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ABSTRACT.  Achievement of CO2 emission reductions in the automobile sector is a complex problem because of the difficulties in 
regulating consumer behavior. The approach of the present study is not government regulation of consumer CO2 emissions but the 
encouragement of responsible environmental behavior using the bounded rationality of consumers based on behavioral economics. 
Currently, greenhouse gas (GHG) emission credits are mainly traded among corporations. However, the use of small-lot emission 
credits is expected to begin spreading to consumers. We propose a system through which small-lot emission credits can be purchased 
by the consumers during the purchase or renewal of automobile insurance. Drivers can offset vehicle CO2 emissions by purchasing 
emission credits. In the present study, we analyzed the market potential for small-lot GHG emission credits attached to automobile 
insurance. A consumer survey of 351 drivers was conducted in Japan. Consumer preferences are evaluated using conjoint analysis and 
the contingent valuation method (CVM). The average value of the marginal willingness to pay (WTP) for GHG emission credits is 
estimated to be approximately 2171 yen per ton-CO2. The median WTP for GHG emission credits is estimated to be approximately 
2260 yen per year. Assuming that the average driver in Japan travels a distance of 10,000 kilometers per year and the vehicle fuel 
efficiency is 10 kilometers per liter, the WTP for GHG emission credits corresponds to approximately 30 percent of each driver's CO2 
emissions. 
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1. Introduction  

Carbon dioxide emissions from consumer energy use are 
increasing. Achievement of CO2 emission reductions in the au- 
tomobile sector is a complex problem because of the difficul- 
ties in regulating consumer behavior. Many options are avail- 
able to consumers that are interested in contributing to the mi- 
tigation of global warming, including measures that require con- 
sumers to either directly or indirectly reduce CO2 emissions. 
Energy conservation enables consumers themselves to reduce 
CO2 emissions. This direct measure, however, reflects volun- 
tary behavior and cannot assure reduced emissions. Indirect me- 
thods, such as subscriptions to environmental funds, contribute 
to CO2 emission reductions through the efforts of the recipient 
organizations. However, most consumers are not aware of ways 
in which to contribute to CO2 emission reductions despite in- 
creased awareness of environmental issues in developed coun- 
tries.  

In Japan, an environmental contribution system called the 
“Green Electricity Fund” allows consumers to donate money 
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toward the construction of renewable energy power plants, wh- 
ich use technology such as photovoltaic cells or wind turbines 
to produce electricity. However, this system has not raised su- 
fficient funds to contribute to CO2 emission reductions becau- 
se of a lack of incentives to donating. Systems that motivate 
consumers to behave in an environmentally desirable manner 
are needed to encourage action. We propose a system under 
which CO2 emission credits can be voluntarily purchased by 
consumers during the purchase or renewal of automobile insu- 
rance. This can be seen as one of the carbon-offset programs 
which are beginning to spreading recently. Carbon offsetting 
is one of the indirect methods for contributing GHG emission 
reduction by consumers. There is, however, a criticism for car- 
bon-offset programs from the viewpoint of the additionality 
(Rousse, 2008). Carbon offsetting fails if the donors for car- 
bon-offset program use it for the excuse for their GHG emiss- 
ion increase. Another criticism has to do with verification to 
assure that offsets are achieved (Gillenwater et al., 2007). The 
credits from CERs (Certified Emission Reductions) are more 
reliable than those of VCOs (voluntary carbon offsets) since 
additionality and baselines in the CDM (Clean Development 

Mechanism) are verified to a higher degree than VCOs 
(Bumpus and Liverman, 2008). It is true that carbon-offset 
programs have the controversial aspects. Carbon-offset prog- 
rams, however, contribute GHG emission reduction under the 

assumption that credits are well verified and they are not used 
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for the excuse for emissions. There is a movement in UK that 

has launched a scheme for appropriately regulating Carbon 

offset products (Defra, 2009). The potential of carbon-offset 
has been discussed from the viewpoint of sustainable tourism. 
Becken (2004) surveyed the awareness of GHG emission and 
carbon offset in tourism. Gossling (2007) discussed the sche- 
me to compensate GHG emissions from transport. Gössling et 
al. (2009) surveyed the preference of carbon- offset programs 
in Sweden and analyzed whether voluntary carbon offsets can 
make a significant contribution to compen- sating emissions 
caused by aviation. Many past studies have not evaluated the 
WTP for voluntary carbon offsets. We estimate the WTP for 
carbon offset of automobiles during the purchase or renewal 
of automobile insurance. 

CO2 emissions emitted from the consumer’s automobiles 
are offset. This program should appeal to the consumers because 
passenger cars are directly energy-use product. Furthermore, 
additional payment procedures are not necessary because the 
credits are attached to their annual automobile insurance pur- 
chases. In the present paper, we analyze consumer acceptance 
of the emission credits based on a questionnaire survey of con- 
sumers. 

2. Emission Credits Attached to Automobile 
Insurance 

Greenhouse gas (GHG) emission credits are mainly traded 
between corporations. The concept of small-scale emission cr- 
edits is expected to spread to consumers. In the present study, 
we first describe a method for dividing GHG emission credits 
into small-lots utilizing the trust system. The scheme is shown 
in Figure 1. A primary credit buyer has an account within the 
United Nations clean development mechanism (CDM) registry. 
The primary buyer also has an account in the national registry. 
A trustee bank has an account in the national registry. The pri- 
mary buyers can trade emission credits with each other and al- 
so trade with the government. A secondary buyer, who wishes 
to purchase a relatively small number of credits, can trade wi- 
th the primary credit buyer through the trustee bank. Both the 
primary buyer and the secondary buyer have accounts in a tru- 
stee bank. The secondary buyer formally obtains a small num- 
ber of credits, receiving the trust beneficiary right. Purchasing 
the trust beneficiary right from a trustee bank provides two ad- 
vantages over direct purchases from the primary buyer. The 
first is the suitability of the trustee bank to provide small-lot 
services in contrast to direct purchasing, which is suitable for 
large trades such as credits of one million tons. The other ad- 
vantage is the simplicity of the procedure. The secondary buy- 
er need not make an account in the national registry but can 
purchase credits from the primary buyer or trustee bank.  

In the present study, the insurance company that sells emi- 
ssion credits attached to automobile insurance policies corres- 
ponds to the secondary buyer. Trust beneficiary rights cannot 
be given to private individuals because the procedures become 
too cumbersome. Instead, the insurance company issues certi- 
fication to consumers who purchase the emission credits. The 
insurance company has to pay sufficient attention to the sour- 
ces of emission credits since consumer choices are influenced  

 
 

Primary Credit Buyer

CDM registry 

Primary Credit Buyer

National registry 

Trustee bank 

Government 

Trust beneficiary right 

Primary Credit Buyer

Secondary Buyer 

Figure 1. Method for dividing GHG emission credits into 
small-lots utilizing the trust system. The secondary buyer 
need not have an account in the national registry. 
 

 

The premiums 
(last year) 

The premiums 
(this year) 

Purchasing credits 

50 thousand yen
45 thousand yen

3 thousand yen

Figure 2. Example of a consumer purchase of 3000 yen of 
emission credits during automobile insurance renewal. 
 

Offset  
CO2 emissions 

1000kg 

Emission credits 
1000kg 

2000 kg
 

Actual CO2 emissions 
2000kg/year 

 
Figure 3. Carbon offset for a purchase of 1000 kg of 
emission credits. 1,000 kg of CO2 emission reduction 
contributes toward GHG emissions reduction by the 
government. 
 
by CDM project type, such as forestation or renewable energy. 

Figure 2 shows an example of a person who purchases 
3,000 yen of emission credits when renewing the automobile 
insurance. In this case, the insurance fee decreases from 50, 
000 yen to 45,000 yen because of obtaining a discount from 
the insurance company. The reduction in insurance payment 
would motivate the consumer to buy the credits. Figure 3 de- 
picts the carbon offset when the person buys 1,000 kg of emi- 
ssion credits. 1,000 kg of CO2 emission reductions contributes 
to the total GHG emissions reduction by the government. The 
insurance company divides the credits into small-lots so that 
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an individual can buy the credits after purchasing the trust be- 
neficiary right from a company that has a larger number of emi- 
ssion credits. 

3. Overview of the Survey 

We prepared a two-phased survey to determine factors that 
contribute to consumer choices. The survey was conducted via 
the Internet in April 2007. The first phase was a screening sur- 
vey to extract the respondents who are able to answer ques- 
tions concerning the fuel efficiency of their own car and the in- 
surance cost. The second phase was the main survey for the sc- 
reened 351 respondents. The second phase consisted of a ques- 
tionnaire in three parts. First, the respondents were asked to pro- 
vide individual information such as age, sex, and occupation. 
We requested information regarding the respondent’s automo- 
bile, including age, fuel efficiency, yearly travel distance, and 
frequency of use. In addition, we asked for yearly insurance 
premiums and insurance grade. Next, we prepared questions 
to determine the preference for emission credits attached to 
the automobile insurance. The questions were based on conjoint 
analysis (Louviere and Woodworth, 1983; Louviere, 1994). 
Conjoint analysis has been applied to psychometrics and marke- 
ting research (Green and Srinivasan, 1978; Green and Sriniva- 
san, 1990), and has recently applied to environmental econo- 
mics (Adamowicz et al., 1994; Adamowicz et al., 1997; Roe et 
al., 1996). Conjoint analysis, as well as contingent valuation 
method (CVM), belongs to the stated preference method, 
which is utilized to evaluate the preference for new products 
or contingent commodities. Conjoint analysis enables us to 
evaluate the willingness-to-pay (WTP) for every attribute. In 
the present study, we adopted choice-based conjoint (CBC) 
analysis. The statistical models and statistical estimation of 
the parameters used in conjoint analysis are described in many 

previous articles (Domencich and McFadden, 1975; Anderson 

et al., 1992). Table 1 presents sample questions based on 

conjoint analysis. Each respondent selects one response among 
four choices. Choice 4 is the default without emission credits 
and with the same compensation as the previous year. The 
other choices provide for emission credits that are attached to 
the insurance. The required CO2 emissions offset is dependent 
on the fuel efficiency and yearly travel distance of each 
respondent’s car. The number of offset emissions is based on 
the answers to the fuel efficiency and travel distance questions. 
Each respondent can select the desirable amount of offset 
emissions among four trade-off choices. We prepared six 

questions, including those in Table 1, for each respondent. 
The marginal WTP can be estimated from the answers to 
these questions. That is, we can estimate the maximum price 
that the respondents would pay for 1 kg of offset emissions.  

The third part of the questionnaire included the CVM. The 
CVM enables us to establish the distribution of the WTP. That 
is, we can estimate the maximum cost that respondents would 
be willing to pay for the offset emissions. Double-bounded di- 
chotomous choice is adopted for the elicitation method as sh- 
own in Figure 4. The first submission is randomly chosen from 
500, 1,000, 2,000, 3,000, or 4,000 yen. The second submit- 
ssion depends on the answer of the first submission. If a res- 
pondent accepts or rejects the cost of first submission, the 
second submission becomes higher or lower. We can estimate 
the distribution of WTP for offset CO2 emissions from the 
answers to this question. 

 
How much would you like to pay to offset the emissions ?

500 yen/year 
1,000 yen/year 

200 yen/year 

Yes

No

First submission Second submission

4,000 yen/year 
3,000 yen/year 

5,000 yen/year 

Yes

No

Figure 4. Double-bounded dichotomous choice adopted for 
the CVM elicitation method (the first submission is chosen 
randomly from 500 yen/year to 4,000 yen/year; the 
distribution of WTP can be estimated from this question). 

4. Results of the Survey 

The results of the conjoint analysis were used to estimate 
the average utility function U  as follows: 

 
1 20.22 0.47U x x= − +                  (1) 

 
where 1x  is the total payment including emission credits (unit: 
1,000 yen / year), and 2x  is offset emissions (unit: 1,000 kg /  

Table 1. Sample Questions to Determine the Preference for Emission Credits Attached to Automobile Insurance 

 Choice 1 Choice 2 Choice 3 Choice 4 
Offset CO2 emissions 
(Ratio to the yearly emissions from 
the respondent's car)  

10% 
costs 500 yen/year 

100% 
costs 5,000 yen/year 

50% 
costs 2,500 yen/year 

None 

Compensation 
(Compared with previous year) 

Same Same Ampler 
costs 1000 yen/year 
additionaly 

Same 

Yearly premiums 5,500 yen/year 10,000 yen/year 8,500 yen/year 5,000 yen/year 
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Figure 5. Marginal WTP for the carbon offset for the 
population segments classified by annual income. 
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Figure 6. Marginal WTP for the carbon offset for the 
population segments classified by age of respondent. 

year). Both parameters are statistically significant. The ratio of 
the two parameters is used to estimate the mean of marginal 
WTP for emission credits, 2,171 yen per 1,000 kg. This value 
is relatively high for the WTP as voluntary contributions for 
car- bon offsets, as compared with the carbon price 
established by the European Union Greenhouse Gas Emissions 

Trading Sche- me (EU ETS). Although a bias may exist with 
this kind of en- vironmental survey, the idea of emission credits 

attached to au- tomobile insurance can motivate contributions 
to environmen- tal protection, providing an opportunity to pay 

for emission cre- dits.  
We estimated the utility functions for various segments of 

the sample population. Figure 5 and Figure 6 show the margi-  
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Figure 7. Marginal WTP for the carbon offset for the 
population segments classified by travel distance. 
 

0

500

1000

1500

2000

2500

3000

3500

4000

4500

-8 
(km/litter)

8-12  
(km/litter)

12-16
(km/litter) 

16-20
(km/litter)

Fuel efficiency 

M
ar

gi
na

l W
TP

 (y
en

/1
00

0 
kg

) 

0

20

40

60

80

100

120

140

160
180

200

N
um

be
r o

f s
am

pl
es

Marginal WTP 

Number of samples

Figure 8. Marginal WTP for the carbon offset for the 
population segments classified by vehicle fuel efficiency. 
 
nal WTP for carbon offset for the population segments classi- 
fied by annual income and age, respectively. The high-income 
group and older age group show a high WTP. It is reasonable 
that high-income group affords to pay more. There is not sig- 
nificant difference in WTP between low-income group and mi- 
ddle-income group. It is because unmarried young segment in 
low-income group have a certain level of disposable income. 
The age segments of high WTP include retired or unmarried 
people who have relatively high disposable income. The ages 
of 30s and 40s can afford less due to paying more for parental 
care.  

The results of Figure 7 and Figure 8 link to Figure 9 be- 
cause CO2 emissions are the function of travel distance and fuel  

Table 2. Correlation Matrix between Attributes 

 Age  
(year) 

Annual income 
(million yen/year) 

Travel distance 
(km/year) 

Fuel efficiency 
(km/L) 

Score of environmental 
awareness 

Age 1 0.04 0.02 -0.13 0.01 
Annual income * 1 0.05 -0.07 0.05 
Travel distance * * 1 0.22 0.00 
Fuel efficiency * * * 1 0.14 
Score of environmental awareness * * * * 1 
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Figure 9. Marginal WTP for the carbon offset for the 
population segments classified by CO2 emissions. 
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Figure 10. Marginal WTP for the carbon offset for the 
population segments classified by cost of insurance 
premiums compared with the previous year. 
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Figure 11. WTP per year for the carbon offset as the result of 
CVM. Median WTP is 2,260 yen per year. 
 
efficiency. Travel distance, which varies widely between indi- 
viduals, has the larger impact on CO2 emissions than fuel effi- 
ciency. Therefore, Figures 7 and 9 reflect that higher total 
payment for carbon offset is not necessary for the segment of 

long travel distance and large CO2 emissions. The result of 
Figure 8 links to the environmental awareness. The large WTP 
of high fuel efficiency segment is explained by the positive cor- 
relation between fuel efficiency and score of environmental 
awareness as shown Table 2. Table 2 shows the correlation 
between attributes. There appears to be a small positive cor- 
relation between travel distance and fuel efficiency, and score 
of environmental awareness and fuel efficiency. The score of 
environmental awareness is the sum of the number of response 
“Yes” for the questions that ask whether each respondent be- 
haves environment-friendly or not in daily life. Figure 10 sh- 
ows the marginal WTP for carbon offsets by the population 
segments that are classified by changes to insurance premium 
costs, as compared with the previous year. The group whose 
premiums do not change shows the least WTP, although the hi- 
gher WTP among consumers in the group whose premiums in- 
crease from the previous year does not appear to be logical. 
These results indicate the bounded rationality of consumers. 
Consumers do not always choose among options in order of 
utility. They respond to a benchmark of utility and sometimes 
make decisions based on the discrepancy between the value of 
utility and the benchmark of utility. In this case, the bench- 
mark is considered to be the insurance premiums of the previ- 
ous year. Higher WTP of the group whose premiums increase 
can be explained by the smaller rate of carbon-offset cost in 
the total insurance cost. However, the group whose premiums 
decrease shows high WTP in spite of relatively larger rate of 
carbon-offset cost in the total insurance cost. It can be due to 
an asymmetry of worth, with which cost reduction can trigger 
more WTP than cost increase. Figure 11 shows the results of 
the CVM. Median WTP for GHG emission credits, which is a 
value of WTP when the purchase probability is 0.5, is estima- 
ted to be approximately 2,260 yen per year. Assuming the ave- 
rage travel distance for a driver in Japan is 10,000 kilometers 
per year and the fuel efficiency is 10 kilometers per liter, the 
WTP for GHG emission credits corresponds to approximately 
30 percent of each driver's of CO2 emissions. This result indi- 
cates that the emission credits attached to automobile insurance 
are a promising way for GHG emission reduction. We classi- 
fied the sample population by the score of environmental awa- 
reness. The median WTP of the highly environmentally con- 
sciousness individual is 2,800 yen per year, while that of low 
environmental consciousness is 570 yen per year.  

5. Conclusions 

We proposed a system under which small-lot emission 
credits can be purchased by consumers at the time of automo- 
bile insurance purchase or renewal. Drivers can offset CO2 emi- 
ssions from their vehicles by purchasing emission credits. We 
analyzed the market potential for small-lot GHG emission cre- 
dits attached to automobile insurance. The average value of 
the marginal WTP for emission credits is estimated to be 2,171 
yen per 1,000 kg. The median WTP for emission credits is es- 
timated as 2,260 yen per year. The sample population seg- 
ments with a high WTP for GHG emission credits are higher 
income groups and owners of fuel-efficient cars. Drivers who 
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travel long or short distances show a higher WTP than those 

who travel medium distances. The group whose premiums do 
not change shows the least WTP. The survey results indicate 
that the sale of emission credits attached to automobile insur- 
ance is a promising way for individuals to make environment- 
al contributions. 
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