Yes (Answer 2.17A)

2.17A. if yes: When the light first comes on, about how
far do you think you can drive before you run out of gas?

more miles

2.18 Do you personally refuel the household vehicle you most often
drive ?

Check one statement below which best applies.

{~ll always refuel the vehicle I most often drive.

[~1 refuel this vehicle more than~haif the time.

~! refuel this vehicle about half the time.

[~1 refuel this vehicle less than half the time.

2.19 Do you routinely refuel your car while making other trips or do
you make a special trip~

Choose one statement.

I~! normally refuel on my way to work or school.

I~11 normally refuel on my home from work or school.
[~11 normally refuel while making trips other than going to or

from work or school.

I~1 normally make a special trip just to refuel.

I~li have no routine of refueling.
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2.20. ff you are also the person who. most often refuels the other
household car, de you routinely refuel it while making other
trips or do you make a special trip to refuel the other car?

Oil don’t refuel the other car.
1~!i normally refuel on my way to work or school.
01 normally refuel on my home fro.m work or school.
~11 normally refuel while making trips other than going to or

from work or school.
[~11 normally make a special trip just to refuel.
[~!1 have no routine of refueling.

2.21. Which one of these statements below best describes when you
choose to refuel?

Answer either A,B,C or D

A [~! try to refuel as soon as the tank gauge reaches a
certain level, and that level is:

B

C

0 more than half full.
[~ between one half and one fourth.
[~ between one fourth and one eighth.
I~ less than one eighth.

[~i on empty

[~ll use the odometer to tell me how far I have driven and
refuel according to how far I have traveled.

[~l use the low fuel indicator light and refuel when:
~the light first flashes on.
~the light stays on steadily.
[~lsome time after the light stays on steadily.

D [~Other (Please describe:
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2.22 How do you find the smell of gasoline?

OUnpleasant O Don’t notice

2.22A Gasoline is---(choose one)

Extremely toxic
I~1 Relatively safe

DPleasant

O Somewhat toxic
O Donf know

Question 2.23 asks you to imagine different situations. Try to
imagine yourself in each of the situations. Look back over your maps
and diaries if it helps.

2.23 ff you had a gas gauge which told you exactly how many miles
of gas you had left at all times, how low would you let the tank
get (in miles) before you refilled it at the first available gas
station in each of these situations?

23Ao If you were driving in an unfamiliar city and you donf
know how far it is to the next gas station.

.miles

23B. If you were driving in a familiar area, within 5 minutes of
familiar gasoline stations.

miles

23C If you were driving on a long highway trip and you didn’t
know how far it was to the next station.

.miles

23D If you were returning home and trying to decide whether
to fill today or leave it until tomorrow.

miles

if you travel to work or make trips during the day related to your
work, please tum to the next (and last) pages of this section.
Otherwise, skip to PART THREE now.

CHECK TO SEE iF YOU SKIPPED ANY PAGES
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Trips to Work and Work-Related Travel

2.24 How many days per week do you commute to your workplace?

[3Z6ro (Go to 2.27) [3One [3Two [3Three

[3Four [3Five [3More than five

2.24A ff you commute one or more days per week, how far do
you commute (one way)?

.miles

2.25. Do you ever take a carpool, a vanpooi, or some other form of
transit to work?

[3 i take a carpool or vanpool at least once a week
[3 i take a bus or train at least once a week
[3 I walk or bike at least once a week
[3 ! take a carpool or vanpool occasionalgy, but not every week
[3 ! walk or bike occasionally, but not every week
[3 i take a bus or train occasionally, but not every week
[3 I always drive alone in one of our cars.

2.26. At work, what is the shortest continuous amount of time your
car is parked either in a parking lot provided by your employer
or in public garage? (Be sure to consider trips you might make
during the day which would interrupt this time.)

[3 never
[33-4 hours

[3 1-2 hours
[3more than 4 hours

2.26A. is this length of time fairly regular from day-to-day?

[3Always parked for the same length of time
[3Usually parked for the same length of time
[3Almost never parked for the same length of time

CONTINUED ON BACK
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2.27. Not counting your drive to work, how often do you also
drive your own car for other work related trips--say, to

call on clients, attend meetings, or do other business errands--
du6ng the day?

~1 Virtually everyday.
OAt least once a week.
QAbout once a month.
[~Less than monthly.
O Never drive my car for work related trips.

2.28 ff you need to travel for work related purposes during the
course of your workday and you do not wish to take your own
car, are other vehicles available for you to use?

[~Yes

You are now done with PART "rwo.

Keep PART TWO diaries and the map out for use in PART
FOUFL

But for now, you are ready for PART THREE which is not
’much work at all, just watching a 15 minute video and
reading some reprinted magazine articles.
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PART FOUR

Answer Booklet - Start Here

Instructions

in Part Four you will pretend you are shopping for your next vehicle.

While this study is about the potential market for new types of environmentally
improved vehicles, please don’t be too idealistic - give us your best prediction of
what purchases you would make given your lifestyle plans, your budget along with
your ideals; we understand that cars are expensive and central lifestyle tools. On
the other hand don’t be too skeptical- these vehicles will be available, much as we
describe them and they have features which suit many lifestyles.

Part four has 2 booklets, the one you are reading - the "Answer Booklet" and th
"Price Workbook" which is legal sized and stapled along the side. Both are
divided into 2 alternative purchase situations for your next vehicle. You will
choose a vehicle for each alternative situation.

in Situation One you will choose between 2 types of vehicEes, electric and
gasoline.

in Situation Two you will choose between 6 types of vehicles:
reformulated gasoline, compressed natural gas, hybrid electric, regional
electric, community electric, and neighborhood electric vehicles.

The "Price Workbook" has the full descriptions and price sheets for the vehicl~
types in Situations 1 and 2.

-instructions continued inside -
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Use the price sheets like a workbook.

- The Drice~ will rl0t be the same between vehicle tyoes. Hybrid Vehicles for
example cost a bit more because they are a complex technology.

Also, the taxQ~ will not be the same. The federal and state govemments are
offering purchase price tax credits to Ultra-Low Emissions and Zero Emissions
Vehicles to soften the higher prices of these new technologies in the early
market (This is a 1 time, not an annual tax credit).

o Assume that for all vehicles, the financing, car insurance and such is the same.

,, Each price sheet lists several body styles in boxes across the top (like minivan,
sports car, ect .... ) Note that electric vehicles are not available in atl body tvDes.

Sport Cars are 2 seaters like Mazda Miata, Porsche Targa.
Small Sedans are small 4 seat sedans like Honda Civics, or GM Geo.
Compact Sedans are targer, like GM Satums or Toyota Corollas.
Midslze Sedans seat five or six, like the Ford Taurus, Toyota Camry
F’ulisize Sedans are like the Oids 98, Cadillac Seville, Buick LeSabre
Minivans are - well- minivans
Small Sports Utility are like the Suzuki Samurai
Fullsize Sports Utility include Jeep Cherokees and Ford Explorers
Compact Pick-ups are like the Ford Ranger.
Fullsize Pick-ups and Vans are like Ford F-150s and Dodge Ram Vans

¯ in the column underneath each body style in the Price Workbook are the base
prices for three levels of trim - economy, standard and luxury models.

¯ Below the trim choices are options like engine size, different sized battery
packs for electric vehicles and air conditioning (and their added cost).

¯ Answer any auestions found at the bottom of the Ddce sheet of the vehicle you
choose_.

-go to next page-
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Turn to Situation One (pages 1-5) of’ the Price Workbook and look at the
descriptions and price sheets for electric and gasoline cars. Choose the electric c
gasoline vehicle, a body type, a trim package (economy, standard, luxury), options
add the costs, subtract any tax credits - then return to this booklet and put your

answer in 1.1 below.

1,1 Situation One selection Enter Your Selection here
Example

Vehicle type electric
Body style compact pick-up
Trim package economy
Tax Credit $4,000
Options type 2 battery

heat pump air
solar panels
fast charge

Price (minus tax credits $12,700
if a

1.2. People often buy a specific body style with a certain type of trip in mind. For
example, a household might buy a sport utility vehicle with a ski trip in
mind, even though most days they would use it to commute to work. Please
complete this statement in the way that best describes why you are
interested in the body style and size of the vehicle above :

We would buy this style and size of vehicle to:

Check only one box
[~lcommute to work or school on a regular basis
~lchauffer children or other non-drivers
[~chauffer business clients and associates
[~run business errands
[~take weekend and vacation trips
[~haul large loads
[~ I/we chose the body style because of the way it looks
0 other (specify:
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in PART ONE (which you already marled to us), you told us which of your
current vehicles you would replace next (or that you would add a vehicle
next). Has anything changed? Are you still thinking to replace th~
same vehicle with the selection above? (or would selection be an addition?)

~] No change, the same vehicle will be replaced (or same added vehicle)

~11 Yes, we changed our minds, the selection above would replace a different

vehicle. Name of your vehicle to be replaced

~ Yes, we changed our minds, we won’t replace any vehicles, the selection

above would be an added vehicle to our household.

;L,_~ Who would be the main driver of the selection above?

if your’ selection for situation one is:a aasoline vQhicle, skip to 1.8
an electri~ vehicle, go to 1.5.

1,.~_ The 1st and 2nd most important reasons we chose the
were.

electric vehicle

Select only on~ 1st choice and one 2nd choice, mark 1 and 2 - leave
rest blank

~____it is the most economical vehicle
_..___the environmental benefits
~.the flexibility of recharging at home and other locations
~electrics will be the car of the future
.__._._safety of refueling and operation
~it’s the most mechanically reliable vehicle
._.___other

1,.6._ Did you drop a preferred body size or style to get the electric,
yes ~ (if yes go to 1,7) no ~ (if no, skip to Situation Two)

~..7_.lf yes, which of the styles below would have been your preferred body style?
full sized sedan I~1 full sized sports utility [~l full sized van or pick-up I~l

Ellectric vehicle choosers are done with Situation One, skid tO
Siltuation Two on Dage 6
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1.8 The 1st and 2rid most important reasons we chose the gasoline vehicle
were,

Select only one 1st choice and one 2rid choice, mark 1 and 2 -leave
rest blank

~nsafety of refueling and operation
proven reliability of gasoline vehicles
emissions benefits
the gasoline vehicle is most economical
Could not get the body style we/i wanted in the electric column
.the ease of refueling
greater refueling range
other

1.g if you did not even consider choosing the electric vehicle -answer A

A.We did not consider the electric vehicle because ......
(check all that apply)

[~1 we wouldn’t want a car with range limits
[~! recharging sounds like a hassle

electrics don~ come in the body style we/I wanted
O environmental benefits are small

we need our next car for out of town travel
[~ our next car must handle heavy loads
[~ other

If you did consider the electric but chose a gasoline vehicle -answer B

BQWe
1~ home recharging

environmental benefits
0 other

but ......
[~ range limitations and /or

size limitations
Q the lack of preferred body styles

other.
...... made an electric vehicle impossible

considered the electric vehicle because of .....

check all that apply

check all that apply

given our lifestyle.

Gasoline choosers are now done with Situation One, go to Situation Two on
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Situation Two
In Situtation Two (pages 8-19) of the Price Workbook you will find 6 vehic
types. Below is very short description of those vehicles.

Page 8. Compressed natural gas vehicles: 80 or 120 miles of range
home refueling option, available in all body types, $1000 Ultra-Low Emissions tax
rebate.
Page 10. Reformulated gasoline vehicles 300 miles range, redesign
for lower emissions, Low Emissions Vehicle (no tax rebate on LEV).
Page 12, Hybrid electric vehicles: Both electric battery and small
gasoline motor, 40 or 80 miles of range on battery, 180 miles with gasoline,
,$1000 Ultra-Low Emissions tax rebate.
.Page 14. Community electric vehicles: lower priced electric, 60 or
miles of range, $4000 Zero Emissions Vehicle tax rebate.
Page 16. Regional electric vehicles: high performance battery electri

130 or 150 miles range on sports car (140 on midsized), battery life 50,000 or 
years, $4000 Zero Emissions Vehicle tax rebate.
Page 18. Neighborhood electric vehicles: low priced, small 2, 3, an¢
seat non-freeway electric, $2000 (small vehicle) Zero Emissions Vehicle tax
rebate.

Now go to Situation Two in the Price Workbook and choose a vehicle type, bo
s’tyle and options, add the costs, subtract any tax credits,answer any questions on
the price sheet of the vehicle you choose and then return to this booklet and enter
your Situation Two selection in 2.1 below.

2.,_1_ Situation Two Selection
Example

Enter Your Selection here

Vehicle type regional electric
Body style compact pick-up
Trim package economy
Tax credit $4000
,Options type 2 batten/

|

heat pump, air
solar panels
extended cab

Total Price (minus tax $14,800
credits it any)
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2.2.People often buy a specific body style with a certain type of trip in mind. For
example, a household might buy a sport utility vehicle with a ski trip in
mind, even though most days they would use it to commute to work. Please
complete this statement in the way that best describes why you are
interested in the body style and size of the vehicle above :

We would buy this style and size of vehicle to:
Check only one box

[~lcommute to work or school on a regular basis

QIchauffer children or other non-drivers
O chauffer business clients and associates
[~run business errands
[~take weekend and vacation trips
[~lhaui large loads
[~! I/we chose the body style because of the way it looks
[~! other (specify: )

in Part One and for Situation One you told us which of your vehicles you
would replace next (or some of you said that you would add a vehicle next).

Has anything changed? Are you still thinking to replace that sam~
vehicle given your ’Situation Two’ selection above? (or would Situation
Two selection still be an addition?).

[~ No change, the same vehicle will be replaced (or same added vehicle)
Yes, we changed our minds, the selection above would replace a different

vehicle
Name of your vehicle to be replace

[~ Yes, we changed our minds, we won’t replace any vehicles, the selection
above would be an added vehicie to our household.

1.4. Who would be the main driver of the selection above?

in the table below, find the vehicle type you selected for Situation Two and go to
the questions for that vehicle type. Ignore questions for other vehicle types.

A. Compressed
B.
C.
D.
E.
F.

natural gas skip to page 8
Reformulated gasoline
Hybrid electric
Community electric
Regional electric
Neighborhood electric

skip to page 9
skip to page 10
skip to page 11
skip to page 12
skip to page 13
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A. Compressed natural gas vehicle

If you selected the: gasoline vehicle in Sit p~tion One, skip to
electric vehicle in ~;Jtpation One, go to 2.4.

2.4. 777e 1st and 2rid reasons I/we switched to the natural gas vehicle were

Select only one 1st choice and one 2nd choice - leave the rest blanl

it’s more economical than the electric
it’s more reliable than the electric

._.__.we wanted a larger vehicle
it’s environmentally cleaner
it has home refueling

_._.._.natural gas seems safer than the electric vehicle
it refuels faster than the electric

we were always most interested in the natural gas vehicle
.._._...other

;2.5 The 1st and 2nd reasons I/we switched to the natural gas vehicle were

it’s more economical than the gasoline
it’s more reliable than the gasoline
we wanted a large vehicle
it has home refueling
natural gas seems safer than the gasoline vehicle

it refuels faster than the electric
we were always most interested in the natural gas vehicle

other.

2.6 My/our second choice to natural gas vehicle was Check only one

~! neighborhood electric
[~! reformulated gasoline

[~! hybrid electric [~ regional electric
[~ community electric

Natural gas choosers are done with Situation Two, skip to page 14
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B. Reformulated Gas Vehicle

If you selected the: gasoline vehicle in Sffuation One, skip to 2.
electric vehicle in Situation One, go to 2.7.

2.7 The 1st end 2nd reasons //we switched to the reformulated gasoline
vehicle were
Select only one 1st choice and one 2nd choice - leave the rest blank

its more economical than the electric
~its more reliable than electric
~.its easier to refuel than the electric
~.it has better range than the electric
~.it refuels faster than the electric
._.___other

2.8 After reformulated gasoline, my second choice was.

I~ compressed natural gas
[~1 neighborhood electric

hybrid electric ~]i regional electric
community eiectric

Reformulated choosers are done with Situation Two, go on to page 1
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C. Hybrid electric vehicle

If you selected the: gasoline vehicle in Situation One, skip to ;
electric vehicle in Situation One, go to 2.9

2.g The 1st and 2nd reasons I/we switched to the hybrid electric vehicle we~

Select only one 1st choice and one 2nd choice - leave the rest blani

~.it refuels and recharges at more locations.
~_lt has more range than the battery only electrics.
~!t’s has home recharging and liquid fuels.
~_lt’s c~eaner than gasoline.

We were always most interested in the hybrid electric vehicle
other.

;P,J_O. ff you chose the gasoline vehicle in Situation One, complete this statemenL

The 1st and 2rid reasons//we switched to the hybrid electric vehicle were

Select only one 1st choice and one 2nd choice - leave the rest blank

It’s more economical than the gasoline vehicle.
It’s more reliable than the gasoline vehicle.
~.We were always most interested in the hybrid electric vehicle.
~.lt’s cleaner than gasoline.
~lt has home refueling
~Hybrid seems safer than the gasoline vehicle
.___._other ~

2.11 Did you drop a preferred body style to get a hybrid? yes ~ no [~J

2E.1~ ff yes, Which of these styles would you have chosen? Check only one
full sized sedan [~ full sized sports utility 0 full sized van or pick-up~

My second choice vehicle type to the hybrid electric was

~]1 compressed natural gas
C]! neighborhood electric

[~1 reformulated gasoline
~1 community electric

[~1 regional electric

Hybrid choosers are done with Situation Two, now skip to page 14.
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D. Community electric vehicle

if you selected ’the: gasoline vehicle in Situation One, skip to 2
electric vehicle in Situation One, go to 2.14

The 1st and 2nd reasons I/we chose the community electric vehicle wet

Select only one 1st choice and one 2nd choice - leave the rest blan~

If you chose the gasoline vehicle in Situation One, complete the fo//owin~
statement.

The 1st and 2rid reasons l/we chose the community electric vehicle were.

Select only one 1st choice and one 2nd choice - leave the rest blank

It costs less to run.
it’s more reliable than the gasoline vehicle.
It’s the best environmental vehicle.
It’s price was much better.

We decided we didn’t need the range of a gas vehicle after all.
other.

"~.16 Did you drop a preferred body style to get a community electric? yes ~ no

2.17 If yes, Which of these styles would you have chosen? Check only one
full sized sedan ~ full sized sports utility ~ full sized van or pick-up [~!

My second choice vehicle type to the community electric was

compressed natural gas
[~1 regional electric

[~ reformulated gasoline
neighborhood electric hybrid electric

Community Electric Choosers are finished with Situation Two, now
to page 14.
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E. Regional Electric Vehicle

If you selected the: gasoline vehicle in ~;ituation One, skip to 2
electric vehicle in Situation One, go to 2.1~

7~e 1st and 2nd reasonsl/we chose the regional electric vehicle were..

Select only one 1st choice and one 2nd choice - leave the rest blan~

~.We needed more range.
~.Better performance.
~.We wanted fast charging.
~.We can afford the extra costs.
--other

;2.20 ff you chose the gasoline vehicle in Situation One, complete the following
statement.

"The 1st and 2nd reasonsreason l/we switched to the regional electric were..

Select only one 1st choice and one 2nd choice - leave the rest blank

~lt’s more economical.
~it’s more reliable.
~!t’s the best environmental vehicle
~The regional electric provided the performance we wanted.
~We decided we could use the range of an electric.
~.The regional electric provided the range we needed
other.

2.21 Did you drop a preferred body style to get a regional electric? yes [~J no

2,22_ if yes, Which of these styles would you have chosen? Check only one
full sized sedan l~l full sized sports utility [~1 full sized van or pick-up~

2.23 My second choice vehicle type to the regional electric was

[~ compressed natural gas
[~ community electric

[~ reformulated gasoline
[~1 neighborhood electric [~1 hybrid electric

Regiona=! electric choosers are done with Situation Two, go to page
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F. Neighborhood electric vehicle

If you selected the: gasoline vehicle in Situation One, skip to 2
electric vehicle in Situation One, go to 2.24

The 1st and 2rid reasonsi/we chose the neighborhood electric were.

Select ,only one 1st choice and one 2nd choice - leave the rest blank

Home recharging meets all our needs.
We have experience with a small car and like it
The range satisfies our driving needs

The cost of batteries is lower than other electrics
_....._The purchase price is lower than other electrics
~We don’t need highway speeds

We have thought of owning a small car in the past
~other

2,251f you chose the gasoline vehicle in Situation One, complete the following
statement.

The 1st and 2nd reasons i/we switched to the neighborhood electric were

Select only one 1st choice and one 2rid choice - leave the rest blank

~.lt’s more economical to run.
It’s more reliable than the gasoline vehicle

~lt’s the best environmental vehicle
It’s price was much better than the gasoline vehicle.
We decided we could use the range of an electric after all
other

2.26 My second choice vehicle type to the neighborhood .electric was

[~1 compressed natural gas [~ reformulated gasoline

regional electric [~! community electric I~1 hybrid electric

Go to next page .....
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Final Questions

2.27 Which of the following expresses best the way your
made decisions.

I-’! One person made all the decisions
~-I Two persons decided together

~1 Choices were determined by the person who would drive the car

other.

househoi,

If more than one person was involved in the decisions, were there major
disagreements to be settled? [~ yes [~1 no

if yes, disagreements over what? (Check up to two boxes)

~ the practicality of electric vehicles
[:~1 the practicality of home recharging or refueling
[:] the safety of electric vehicles
~JI the safety of compressed gas vehicles
[~]! the practicality of compressed gas vehicles
[=| the importance of clean cars
~| which vehicle was the most economic choice
~.~ Which vehicle was the most realistic choice
~l other

2.2.9_ We asked this question before; which of these statements fit your
opinions best? Check all that apply

[::][electric vehicles are a bad idea
[~electric vehicles would work with a little planning
~electric vehicles are not much better than golf carts
I~electric vehicles are small cars
l~ielectric vehicles will be cheap to operate
[~electric vehicles are clean cars
[~lelectric vehicles are not powerful enough
[-lelectric vehicles are fast cars
I~lelectric vehicles pollute like any other car
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2.30 Anything you want to add or comment about the study?

Thank you for your hard work.

Put the car diaries, the map and PART TWO questionnaire
together with both PART FOUR booklets into the return
envelope with the $2.90 cent postage stamp, and put into th4
mail as soon as is possible.

A check will be generated for you by the market research
company who contacted you as soon as we receive this pack
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PART FOUR

Price Workbook

0

Situation one
Electric Vehicle
Gasoline Vehicle

1. Read descriptions & price-worksheets for both vehicle types above

2. Choose gasoline or electric vehicle, body style, options, add costs,
subtract any tax credits.

3. Answer any questions on the price sheet pertaining to the vehicle
you have chosen.

4. Go to the Answer booklet, re-enter your selection on page 3 and
answer a few questions about your choice.
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Electric vehicle

Recharging: Do most of your refueling at home; no gasohne on your hands or fumes.

Slow charge 110 volt wall socket (8-10 hours if battenes fully dmcharged).

OR
Normal charge Instafi a 220 volt (2-4 hours if batteries fully dmcharged) clrcuit and

outlet in your garage, carport or dnveway of your home, condominium or
apartment. Utilrty rebates available for instalhng new cimuit.

Optional Fast charging: Recharge up to 80% of your battery In around 20 minutes at
special fast charge stations.

Optional Solar: panels for roof and hood prov,de 10 extra miles on sunny days or can
extend range by offsetting air-condd=oning load.

Electricity Costs: 1-2 cents per mile, when charged at mght,

6 cents per mile for daytime charging

Battery pack options:

Type 1:80-100 miles per charge depending on model, (replacement cost $1200).

Type 2 100-120 miles per charge depend,ng on model, (replacement cost $2000)

New range instrumentation: Tells premsely how many miles are left on the veh=cle
"Smart instruments" est=mate range based on how your drive.

Drive train- 120 horsepower, 3 phase, alternating current motor (no transmission 
electric vehicles)

Top speed- 80 mph (speed Ls governed at 80 mph to reduce drain to batteries)

Acceleration- 0-60 in 10 seconds (some sports models faster).

Air conditioning: Interzor of vehicle pre-cooled or heated while recharging

Option. High pertormance heat-pump, h=gh efficmncy air conddlonmg

Maintenance Batten/and check up service each 10,000 miles. Battery life estzmated at
25,000 miles

Warranty: 2 years or 24,000 mites warranty on electronics, 8 year or 100,000 rode
warranty on motor and dnve tratn, 25,000 mile warranty on batter,es.

Meets Zero Emissions Vehicle requirements for State of California ($4,000
tax credits)

No smog check required

Economy models come wrth AM FM rad=o, pre-cooled and heated seats.

Standard models come wzth AM/FM and Cassette, ant=-iock brakes, drivers a=r-bag,
power windows and cru=se control

Luxury models come also with CD Stereo system, heat pump chmate control, dual
awrbags, all power accessorzes, sunroof, keyless entry
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Compact
sedan
[3

ql,~id.,slze~i
~sdsn~,l

Standard"
m=p 
Luxury °

Tax Rebate

Choose economy, standard or luxury
{air conddionin~ included in, luxury model)

* Zero Emission

$17,000
[3

$20,000
[3

=Zl.OOO~.~o.~ $2,~.ooo

Vehicle Tsx Rebate

$1 ~ ,000
[3

$22,000
[3

$26,000
[3

l~ype 1
standard

.~ubtract $4000 from base price ~bove

Type 2 ~2o ~,~.s
battery SSOO

Fast charge

s rpa s
R:crdoor

Choose battery type, I preferred range option
100 m~s p~sou~s~, So ms ~o0~ loo

;:%00 rnde~, 1 O0 n-~ies ,,’320 miles~. 120 r~es

pump a~r cond~t~omn,q standard for
$9o0 .~ ~-.~S900~ ,~ $900

$1200
[3

Choose opt=one (heat

not ~ol
app~ab~e~

not .$800 ,

$800 -.$800
0 0-’~

~our base

lUXUry re,oriel1

So redes
O

100 miles
$800
[3

: [3
~’~ 000~ ~ $1000

o ,:38OO $1000
~oEY-’~" [3

,- "~BO0 $800

$900
[3

$1200
O
not

spplmable
WagON ~ not $I 000 not
extended cab ~ E) > ~ ~q~phcab~

,oo

$800
[3

)nce, subtract tax rebate, and add ophons.
Total price of your p~ckage $

! ~r cond’~on
Please add

$800
El

if you choose this type of vehicle, please ~nswer questions below

1. Can you specify some destinations (away from home) where you would like
to be able to NORMAL CHARGE (220V12-4 hours) your electric veh=cle
whtie it is parked

Location 1
Location 2

Use green dots and the red pen and mark those iocatmns on map or on margin
with the symbol NC.

2. If you chose FAST CHARGE, can you specify some destinat=ons where you
would I~ke to find a FAST CHARGE STATION (80% in 20 minutes).

Locahon 1
Locatmn 2

Use green dots and the red pen and mark those tocahons on map or on margin
with the symbol FC.
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GasoiPr~g ~2J~cP/~ce Workbook

Fuel and mileage Th~s veh=cle runs on regular grade gasohne, gets between 38 and
18 miles to She gallon (4-8 cents per mile) depending on She model

Powered by four, six or eight cylinder fuel rejected combust=on engines. Available in all
sizes and models.

Maintenance: Oil change each 7,500 miles, Lube, safety check, belts, exhaust, minor
tur~e up and safety check every 25,000 miles, major sennce at 75,000

Warranty: Four year or 50,000 miles on emissions system. Three year or 36,000 mile
power tram (engine and transm=ssion): warranty, two year or 24,000 miles on rest
of vehicle.

Options: Four wheel ddve, air ¢ondit=oning(standard on luxury models) four door models,
and automate transmission

Meets Transitional Low Emissions Vehicle requirements for State of
California

Annual smog check required

Economy:. models come wdh AM/FM rad=o, and manual transmission (air cond~=oning is
optional)

Standard: models come w~th AM/FM and Cassette, manual or auto transmissmn, ant~-
lock brakes, drivers air-bag, power windows and cruise control (a=r condemning ,s
opt=onal)

Luxury: models: come also with CD Stereo system, automate ckmate control, dual
a=rbags, all power accessories, |esther seats and sunroof, keyless entry
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GASOLINE VEHICLE PRICE SHEET

Body
Style

Choose i~onom~, sUmderd or luxury

$~3,000
O

$16.000
Q

$20,000
El

engine size

not i~+ ~’~ot ~ ~j not

~0 ° $2000 +.+$1000

sutorn~bc ~ standard for luxury models)

not $1000 $1000 .$1000 " not ?$1000

not $1000. $1000 .$1000 : not ;+$1000 ̄

$2,O00 $2.0O0 $2,000 ^$2~000 $2,000 +$2,000
0 - 0+. O .Q "~: O : £3.

$~°° °=~° "1 so°° ~e°°"$’2°°O ~ Q O O
seo0 Q

Choose options
(~r cond~n~j and

~ns. 0 +:~0 :.:+.J
W~jons and not =~ 0oo ++
extded cabs eppl+cai~ . +O.;.,

+ F0tr ck:x~r not ~I

r n, o~ ~,cab~e

i .d~Whe~
not

$2,000~
A=r ssOO ~$Soo +

Please add your base pnce. and options.

Total price of youP p~ckage $ ¯00

1 If we were to gwe you the vehicle you chose above for only $1000, with
all the amenities and features you wanted and in your ~avonte color, but +t
only had a three gallon tuel tank wh=ch you could not replace or alter, would
you take such a vehicle for your vehscle Oyes Ono

2. If no, Would you take ~t if you knew you could refill the tank each n=ght at home

Qyes Ono



Page 7

Situation two

Compressed Natural Gas
Reformulated Gasoline

Hybrid Electric
Community Electric
Regional Electric

Neighborhood Electric

1. Read descriptions & work.sheets for each of the 6 types above.

2. Choose one of the six vehicle types.

3. Answer any questions on the price sheet about your selection

4. Go to Answer Booklet, page 6, re-enter your selection there and
answer a few questions.
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Compressed natural gas vehicle

Natural gas: The same clean and safe fuel used for heating and cooking at your home.
Natural gas has been used for decades m New Zeaiand~ Canada and other
nations m place of gasoline to power veh¢les. Available in all sBes of veh¢les
through full s~.ed vehicles. Clean fuel and low engine wear. impact resistant
compression tanks, made of spun aluminum and wrapped with fiberglass

Refueled: at quick-fill stat~ns m about ten minutes,

Optional Home Refueling Appliance: can be slow fiUed overnight, 6-8 hours when
empty.

Driving Range: Single cylinder (80 miles range)
Double cyircler (120 miles range)

Fuel price: the equntalent of paying 70 cents per gallon for gasohne

Dedicated: natural gas only vehicle - not a duaHueled conversion- optimized for h~gh
octane natural gas, same high performance as gasolineo

Powered: by 40 6 or 8 cyhn(Jer fuel injected combustion engines. Available in all sizes
and modeis.

Meets California Ultra-Low Emissions Vehicles stsndarcis ($10g0 tax
credits).

Annual smog check required

Maintenance: Fuel cyhnder safety test recluered every five years Oil change each 7,500
miles, lube, safety check, belts, exhaust, minor tune=up and safety check, every
25,000 redes, major service at 75,000 miles, replace botts, catalytic converter

Warranty: Lifetime warranty on cylinders. Four year or 50,000 mile on emissions system.
Three year or 36,000 mile power tram warranty, two year or 24,000 mite warranty
on rest of vehicle (same as reformulated gasohne)

Economy: models come w~h ~M racho, and manual transmission (air cond~=onlng Ls
optmnal).

Standard: models come wdh AM/FM and cassette, manual or auto transmission, antra-
lock brakes° drivers air-bag, power wlndows and cruise control (air condO=orang ~s
optional)

Luxury: models come also wdh CD Stereo system, automaUc climate control, dual
a=rbags, all power accessories, leather seats and sunrcof, keyless entry.

eeectoc~/~eeQ/t ~eee~eet ~teeee~e~eeQ~o~e~e~eetttee~t~t ~®~e~Qeeee~e~

Home refuelina apoli~nce
The Sultzer Home Refuel,ng Appliance =s suggested for compressed gas veh¢le
owners who dnve more than 20,000 redes per year or who value h~ghiy the
convemence of home refueling it Is offered for sale and for lease The gas company
is oflenng a $400 rebate on purchase, and two months free on one year lease

Do you want home refueling? Q.o yes

Choose ~ purchase $2500 or ~ JP=~ $60 per month

1. If you chose the home re~uehng opt=on, how often might you expect to use away from
home fast retuehng stahons ?

[3 daily (3 weekly [~J monthly [~ rarely ~ don’t know
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COMPRESSED NATURAL GAS PRICE SHEET

Body
Style

Sports
car -2
seats
El

Compact Small Co.mpact M=dsize F.=ll~.~,.lze
sedan ~i~ai~ sedan ~¢la~

sport- ~ N !..

,Choose econon~: standard or luxury

’Tax rebate for Ultra Low Emission Vehicle,
Subtract $1000 from base price

i~

Single tank
80n~les

’bou~tar~
12OmBes

Automabc
~rans.
Wagons and
extded cabs

model
Fo=r.~e~’"
dnve
A~r

Choose
rnode,!s
$~oo l~Sgoo ~ $900’ -$9o0’%i

not $1000 ~ "not J~lO00 ’
app~|ca~e "~ : appl,~ble -~ ,,~

not .’1~ol ’not $1000

not "$2.,000 $2.000 ,~2.000

$800 SBO0 . $B00 .$BO0
El ~ 0 0

options (air cond. and auto- transmission standard for luxury

$9oo ~;~$9oo .: $9oo Sgoo
El

$1000 $1000 not , :$1000

$1000 $1000 ’ not’ "$1000

$2,000 ;$2,000 $2,000 $2,000
0 O O .0

SBO0 $800 $1200 $800
El 0 El I~

Please add your base pnce, subtract tax rebate and add opbons.

Total price of your package $ ........ 00

If you choose this type of vehicle, please answer questions below
eeeee ee ee~eeee~et ee~ ieeeeeee e e ee eeee eeeeeeeet ~eeeeee ee~e e~e eeeeee~eeee~ eeeeeeeeeteeeeeeee

2. If you chose the Compressed Natural Gas Vehicle - can you
specily some destmabons (away from home) where you would l=ke 
f,nd a FAST FILL station (ten minutes to fdl a tank)

Locahon 1
Locahon 2

Use green dots and the red pen and mark those iocabons on map or on
margin w=th the symbol FF
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Reformulated Gasoline Vehicle

Fuel and mileage This vehicle runs on reformulated gasoline, which is a less polluting
type of gasohne, is not drfferent in any other ways from previous gasoline vehmles.
gets between 18 and 38 miles to the gallon depend~g on the model

Powered: by 4,6, and 8 cyit,=der fuel injected combustion engines Avadable ,n all s~zes
end models.

Options: Four whee| dnve. air condrtioning (standard on luxury models) and automatic
transmission.

Meets Low Emissions Vehicle requirements for State of Ca|lfornia

Annual smog check required

Maintenance: Oil change each 7,500 miles, Lube, safety check, belts, exhaust, minor
tune up and safety check every 25,000 mUes. major service at 75,000

Warranty: Four year or 50,000 miles on emissions system Three year or 36,000 mile
power train (engine and transmL’;slon) warranty, two year or 24°000 miles on rest
of vehicle.

Economy: models come with AM/FM radio, and manual transmisswon (air conddiomng is
optional)

Standard: models come with AM/FM and cassette, manual or auto transmission, ant~-
lock brakes, drivers aft-bag, power w~nclows and cru;se cont~o] (asr condrtlontng =s
optional)

Luxury: models come also with CD Stereo system, automatic chmate control, dual
airbags, aft power accessories, leather seats and sunroof, key|ass entry
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REFORMULATED GASOLINE PRICE SHEET

Body
Style

Automatic
traits.
Wagons ard
extded
Fogr doe"
modal
Four wh~
drwe
Air
[ concz=~

Sports
car -2
seats
[3

¢pmpa~ Small I~ompact

Smell

Choose economy, standard or luxury

$20,000 -~S:ze~ S~7,0oo ~s20:oop~ $22,000 ;S~4.moo’ s22,000 ~s.ooo

Choose engine size

’$1 ooo ;~10~o~ $1ooo .,~Slooo. ,~ $1ooo ~stmzda~ "$1006 :~tsada~ "

$2~100 -not
not not not $1000 $2000 $1000

~lable ~. ava.lab~ /=mralabte~ avadabie . ,~ .~ 0 Z ~[~]I

Choose options
(a~r cond~c~mng and automate ~ sUmda,’d for luxury modeLs)

$9oo :~$9oo~ =900 ~-~oo ~ $9oo ~.~oo~ $~oo’ ~S~oo

not ~$~ooo~ ;~ooo ~oooo~-, no~ ~.. =;Iooo

not ; ~’¢)oI ~’~ not ~1000 $1000 !-$~’000~ not ~’1000

.o, ~=2000
s2~oo

=2oo0 s2000 s~ooo =~000 ~000
a~,~e El Q O Q 0 0

$800 $800 $800 ~800 $800 ;$800 $1200 . SS00

Please add your base prceo and opbons

Total price of your package $ .00
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Hybrid electric vehicle

Range Extender: Hybnd vehacle has small engine to extend range of battery powered
electric, has 40 horsepower reformulated gasoline engine to provcle extra miles
and gasoline refuel~g for long trips. Gasoline range extender automatically starts
when batteries drop to preset level.

Battery Options:

Type 1:40 miles on batteries, add’~ionai 100 miles on range extender (combined 140
miles)- recharge time on 220 vows is 1-3 hours depending on level of battery
charge - replacement cost of batteries = $1000.

Type 2:80 miles on batteries, additmnal 100 miles on ranger extender (combined 160
miles) - recharge time on 220 volts is 2-4 hours depending on level of battery
charge - replacement cost of batteries = $1700.

Fast Charging: option available for Type 2, recover 80% charge m 20 minutes at test
charge station.

Top speed: 75 mph (speed is governed to reduce drain to batteries).

Accelerates: 0-60 In 13 seconds (some sports models faster)

Standard sir conditioning: Interior pre-cooled or heated while recharging

Optional air conditioning: High performance heat-pump, h~gh efficiency air
cond~=onmg (for driving)

Meets California Ultra-Low Emissions Vehicles standards ($1000 tax
credits)

Annual smog check required

Maintenance: O=1 change each 7,500 miles, iube. safety check, belts, exhaust, minor
tune-up and safety check, every 25,000 miles, major sennce at 75.000 miles.
replace hefts, coolants, catalytic converter on range extender. Battery check-up
every 10.000 miles, estimated replacement at 25.000 miles.

Warranty: 4 year or 50,000 mile on emissions system. 3 year or 36,000 mile power tram
and electromcs warranty, 2 year or 24,000 on rest of vehecle 25,000 mite warranty
on batter.s

Economy: models come wrth AM/FM redlo, and manual transmLss~on (air cond~onmg Is
opt,onal)

Standard: models come w~h AM/FIVI and Cassette, manual or auto transm,ssaon
(etectrcs do not heve transmesslons) ant~-lock brakes, dnvers mr-bag, power
windows and crmse control (air conddloning ts optaonal)

Luxury: models come a~so wrth CD Stereo system, automahc chmate control, dual
airbags, all power accessones, leather seats and sunroof, keyless entry

tte~cr~ao~e~,oe~eewe~o~eoQ~Q~e~eee~eeee®eeee~eoeete~ e~e~ee~ee~e~e~eee~e e~eeee e

1. Would you expect to use the range extender on any of your d~ary days ?
Car One Diary ~Day 1 ~Day 2 ~Day 3
r Tw~_~E_~L~ QDay 1 [~lDay 2 [-~Day 3

2. Wou/d you expect to use the range extender to get to your critical
destmatton’;’ ~yes ~no

3 How often mtght you expect to use the range extender~

[~ da=ly [~ weekly ~l mnnthlv [~ rarely ~ don’t know
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HYBRID ELECTRIC VEHICLE PRICE SHEET
Sports ~ Small~JS~ma..~U~~ -, Compact ~d~.~st~.~

two- I~~ utility

~

~}
seater

~
Q

C)

$18.000
Q

$21.000
O

Wm~s

Ty~2ody

=eUp

=rxtended cab

$25,000
O

Choos~
Standard

$1800 l,~,~,$.ta,..0D.~ $1800

~~.... 9~ $9oo

$1200
Q
not

not

$800
{3

~ ~ {3

Choose economy, standard or luxury
air conddlon~ I~[]~__.~

~2z.~o~ $22,0o0 :~22,0p0~ $25,000 ~7ooo~

° Ultra-Low Emission Vehicle Tax Rebate
Subtract $1000 from base ~rice above

Minivsn
[3

$20,000
E~

$27.000
{3

Standard
$1800

$900
{3

~eo o~:~

Choose options
p.. air conddioni_ni_~, standard

$1200
El
not

not

$800 ~/~.~800 ~.

for luxury model)

~ ~

$1200 ~’~" ~-¯ ~;~:12o0~

$1000

$1ooo

$8oo $800~

$1200
Q
not

not

$800
Q

Please add ’our base ~nce, subtract tax rebate, and add opbons.
Total price of your package $ ,0 0

4. If you chose the Hybrid Vehicle - can you specify some destinations (away from
home) where you would hke to be able to NORMAL CHARGE (220V/2-4 hours) your
hybrid electnc veh=cle while ~t m parked.

Location 1
Locabon 2.

Use green dots and the red pen and mark those locations on map or on margin
with the symbol NC.

5. if you purchased FAST CHARGE, can you specify some destmahons
where you would hke to find a FAST CHARGE STATION (80% in 20
minutes).

Location 1
Location 2

Use green dots and the red pen and mark those Iocahons on map or on margin
w=th the symbol FC
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Community electric vehicle

Recharging" Do most of your refueling at homo; no gasoline on your hands or fumes

Slow charge 110 volt wail socket (8-10 hours ~ batteries fully ct=scharged) Or Normal
charge Install a 220 volt (24 hours if batteries fully d=scharged) arcu~ and outlet in your
garage, carport or dnveway of your home, condom=mum or apartment Ut]lmj rebates
ava=table for mstalhng new c=rcu~.

Optional Fast charging: Recharge up to 80% of your battery in around 20 minutes at special
fast charge stations

Optional Solar: panels for roof and hood prmnde 10 extra miles on sunny days or can extend
range by offsetting a~r-condrt=on=ng load

Electricity Costs: 1-2 cents per mIle, when charged at mght.

6 cents per mile for day, me charging

Battery Options:

Type 1" 60 miles per charge Warranteed to 25, 000 redes (replacement cost $800)

Type2 80 rrules per charge Warranteed to 25. 000 miles (replacement cost $1200)

New range instrumentation: Tails precisely how many miles are left on the veh=cte (smart
instruments e~mate range based on how you drNe)

Drive train: 60 horsepower, three phase, alternating current motor (no transmfss=on in electnc
vehicle)

Top speed" 70 mph (speed is governed to reduce dram to battenes)

Accelerates O-60 in 13 seconds (some sports models faster)

Standard air conditioning: Intenor pro-cooled or heated whzle recharging
Optional sir conditioning: High performance heat-pump, high efficiency air cond~on~ng (for

dn~qng)

Maintenance: Battery and check up ser~ce each 10,000 miles.
Warranty: 3 years or 36,000 males warranty on electrontcs, 8 years or 100,000 mile warranty on

motor and dnve tram, 25,000 rode warranty on batteries.

Meets Zero Emissions Vehicle requirements for State of California ($4,000 tax
credits)

No smog check required

Economy: models come wIth AM/FM radto, pre-cooled and heated seats

Standard: models come w~h AM/FM and cassette, anb-lock brakes, dnvers sat-bag, power
windows and crutse control

Luxury: mode~s come also wrth CD Stere<) system, heat pump climate control, dual alrbags,
all power accessones, sunroof, keyless enW
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COMMUNITY ELECTRIC PRICE SHEET

Body Style Sports car .J~ompact~ Small ~mall~%i Compact .~Mid.-.stze
kwo- seater ~nl~l<~l~p~ ;port-utilit~ ~d~i sedan ~eoa~ 0

~Choose economy, standard or luxury (air conditmning included in luxu~
model)

~* $15,000
e=epr~e O
Standard ̄ St 9,ooo
s=ep,’~e Q
Luxury * $22,000
! B=epri=
Tax Rebate

i Choose battery type I preferred range option
Type | 6o n~les ! ~6o mJ3eS , 60 wales ~ Irr~e~.~ 60 rmles

~.~.~,,.,~,~,~
Type 2 80 mdes ~ ~’80 fll~e~ .~ 80 wales :’.80 mi~es~z~] B0 m~les
battery $6o0 ! ~ ~ ~’~"’* ~’~

Choose options (heat
Fast charge not ava¢~le notary, able~

so~at pa~s "’ $1200 ~$120D ~,

~.~ =t~.ooo $22,OOO
o

* Zero Emission Vehicle Tax Rebate
~ubtract $4000 from base price above

setup
Fourdoor

Wagonor
extended

I ~0~’~00.O.~ $20,000o, ,.oo0

he=pump
~’conditbn

80 wales
$600
Q

pump mr conddzonm,q standard for luxury model)
not avadable ~~ not avadable not~mta’da~e! not av~,lable

apl:~cable ~r~ble "~ app¢~ ~’-’~ "~-~
not .~ 8ql) ~..~. not ~LT~ 8 0~.~:.. ] $1000

$8o0 ", .-,s8oob. s8oo -.....-~’~,~,~ $8o0

tour base pnce, subtract tax rebate, and add options.

-~--~1 o o0~.~ q

$12O0
53

not
applP..,a~e

$8OO
E!

Please add

Total price of your package $ .0 0

If you choose this type of vehicle, please answer questions below

1. Can you specify some destmateons (away from home) where you would like
to be able to NORMAL CHARGE (220V/2-4 hours) your electric vehicle
whde d is parked.

Location 1
Location 2

Use green dots and the red pen and mark those locations on map or on margin
with the symbol N C.

2. If you purchase FAST CHARGE, can you specify some destinatmns where
you would hke to fred a FAST CHARGE STATION (80% in 20 minutes).

Location 1
Locabon 2

Use green dots and the red pen and mark those Iocabons on map or on margin
with the symbol FC
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Regional electric vehicle

increased Range. The regional electnc offers longer range and battery life.

Recharging: Do most of your refueling at home; no gasoi=ne on your hands or fumes.

Slow charge 110 volt wall socket (8-10 hours if battenes fully d=scharged). 
Normal charge Instalf a 220 volt (2-4 hours if batteries fully discharged) c=mu~t and
outlet in your garage, carport or dnveway of your home, condomimum or apartment
Utikty rebates available for installing new c4mutt.

Optional Fast charging: Re,large up to 80% of your battery m around 20 m=nutes at
special fast charge stat=ons.

Optional Solar: panels for roof and hood pmvade 10 extra mges on sunny days or can
extend range by offsetting air-cond=t=omng load.

Electricity Costs: 1=2 cents per mile, when charged at n~ght,

6 cents per mile for daytame charging

Battery Options

Type 1:120-130 males per charge Warranteed to 50,000 miles or 5 years (replacement cost
$3,000 - financing avaitaJ:~le).

Type 2. 140-150 re=los per charge, Warranteed to 50,000 reties or 5 years (replacement cost
$4,000- financing available).

New range instrumentation Tells precisely how many reties are le~ on the veh=cle
Drive train: 130 horsepower, three phase, altemahng current motor (There is no

transm=ss+on tn electnc veh=c~es)

Body: aluminum space frame construct=on.

Top speed: 85 mph (speed is governed to reduce drain to batter=es).

Accelerates: 0-60 en 8-9 seconds (some sports models faster).

Standard air conditioning: Interior pro-cooled or pre-heated whale recharging

Optional air conditioning: H=gh performance heat-pump, hagh eff=caency air cond~aon=ng
(for use while dnvmg)

Maintenance: battery and check-up servace each 10,000 redes

Warranty. 3 years or 36,000 mites warranty on electronics, 8 year or lO0,0O0 male warranty
on motor and dnve traan, 50,000 mile warranty on batter+as.

Meets Zero Emissions Vehicle requirements for State of California ($4,000 tax
credits)

No smog check required

Economy: models come wrth AIVVFM radao, pro°cooled and heated seats

Standard, models come w=th AM/FM and Cassette, ant=-Iock brakes, drivers mr-bag, power
windows and cruase control

Luxury: models come also w=th CD Stereo system, heat pump chmate control, dual aarbags,
all power accessories, sunroof, keyless entry
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.REGIONAL ELECTRIC VEHICLE PRICE SHEET

Sports car i~oz~a ~ Small ~malI~ Compact ~Jd~sJze~ Minivan
:wo- suter ~k~.+~ sport-uUlity

~. - sedan ~~ Q

Choose economy, standard or luxury (amr condltmnmg included in luxury
modeq

~° $18,500
Basepdce
Standard " $21.500 ~7;~s00.~ $18.500 ~;t~ $21,500

r i i

Luxury* $25,500 ..~2~00~ $22,500 ~ ~00: ~ $25,500

Tax Rebate " Zero Emission Vehicle Tax Rebate
Subtract $4000 from base price above

Choose
Type 1 ~3on~es
mndard El
Type 2 15o .,.les
!battery $~soo
opmm+ o

$21,500
El

~~ $27.500

Fast charge
setup
mmrpa.~
~up
Four __,L,c~_

Wagonor
extended caf:
heat pump
a~ contrition
Please add

Choose o
$900

$1200

$800
El

,our base

conditioning standard for luxury mo~
$90o
El

$1200
El
not

e4~¢ab~
i ~,$ tOOO~ not

+ + > ,++’,...%,

++. +~;8OO~++~++.,;+.Oi~g~..++~’. , $8o0El

Total price of your package $ ,00

~f.you choose this type o! vehicle, please answer questions below

1. Can you specify some destinations (away from home) where you would I~ke
to be able to NORMAL CHARGE (220V/2-4 hours) your electric vehicle
whde it m parked.

Locabon 1
Locatmn 2

Use green dots and the red pen and mark those locations on map or on margin
with the symbol N C

2. ff you purchsed FAST CHARGE, can you specify some deshnahons where
you would hke to hnd a FAST CHARGE STATION (80% in 20 minutes).

Location 1
Locahon 2

Use green dots and the red pen and mark those locations on map or on margin
wd+,= the symbot FC.
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Neighborhood electric vehicle

Neighborhood electric vehicle: is designed for around the town driving. Easy
parking, handhng and use. Comes as two passenger version or w~h sma[t rear
seat for two adddsonai passengers Cargo room for four bags of grocenes.

Vehicle length: =s 11 ft, w~lth is 5 ft, can park m small places, turning tad=us 15 ft.

Top speed: 40 mph.

Accelerates: 0-40 in 15 seconds.,

Range: 40 miles.

Curb weight: of the veh,cle Is 1200 ibs.

Composite structure: Ls fully crash tested and passes all federal crash safety.

Optional airbags:

Electricity Costs: less than 1 cent per mile for electnc~y.

Recharges: 2-4 hours on 110 volt slow charge depending on the charge level of the
battery. 1.2 hours on 220 volts normal charge. Reptacement cost of battery back
is lust $500

Fast charge: not available for neighborhood electnc.

Optional solar: panels, offers 7 redes extra of range on sunny day

Standard air conditioning: lnterzor pro-cooled or heated whde recharging

Optional air conditioning: Hagh performance heat-pump, high eff~clency air
cond~tlonlng (for dnwng)

Service is minimal

Warranty: Motor and drive tram warranteed ~or ten years or 100,(}00 mdes. Batteries are
guaranteed for 20,000 miles

*The neighborhood electric is not intended for highway driwng.

Meets California Zero Emissions vehicle standards for non-freeway
vehicles. Qualifies for $2000 tax credits°

Standard: comes wdh AkC/FM tad=o, we-cooled and heated seats

Luxury: models come also with CD Stereo system, heat pump chmate control, dual
alrbags, all power accessories, sunroof, keyless entry
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NEIGHBORHOOD ELECTRIC PRICE SHEET

Body ~y~ Two- seater ~,, jThree’~seater ~<~,~. ~, Four
o

Choose economy, standard or luxury
Jalr condltlomn~ Included In luxu~}

’ Ecommy~ $s,soo ~;6~~ s7,ooo

i Luxury ¯ $8,5oo ~ ~.~ ~.~ ~$g~O~ ~.~.~ $ ~ o,ooo

Tax Rebate * Small Electric Vehicle Tax Rebate
Subtract $2000 from base price above

Choose options (heat pump a=r cond~boning standard for
luxury model)

Fast’charge not avadable ~~;’,~Xl~. ~=,,~a~,~,= ~-~,~’ not available

$800 :-% ~ ~,/$800 ~ ~,~- .~ $800
i(not with 0 ;;~o~ ", .~-~<> .....~ 0

: Solar paneLs $600 , ;~ -~ $6oo ~:;~,~. $600
setup O ’. ~ .....",.EL"~-<. ~’~ 0

’ heatlxanp ~ $800 ~ ~.~-’-..~seO ~ o’" ~ $800
~~I o " : "0~~ ~"; El

Please add your base pnce, subtract tax rebate, and add options.

Total price of your package S.__.__.___~0

If you choose this type of vehicle, please answer questions below

1o Can you specify some destmatmns (away from home) where you
would like to be able to NORMAL CHARGE (220V/2-4 hours) your
electnc veh=cle while d is parked?

Location 1

Locahon 2

Use green dots and the red pen and mark those locations on map or on
margin w~th the symbol N C.



THE HOUSEHOLD MARKET FOR ELECTRIC VEHICLES

APPENDIX B

References to the articles on electric and natural gas vehicles included m Part Three of the
survey instrument.

--A cletmer way to drive. San Jose Mercury News p. 11E. Monday, November 25, 1991.

--BART" Electric connection Bay Area League of Women Voters Bay Area Monitor. p.3.
May/June 1993.

--The big three’s current examples. Autoweek p. 18. December 13, 1993. (This zs a sidebar to 
longer article on electnc vehicles )

Cogan, R. Electrtc vehicles. Powerplay on the auto czrcutt Motor Trend. October 1993.

Gromer, C New age of the electric car. Popular Mechanics. February 1994

Levander, M Jump-starting an industry. San Jose Mercury News p. 1D. Monday, April 26,
1993




