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Abstract: Electricity production using renewable energy instead of fossil‑fuel‑based energy sources
has been expanding worldwide. Recently, the South Korean government has set a transition from
a government and power company‑led energy system to a public‑participatory energy system as a
basic policy direction in terms of power production. It has been actively providing budgetary and in‑
stitutional support. A comprehensive understanding of the consumer (public)‑oriented preferences
of potential business participants is crucial for implementing a successful community solar busi‑
ness. This study analyzes the preferences of potential participants in the community solar business
from the perspective of policymakers to derive policy implications. We used the contingent valua‑
tion method of the stated preference approach targeting potential participants (public) to create a
hypothetical market for community solar businesses and measured the value by inducing survey
respondents to trade for goods or services. The monthly average willingness‑to‑pay was estimated
to be 25,572 won (USD 21.90), and gender, photovoltaic business experience, and income were the
main influencing factors. Based on the results of this study, the preferences of potential consumers
in South Korea were analyzed to contribute to the effectiveness of the national energy policy.

Keywords: renewable energy; contingent valuation; willingness to pay; community solar business;
double‑bounded dichotomous choice; greenhouse gas reduction

1. Introduction
Economic, environmental, and social costs are increasing worldwide because of en‑

ergy production using fossil fuel combustion. The concentration of greenhouse gases, such
as CO2, in the Earthʹs atmosphere, has increased owing to the increase in greenhouse gas
emissions. This has led to many changes in the climate crisis caused by global warming.

The CO2 emissions from fossil fuel combustion and industrial processes reached the
highest annual level of 36.3 Gt in 2021, an increase of 6% compared with 2020. Despite
the decline in energy demand owing to the COVID‑19 pandemic and the largest growth
in renewable energy production, coal‑borne CO2 emissions are at an all‑time high, and
greenhouse gas emissions are increasing [1].

Climate change has increased the global average temperature by approximately
1.11 ± 0.13 ◦C from the pre‑industrial average since 2021, and the global average sea level
has increased by 4.5 mm, the highest ever recorded [2].

Supercritical CO2 (scCO2, the social cost of carbon dioxide), an indicator of economic
damage caused by climate change, refers to the social cost incurred for 1 ton of CO2 emis‑
sions. It is estimated to be between USD 158 and USD 307, which means that carbon emis‑
sions result in enormous socioeconomic damage [3].
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The Paris Agreement—a legally binding international treaty on climate change that
took place in Paris in December 2015—commenced in November 2016. Accordingly, par‑
ties to the United Nations (UN) climate change conference are striving to achieve carbon
neutrality: they have submitted climate action plans by 2020 and established Nationally
Determined Contributions (NDC) [4]. According to the Secretariat of the UN Framework
Convention on Climate Change (Secretariat, UNFCCC, 2021), 193 UNmember states have
submitted the NDC and established and implemented greenhouse gas emission reduction
goals and policies as of September 2022 [5].

While the world is reducing the use of fossil fuels and expanding the production of re‑
newable energy to achieve carbon neutrality by 2050, the International Energy Agency [6]
has argued that 630 GW of new solar photovoltaic (PV) facilities (which is four times the
size of that in 2020) should be built by 2030 to achieve carbon neutrality. It is forecasted
that by 2050, global energy demand will decline by 8%; however, the size of the economy
will more than double, and renewable energy will account for 90% of power generation.
Particularly, PV and wind energy are expected to account for 70% of total energy con‑
sumption. Hence, numerous countries are increasing the proportion of alternative energy
sources to satisfy the growing energy demand and achieve energy independence, a stable
energy supply, and greenhouse gas reduction. Particularly, electricity production using
renewable energy sources, such as PV, wind, and bio‑energy, is gaining prominence. The
South Korean government also established a carbon neutrality strategy in 2020 as part of
its efforts to reduce dependence on fossil fuels and accelerate the transition to renewable
energy [7].

New global renewable energy capacity is expected to increase from 350 GW in 2020
to 400 GW in 2027, with PV and wind energy accounting for 90% of renewable energy [8].
Governments worldwide are continuously implementing decarbonization policies and ac‑
tively supporting the transition to renewable energy. The public is encouraged to par‑
ticipate directly in the production of renewable energy, a shift from the government and
power company‑centered electricity production and supply.

However, communities participating in renewable energy businessesmay lack aware‑
ness from the standpoint of the public, themain stakeholders of the business. Owing to the
nature of the business, limitations exist in establishing policies because of the non‑market
valuation. In this context, this study presents quantitative values and influential factors to
prepare preliminary data for the establishment of national policies. Regarding non‑market
valuation, it is imperative to estimate the economic values of non‑marketed goods that are
useful for providing goods and services to people, although their prices cannot be verified
because they are not traded along with private goods, whose prices have been formed in
the current market.

The contingent valuation method (CVM) is a typical method for estimating the eco‑
nomic value of non‑marketed goods [9,10]. It is a stated preference‑based method that
estimates the values of non‑marketed goods by providing a hypothetical setting for the
non‑marketed goods to the survey participants and asking about the monetary amount
they are willing to pay for them.

This study estimates the amount people are willing to pay for the community solar
business in South Korea using the CVM, considering demographic and social character‑
istics. Community solar business refers to a mechanism in which community members
(subscribers) voluntarily bear a certain cost and share the profit by offsetting the electric‑
ity produced from the subscribers’ electricity bills as part of the solar business sharing
program. In this business, the financial gain from a single solar PV array is exclusively
distributed to subscribers [11].

Global research is being conducted, led by governments, using the aforementioned
CVM to estimate the non‑market value of renewable energy. The survey methods include
the face‑to‑face and online survey methods using e‑mail, and the estimation models used
include the logit, probit, and Tobit models.
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While examining studies by continent, we found that, in the case of Europe, researchers
such as Zografakis et al. (2010), Paravantis (2018), and Ntanos et al. (2018) estimated the
value of renewable energy in Greece [12–14]; Claudy et al. (2011) in Ireland [15]; Bollino
(2009) in Italy [16]; Kowalska‑Pyzalska (2019) in Poland [17]; Botelho et al. (2016) in Por‑
tugal [18]; Dogan and Muhammad (2019) and Muhammad et al. (2021) in Turkey [19,20];
and Batley et al. (2000) and Akcura (2015) in the UK [21,22]. On the American continent,
Whitehead et al. (2007) and Gracia et al. (2011) estimated the value of targeting people in
theUS [23,24]. On theAfrican continent, Entele (2020) estimated the values in Ethiopia; Ab‑
dullah and Jeanty (2011) in Kenya [25,26]; Ayodele et al. (2021) and Adeleke et al. (2022)
in Nigeria [27,28]. Nomura and Akai (2004) estimated the value of renewable energy in
Japan [29]; Zhang and Wu (2012), Guo et al. (2014), and Jin et al. (2019) in China [30–32];
Han et al. (2020) in Myanmar; and Yu et al. (2022) in Vietnam [33,34].

In South Korea, Yoo and Kwak (2009), Kim et al. (2012), Kim et al. (2013), Huh et al.
(2015), Lee and Heo (2016), Park et al. (2016), Woo et al. (2018, 2019), and Kim et al. (2020)
have used the CVM to estimate the willingness‑to‑pay (WTP) for renewable energy [35–43].

This studymakes threemarginal contributions comparedwith previous studies. First,
whereas previous studies have estimated WTP for all renewable energy sources or for a
specific renewable energy source, this study estimates the WTP for the recently emerging
community solar business, which is the first time, to the best of our knowledge, that this
analysis has been attempted. Second, although this study estimates the WTP for commu‑
nity solar in South Korea, its analysis results will havemeaningful implications for policies
in many countries that consider the adoption of community solar businesses. For exam‑
ple, in the United States, community solar facilities (in 39 states andWashington, DC, USA)
with a scale of 3253MWare installed, and community energy facilities (wind and solar) are
also expanding in European countries such as Germany, the Netherlands, Scotland, and
Belgium [11,44–46]. Third, policy implications were derived to expand the community so‑
lar business by considering the personal characteristic variables that affect the community
solar WTP.

The remainder of this paper is organized as follows. Section 2 reviews previous stud‑
ies that estimated the WTP of consumers using the CVM for renewable energy. Section 3
explores methods of estimating the WTP of potential consumers for the community solar
business in South Korea by considering the research methods of previous studies. Sec‑
tion 4 employs the survey response results and the CVM to estimate the WTP with Model
1 (without covariates) andModel 2 (considering covariates). Section 5 concludes the paper
and discusses the implications.

2. Literature Review
The methodologies of CVM and selective experimental methods are mainly used for

non‑market valuation. In this study, we used the CVM to perform the analysis based on
studies that estimated the WTP of potential consumers for renewable energy. Previous
studies using CVM were mainly performed by estimating the WTP for all renewable en‑
ergy or for specific renewable energy sources. Studies on the estimation of consumers’
WTP using CVM for renewable energy (including green energy) can be classified based on
the target region, estimation model, survey type, and survey method.

CVM iswidely used in the evaluation of various non‑market value products; however,
it has limitations in terms of its effectiveness and reliability. Consequently, in reviewing
research papers that estimated the WTP for renewable energy, we have found that most
studies have been conducted mainly in developed countries [47], and in recent years, re‑
search has been actively conducted in Africa and Southeast Asia [25,27,28,33].

Gracia et al. (2011) estimated that the WTP for electricity generated by renewable en‑
ergy in theUSwas 5.77–10.00USD/month, andWTP forNorthCarolina’s green energy pro‑
gram was 4.24 USD/household/month and 51.00 USD/year [23,24]. Batley et al. (2000) esti‑
mated that theWTP for renewable energy in the UKwas 7.93 USD/month [21]. Zografakis
et al. (2010) and Zoric and Hrovatin (2012) estimated the WTP for renewable energy in
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Greece and Slovenia to be 5.13 USD/month and 6.15 USD/month, respectively [12,48]. No‑
tably, Nomura and Akai (2004) estimated that theWTP for renewable energy in Japan was
17.00 USD/month, which was relatively high, whereas Zhang andWu (2012) estimated the
WTP for renewable energy in China at 1.15–1.51 USD/month [29,30].

We reviewed studies onWTP estimation for renewable energy using CVMby country
divided by continent. First, in the case of Europe, the WTP for additional electricity bills
for renewable energy sources in Italy has been estimated by classifying it based on house‑
hold distribution. The results revealed EUR 9.11/two months in a normal distribution,
8.85 EUR/two months in log‑normal distribution, and 6.07 EUR/two months in a Gumbel
distribution [16].

The paymentmethods of people in theUK for renewable energywere divided into the
voluntary payment method and the compulsory payment method to analyze WTP, which
indicated that WTP was higher in the compulsory payment method than in the voluntary
payment method [22].

Consequent to estimating the WTP for renewable energy in Greece based on princi‑
pal component, cluster, and regression analyses, it was found that age, family size, and
awareness of renewable energy were related to actual WTP for electricity bills, while in‑
come and the impact of renewable energy projects affected WTP [13]. Conversely, it was
found that people were willing to pay an additional EUR 26.50 per quarterly electricity bill
for renewable energy [14].

In Turkey, environmental awareness, membership in environmental organizations,
age, education level, gender, and household income were effective factors, and the WTP
per household was estimated at approximately 1.00 USD/month [19]. Furthermore, upon
estimating theWTP of people in Turkey for green electricity using one‑wayANOVA, it was
found that they were willing to pay USD 0.49 every month to achieve a 30% proportion
of renewable energy in energy production [23]. The estimated WTP of Polish people for
renewable energy was found to be 3.50 USD/month [17]. In the case of Africa, the WTP
for grid electricity (GE) and PV electricity in Kenya’s Kisumu region were estimated. It
was found that the WTP was higher for GE services than for PV: the estimated WTP was
Ksh840/month (USD 6.84) for GE and Ksh660/month (USD 5.38) for PV [26]. In Ethiopia,
WTP values for GE and PV electricity were estimated. Income level, education level, age,
and region were important variables, and the WTP was estimated at USD 3.00/month for
GE and 0.45 USD/month for PV electricity based on monthly installments [25].

Consequent to estimating the WTP for renewable energy targeting urban people in
Ibadan, Nigeria, it was found that income, age, marital status, and education level were
the main influential variables, and the WTP was estimated at 0.014 USD/kWh [27]. The
analysis of the WTP of people in the southwestern region of Nigeria for renewable en‑
ergy technology showed that age, marital status, education level, household size, region,
income, and awareness of renewable energy were factors affecting WTP [28].

In Asia, theWTP of people in Beijing, China, for PVwas estimated at 0.86 USD /month
per household [32]. The additional WTP for the R&D support for PV inMyanmar was esti‑
mated at 1.00 USD/month per household and was affected by demographic characteristics
such as education level, income size, and region [33]. In a survey inHo ChiMinh, Vietnam,
WTP for renewable energy was estimated at 4.39 USD/month, and the awareness level of
air quality was an important factor [34].

In South Korea, renewable energy policies were divided into three categories to es‑
timate the WTP for renewable energy. The estimated results were 3287.5 KRW/month
based on the Renewable Portfolio Standard, 4432.9 KRW/month based on Renewable Fuel
Standard, and 3971.1 KRW/month based on the Renewable Heat Obligation [38]. Upon es‑
timatingWTP using the CVM for renewables, it was found that people were willing to pay
an additional 3.21 USD/month [39]. Another study estimated the WTP of consumers for
renewable energy, whichwas found to be 85.00 USD/month [40]. It was also estimated that
people were willing to pay an additional 1.80 USD/month for the transition from nuclear
power generation to other energy sources [41].
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In another study, the entire population and local residents were classified to estimate
their WTP for renewable energy projects. In the case of the general public, the expected
return was 3.1%/year for PV, 5.4%/year for wind power generation, and 7.1%/year for
biomass power generation; in the case of local residents, it was 12.3%/year for PV, 9.1%
forwindpower generation, and 10.8% for biomass power generation [42]. The result of esti‑
mating WTP for renewable energy recently through the spike model was
0.05 USD/kWh [43].

Summingupprevious studies, we found thatWTPwas estimated based on the face‑to‑
facemethod and online surveymethod using e‑mail, double‑bounded dichotomous choice
method, single‑bounded dichotomous choice method, and open‑ended questionnaires in
terms of survey types. The single bounded dichotomous choice (SBDC) is a method of
asking whether or not to support a bid amount. The double‑bounded dichotomous choice
(DBDC) is a method of asking two dichotomous questions to improve the efficiency of
WTP estimation [10]. Furthermore, the logit, probit, and Tobit models were used as the
estimationmodels. As for the survey targets, 201–2500 peoplewere surveyed in the face‑to‑
face surveys, whereas 304–2000 people were surveyed in the online surveys, thus showing
no clear difference between the face‑to‑face and online survey types.

As reported above, theWTP for renewable energy varies significantly by country and
renewable energy sources. WTP for renewable energy is significant because it is generally
highly related to acceptance. Furthermore, this study is the first of its kind to be conducted
in South Korea.

This study differs from previous studies in that it estimates WTP based on the public
participatory community solar business of renewable energy. Therefore, it can contribute
to evaluating the economic value of the community solar business as a whole and, simulta‑
neously, designing a community solar business that can maximize the utility of potential
participants. Table 1 presents a review of the previous studies.

Table 1. Previous studies on the estimation of WTP for renewable energy using CVM.

Researcher Year Model Questionnaire
Method Type of Survey Number of

Samples Country

Batley et al. [21] 2000 Multiple Regression Payment Card Mail 746 UK
Nomura and Akai [29] 2004 MLE DBDC Mail 370 Japan

Whitehead and Cherry [23] 2007 Logit Model SBDC Telephone 353 USA
Wiser [49] 2007 Logit Model SBDC Online 1574 USA
Bollino [16] 2009 Probit Model DC+Open‑ended Online 1601 Italy

Yoo and Kwak [35] 2009 Spike Model SBDC Face‑to‑Face 800 Korea
Zografakis et al. [12] 2010 Logit Model DBDC Face‑to‑Face 1440 Greece
Claudy et al. [15] 2011 Probit Model DBDC Face‑to‑Face 1012 Ireland
Gracia et al. [24] 2011 Tobit Model DBDC+Open‑ended Online 367 USA

Abdullah and Jeanty [26] 2011 Logit Model DBDC Face‑to‑Face 200 Kenya
Kim et al. [36] 2012 Spike Model DBDC Face‑to‑Face 720 Korea

Zhang and Wu [30] 2012 Logit Model Payment Card Online+Mail 1139 China
Kim et al. [37] 2013 Spike Model DBDC Face‑to‑Face 490 Korea
Guo et al. [31] 2014 Logit Model SBDC Face‑to‑Face 571 China
Akcura [22] 2015 Probit Model DBDC Online 2000 UK

Huh et al. [38] 2015 Spike Model DBDC Face‑to‑Face 500 Korea
Botelho et al. [18] 2016 Binomial Model Open‑ended Face‑to‑Face 219 Portugal
Lee and Heo [39] 2016 Spike Model DBDC Face‑to‑Face 1000 Korea
Park et al. [40] 2016 Logistic Regression DBDC Online 1525 Korea
Woo et al. [41] 2018 Spike Model DBDC Online, Face‑to‑Face 814 Korea

Paravantis et al. [13] 2018 Multiple Regression Open‑ended Face‑to‑Face 201 Greece

Ntanos et al. [14] 2018 one‑way ANOVA, Logit
Regression SBDC Face‑to‑Face 400 Greece

Dogan and Muhammad [19] 2019 Tobit, Probit, Logit Model Open‑ended Face‑to‑Face 2500 Turkey
Jin et al. [32] 2019 Logit Model SBDC Face‑to‑Face 800 China
Woo et al. [42] 2019 Spike Model DBDC Face‑to‑Face 400 Korea

Kowalska‑Pyzalska [17] 2019 Logit Model Payment Card Telephone 502 Poland
Entele [25] 2020 Probit Model DBDC Face‑to‑Face 220 Ethiopia

Kim et al. [43] 2020 Spike Model SBDC Face‑to‑Face 1000 Korea
Han et al. [33] 2020 Probit Model SBDC Online 550 Myanmar

Muhammad et al. [20] 2021 one‑way ANOVA Payment Card Face‑to‑Face 1981 Turkey
Ayodele et al. [27] 2021 Random Utility Model (RUM) Payment Card Face‑to‑Face 400 Nigeria
Adeleke et al. [28] 2022 Probit Model, Multiple Regression SBDC Online 304 Nigeria

Yu et al. [34] 2022 Probit Model DBDC Face‑to‑Face 294 Vietnam



Sustainability 2023, 15, 5029 6 of 17

In summary, previous studies have estimated theWTP for all renewable energy sources
or for each renewable energy source. However, this study estimates WTP considering
the covariates from the institutional perspective of community solar, which has recently
emerged. This has significant implications for countries seeking to adopt or vitalize com‑
munity solar businesses and contribute to policy decision‑making.

3. Methodology
A comprehensive evaluation of the use and existence value of public goods, such as

environmental goods, can be performed using a survey method [50]. Here, the CVM is
most widely used, which is a method of providing a hypothetical new situation based on
the current situation and enquiring regarding WTP. It is also widely used in the valuation
of renewable energy.

CVM has the advantage of being able to directly calculate the Hicksian welfare con‑
cepts of equivalent and compensating surplus through survey responses without deriving
general hypotheses or demand functions. However, it should be used carefully with ap‑
propriate criteria when estimating WTP. In empirical studies of CVM, the dichotomous
choice question method is usually employed. It has also been employed in this study.

The respondent’s indirect utility function comprises deterministic and stochastic parts,
as shown below:

u(j,m; S) = v(j,m, S) + ϵj (1)

In the above equation, m denotes the respondentʹs income variable, and S denotes the
respondentʹs personal characteristic variable. j denotes the status of participation in the com‑
munity solar business: j = 0 indicates non‑participation, and j = 1 indicates participation.

The stochastic part ϵj is independent of j, which has a mean of zero and the same dis‑
tribution. CVM applies the random utility maximization theory to model the choices of
individuals. In the CVM, when the amount offered to the respondent is A, the respondent
compares theirWTP for community solar power and the bid amount A. If the respondent’s
WTP is larger, they answer “Yes,” and if it is smaller, they answer “No,” thus maximizing
the respondent’s utility. If the respondent answers “Yes,” they will participate in the com‑
munity solar business, in which case the utility function is u(1,m−A, S) ≥ u(0,m, S). The
indirect utility function containing the error term is summarized as follows:

∆v(A) = v(1,m−A; S)− v(0,m; S) ≥ η) , η = ϵo − ϵ1 (2)

In the above equation, if the cumulative distribution function (CDF) of η is expressed
as Fη(·), the probability that the respondent will answer “Yes” is the same as the following
equation:

Pr{“Yes”} = Pr{∆v(A) ≥ η} ≡ Fη[∆v(A)] (3)

In the above equation, if ∆v(A) < η, then the answer can be assumed to be “No.”
However, if WTP is expressed as W, the CDF of the stochastic variable W is expressed as
GW(A). Therefore, the probability that the respondent will answer “Yes” to the initial bid
amount for the community solar business can be expressed as follows:

Pr{“Yes”} = Pr{W ≥ A} ≡ 1 −GW(A) (4)

As Equations (3) and (4) are the same, the following equation holds:

1 −GW(A) = Fη[∆v(A)] (5)
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As W, which represents WTP, can havea negative value (if W is negative, it is the
marginal willingness to accept), the mean of W can be calculated by integrating Equation (5).

If the mean of W is expressed as
−
W, then

−
W can be derived using the following equation:

−
W = E(W) =

∫ ∞

0
[1 −GW(A)]dA−

∫ 0

−∞
GW(A)dA (6)

If the median WTP is expressed as W*, the CDF value is 0.5. Therefore, the following
equation holds:

GW

(
W*

)
= 0.5 (7)

Depending on the situation, it may be necessary to apply the condition that WTP is
positive. Here, if the mean WTP is expressed as W+, then W+ can be calculated using the
following equation:

W+ =
∫ ∞

0
[1 −GW(A)]dA (8)

Hanemann (1991) suggested a double‑bounded model theory for CVM. First, the ini‑
tial bid amount of the i‑th respondent is defined as Ai, the second‑highest bid amount
as AH

i , and the second‑lowest bid amount as AL
i . A

H
i is the amount offered when the re‑

spondent answers “Yes” to the initial bid amount, and AL
i is the amount offered when the

respondent answers “No” to the initial bid amount. Therefore, the following four cases
may occur in the double‑bounded model [10].

IYYi = 1(“Yes” to the first bid amount, “Yes” to the second bid amount)
IYYi = 1(“Yes” to the first bid amount, “No” to the second bid amount)
IYYi = 1(“No” to the first bid amount, “Yes” to the second bid amount)
IYYi = 1(“No” to the first bid amount, “No” to the second bid amount)

The log‑likelihood function of the four response types can be expressed as follows:

lnL = ∑N
i=1

{
IYY
i ln

[
1 − Gc

(
AH

i
)
] + IYY

i ln
[
Gc

(
AH

i
)
− Gc(Ai)

]
+ IYY

i ln[Gc(Ai)−
Gc

(
AL

i
)]

+ IYY
i ln Gc

(
AL

i
)} (9)

Generally, Fη(·) is defined as a logistic CDF. If ∆v = a− bA is combined with the
logistic function, the CDF of the WTP is in the following form:

GW(A) =
1

[1 + exp(a− bA)]
(10)

If the mean and median of WTP are calculated using Equation (10), the following
equations are derived:

−
W = W* =

a
b

(11)

W+ =

(
1
b

)
ln[1 + exp(a)] (12)

In the above equation (11), it can be observed that the mean and median have the
same values. Equation (12) refers to the truncated mean of WTP, which ignores values of
less than 0.

4. Empirical Results
4.1. Analysis Results of Descriptive Statistics

In this study, we conducted a survey using the proportional quota sampling method
based on residence area, gender, and age in 16 cities and provinces across South Korea.
We targeted 1000 male and female adults aged 20 to 69 years to perform CVM for the
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community solar business. The survey was conducted from 31 August to 7 September
2020 by GRI Research, a survey company. We employed a web‑based survey to obtain
survey data. The payment amounts provided in the survey were presented along with the
average electricity bill to prevent design bias, which may occur because of respondents’
lack of realistic understanding of the payment amount (for example, the average monthly
electricity usage and bill for a four‑person household were 400 kWh and approximately
KRW 55,000 (USD 47.20), respectively (converted at KRW 1166.11/USD 1.00 based on the
exchange rate in 2020). As a condition for participating in the community solar business,
it was stated in the questionnaire that “It is assumed that you can receive an electricity
bill discount benefit of approximately KRW 26,000 (USD 22.30) per month on average if
you enter into a contract for 1 kW in the PV business.” The bid amounts were derived
using the open‑ended question method through a preliminary survey of ten people. Since
the distribution of the initial bid amount of CVM has a great effect on the efficiency of
coefficient estimation in the binary choice model, a thorough preliminary investigation
was conducted. Therefore, based on the average electricity usage and the results of the
preliminary survey, five initial bid amounts were determined within the range of 15 to
85% of the WTP distribution.

KRW 22,800 (USD 19.60)/month, KRW 23,900 (USD 20.50)/month, KRW 25,500 (USD
21.90)/month, and KRW 26,000 (USD 22.30)/month were set based on the mean of KRW
24,00 (USD 21.30), and they were randomly offered to the respondents. Furthermore,
to control the bias of the non‑face‑to‑face survey method, the respondents were given a
schedule that allowed them to understand the information sufficiently (e.g., a logic that
prevented them from turning to the next page in less than one minute).

Regarding educational background, it was found that 53.0% of the respondents had
four‑year university degrees or higher, accounting for the highest proportion, and the ma‑
jority had a high school diploma or higher degrees (98.3%). Regarding the occupation of
the respondents, office/management/professional workers accounted for 43.3%, the high‑
est proportion, followed by homemakers (15.5%) and the self‑employed (8.9%). The aver‑
age monthly personal income distribution was generally evenly distributed across the ten
income bands in total (from “less than KRW 1 million (USD 857.60)” to “greater than or
equal to KRW10million (USD 8575.50)”). The income band of KRW1.5million to 2million
(USD 1286.30 to USD 1715.10) accounted for the largest proportion with 20.7%, while the
band of KRW 3million to 4million (USD 2572.70 to USD 3430.20) accounted for 13.2%, and
the band of KRW2million to 2.5million (USD 1715.10 toUSD 2143.90) accounted for 12.8%.
Regarding the income class, the respondents corresponding to the middle‑income class of
greater thanKRW1.8million (USD1543.60) and less than or equal toKRW7.7million (USD
6603.20) per month accounted for 83.7%, the majority, while the low‑income class (KRW
1.8 million (USD 1543.60) or less per month) accounted for 10.7%, and the high‑income
class (greater than KRW 7.7 million (USD 6603.20) per month) accounted for 5.6%. Con‑
sidering the family size of the respondents, three to four people (61.5%) accounted for the
highest proportion, and most respondents answered that the number of household mem‑
bers earning incomewas one (43.5%) or two (39.5%). Thosewho answered that the average
monthly household incomewas between KRW 5million and 7million (USD 4287.8 to USD
6002.90) accounted for 23.0%, the largest proportion. Table 2 summarizes the composition
of the 1000 respondents.

The number of respondents for each bid amountwas approximately 200, and the ques‑
tions were asked to 1000 respondents. As expected, the percentage of “Yes” responses
decreased with an increase in the initial bid amount. Table 3 presents the response dis‑
tribution of respondents to the CVM‑based survey. In total, 10% of the respondents were
willing to pay twice the first bid amount, and 38%werewilling to pay at the level of the first
bid. Conversely, 33% of the respondents were willing to pay half of the first bid amount.
Regarding the use of electricity produced by renewable energy, 129 people (13% of the
total 1, 000 people) indicated that their WTP was zero, indicating their intention to refuse
to subscribe.
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Table 2. Composition of respondents.

Category Number of Respondents Composition Ratio (%)

Total 1000 1000

Gender
Male 510 51.0
Female 490 49.0

Age

19 to 29 183 18.3
30 to 39 189 18.9
40 to 49 222 22.2
50 to 59 233 23.3
60 to 69 173 17.3

Education

Elementary school 9 0.9
Middle school 8 0.8
High school 205 20.5

College (less than four years) 149 14.9
University (four years or more) 530 53.0

Master’s degree 82 8.2
Ph.D. degree 17 1.7

Occupation

Agriculture/Forestry/Fishery 4 0.4
Self‑employment 89 8.9
Sales/Services 67 6.7

Production/Technical/Labor 82 8.2
Office/Management/Professional 433 43.3

Research 14 1.4
Teacher/Professor 28 2.8

Homemaker 155 15.5
Student 24 2.4

Unemployed/Retired/Others 104 10.4

Average Monthly
Personal Income

Less than 100 (KRW 10,000) (USD 857.6) 144 14.4
100‑150 (KRW 10,000) (USD 857.6–1286.3) 86 8.6
150‑200 (KRW 10,000) (USD 1286.3–1715.1) 207 20.7
200‑250 (KRW 10,000) (USD 1715.1–2143.9) 128 12.8
250‑300 (KRW 10,000) (USD 2143.9–2572.7) 95 9.5
300‑400 (KRW 10,000) (USD 2572.7–3430.2) 132 13.2
400‑500 (KRW 10,000) (USD 3430.2–4287.8) 76 7.6
500‑700 (KRW 10,000) (USD 4287.8–6002.9) 83 8.3
700‑1000 (KRW 10,000) (USD 6002.9–8575.5) 29 2.9
More than 1000 (KRW 10,000) (USD 8575.5) 20 2.0

Table 3. Response distribution of respondents to the CVM‑based survey.

Initial Bid Amount
(KRW)

Yes‑Yes Yes‑No No‑Yes No‑No Total
WTP ≥ 0 WTP = 0

N Percentage
(%) N Percentage

(%) N Percentage
(%) N Percentage

(%) N Percentage
(%) N Percentage

(%)

22,800 (19.6USD ) 27 3% 78 8% 62 6% 15 2% 20 2% 202 20%
23,900 (20.5USD ) 24 2% 79 8% 64 6% 13 1% 22 2% 202 20%
24,800 (21.3USD ) 22 2% 74 7% 60 6% 15 2% 24 2% 195 20%
25,500 (21.9USD ) 15 2% 72 7% 70 7% 18 2% 24 2% 199 20%
26,000 (22.3USD ) 9 1% 76 8% 72 7% 6 1% 39 4% 202 20%

Total 97 10% 379 38% 328 33% 67 7% 129 13% 1000 100%

Consequent to enquiring regarding the reason for not intending to subscribe to the
community solar business, it was found that “Not interested” accounted for 45.0%, the
highest proportion, followed by “Worried about environmental pollution and ecosystem
destruction” (21.7%), “Don’t like the businessmethod for the power generation facility con‑
struction/operation” (15.5%), and “Worried about falling house and land prices” (11.6%).

Examining the subscription intention by the first offered amount, we have found that
52.0% answered “Yes” to an initial bid amount of KRW 22,800 (USD 19.60), 51.0% to KRW
23,900 (USD 20.50), 49.2% to KRW 24,800 (USD 21.30), 43.7% to KRW 25,500 (USD 21.90),
and 42.1% to KRW 26,000 (USD 22.30) (Figure 1).
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Figure 1. Intention to subscribe for community solar based on the initial bid amount.

Respondents who showed an intention to subscribe to the initially offered monthly
membership fee were offered double the fee if they willingly subscribed. As shown in
Figure 2, 25.7% said that they would subscribe to a bid amount of KRW 45,600 (USD 39.10),
23.3% at KRW 47,800 (USD 41.00), 22.9% at KRW 49,600 (USD 42.50), 17.2% at KRW 51,000
(USD 43.70), and 10.6% at KRW 52,000 (USD 44.60), indicating that the lower the offered
monthly membership fee, the greater the intention to subscribe.
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Figure 2. Intention to subscribe for community solar business at twice the initial bid amount.

Respondents who showed no intention to subscribe to the initially offered monthly
membership fee were asked whether they would be willing to subscribe if the fee was
reduced by half. As shown in Figure 3, 63.9% of respondents indicated that they would
subscribe to a bid amount of KRW 11,400 (USD 9.80), 64.6% at KRW 11,950 (USD 10.20),
60.6% to KRW 12,400 (US10.60), 62.5% to KRW 12,750 (USD 10.90), and 61.0% at KRW
13,000 (USD 11.10) based on the half level of the initially offered monthly membership fee.
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Figure 3. Intention to subscribe for community solar business at ½ of the initial bid amount.

4.2. WTP Estimation Results
Table 4 presents the CVM‑based estimation results for community solar business par‑

ticipation. Model 1 does not include covariates (socioeconomic variables), whereas Model
2 does. In both models, because the null hypothesis that all estimation coefficients are zero
is rejected at the 1% significance level, the estimated equations are all statistically signifi‑
cant. Furthermore, the coefficient sign of the bid amounts is negative, which is consistent
with the economic theory that the greater the cost burden, the lower the acceptance.

Table 4. CVM‑based estimation results for community solar business.

Model 1 Model 2

Variables Coefficient Standard Error Variables Coefficient Standard Error
Constant 2.0000 *** 0.1009 Constant 1.7547 *** 0.2056

BID −0.0001 *** 0.0000

BID −0.0001 *** 0.0000
Gender 0.2114 * 0.1171

PV Business Experience 0.8118 *** 0.1798
Income 0.1020 *** 0.0272

log‑likelihood −1299.7 log‑likelihood −1265.7
Wald statistic 126.5202 Wald statistic 32.5547

p‑value for Wald statistic 0.0000 p‑value for Wald statistic 0.0000
Note: * Statistically significant at the 10% level. *** Statistically significant at the 1% level.

The results of Model 2 reflect the heterogeneity of consumers and can be used as
preliminary data for solar community policies. Model 2 indicates that males and those
with PV business experience and high income tend to have a higher WTP for community
solar businesses. It is generally known that females are more interested in environmen‑
tal problems than males are. However, as this survey assumed that they would be di‑
rectly investing in the community solar business, males were more willing to participate
than females.

It was found that theWTP of respondents with PV business experience was high, and
it was interpreted that this is because the PV business is favorable from environmental
and business perspectives. In other words, consumers with experience in PV businesses
want to participate more actively in them. Therefore, it is necessary to actively promote
PV businesses, such as community solar, to encourage the participation of many people.
Finally, WTP tends to increase with higher income, which is intuitively understandable
because people with high income will feel less of a burden from community solar costs.
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The mean WTP per household for the community solar business can be estimated
from the estimated coefficients. Table 5 provides the average WTP and 95% confidence
interval for each model. The confidence interval reflects uncertainty in the estimatedWTP.
The confidence interval was determined by repeating the Monte Carlo simulation tech‑
nique 5000 times. As this technique randomly extracts parameters from the distribution
of the coefficients estimated by the CVM, it is also called the parametric bootstrap method.
This method has been used in several studies since it was first proposed by Krinsky and
Robb (1986) [51]. The mean WTP value was estimated using W+ =

(
1
b

)
ln[1 + exp(a)],

which considers only a positive WTP.

Table 5. WTP estimates for community solar business.

Model 1 Model 2

Mean WTP 24,260 (USD 20.8) 25,572 (USD 21.9)
2.5% percentile 22,209 (USD 19.0) 20,983 (USD 18.0)
97.5% percentile 26,302 (USD 22.6) 30,585 (USD 26.2)

In the estimation results, Model 1 showed that the meanWTP value was KRW 24,260
(USD 20.80) permonth, with aminimumvalue of KRW22,209 (USD 19.00) and amaximum
value of KRW 26,302 (USD 22.60). For Model 2, the mean WTP was KRW 25,572 (USD
21.90), with a minimum value of KRW 20,983 (USD 18.00) and a maximum value of KRW
30,585 (USD 26.20).

As the CVM‑based questionnaire provided KRW 26,000 (USD 22.30) per month for
the electricity bill discount benefit of participating in the community solar business, the
expected profit of the community solar business based on the mean WTP is estimated to
be KRW 1740 (USD 1.50) per month. The interest cost is added to the monthly member‑
ship feemethod of community solar, indicating higher costs comparedwith the lump‑sum
payment and the annual fee. Therefore, in this study, KRW 1740 (USD 1.50), which was
derived as the expected monthly profit for 1 kW of community solar, can be evaluated as
the minimum expected profit.

This is approximately KRW 3000 (USD 2.60) lower than the actual monthly profit gen‑
erated when a household, to which the level‑2 price of the progressive pricing scheme is
applied, installs 1 kW private PV power generation of the same capacity. Even if the third
party’s community solar operation cost payment is considered, the expected return of po‑
tential participants is significantly low. This may be because of the lack of information
on actual returns. Information about the cost and profit of community solar should be
provided accurately to consumers to resolve this information asymmetry.

5. Conclusions
In this study, we estimated the WTP of potential consumers for the community so‑

lar business, which was in line with the government policy for expanding the community
participatory energy business. Five payment amounts were set through a preliminary sur‑
vey, and sufficient time and information were given to the respondents to understand the
payment amounts and to induce sincere answers from the respondents. Particularly, the
community solar business was sufficiently explained during the survey, and WTP was es‑
timated using CVM based on the responses of 1000 people through the survey.

The WTP for community solar power was estimated using the CVM by classifying
Model 1, which did not consider the demographic characteristics, and Model 2, which
considered the characteristics as variables. Both Model 1 and Model 2 indicated negative
coefficients for bid amounts at a statistically significant level (less than 1%), which is con‑
sistent with economic theory. In Model 2, the variables of gender, PV business experience,
and income level had significant positive coefficients. Specifically, males demonstrated a
more positive attitude towards the renewable energy business than females, and the expe‑
rience of participating in the PV business was a positive factor affecting their WTP for the
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business. Furthermore, as the income level increased, people showed a higher intention to
participate actively in the renewable energy business.

The WTP was KRW 24,260 (USD 20.80) in Model 1 and KRW 25,572 (USD 21.90) in
Model 2s, thus showing a difference.

In the survey question, KRW 26,000 (USD 22.30) per month was offered as the benefit
of participating in the community solar business, which was similar to the WTP for partic‑
ipating in community solar. In other words, potential consumers were willing to pay as
much as the benefit they received from the community solar business. Therefore, when
implementing renewable energy projects, the government should establish policies such
that consumerswill be financially compensated. This implies that there are limits to asking
consumers to make unilateral sacrifices in response to climate change. It should be noted
that the economic aspect is becoming crucial in energy transition policies.

According to the IEA andNEA (Nuclear EnergyAgency) (2020), the Levelized Cost of
Electricity (LCOE) for PV in SouthKorea isUSD96.60/MWh (based on themedian value for
utility), which is relatively high comparedwith an LCOE of USD 43.10/MWh in the US [52].
Therefore, a higher level of national consensus is required regarding power generation
costs. Particularly, according to IRENA (International Renewable Energy Agency) (2022),
although the fossil gas‑based power generation cost in South Korea is USD 180.00/MWh,
the electricity price is onlyUSD 99.00/MWh, and the electricity price experienced by people
is actually low [53]. Therefore, because there is little incentive for participating in renew‑
able energy, such as PV, the electricity price should be increased rationally as a policy.

However, the lack of information about the community solar business is a factor that
reduces acceptance. This is because the respondentswho demonstrated a negative attitude
towards the community solar business were either not interested in the business or were
highly concerned about the environmental pollution caused by solar cells. Therefore, to
resolve the information asymmetry problem for the community solar business, publicity
is required for sufficient business awareness.

As a limitation of this study, there is a bias due to the information asymmetry of the
respondents for the community solar business, and the possibility of survey method bias
caused by the limitations of the online, non‑face‑to‑face survey cannot be ruled out. There‑
fore, despite efforts to minimize the bias occurring in the survey structure and the research
hypothesis process according to the WTP estimation methodology using the CVM, it may
still exist.

Nevertheless, as mentioned above, CVM is applied in various fields. In particular,
this study theoretically contributed to renewable energy businesses by applying CVM to
an energy system called community solar. In the future, the CVM methodology will be
applied to more fields, requiring theoretical development considering the characteristics
of each field. In addition, it is necessary to develop an advanced model that can solve
problems such as hypothetical bias, design bias, temporal selection bias, embedding effects,
and scope effects.

In future studies, the policy effects should be verified through a comparison between
countries with active community solar businesses, such as the US, and countries that are
seeking to or have not yet adopted the policy by comparing the WTP estimates between
countries using the method proposed in this study. Furthermore, if the WTP is relatively
high, the acceptance of the community solar business can be said to be high. Based on this,
consumer preferences for the community solar business can be identified. Particularly,
selective experiments can be used to identify consumer preferences for the main attributes
of the community solar business and derive specific policy implications.
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