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Abstract

Earlier research has revealed that most people are able to use electric vehicles (EV’s) for daily

travel (Deshpane, 1982; Greene, 1985; Hautzinger, 1991; Kiselewich & Hamilton, 1982; Nesbitt m

fl, 1992) but also that peoples’ attitudes toward and purchase willingness of EV’s are low (Beggs m

fl, 1981; Gould & Golob, 1997, Gärling m fl, 1998; Nesbitt, m fl, 1992; Harwood & Wittman,

1997). However, in these studies attitudes and purchase willingness were measured in respondents

not having knowledge or experience of EV’s. To avoid this, a field study in which families use

EV’s during 3 months is set up. Attitudes and purchase willingness are measured before, during,

and after EV use and in-depth interviews are made to capture the adaptation process to the EV’s.

Furthermore, vehicle trips and recharging times are logged. The results from the interviews show

that the respondents experienced the EV’s as more useful for shopping and visiting trips, as safer,

and maintenance as less difficult after than before. The results from the logging show that the EV’s

were used in 64.1 % of the total number of trips, in 48.7 % of the total distance, equally often by

males and females, and most often for shopping and work trips.
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AN EV IN THE FAMILY1

1. Introduction

The environmental effect of air pollution, global warming, and dependence on foreign oil has

long been on the global agenda and the negative role of the transportation sector is determined.

Conventional cars account for about half of the oil consumed, half of the urban pollution, and about

one fourth of the greenhouse gases (Sperling, 1995). The vehicle use worldwide is expected to

increase in the coming decades. To slow down the environmental deterioration the negative effects

of the transportation sector have to be acted upon now not tomorrow.

There are, at least, four actions available to reduce the negative effects of the transportation

sector, reduce vehicle use, reduce emissions from conventional cars, switch to less noxious fuels, or

change to less polluting propulsion systems. The first is not possible without curtailing peoples’

freedom, the very base of a democratic society, the second (e.g. fuel catalysts) have been

implemented but their effect on carbon dioxide, a major contributor to the greenhouse gases, is

none. The third, switch to less noxious fuels, would lead to less reduction in pollution and

greenhouse emissions than choosing the fourth action, changing to a less polluting propulsion

system such as electric vehicles (EV’s). The most compelling feature with EVs’ is their low or non-

existent emission and hence their air quality benefits.

However, earlier research has revealed that peoples’ attitudes toward and purchase

willingness of EV’s are low (Beggs m fl, 1981; Gould & Golob, 1998, & Gärling m fl, 1998;

Nesbitt, m fl, 1992; Harwood & Wittman, 1997) although most people are able to use EV’s for their

daily travel (Deshpane, 1982; Greene, 1985; Hautzinger, 1991; Kiselewich & Hamilton, 1982;

Nesbitt m fl, 1992). In these studies, attitudes and purchase willingness were measured in

respondents not having knowledge or experience with EV’s. Forming accurate perceptions of EV’s

requires, as Bruce M. Kopf, director of Electric Vehicle Line and Engineering Systems at Ford

                                               
1 This study was supported by The Swedish Transport and Communications Research Board (#1998:0111). The authors
thank Amelie Gamble and Cecilia Jakobsson for serving as interviewers, Michael Adrian, Maria Blomqvist, Maria
Johansson, Per Olsson, Maria Ottosson, Sofia Persson, and Per Svensson for entering data, Björn Berle for taking care
of the logistics of the EV’s, Bilia and Göteborg Gatu AB for technical support, and the participators for sharing their
experiences with the EV’s with us.
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Motor Co (1998) put it, actual experience. To avoid this problem with lack of experience, field

trials in which families use EV’s during 3 months are in this study set up to capture the adaptation

process to the specific characteristics of EV’s (driving range, recharging, cargo capacity,

infrastructure, performance, and safety).

2. METHOD

2.1 Respondents

A random sample of 1,900 registered car owners living in the municipalities of Göteborg,

Mölndal, and Partille was drawn from the Vehicle register. The respondents and their spouses were

administered a mail-back questionnaire consisting of questions about acceptance of new

technologies, attitudes towaed EV’s, knowledge of EV’s, usefulness of EV’s, purchase willingness

of EV’s, sociodemographics, and of interest in further participation2. Those who agreed to further

participation and fulfilled the specific conditions of the present study3 were contacted by phone.

2.2 EV’s

The EV’s used were Renault Clio Electrique. This car is 4-seated, has 5-doors, a cargo

capacity of 220 kg, a battery pack containing 19 rechargeable nickel-cadmium batteries, and is

recharged in an ordinary electric outlet with a 10 Ampere fuse. The factual driving distance range is

between 60 and 70 kilometers depending on driving style and topography. Recharging time from

empty to full energy in the batteries is about 10 hours (10 Ampere fuse). The performance is 8.5

seconds from 0 to 50 kilometers per hour.

                                               
2 The results of the mail-back questionnaire are not reported here.
3 The study will continue throughout 1999.
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2.3 Procedure

To participate in the study, the families had to have at least one child within the family, the

possibility to recharge an EV at home, and both adults had to have a drivers’ license. The families

fulfilling this were contacted by phone by one of two trained interviewers. At this point the families

were informed about the aim and the design of the study. The families were also informed that they

themselves had to pay for the recharging cost of the EV’s. Those who agreed to participate were

administered additional information consisting of a personal participation schedule, an EV leasing

contract, trip logs, and two questionnaires containing questions about expectations of the EV. The

families were contacted a second time after they had received and read the additional information.

Those who then agreed to participate were instructed to log all trips made by own cars the coming

week according to instructions in the trip logs. Furthermore, a day and time was scheduled for the

first of five interviews (Table 1).

Table 1. Design of the study.

Week Activity
1 Registration of trips with own cars
2 Interview 1; Expectations. EV demonstration. Registration of expected and actual trips with

own cars and the EV. Registration of recharging times of the EV.
3 Interview 2; Experiences, attitudes, and purchase willingness. Registration of total trip

distances with own cars and the EV.
4 Registration of total trip distances with own cars and the EV.
5 Registration of total trip distances with own cars and the EV.
6 Interview 3; Experiences, attitudes, and purchase willingness. Registration of expected and

actual trips with own cars and the EV. 100% EV use.
7 Interview 4; Experiences, attitudes, and purchase willingness. . Registration of expected and

actual trips with own cars and the EV.
8 Registration of total trip distances with own cars and the EV.
9 Registration of total trip distances with own cars and the EV.

10 Registration of total trip distances with own cars and the EV.
11 Interview 5; Experiences, attitudes, and purchase willingness. Summing up. The EV is

brought back. Registration of trips with own cars

In the first meeting both adults were asked to sign the earlier received EV leasing contract,

were interviewed about their expectations of the EV, and asked to log all expected and actual trips

with own cars and the EV coming week. Furthermore, a day and time for a second interview was

scheduled after 8 days. Finally, the EV was demonstrated by one of two specially trained assistants,

a test drive was made, and the family was informed that the assistants could be reached
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by phone 24 hours a day in case of problems.

In the second through the fifth interview questions about experiences, attitudes, and purchase

willingness were posed. After the second interview the families were asked to log total trip distance

per car and week the coming 3 weeks. In the third interview the families were informed that they

the coming week not were supposed to use own cars except from in cases of emergencies.

Furthermore, they were asked to log all expected and actual trips the coming week. After the fourth

interview the families were asked to log total trip distances per car and week the coming three

weeks. The fifth interview included a summing up with respect to experience of the study, whether

they actively had searched for information about EV’s during the study period, and reasons why

they were interested or not in purchasing the EV they had used during the study period.

Furthermore, they were asked to log all actual trips made by own cars the coming week. The study

period was 11 weeks and the families used the EV’s in 9 weeks. The study started in October 1998

and will, at least, run throughout 1999.

3. RESULTS

3.1 Sociodemographics

Until the 30th of April 1999, 25 families have been contacted. Eight families have completed

the study, 8 families are now completing the study, 1 left the study after the third interview4, and 8

were not interested in participating due to the effort- and/or time-consuming character of the study.

Table 2 shows that participators5 to a higher degree were employed full time, had higher total

income per month, had more children within the family, drove shorter distances with car 1 (the most

used car within the family), and had shorter distances to work than non-participators.

                                               
4 This family is not included in the analysis.
5 The term participators include those who have completed and those who are completing the study.
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Table 2. Sociodemographics

Participators
(n=31)

Non-participators
(n=13)

Age (M years) Men 45.1 46.9
Women 42.9 44.2

University degree (%) Men 37.5 33.3
Women 46.6 42.8

Full time employment (%) Men 86.7 53.8
Women 43.8 23.0

Total income per month < 20,000 SEK (%) Men 37.5 33.3
Women 53.3 71.4

Number of children within the family (M) 3.4 1.9
Number of cars within the family (M) 1.6 1.5
Recharging possibility at home (%) 100 66.7
Driving distance per week (km) Car 1 326.2 453.1

Car 2 280.0 250.0
Car 3 191.7

Driving distance to work (km) Men 11.4 27.3
Women 8.6 10.9

3.2 Interviews

3.2.1 Expectations

The families expected that they would shared the use of the EV’s equally between the spouses

and that the EV’s most often would be used for service and shopping trips and least for vacation

trips and trips to summer cottage.

3.2.2 Adaptation of life styles to the characteristics of the EV’s

Preferred life style changes were given at 5-point graphical scales without verbally defined

endpoints. Most preferred change was to give up longer car trips, next most to change to public

transportation, and least preferred to move closer to friends/relatives (Table 3). Furthermore, given

preferences did not change much throughout the study period and differences between gender were

moderate.
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Table 3. Adaptation of life styles distributed over the study period and gender.

Men Women

Interview Interview 3 Interview 5 Interview 1 Interview 3 Interview 5

Move closer to work 1.1 1.1 1.3 1.3 1.0 1.0

Move closer to friends/relatives 1.0 1.0 1.0 1.0 1.0 1.0

Move closer to summer cottage 1.2 1.2 1.0 1.2 1.2 1.0

Give up longer car trips 3.9 3.9 3.6 3.9 3.9 3.6

Coordinate work- with other trips 2.0 2.3 1.9 1.9 2.3 1.9

Carpooling with family members 2.4 1.9 1.9 2.4 1.8 1.9

Carpooling with others 1.4 1.3 1.4 1.7 1.3 1.5

Change to public transportation 2.4 2.9 2.5 1.9 2.5 2.4

Change to walking 1.5 1.6 1.1 1.6 1.4 1.3

Change to biking 2.0 2.3 1.5 2.1 2.6 1.6

3.2.3 Attitudes and purchase willingness of EV’s

Attitudes and purchase willingness were measured on 9-point graphical scales with the

endpoints defined as "Do not agree at all” and “Fully agree”, respectively. In interview 1 the

respondents stated expectations of EV’s while in interview 3, 4, and 5 the statements reflected

experiences with the EV’s used. The stated attitudes and the purchase willingness were relatively

stable throughout the study and differences between expectations and experiences were moderate

(Table 4). The results from the interviews show that females to a higher degree than males

experienced the EV’s as safe, attractive, and useful for work and visiting trips. The respondents

were somewhat more willing to purchase an EV in interview 1 than in interview 3, 4, and 5. The

most often given reasons in interview 5 for purchasing an EV were that the EV was a perfect city-

car or as a second car, was clean, and had low maintenance cost. For not purchasing an EV the most

often given reasons were too short driving range, too long recharging time, too small car, too

expensive, and uncertainty with service, safety, and future battery cost.
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Table 4. Attitudes and purchase willingness distributed over interviews and gender.

Men Women

I 2 I 3 I 4 I 5 I 2 I 3 I 4 I 5

Maintenance more expensive 2.1 1.1 2.0 1.7 2.4 1.5 1.6 1.4

Safe as a driver 2.2 2.9 3.0 2.8 3.6 3.2 4.1 3.6

Safe as other road user 3.5 2.7 3.7 3.1 4.8 4.8 4.7 4.8

Maintenance more difficult 3.2 2.6 2.3 2.7 3.6 3.2 3.8 3.3

Attractiveness 5.1 5.4 5.4 5.1 6.2 6.5 6.1 6.5

Useful for work trips 8.0 8.1 8.8 8.2 8.8 8.8 9.0 8.9

Useful for shopping 8.2 7.8 8.2 8.3 7.3 7.9 7.4 8.4

Useful for leisure activities 7.6 7.6 7.4 8.0 7.9 7.9 8.5 8.3

Useful for chauffeuring 7.9 8.8 8.0 8.5 7.2 8.2 8.6 7.8

Useful for visiting trips 5.0 5.7 4.4 4.2 5.3 6.1 6.6 6.3

Useful for service trips 8.3 8.5 7.8 8.5 8.1 8.6 8.6 8.7

Useful for vacation trips 1.0 1.1 1.2 1.0 1.0 1.2 1.3 1.2

Useful for trips to cottage 2.0 1.8 2.1 2.0 2.4 1.7 1.6 2.1

Luxury 5.1 5.6 5.2 5.1 5.1 6.8 5.8 6.1

Purchase willingness 5.0 3.9 3.9 4.2 7.5 4.8 5.2 5.3

3.2.4 Other experiences of EV use

Twenty-one of the participators (65.6 %) reported that they had experienced problems in using the

EV’s. Most of them were related to the winter climate. Examples of problems are increased

recharging time, frozen recharging cover (on the vehicle), forgetting to connect the EV to the

electric outlet, wrong fuse installed, and too small cargo capacity. The rate of maintenance made by

the families throughout the study period as well as the pick up of new knowledge were low while

the use of the special parking permit was high.

3.3 Trip logs

3.3.1 Trip and recharging logs, total

Until the 30th of April 1999, the families had driven 20,298 kilometers with their own cars and

9,702 with the EV’s. Of these trips 95.6 % were shorter than 65 kilometers (the mean average

driving range of the EV’s used). In almost 54 % of the
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trips the men were the driver, in 39% the women, and in the rest older children or friends. Men most

often drove car 1 and 2 while women most often drove car 3. Men drove the EV’s in 52.7 % of all

EV trips6. Totally, most frequent trips were work trips while the most infrequent except from

demonstration trips were service trips. The EV’s were in no family used for trips to summer

cottages (Table 5).

Table 5. Mean average distances of trips in kilometers distributed on purpose and car. (Number of

trips in parenthesis)

Car 1 Car 2 Car 3 EV

Chauffeuring 15.5 (58) 8.3 (12) 6.5 (31)

Demonstration 15.3 (3)

Other 10.3 (52) 8.3 (14) 7.1 (7) 7.4 (42)

Shopping 9.3 (82) 10.7 (7) 3.2 (5) 5.2 (90)

Service 5.3 (20) 6.0 (5) 6.4 (25)

Summer cottage 46.7 (3)

Work 20.8 (103) 8.9 (26) 8.2 (6) 8.2 (94)

Visit 21.3 (34) 8.9 (9) 4.7 (3) 6.9 (26)

Table 5 shows that chauffeuring, other, work and visiting trips most often were made with car

1 while shopping and service most often were made with the EV’s. On average the longest trips

were made with car 1, except from shopping, which were made with car 2. On average trip

distances made with the EV’s were most often the shortest. The EV’s were recharged 110 times

during the study period. On average recharging started when 37.8 Ampere hours were left and

ended at 85.1.

3.3.2 Trip logs, changes throughout the study period

All trips with own cars were logged during week 1 and 11 of the study period. During week 2,

6, and 7 all trips with own cars and EV’s were logged and during week 3, 4, 5, 8, 9, and 10 total

travel distances of own cars and EV’s.

                                               
6 The leasing contract stipulated that no other than the men and the women in the families were allowed to drive the
EV’s.
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Table 6. Number and distances in kilometers of trips distributed over weeks and type of car.

Own cars EV’s

Week Number of trips Distance Number of trips Distance

1 250 2659

2 95 2310 158 1171

3 2418 919

4 2496 1111

5 1251 1238

6 75 1227 173 1304

7 104 1651 157 1042

8 1394 1150

9 1358 957

10 2316 810

11 170 1308

Table 6 shows that the total number of trips remained relatively stable during week 1, 2, 6,

and 7 (250, 253, 248, and 261, respectively) but decreased week 11. Total distances driven per

week varied between 1,308 and 3.607 kilometers, with own cars between 1,227 and 2,659, and with

EV’s between 810 and 1,304. The percentage of driven EV kilometers per week of totally driven

kilometers varied between 25.9 % and 51.5 %.

4. DISCUSSION

First it must be pointed out that the results presented here should be interpreted with caution

since only 8 families until today fully have completed the study and only one specific EV model has

been used. Nevertheless, the stated attitudes and the purchase willingness were relatively stable

throughout the study and differences between expectations and experiences were moderate. Many

had experienced problems in actual use of the EV’s. Most of those were related to the winter

climate and should probably not be too difficult for EV manufactures to attend to.
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The willingness to change life-style behavior to better adapt to the characteristics of the EV’s

was moderate. The only changes that were perceived as acceptable were giving up longer car trips

and changing to public transportation. However, this is most often only true for those who see the

EV as a second car.

Although stated experiences of the EV’s were not that positive the families used the EV’s in

64.1 % of the total number of trips and in 38.7 % of the total distances driven during the study

period. The respondents had expected to use the EV’s for service and shopping trips. The logging

shows that the EV’s also most often were used for shopping trips but more often for work than for

shopping trips.

To summarize, so far the results indicate that using EV’s for daily travel, or to practically

adapt to the specific characteristics of EV’s, is not the problem here but actually changing held

attitudes are. However, results from more interviews and logs are needed to confirm this

conclusion.
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