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This study investigates the conflicts between decarbonization by renewable energy use and local environmen-
tal preservation. It also proposes the policy implication for the introduction of offshore wind turbines in Japan.
In 2020, the Japanese government declared its goal to achieve zero greenhouse gas emissions by 2050. Sub-
sequently, the interest in renewable energy, such as offshore wind power, has been growing. However, coastal
communities have concerns about the negative impact of offshore wind turbines on the landscapes, health, and

the environment, and often oppose the construction of offshore wind turbines. In Europe—an advanced region
of offshore wind power—there are many studies on its social acceptance; however, Japan records few cases of
acceptance. This study conducted a nationwide online survey and a choice experiment for Japanese respondents.
It found that offshore wind turbines are positively evaluated in terms of climate change mitigation, but negatively
in terms of their impact on the landscape. Heterogeneity was also observed in people’s preferences.

1. Introduction

As noted in the 2015 Paris Agreement, “energy decarbonization”
has been a pressing issue on a global scale. Consequently, in recent
years, the worldwide development of wind-power generation has been
expanding. So far, European countries have been at the forefront of
wind power development. However, in Europe, the construction of on-
shore wind power is saturated while the development of offshore wind
power is booming (Fig. 1). Currently, the United Kingdom has the
largest installed capacity for offshore wind power in Europe, account-
ing for 45% of the total, followed by Germany (34%) and Denmark (8%)
(WindEurope, 2020). The installed capacity in Europe is expected to in-
crease from 22 GW 030 (Soares-Ramos et al., 2020).

However, the breakthrough in offshore wind development in China
surpasses that of Europe. China’s central and local governments each
set their own 13th-period targets for 2016-2020, and the sum of those
provincial targets exceeds the national target of 5 GW (Li, 2022). In ad-
dition, 12,689 MW of new installed capacity was added in 2021, bring-
ing the total installed capacity to 19.7 GW (WFO, 2021). This is almost
equal to the total of the United Kingdom (12.3 MW) and Germany (7.7
MW), making China the world’s largest offshore wind power market.

In Japan, the public is increasingly interested in promoting the in-
troduction and use of renewable energies, including wind power, in re-
sponse to the Fukushima nuclear power plant accident caused by the
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Great East Japan Earthquake and to counter climate change. Moreover,
the national government has been working on a legal framework to pro-
mote the spread of renewable energy. An example of its efforts in this
regard is the 2012 enactment of the “Act on Special Measures concerning
the Procurement of Renewable Electric Energy by Operators of Electric
Utilities” (Japanese Law, 2011).

In October 2020, Prime Minister Suga announced Japan’s goal of
either reducing greenhouse gas emissions to virtually zero or becoming
carbon neutral by 2050. In December 2020, the government released
its “Green Growth Strategy for Carbon Neutrality by 2050.” Under this
strategy, the government established action plans for 14 key areas where
growth is expected in terms of both industrial and energy policies. One
of these 14 areas is offshore wind power, with the goal of introducing 10
million kW of offshore wind power by 2030 and 30-45 million kW by
2040. To achieve this ambitious goal, accelerated diffusion of offshore
wind power is required.

However, the introduction of extensive offshore wind power in
Japan’s waters may affect the landscape and marine ecosystems. There-
fore, local stakeholders’ concerns (residents and fishermen) and oppo-
sition to offshore wind power may increase in the future. For example,
in the United Kingdom, although 80% of the general public supported
wind power, 75% of all wind power projects were canceled owing to a
lack of local acceptance (Bell et al., 2005). In Japan, after a large-scale
offshore wind power generation project was announced off the coast of
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Fig. 1. Annual offshore wind installations by country and cumulative capacity.
Source: WindEurope (2020).

Toyoura Town in Yamaguchi Prefecture, the failure to reach a consen-
sus with local residents and fishermen led to an opposition movement
(Chosyu-shimbun, 2020). There is a possibility that there would be fre-
quent opposition and dissent in Japan in the future.

Thus, a detailed analysis of social acceptability and the development
of a local consensus are urgent issues in the promotion of offshore wind
power. To understand social acceptability in detail, it is necessary to un-
derstand people’s preferences for offshore wind power. In Japan, how-
ever, there has been no objective evaluation of the public and local res-
idents’ preferences for offshore wind power generation. Here, this study
employed an internet survey of the general public in Japan along with
choice experiments. In the choice experiments, the study evaluated peo-
ple’s preferences for the introduction of offshore wind power in terms
of monetary value (willingness to pay; WTP) for six different attributes.
To include the heterogeneity of people’s preferences in the model, a
mixed logit model was used to estimate the preferences. Thus, the goal
of this study is to close the academic and practical gaps by examining
the Japanese public’s preference and economic evaluation of offshore
wind power from various perspectives.

The remainder of this paper is organized as follows: Section 2 reviews
the literature on preference analysis for offshore wind. Section 3 de-
tails the methodology of this study. Section 4 reports the results of
the data analysis and the estimation results of the choice experiments.
Section 5 concludes with a discussion of the results and policy implica-
tions.

2. Literature review
2.1. International trends on social acceptance

Quantitative assessments of social acceptance and preferences for
offshore wind power are often based on surveys of citizens, local res-
idents, and tourists. Studies have identified the characteristics of local
residents and tourists who are receptive to offshore wind power facili-
ties; prioritizing these characteristics/factors may enhance social accep-
tance. Haggett (2011) discussed the adaptability of offshore wind based
on a literature review on onshore wind, and identified five common fac-
tors that influence people’s responses. Westerberg et al. (2013) investi-
gated the impact of offshore wind farms on coastal tourism in Langue-
doc Rousillon, Southern France. The authors conducted choice exper-

iments to elicit tourists’ preferences for offshore wind turbines at var-
ious distances from the coast. The results showed that age, national-
ity, vacation activities, and loyalty to the destination influenced atti-
tudes toward the compensation policy. In addition, a study using con-
tingent valuation method (CVM) estimated Greek residents’ WTP for
electricity produced by offshore wind farms located on two Greek is-
lands (Georgiou and Areal, 2015). Another study focused on Atlantic
City, New Jersey, US, included a survey of coastal Delaware residents
(Bates and Firestone, 2015).

Another feature of the latest literature is that many of them employ
mixed logit models (random parameter logit models) in estimating pref-
erences in choice experiments. Ladenburg and Krause (2011) analyzed
preferences for the development of a 3600 MW offshore wind farm in
Denmark by using a willingness-to-pay space mix-logit model. The re-
sults show that there are large differences in willingness to pay as a
function of respondents’ age, income level, vista point to offshore wind
farms, and frequency of beach visits. Oluoch et al. (2021) applied a ran-
dom parameter logit model to determine how attributes affect Kenyans’
willingness to pay for renewable energy development. The results re-
vealed that Kenyans place a high value on environmental impact, fol-
lowed by the type of renewable energy and job creation in the commu-
nity.

Empirical studies are also accumulating on whether onshore or off-
shore wind turbines are preferred. Linnerud et al. (2022) estimated
preferences for onshore and offshore wind farms using a choice ex-
periment (applying a mixed logit regression model) with Norwegian
citizens. Results showed that respondents preferred offshore locations
to onshore; however, they were interested in maintaining local or na-
tional control through ownership and intended use of the added power.
Lamy et al. (2020) surveyed participants in two coastal municipalities in
Massachusetts (US) on their willingness to accept compensation (WTA)
for various characteristics of a hypothetical wind project using a model
involving mixed-logit estimator regression to estimate utility functions
for preferences. The results show that participants prefer onshore to off-
shore. This result may be driven by cultural identity that favors unob-
structed ocean views. In contrast, Ladenburg et al. (2020) investigated
spatial preferences for onshore and offshore wind turbines using spatial
data processed with a geographic information system (GIS). A flexible
mixed logit model was applied to estimate utility/preference parameters
and found a significant preference for offshore wind turbines compared
to onshore wind turbines.
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One relatively unique study analyzes the artificial reefs gener-
ated at the base of offshore wind turbines as a positive externality.
Klain et al. (2020) conducted choice experiments with residents of an
area along the New England coast (US), where a utility-scale offshore
wind farm was being planned. The authors found that local residents
showed a strong preference for offshore wind turbines that provide high-
quality artificial reefs. Dugstad et al. (2020) examined whether people’s
acceptance of new wind turbine development increases or decreases
with exposure to and habituation to wind turbines, demonstrating that
exposure can decrease acceptance. Dalton et al. (2020) also conducted
an experiment and used a mixed logit model to evaluate the potential
impact of offshore wind farms on recreational boaters. Results showed
that the value of recreational boating experiences decreases in areas
where offshore wind farms are located.

In addition, literature on wind power preference evaluation in Ko-
rea has accumulated in recent years. Kim et al. (2019) conducted
choice experiments on the impact of offshore wind-energy develop-
ment projects on Korean citizens. The results of the experiments were
added to a cost-benefit analysis, which suggested that the projects’ ben-
efits were unlikely to outweigh their costs. Kim et al. (2020) applied
an ordered probit model to analyze the determinants of project ap-
proval or disapproval for the installation of large-scale offshore wind
power among Korean citizens. The results showed that those living in
the Seoul metropolitan area, those who are wealthier than others, and
those who have installed household photovoltaic systems support the
project. Kim et al. (2021) evaluated the Korean public’s preference for
offshore wind farms by using a mixed logit model. Five attributes were
selected: distance from land to offshore wind farms, number of gener-
ators at the offshore wind farms, the height of generators visible from
the sea surface, reduction in marine life, and location of offshore wind
farms. Lee et al. (2020) investigated the Korean public’s attitude toward
reducing the environmental impact of onshore wind farms, focusing on
three areas: visual impact, ecosystem destruction, and noise pollution.
Analyzed using a mixed logit model, the results revealed heterogeneity
in respondents’ preferences, with visual impacts and ecosystem destruc-
tion being more important than noise pollution.

One of the characteristics of preference analysis in Korea is that it
does not analyze the preferences of residents of a specific region, rather,
it investigates the preferences (public attitudes) of the Korean people.
This is due to the fact that, for offshore wind power, which is expected
to develop in the future, it is necessary first to understand macro pref-
erences/values, rather than preferences in a specific area. As offshore
wind power is expected to develop in Japan and Korea in the future,
it is highly significant to quantitatively evaluate the preferences of the
Japanese public.

2.2. Japanese trends on social acceptance

In Japan, research has examined the social acceptance of
renewable energy, in general, and wind power, in particular.
Maruyama et al. (2007) analyzed the socioeconomic dynamics of re-
newable energy technologies. The authors examined community wind
power generation, where the initial costs are financed by citizens,
and examined how citizen initiatives can influence the social accep-
tance of renewable energy and social change. Meanwhile, Motosu and
Maruyama (2016) focused on the acceptance of people who do not ob-
ject to having a wind farm in their backyard and clarifies the impli-
cations of the silent situation. The authors’ survey revealed that most
respondents were receptive to existing local wind turbines but had a
negative attitude towards new wind turbines.

Meanwhile, the most recent studies have been by
Nakano et al. (2018) and Keeley et al. (2021). Nakano et al. (2018) fo-
cused on understanding the differences between eastern and western
Japan in terms of citizens’ preferences for renewable energy. The
authors found that the social acceptance of renewable energy and
WTP in eastern Japan are influenced by citizens’ strong concern for
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Table 1
Respondents’ attributes (N = 900).
Variable Definition Mean S.D. Min Max
sex 1: male; 2: female 1.49 0.50 1 2
age Age in year 45.81 13.48 20 69
famsize Number of family members. 274 130 1 7
1: 1 person; ...; 7: 7 or more
income Household income per year. 3.46 1.61 1 8
1: ( 2 million yen; ...; 8: ) 20
million yen
attitude Pros and cons of offshore wind 2.41 0.87 1 5

power in Japan.
1: Pro; ...; 5: Con

Note: S.D. indicates the standard deviation.

the global environment and willingness to participate in policymak-
ing. Meanwhile, in western Japan, social acceptance of renewable
energy is related to support for the liberalization of the electricity
retail market and the development of distributed power systems.
Keeley et al. (2021) identified the key factors influencing the social
acceptance of renewable energy in Japan, using WTP as a measure,
by incorporating spatial data on renewable and non-renewable power
plants, natural and productive capital, and renewable energy potential.

Studies also suggest that region-specific factors which influence the
social acceptance of offshore wind should not be underestimated. The
unique conditions of each region, such as social networks and spatial
factors, strongly influence residents’ social acceptance. Hence, research
should incorporate these factors in the analytical framework and eval-
uate social acceptance in the context of each region. Here, Japan’s na-
tional conditions to incorporate region-specific factors are included in
the analysis of social acceptance.

Based on the literature, this study aims to quantitatively evaluate the
Japanese public’s preference for offshore wind power. Specifically, this
study estimates the WTP for the attributes (distance from the coast, num-
ber of wind turbines, affected species, CO, reduction, and job creation)
using a choice experiment. Furthermore, given that a mixed logit model
is used, the study will examine whether there is heterogeneity in re-
spondents’ preferences. Although public values and preferences for wind
power (onshore and offshore) have already been evaluated in many
countries, the characteristics of the energy market and the acceptance
and attitude of the general public differ from country to country, and
it is important to conduct empirical studies in each region. Therefore,
from both academic and policy perspectives, it is important to conduct
a preference analysis of public acceptance of offshore wind energy in
Japan.

3. Methodology
3.1. Overview of survey

The survey was conducted online by Rakuten Insight Inc. from De-
cember 22 to 23, 2020. 900 questionnaires were returned by 900 mon-
itors registered with Rakuten Insight Inc., in the national range, aged
between 20 and 69 years. The number of samples is acceptable because
it is generally considered desirable to have approximately 1000 samples
to conduct choice experiments. Table 1 shows the means and standard
deviations of the respondents’ attributes, such as gender and age. The
gender ratio of the respondents was approximately 50% for both men
and women, indicating almost no bias in sample collection. The age of
respondents varied, but not substantially, and the sample was drawn
from all age groups.

3.2. Choice experiments

The conjoint analysis used in this study is a method to understand the
goods by evaluating their multiple attributes, representing them by mul-
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Table 2
Attributes and levels.
Attributes Level 1 Level 2 Level 3
Distance from the shore (km) 10 15 30
Number of the turbines 20 30 40
Levy on renewable energy 1 3 5
(yen/kW)
Number of species that may be affected 30 60 90
CO, reduction (t/kW) 5 7 10
New job creation 20 30 50
(worker/turbine)
Table 3
Sample question for the choice experiment.
Attribute Option Option Option
1 2 3
Distance from the shore 10 km 10 km No
Number of the turbines 40 30 wind-
Levy on renewable energy 5 3 mills
yen/kWh  yen/kWh (Status
Number of species that may be affected 30 60 quo)
CO, reduction 7 t/kw 10 t/kw
New job creation per turbine 30 20

Choose the most preferred option

tiple types and attribute levels, and clarifying the evaluation of marginal
changes in each attribute. Various question formats have been proposed
for conjoint analysis. However, in the field of environmental economics,
“choice experiments” are commonly used. In these experiments, partic-
ipants are asked to choose the most preferable option among multiple
alternatives. This study also employs choice experiments.

The attributes and levels pertaining to the choice experiments were
set as shown in Table 2. The following is a description of each attribute
and an overview of how the levels were set. “Distance to shore” and
“number of wind turbines” are attributes that are mainly considered as
“not in my backyard” (NIMBY) issues arising from the landscape impact
of wind power generation facilities. The levels were set after referring
to current performance data and the literature.

For “levy on renewable energy,” three levels were set as 1 yen/kWh,
3 yen/kWh, and 5 yen/kWh based on the Ministry of Economy, Trade
and Industry’s “levy to promote renewable energy generation,” which
was in place from May 2019 to April 2020 and set at 2 yen 98 sen per
kWh. This attribute is necessary for economic evaluation (WTP estima-
tion).

“Species” represents the number of species that may be affected by
the construction and operation of offshore wind power facilities. Data
from the New Energy and Industrial Technology Development Organiza-
tion was used to set baseline values for the levels. The number of species
of marine organisms and birds was 44 each, for a total of 88 species. As
all species may not be affected at the same time, the levels were set at
30, 60, and 90 species, with 60 species serving as the reference value.

The standard values for “CO, reduction” and “new job creation”
were calculated based on the estimated data in the proposal for the pro-
motion of offshore wind power generation by the Japan Wind Power
Association. Three levels were set with reference to the calculation re-
sults (CO, reduction of 7.1 t/kW, and job creation of 27 people per wind
turbine).

After establishing the attributes and levels, three profiles of the
choice experiments were developed. These three profiles consist of two
offshore wind power generation plans created by orthogonal planning,
and one “status quo” profile with no offshore wind power generation
plan and conventional power generation continues. The questions were
designed as shown in Table 3 and each respondent was asked six times.
Table 4 lists variable names and their definitions.
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Table 4
Definition of variables.

Variable Variable Definition

distance Distance from the shore

n_turbin Number of offshore wind turbines
species Number of species that might be affected
co2_red Amount of CO, reduction

labor Number of new jobs created

cost Levy on renewable energy

3.3. Mixed logit model

This study uses a mixed logit model as its analytical model. This
model was proposed by Revelt and Train (1998) as one that relaxes
the restrictive assumptions in the conditional logit model. The mixed
logit model simultaneously resolves the relaxation of the independence
of irrelevant alternatives (IIA), assumption, and homogeneity of prefer-
ences. Further, this model is a flexible model that can approximate any
random utility model (McFadden and Train, 2000). First, let U,; be the
utility of respondent n when they choose option i from the choice set C,
and consider the random utility function as in Eq. (1) below.

Um’ = I/m(ﬂn) + gm’
= ﬁ’nxni + &y

€]

where the error terms ¢,,; are assumed to follow type I extreme value dis-
tribution independently and identically. In the conditional logit model,
the utility parameter is uniform across individuals. However, as indi-
cated by the subscript n in the utility parameter, the mixed logit model
incorporates the assumption that different individuals have different
preferences.

Furthermore, the distribution of g, is assumed to be the normal
distribution (f|b,) with mean b and variance-covariance W. Then,
the selection probabilities for the mixed logit model are as follows
(McFadden, 1973; Train 2009).

[emMAM)

Z;ec eXP(anr(ﬁn))
In general, the integral calculations are not algebraically solvable

and the estimation requires the use of approximate calculations by sim-

ulation. Thus, the selection probability is computed using the following
procedure:

,
Pabwy =[]

t=1

] - p(Blb,W)dp )

1 Extract g from ¢(8|b, W) R times,
2 Substitute the extracted g into the conditional selection probability
formula (Eq. (3)) and calculate R selection probabilities,

L, (ﬂn) _ H |:Z exp(V,,,-,(ﬁ,,)) ] 3)

t=1 jec exp(ant(ﬂn))

and

1 Find the mean value of the result using Eq. (4). where p" is the rth
extracted f.

1 r
Sm=§2um> “

Note that SP,; (simulated probability) is an unbiased estimator of P,
that is, E(SP,;) = P,; (Train 2009). If 62 is a dummy variable that equals
one when individual n chooses option i, the simulated log-likelihood
(SLL) function can be expressed as in Eq. (5).

SLL(b,W) = Z Z 8 InSP,;(b, W) 5)
n i

The parameters to be estimated (b, W) are the maximum simulated

likelihood estimator that maximizes SLL (McFadden and Train, 2000).
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Thus, the mixed logit model allows us to obtain not only the mean
parameter b but also information W on the variance of the utility param-
eter. Note that Eq. (2) shows, the ratio of choice probabilities P;/Pp; in
the mixed logit model includes the denominator L,;(f) in the integral;
this denominator depends on all alternatives. This shows that the ratio
of choice probabilities also depends on all alternatives except i and j,
completely relaxing the IIA assumption.

The marginal WTP (MWTP) can be obtained from the estimation of
the parameter vector g by Eq. (6).

v

MWTP=—55/_ov _ =-'* ©)
OPRICE B,

where g, denotes the estimated parameters other than the amount of

the levy.

4. Results
4.1. Survey results

First, let us start with the results of the simple tabulation of the data.
Question 3 of the survey asked respondents about their awareness of
offshore wind (Fig. 2). 2.9% of respondents were “very familiar” with
offshore wind power, and another 16% were “familiar” with it, for a
total of 18.9%. In contrast, 20.4% of the respondents answered that
they did not know much about it, and 20.1% answered that they did not
know it at all, for a total of 40.6%. The total of 40.6% of the respondents
answered that they had heard of it but did not know much about it.
These results indicate that awareness of offshore wind power is still low
in Japan.

Question 6 asked respondents whether Japan should promote the
introduction of offshore wind power or not (Fig. 3). 13.9% said they
should promote it, and 40.3% said they should rather promote it, for
a total of 54.2%. This is a significantly higher percentage than the
combined result of those who are “opposed” or “relatively opposed” to
the promotion of offshore wind power (7.8%). This result suggests that
Japanese people have a positive attitude towards offshore wind power,
and that public acceptance at the macro level is high, as is the case with
other countries.

Question 4 of the questionnaire asked respondents how much they
expected each of the potential benefits (positive aspects) of offshore
wind (Fig. 4). The highest expectation was “global warming counter-
measures and CO, emission reduction,” with a total of 70.9% of the
respondents selecting “high expectations” or “expectations,” followed

Cleaner Energy Systems 4 (2023) 100052

Fig. 2. Familiarity of offshore wind power
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by “energy supply that does not depend on imports.” This was followed
by “expectations for an energy supply source that does not rely on im-
ports” (66.9%), “priority distribution of wind-generated electricity in
emergencies such as power outages” (61.2%), and “the possibility of
creating an industry based on offshore wind power” (57.5%). In con-
trast, the lowest expectation was “creation of new tourism and regional
image” (by the construction of offshore wind turbines), with a total of
39.9% of respondents selecting “high expectations” or “expectations.”

Question 5 asked respondents how concerned they were about each
of the possible disadvantages (negative aspects) of offshore wind power
(Fig. 5). As a result, the most common concern was “durability against
typhoons and earthquakes, and accidents due to collapse,” at 72.6%,
including “very concerned” and “somewhat concerned.” This was fol-
lowed by “impact on local industries such as fishing” (61.4%) and “im-
pact on the ecosystem” (57.9%). Relatively few respondents (53.2%)
expressed concern about the possibility of “damage to the landscape.”
Japan is unique in that it is prone to disasters such as typhoons and
earthquakes, and the effects of these disasters are increasing due to the
effects of climate change. This result seems to reflect such a context in
Japan.

4.2. Mixed logit estimation results

A nationwide CE survey was conducted in December 2020 by a spe-
cialized research firm on 900 randomly selected households, yielding six
observations per household. The statistical software Statal6 was used to
estimate the parameters. Table 5 shows the estimation results obtained
using the mixed logit model. As the z-values of the coefficients shows,
the coefficients for each attribute (explanatory variable) are statistically
significant at the 1% level. The coefficient estimates for distance, num-
ber of wind turbines, and CO, reduction were positive-signed, while
those for species and new employment were negative-signed. For exam-
ple, the longer the distance from the coast to the offshore wind turbine,
the higher the utility of Japanese citizens. The coefficient on cost also
has a negative sign. This means that utility decreases as prices increase,
which is reasonable given the negative contribution of prices to utility.

Next, since the coefficients are significant for all attributes, the
MWTP estimates can be derived when the level of each attribute in-
creases and decreases. The estimation results are shown in Table 5,
which also shows the 95% confidence intervals for the estimated val-
ues. The MWTP is 98.2 yen for distance (98.2 yen WTP for every 1 km
distance of offshore wind turbines from the coast), 36.6 yen for num-
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Fig. 3. Attitude towards offshore wind
power (%).
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Fig. 4. Expectations for offshore wind power.

ber of wind turbines (36.6 yen WTP for every additional offshore wind
turbine), —8.1 yen for species (—8.1 yen WTP for each species affected
by offshore wind power construction), 74.2 yen for CO, reduction (74.2
yen WTP for each ton of CO, reduced by the offshore wind project), and
—10.9 yen for job creation (—10.9 yen WTP for each new job created by
the offshore wind project).

Furthermore, the estimation results for the heterogeneity of prefer-
ences is examined. In the estimation of the mixed logit model, all param-
eters except the levy (cost) are assumed to be random parameters follow-
ing a normal distribution. The parameter “cost” is assumed to be a fixed
parameter to account for the estimation of MWTP. The results show that
the standard deviations of the random variables for all attributes, g, are
significant at the 1% level. Thus, heterogeneity in preferences was ob-

served for all attributes. The variation in preferences was particularly
large for “distance” and “CO, reduction,” suggesting a variety of prefer-
ences among respondents. For example, the 95% confidence interval of
the MWTP for “CO, reduction” shows that the lower limit MWTP is 17.6
yen, while the upper limit MWTP is 130.8 yen. The estimation results
are discussed in detail in the next section.

5. Discussion and conclusion

The purpose of this study was to determine the peoples’ preferences
for and the economic value of offshore wind power generation through
an experimental questionnaire survey including choice experiments. A



K. Iwata, S. Kyoi and Y. Ushifusa

Health Hazards

Damage to the landscape

Impact on the ecosystem

Impact on local industries

Durability and accidents

0% 10% 20% 30%

B Very concerned M Somewhat concerned

—_
O
w
I I |

40%

Not very worried

Cleaner Energy Systems 4 (2023) 100052

26

16 2

50%  60% 70%  80%  90%  100%

Not at all worried m Don't know

Fig. 5. Concerns about offshore wind power.

Table 5
Estimated results.

Mixed logit model

Mean S.D. MWTP (yen)
distance 0.12 0.22 98.20
(10.67) (17.47) [50.89, 145.53]
n_turbin 0.04 0.04 36.62
(10.74) (8.22) [18.31, 54.95]
species -0.01 0.03 -8.10
(—4.33) (14.32) [-14.82, —-1.39]
co2_red 0.09 0.16 74.18
(5.78) (7.95) [17.56, 130.81]
labor -0.01 -0.03 -10.85
(—4.48) (-5.21) [-19.19, —2.53]
cost -0.12
(—3.66)
Observations 16,200
Log-likelihood —4198.55

Note: S.D. indicates the standard deviation. Z-values are provided in paren-
thesis. 95% confidence intervals are displayed in the bracket.

mixed logit model was used to quantitatively determine the diversity of
preferences. The following discussion is based on the estimation results.

First, the public’s preferences for offshore wind power were evalu-
ated using the choice experiments. The MWTP was found to be 98.2
yen for “distance,” 36.6 yen for “number of wind turbines,” —8.1 yen
for “species,” 74.2 yen for “CO, reduction,” and —10.9 yen for “job cre-
ation.” The general public highly values offshore wind power for its
“distance” effect on the landscape and its “CO, reduction” effect on
climate change mitigation. This is line with previous evidence (e.g.,
Westerberg et al., 2013; Klain et al., 2020). This study’s results pro-
vide supporting evidence that distance is directly related to landscape
and that “how” highly visible wind turbines are located/constructed sig-
nificantly affects their social acceptability. However, because Japan has
few shallow seas, it is virtually impossible to install wind turbines out of
sight of coastal areas now that fixed-foundation turbines are the main-

stream. We will have to wait until the future when floating wind tur-
bines become economically rational. Therefore, it is very important to
plan complex measures and compensation systems for the local environ-
ment with the consent of residents. It is also noteworthy that the general
public greatly appreciated the “CO, reduction” related to external ben-
efits. This can be taken as an indication that, as a whole, the Japanese
public also has a high level of interest in recent extreme weather events
and climate change issues.

In contrast, the response (WTP) to effect on species due to offshore
wind construction was relatively low. Although the scenario design of
the choice experiments may affect participants’ responses, the general
public may not be very interested in the modification of the ecosystems
(onshore and offshore) in areas where offshore wind turbines will be
constructed. However, this assertion is not readily generalizable. Biases
may have arisen in the responses because the scenarios and levels were
vague. Further research is required on the importance of ecosystems
affected by offshore wind turbines.

Second, the estimation results of the mixed logit model revealed that
the general public has diverse preferences for all attributes. In particular,
“distance” and “CO, reduction” showed a large variation in preferences
and high MWTP. Importantly, this study provides empirical evidence in
a Japanese context that “distance,” which is related to the landscape,
is an important determinant in the social acceptability of offshore wind
power. This is in line with previous evidence (e.g., Westerberg et al.,
2013; Kim et al., 2019). Meanwhile, the standard deviation for distance
is the largest, with a 95% confidence interval of 50.9 to 145.5 yen. This
suggests that the evaluation of this attribute varies greatly from person
to person. One potential variable which may affect this is the respon-
dents’ place of residence. For example, the WIP may be very high in
the planned construction site or area where offshore wind turbines will
be constructed.

Furthermore, the preferences for “CO, reduction” varied substan-
tially and had the second highest standard deviation with a 95% confi-
dence interval of 17.6 to 130.8 yen. This may be due to the high level of
environmental awareness of the respondents and the difference in their
values for the public interest. Respondents who are usually environ-
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mentally conscious may naturally respond sensitively to climate change
issues. Contrarily, some may be more interested in their daily lives than
in preserving the global environment and ecosystems. In line with NIM-
BYism, the corresponding WTP may be relatively low in areas where
offshore wind power could be constructed.

The results for these two attributes (“distance” and “CO, reduction”)
suggest the possibility of the existence of a “green vs. green” debate
(Warren et al., 2005; Groothuis et al., 2008), a conflict structure be-
tween pro and con groups based on environmental issues among people.
However, the mixed logit model cannot perform detailed analyses, such
as a factor analysis of preference heterogeneity. Future studies should
further investigate whether the WTP of the “distance” (CO, reduction)
coefficient is relatively high (low) in a particular area.

This study finds academic and practical contributions in the follow-
ing aspects. First, the attribute-specific MWTP provided in this study
present a detailed basis for assessing the economic value of offshore
wind. Quantitative analysis of public preferences based on individual
attributes using choice experiments is of great academic significance,
and the results obtained can be used as basic data. In addition, since
there are no existing studies in Japan that analyze the public’s prefer-
ences for offshore wind power, the study can be expected to provide
new insights into the case study of the choice experiment and develop
future research in Japan. For example, if the government and developers
know the level of WTP before undertaking offshore wind development
projects, this information could contribute to establishing guidelines for
factors that could affect the projects.

Second, it provides a basis for setting priorities for improving envi-
ronmental impacts during the installation of offshore wind farms. Specif-
ically, the following two policy implications can be presented: First,
when planning and zoning the construction of offshore wind projects,
the distance of offshore wind turbines from the landscape, particularly
from the coast, should be considered. This is especially important for
fixed-foundation turbines (not floating wind turbines), where there is
a trade-off between distance and construction cost. As demonstrated in
this study, the general public may have a strong reaction to changes
in their landscape. Second, policymakers and practitioners should em-
phasize that promoting offshore wind power will contribute to climate
change mitigation. This is important as the number of Japanese citizens
interested in global environmental issues has been increasing rapidly in
recent years, as in developed countries in Europe and the United States.
Appealing to such people may significantly affect the social acceptabil-
ity of offshore wind among the Japanese public.
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