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ABSTRACT

Recently, in Japan and other countries, renewatdegg sources such as solar power are being
promoted as alternative energy sources insteadaéar power and fossil fuels. Renewable
energy is “green energy,” in that it does not egnenhouse gases that contribute to global
warming. Following the Great East Japan Earthquailtelear power plants ceased operations
and have not yet resumed. Although these plantplarmed to resume operations, Japan cannot
rely on nuclear power as these plants will be deu@msioned in the future.

This research utilizes conjoint analysis to invgeste the common conditions and use of
renewable energy in Japanese households. Thechksearesents hypothetical renewable
energy programs to households, analyzes the conditinder which they participate in the
programs, and examines which renewable energy estiney prefer. Four types of renewable
energy sources are considered: solar power, wingpdiomass, and fuel cells/private electric
generators.

Other conditions are monthly bills, management 8app(major existing suppliers, major new
suppliers, or small/medium new local suppliersyy hecal employment, benefits for

participants (tax credits, coupon tickets in a l@raa, awards from local public organizations,
name listed on a local government website, andtfc&ets for green parks and environmental
plants). Many studies about energy are focuseaoialsnorms, which are defined as social
behavior, considering sociality and social issughsas climate change. Sometimes, individuals
accommodate themselves to neighbors. The curngty sixamines whether individuals choose
renewable energy programs based on non-monetagytines such as social norms or monetary
incentives such as monthly bills. A random paramleigit model is used for this estimation.
From the estimation results, households clearlfeptewer bills. Households evaluate solar
power above biomass and do not highly evaluate wowler and fuel cells. Though households
with children below the age of thirteen are suppdsebe altruistic and interested in climate
change issues and renewable energy for future geoes, significant results to this effect were
not obtained. However, in the subsample of houskshiokerested in advanced appliances, such
as solar panels, micro-home wind generators, stdvatjeries, and fuel cells, the coefficient of
the renewable energy ratio was positive and sicanifi. A higher renewable energy ratio is
preferred among such households. The coefficieltaal new employment was generally
positive and significant. Households support reri#aranergy electric power plants if these
plants contribute to local new employment. Theygrenajor new suppliers to major existing
suppliers and do not prefer new small/medium Isa@lpliers. Regarding benefits, they did not
evaluate tax credits compared with awards or ndistesl on the website of the local
government, and negatively evaluated local coupuiets and free tickets of environmental
plants and national parks. Households do not reaspmmonetary incentives and prefer non-
monetary incentives. The results conclude that naopéncentives are not always necessary for
the common use of renewable energy.
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Conjoint analysis of Japanese households’ prefereas for renewable energy and
the conditions for its diffusiont

1. Introduction

Recently, in Japan and world countries, renewatsggy such as solar energy and wind power
has been promoted as an alternative energy saureplace nuclear power and fossil fuels.
Renewable energy also called green energy doesmbgreen-house gases such as,@dd
thus does not contribute to global warming. Jagter the 2011 earthquake, suspended the
operation of nuclear power plants and did not resiisnoperation yet. Nuclear power plants are
planned to resume; however, Japan cannot largelynenuclear power since almost all
nuclear power plants will be decommissioned infthere. For this reason, renewable energy
should be promoted as early as possible. Someesthdive shown that Japanese people
negatively evaluate nuclear power after the reearthquakesg.

Since July 2012, the Japanese government hasosthetéeed-in-tariff system to promote
renewable energy. Households and companies caelaetiticity generated by renewable
energy such as solar and wind power, and majotrelggower companies are obliged to
purchase electricity. Moreover, the Japanese gavenhreleased the energy composition in the
fiscal year 2030 as an energy plan. The composiias follows: fossil fuels are 56%

[liquefied natural gas (LNG) 27%, coal 26%, oil 3%iiclear power is 20—22%, and renewable
energy is 22—24% (solar 7%, hydraulic power 8.8%0.&ind 1.7%, biomass 3.7—4.6%,
geothermal 1-1.1%). In the fiscal year 2016, fdssils were 83%, nuclear power was 2% and
renewable energy was 15%, the Japanese governiaaesttp reduce the use of fossil fuels,
resume nuclear power plants, and implement reneneaigrgy.

This study examines the conditions in which Japamesiseholds is using renewable energy.
The study presents hypothetical renewable enemgyrams to households, analyzes the
conditions in which they participate in the progeaamd examine renewable energy sources
they prefer.

A conjoint analysis, which is one of the statedgnence methods, is used to analyze
individual decision to participate in hypotheticahewable energy programs. Four types of
renewable energy sources are considered suchaaseselrgy, wind power, biomass, and fuel
cells/private electric generator. Fuel cells arerenewable energy but do not emit any green-
house gases. Fuel cells are a similar to othefaiple energy sources. Fuel cells are essential
to save energy and should be considered as om@@ifvable energy sources.

Other conditions are monthly electricity bills, gliprs that provide electricity, local new
employment in new electric power plants, benebitsgfarticipants. Social norm is discussed in
many studies on renewable energy sources andiigyesaving. It is defined as social behavior,
considering sociality and social issues such asajivarming and neighbors. This study
examines whether individuals choose renewable gneagised by non-monetary incentives
such as social norm as well as by monetary incesisuch as electricity bills. For example,
individuals who support local new employment rattiean lower electricity bills are motivated
by non-monetary incentives and social norm. Alsmdiits related with monetary and non-
monetary incentives are considered.

! This study was funded by grants-in-aid for sciémtiésearch (C) (Kakenhi) of Japan Society for The
Promotion of Science (No. 16K03679). The questimenaas assisted by the service of the Rakuten

Insight Company and got many useful comments atheusurvey strategy. _
2 Morita and Mana%l (2015) and Murakami et al. %ﬂm cluded that individuals negatively evaluated
nuclear power and positively renewable energy wallingness to pay (WTP) using a conjoint analysis.

3 Allcott (2011) is one of the famous energy studibeut social norm. Households were received report
of electricity consumption and compared with neigistto promote energy saving by a field
experiment.



Many studies have reported on the importance aweable energy as an energy source. Since
big earthquakes often occur in Japan, nuclear pplaats cannot be resumed. Under these
conditions, it is essential to promote renewablergy The contribution of this study is to
investigate the preferences for renewable energganese individuals who experience a great
and urgent change in the energy environment.

This article consists of the following sectionsc® 2 describes the literature. In Section 3,
the contents of questionnaire and the results)@i@ed. Section 4 describes the research
design of the conjoint analysis. In Section 5,radan parameter logit model as an econometric
method is illustrated. In Section 6, the estimatiesults are considered. Lastly, in Section 7, the
conclusions and policy implications are considered.

2. Literature review

Worldwide, many studies on renewable energy souraes been published. Some studies
examined individual preferences for general rendsvabergy and others for individual
renewable energy such as solar and wind power. Studées use the stated preference
methods (SPMs) and others use the revealed prefereathods to estimate individual
preferences. The conjoint analysis, an experimeahaice, and Contingent Valuation Method
(CVM) are popular as SPMs.

This paper examines households’ preferences favithehl renewable energy using the
conjoint analysis and the future conditions in vilhienewable energy can be used. Especially,
Bae and Rishi (2018) referred to conjoint profilésey analyzed the conditions in which
individuals participate in renewable energy proggamSouth Korea using the conjoint analysis.
Three alternatives were presented to individualg alternatives were renewable energy
programs, and one was an opt-out option, wheriohails did not participate in any renewable
energy programs. Solar energy, wind power, fudscahd biomass energy were considered as
renewable energy sources. Other attributes weew@nle energy ratio in electricity generation,
additional electricity bills, distance from electpower plants to individual residence, the
number of workers employed in electric power plamisentives to participate in renewable
energy programs. The conditional logit model, ranqarameter logit model, and latent cluster
model were used for estimation, and the distrilutibparameters or variations of preferences
among individuals were derived.

Yoo and Ready (2014) also used the conjoint aratgsestimate individual preferences for
renewable energy such as solar power, wind powerbgomass. The variations of individual
preferences were analyzed at Pennsylvania, UnisgesS Willingness to pay (WTP) was
calculated using the random parameter logit modelreybrid-typed random parameter latent
class model which expressed the variations of iddad preferences. The results found
variations in individual preferences, especiallgrge variation in solar power. Other attributes
were new employment in Pennsylvania and electrlmitg. One alternative was status-quo.
Gracia et al (2012) estimated individual preferarfoe renewable energy in Spain using the
conjoint analysis. Individual expressed high WTPHigher solar power ratio and low WTP for
higher wind power and biomass ratio. They exprebsggld WTP for locally used renewable
energy. Yang et al. (2016) estimated individuafgnences for renewable energy in Denmark
using the conjoint analysis. When the ratio okakergy sources became higher, especially wind
power, it causes temporal energy shortages. Consthighly evaluated renewable energy but
they even more highly evaluated the mix of reneea&vlergy sources. They preferred the
current supplier than other famous suppliers. @Quohysalso takes in account the suppliers from
whom households purchase electricity. Kaenzig.€Rall 3) estimated German individual
preferences for suppliers in a deregulated eléigtnicarket using the conjoint analysis. The
renewable energy ratio was one of the attributedeaftric power suppliers. German individuals
gave 16% additional payment for electricity genedldtom renewable energy by WTP. They



also found that individuals preferred local supgli®©ur study also takes local suppliers into
consideration. Caedella et al. (2017) analyzedribaseholds chose electricity generated by
conventional fossil fuels or renewable energy sagkolar and wind power when each
electricity bill was volatile using the conjointalwgsis. Risk-averse households would avoid
volatile electricity bills generated by renewabfeigy even if they preferred renewable energy.
The probability of choosing renewable energy plaosld decrease if the electricity bills
generated by renewable energy were volatile. Thbalility that households chose renewable
energy plans would increase if the electricitydbikenerated by fossil fuels were volatile.
Electric power generation by renewable energy siscsolar and wind power depends on
weather conditions; however, electricity suppluiistable. The prices are volatile and spike in
case of increasing demand and decreasing suppliyidoal energy choices when the prices are
volatile needs to be analyzed. Shin et el. (20%tdjnated the individual preferences for
renewable energy portfolio in Korea using the cortjanalysis. People thought new
employment was the most important rather than higleewable energy ratio and higher bills.
They accepted 1.39% higher bills from WTP. Bordtetral. (2007) estimated the individual
WTP for green energy using the conjoint analysiss Btudy analyzed that individuals decided
whether to participate in green energy prograntgimin in the status-quo at the first stage and
which green energy program they choose at thestage by the nested logit model. Bergman
et al. (2006) estimated the individual prefererfoesenewable energy in Scotland using the
conjoint analysis. The study analyzed the externat and benefit caused by investment of
renewable energy such as wind power. Wind poweeiggion plants create new local
employment but ruin the scenery around the area.stinly suggested the investment of
renewable energy considering local total benefitsidt and Rehdanz (2015) estimated
individual WTP for renewable energy and analyzeddifferences in individual evaluation for
the type of renewable energy using the meta-reigressalysis in which WTP is a dependent
variable. Hydraulic power got the worst evaluatiBioe et al. (2001) were the first to analyze
individual preferences for renewable energy. Thishg analyzed consumers’ WTP for green
energy in the United States by a hedonic analpsighich the price premium was a dependent
variable. Consumers highly evaluated green energgduce the global heating gases.

Some studies estimated the preferences for genretgtthniques using renewable energy such
as solar panels and home micro-wind generatorsp&eand Willis (2010) estimated that
British households’ preferred generation techniqus#sg renewable energy using the conjoint
analysis. From WTP, households positively evaluateth generation techniques, but they did
not reveal high monetary evaluation to cover expensastallation cost. Willis et al. (2011)
also estimated British households’ preferencegéneration techniques using renewable
energy using the conjoint analysis. The study fotnad elder households did not prefer such
generation techniques. In near future, aging spewt be going. If elder households do not
need such generation techniques, generation tagisigsing renewable energy will not be
widely used even though the techniques should begied.

Various approaches about individual preferenceseioewable energy have been proposed.
Herbes et al. (2015) estimated WTP for renewabdgggnby using a novel neuro-science
method. According to some studies, strategic lsi@aused in the CVM and conjoint analysis.
A neuro-science method revealed 15% higher WTRPelloewable energy compared with other
energy sources. Boeri and Longo (2017) estimategtbferences by the regret-minimization
approach as well as the utility-maximization approalhe study used the conjoint analysis and
estimated parameters by the random parametemgiel and hybrid-latent cluster model.
Electricity generated by renewable energy is highilged and unstable in electricity supply
even though it reduces the global heating gasessi@ering these negative features of
renewable energy, after households choose renewablgy, they will regret. The regret-
minimization approach is suitable to analyze the@adbehavior of renewable energy. Bartczak
et al. (2017) analyzed risk-preferences and losssioan to avoid negative externality of



renewable energy using conjoint analysis. Graca.€2016) estimated individual willingness
to accept in Norway using the conjoint analysis miénd power plants were built.

Nudges, which are used in behavior economics,lacecammonly used in energy research.
Nudges, which are non-monetary incentives, affedividual behavior. For example, nudges
induce households to save energy. Momsen and S{a@tld) noted the effects of nudges when
individuals choose renewable energy. From the tesidilsimple experiment, default nudge
raised the probability to choose renewable eneygy4:6%.

There are some studies for Japanese householdialdiod Managi (2015) estimated
consumers’ preferences for energy sources aftegréeg east earthquake in 2011 by a conjoint
analysis. Especially, considering higher consumiatstrest in renewable energy, the
preferences for renewable energy were estimategl \WHPs for energy sources were used for
the policy suggestion of energy-mix. Consumersattnegative WTP for nuclear power, and
positive WTP for renewable energy such as solanvand power. Murakami et al. (2015) also
found that consumers in Japan and United Stateseshnegative WTP for nuclear power, and
positive WTP for renewable energy which is the ofisolar, wind power, biomass, and
geothermal power using the conjoint analysis. BUtPNor each renewable energy source was
not estimated. Rehdanz et al. (2017) estimatedurnass’ preferences for energy sources after
the accidents in nuclear power plants in 2011 ikusShima prefecture in Japan using the
conjoint analysis. Consumers revealed positive \i6FPenewable energy and negative WTP
for nuclear power. The WTPs were different by thstashce from nuclear power plants and
Fukushima prefecture and the values in absolute geyater as the distance was nearer.

Some studies use a CVM to estimate individual pegiees for renewable energy. CVM is
also a SPM. Lee and Heo (2016) estimated WTP fawable energy in Korea and found
consumers would pay additional 3.21 USD per moattefectricity generated by renewable
energy. Guo et al. (2014) estimated WTP for rendsvabergy in Beijing and found consumers
would pay additional 2.7 to 3.3 USD per month fleciicity generated by renewable energy.
Kim et al. (2013) estimated consumers’ WTP for wealgle energy in Korea. Electricity
generated by renewable energy was consideredifferzidtiated good. The differentiation was
observed between renewable energy and other eseugges but was not observed between
renewable energy sources, and perfect substituttanobserved between renewable energy
sources.

Some studies about renewable energy did not usesSE€dhte and Jacobsen (2016) used
consumer data of all electric utility companiesha United States. and analyzed the attributes
of households who purchased green electricity geeery renewable energy through local
utilities. The results showed that highly educdiedseholds tended to purchase green
electricity. Inhoffen et al. (2019) found that ineestment in renewable energy power plants
such as solar panels allocation inefficiencies wdnd caused when minimum prices and
individual decision were affected by individual Ed@nvironment through the household data
in Germany.

3. Questionnaire and its results

The data were collected via a web-based questimnaing the services of the Rakuten
Insight Company. Monitors that registered Rakuenvises answered the questions. The
Rakuten Insight Company randomly sent the questimaro the registers that are the potential
respondents by E-mail, and they decided to ansmweoi The data were collected in February
2019. The sample size is 1,000 households in tetdd, 668 from the Kanto region around
Tokyo and 332 from the Kansai region around Os@kase two areas are the biggest two
major urban areas in Japan. The sample is weidiyteéch area’s population. In the
gquestionnaire, households were asked individuabsdemographic attributes such as



occupation, annual income, and perception abouggrn@oblems. Table 1 is socio-
demographic attributes of sample households. Timplsadoes not seem to be extremely biased.

Table 1 Socio-demographic attributes of sample households.

Total Number | %
100( 10C
Occupation Employed anown-employel 691 69.1
Unemployed (including students, housewives,192 19.2
and retirees
Othel 117 11.7
Household annual Less than 23¢ 23.¢
income (million JPY) | 2-3.9¢ 21¢ 21.¢
4-5.9¢ 231 23.1
6-7.9¢ 134 13.4
8-9.9¢ 8t 8.5
More than 1 93 2
Education Junior high school and high sch 224 22.¢
Technical school and junior colle 23€ 23.€
University and graduate school 530 53
Othel 1C 1
Family composition Single 224 22.4
(including multiple Couple (includincin-house and not -house 43C 43
answers) In-house with parents or grand par: 18C 18
In-house with brothers and sisl 53 5.2
With less than six years old children (includindl57 15.7
in-house and not -house
With six-thirteen years old children (including 118 11.8
in-house and not -house
With thirteen-nineteen years old children 96 9.6
(including ir-house and not -house
With more than nineteen years old children | 115 115
(including ir-house and not -house
Othel 13 1.2
Dwelling type Detached house (including two housgsio 413 41.3
house
Collective housing (condominium, apartment, 545 54.5
housing complex, et
Company housing, dormitory housing, 3C
Othel 12 1.2
Gender Male 51C 51
Femal 49( 4¢
Age (years old) Average 40.€
Minimum 2C
Maximum 58
Age (years old) 20-2¢ 21z 21.2
3C-3¢ 241 24.1
40-4¢ 307 30.7
5C-5¢ 24C 24
Residential area Kantc 66¢ 66.¢
Kansa 332 33.2




Households were asked about their interest in g@laels, home micro-wind generator,
storage battery, and home generation fuel cells ¢ggeneration) related to their interest in
renewable energy. More than half of the househwok® not interested in any appliances. Only
few (less than 5%) households have already ownezlvable energy appliance. About 20% of
households, especially 29.3% in solar panels,raeeasted in these appliances but cannot
purchase due to the limitations in their resideismme solutions are needed so that households
purchase these appliances. Households were askatlthbir most desirable energy source.
About 40.4%o0f households agree that solar powireisnost desirable. Next, 19% of
households find nuclear power as the most desiraAlbleut 21.4% of households think wind
power is the second desirable energy source. Ab@¥it of households think geothermal power
and biomass are the third desirable energy soGnmeehe other hand, very few households think
fossil fuels are the most desirable energy so@eerall, households are interested in
renewable energy.

About 44.5% of households think that the realizatid lower electricity and gas bills is the
most important for future energy problem. About4®6.of households think that stable
electricity and gas supply is the most importart 85.8% households think it is the second
important energy problem. About 17.5% of househtiitsk energy saving is the second
important and 30% of households think energy saignfe third important energy problem.
Only 13.2% of households think that the promotibremewable energy is the second and
17.9% households think it is the third importanemgy problem. Less than 5% households think
the promotion and consumption of local energy sesjrsuspension of nuclear power, and
resumption and promotion of nuclear power are irtgotr

About 47.2% households think electricity bills be@higher after the Great East Japan
Earthquake. About 77.6% of households are moreeawfagnergy savings after the earthquake.
About 90.5% of households think @€hould be reduced. About 23.5% of households think
that the future suitable dependence on nuclear powlapan is 0%, which is the most popular.
About 20.7% of households think it is from 40 t&&and 20.3% households think it is from 20
to 39%. On the other hand, 27.7% of household tthiat the future suitable dependence on
renewable energy in Japan is from 40 to 59%, wisithe most popular. About 25.2% of
households think it is from 20 to 39% and 19.1%dstwlds think it is from 60 to 79%. About
44.8% of households worry about unstable elegyrifpply due to weather conditions as the
most serious problem in the promotion of renewalnlergy. About 24.3% of households worry
about the higher prices due to expensive instaliroest of solar panels and home wind
generator. About 21% of households worry about#struction of landscape by solar panels
and wind generators. Only 9.4% of households ddaweé any serious problems about
renewable energy.

4. Conjoint analysis

The conjoint analysis is used to examine the futeraition in which renewable energy will
be used It is one of the SPMs, where researchers presené hypothetical alternatives to
individuals and individuals choose the most prefémwne. This study analyzes the individual
choice under change of energy sources, monthlyriligg bills, suppliers etc. Alternatives
express renewable energy programs with varioubats. This study examines households’
preferred attributes of renewable energy programs.

The CVM is another popular SPM, but it is not aick@xperiment and can be used to
evaluate users’ valuation of non-marketable target$ as forests and beaches. CVM does not

4 Louviere et al. (2000), Hensher et al. (2005), ¥ama and Shoji (2005), Tsuge et al. (2011), and
Kuriyama et al. (2013) are referred for a conjainalysis.



evaluate each attribute. The conjoint analysislagpéed because this study adopts a choice
experiment.

Next, the researcher decides on the number obatés, keeping in mind that a small number
of attributes will not fully reveal consumer predaces, while many attributes make it difficult
for participants to choose among options. Thisysadbpts six attributes—energy sources,
monthly electricity bills, renewable energy ratim;al new employment, suppliers that provide
electricity and benefits that household’s gain fnr@mewable energy programs. After the
selection of attributes and their levels, theirfies are compiled. However, if all combinations
of attributes and levels are used, the patternawaresrous, which can cause strong correlation
between some attributes, i.e., multicollinearitg.avoid these problems, profiles are created by
the orthogonal planning method. Various option sane obtained, and profiles are made by
selecting cards and their combinations, after aejainrealistic and dominant cards. An
example of unrealistic cards is when monthly eleityr bill is lower, despite higher renewable
energy ratio. This example is also one of the damticases. Table 2 represents an example of
profile. Excel conjoint analysis version 2.0 (Esumas used for the orthogonal planning.

Table 2 An example of profile.

Attributes Alternative 1: Alternative 2: Alternative 3:
Conventional Renewable energy Renewable energy
energy program program
program

Energy ource! Fossil fuel: Biomas: Solar powe

Monthly electricity bill | 0 (unchanged) +1000 JPY 000 JPY

Renewable energy ra | 15% 25% 25%

Local new employme | 0 employe: 70 employee 30 employee

Suppliers Major existing | Small-medium local new Major new supplier
supplie supplie

Benefits Nothinc Tax credi Free ticket

The following three alternatives are presentedoeskholds. They choose the most preferred
one.

Alternative 1: Conventional energy program (stajus)
Alternative 2: Renewable energy program
Alternative 3: Renewable energy program

In Alternative 1, households use conventional epeayrces such as fossil fuels (LNG, coal,
and oil). The composition is assumed such thataaungower is 2%, fossil fuels are 83% and
renewable energy is 15%, which is the compositmritie whole of Japan in the fiscal year
2016. The composition in Alternative 1 is the catrenergy compositidnin Alternative 2 and
3, households mainly use renewable energy. Thevasie energy ratio is much higher than in
Alternative 1.

These alternatives have several attributes thagragsgy sources, monthly electricity bills,
renewable energy ratio, local new employment, sappthat provide electricity, and benefits
that households obtain from renewable energy progiréd detailed explanation about attributes
is as follows:

5 Bae and Rishi (2018) adopted an opt-out optiorgrerinouseholds do not choose any renewable energy
options. The current study considers the more peaca of renewable energy compared with the
current one and assumes that Alternative 1 corsiskee current composition. Yang et al. (2016)
adopted higher renewable energy ratio in all otimnavoid the status-quo bias.



1. Energy sources

In Alternative 1, households use conventional epeayrces such as fossil fuels (LNG, coal,
and oil). The composition is assumed such thataangower is 2%, fossil fuels are 83%, and
renewable energy is 15%, which is the whole Jamaocesposition in the fiscal year 2016. In
Alternative 2 and 3, renewable energy (green eneegio is much higher. Either solar or wind
power or biomass or fuel cells is used. Respondgitsinformation about the pros and cons of
each renewable energy to facilitate the energycesuiThe following statements are used for
respondents. In econometric analysis, dummy vatabie used for each renewable energy
source, where biomass is the base category.

Solar power: Solar panels are settled on the sutrdigaces and electricity is generated by solar
power. Only with solar power, electricity is gertech Solar power does not emit any noises
and green-house gases such as. SOlar panels are durable and can be used for yearg.

On the other hand, solar power has several probléhssinstallation of solar panels needs large
spaces. The power depends on weather conditiohsasusunlight-hours and is unstable. The
investment cost is rather expensive. The panelsbhreak due to typhoons and earthquakes.
The panels are reflected by sunlight.

Wind power: Wind power generators are built on landcean and electricity is generated by
wind power. With wind, electricity is generated e\auring night. Wind power does not emit
the green-house gases and generate electricitlyraffitiently. Large-scale production can
greatly reduce its cost. On the other hand, winslgsdhas several problems. Since wind power
generators are huge, large spaces are needed pdired generators emit noises and vibrations
during electric power generation. The power depamdair volume and is unstable.

Fuel cells: Chemical reaction between hydrogenaygien generates electricity. Fuel cells do
not emit the green-house gases and noises. Flgekteaeal generate electricity with higher energy
availability. On the other hand, investment coséstagh, and its durability is low, usually less
than 10 years. Fuel cells are not renewable ertmrggreen energy that does not emit the green-
house gases.

Biomass energy: Electricity is generated by rendsvabd organic resources from animals and
plants such as woodchips and raw garbage. Bionmesg\yeis a carbon-neutral energy source
that does not increase g(@vels and leads to reuse of garbage. On the btred, it utilizes
edible fuels and has risk to cause increase in fooes.

2. Monthly electricity bills

In Alternative 2 and 3, when renewable energy edumonthly electricity bills will be higher
compared with Alternative 1. Bills depend on eliettly-generation costs and investment costs
of electric power plants and managing status opkens. The levels are +1000 JPY, +2000 JPY,
+3000 JPY, +4000 JPY, and +5000 JPY. In Alternativthe bills never change.

3. Renewable energy ratio

Renewable energy ratio is considered. The level25%6, 50%, 75%, and 100%. Fossil fuels
are used for other energy sources. In Alternatjwdd ratio is 15% which is the ratio in the
fiscal year 2016.

4. Local new employment

When electric power plants are built, residentseanployed. Local new employment is
considered as economic effects. The levels ar80,(0, 70, and 100 employees. New local
employment means a positive externality for locareomy. Positive coefficient associated with
this variable means individuals are altruistic a@gspond to hon-monetary incentives.

5.Suppliers that provide electricity

Households are concerned about renewable energyamns and the suppliers of electricity. In
Japan, since April 2016, the deregulation of eleityrand gas retail sales for general
households has begun. Various suppliers startadaige electricity and gas. Major existing
suppliers, major new suppliers, or small and medagal new suppliers provide electricity. In
Alternative 1, conventional major existing supmi@rovide electricity. The examples of major
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existing suppliers are major electric power comessuch as the Kansai Electric Power
Corporation and the Tokyo Electric Power Corporatind major urban gas companies such as
the Osaka Gas Corporation and the Tokyo Gas Cdrpord hese companies have provided
electricity or gas till now. Major new suppliersveanot provided either electricity or gas so far.
Telecommunication companies have started to prcelielericity after the deregulation in April
2016. Local suppliers manage operation in the regibere the respondents live. If households
choose local suppliers, they support local econdmgconometric analysis, dummy variables
for each supplier are used, where major existimgplers are the base category.

6. Benefits from renewable energy programs

When households choose renewable energy progrheystdceive some benefits. For
example, they obtain tax credit, coupon ticketsoltdre used in local areas where households
live, awards from local public organization or naliséed on the local government website and
free tickets to green parks and environmental p@ists. When households choose
Alternative 1, they do not receive any benefit. 8dmnefits are monetary incentives, and some
are non-monetary ones. Tax credit and coupon 8cket monetary incentives, while name
listed on the local government website and frdeetto green parks are non-monetary
incentives. However, coupon tickets are limitedh® local area where households live. The
preferences for coupon tickets can also expresimtliddual interests in contributions to local
communities. In econometrics analysis, dummy véemhbre used for each benefit, where name
listed on the website is the base category.

The levels of each attributes are listed in Table 3

Table 3The levels of attributes.

Attributes Levels

Renewable energy sour | Solar power, wind power, fuel cells, biom

Monthly electricity bills +1000 JPY, +2000 JPY, +3000 JPY, +4000 JPY, +560(

Renewable energy ra 25%, 50%, 75%, 100

Local new employme 10, 30, 50, 70, 100 employt

Supplier: Major existing, major new, sm-medium local new supplie

Benefits Tax credit, coupon tickets, award fromalqaublic organization
or name listed on a local government web site, tickets for
green parks and environmental pl;

Households are presented profiles in Table 3 andgsshtheir most preferred alternative
among 10 choice scenarios. Each question has sdewals of attributes. Respondents’ age is
limited under 59. In the questionnaire, househaladesre asked whether they have children. It
is found that households which have small childrawve interests in future energy sources and
environmental problems. They are altruistic. Theyagainst nuclear power and fossil fuels
which causes global warming and express their sufgorenewable energy. Households with
elderly people do not have small children at theetdf questionnaire.

5. Random parameter logit model (RPLM)

In a choice experiment, the dependent variablésigete. Therefore, a discrete choice
econometric model should be used. A conditional imgpdel is a popular option in this context.
However, it assumes an Independent and IdenticdtiBution (11D), which is derived from the
Independence of Irrelevant Alternatives (11A). Sirtbe IIA is restricted and easily violated in
many cases, a RPLM (mixed logit model) is ofterndus® a general discrete choice econometric

6 Bae and Rishi (2018) took tax credit, green miégeago-leveling, free tickets for green parks into
consideration. The current study uses benefitsafgagasier to understand for Japanese households.
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model. It allows for random variation of individual peg&nces, unrestricted substitution
patterns, and correlation among unobserved faot@stime.
A RPLM assumes that each parameter has a speisfithdtion. The utility is specified as

I 1
Unj = an + Bnan + Snj

This function specifies that individualchooses alternatiyje wherea is a non-random
parameter anfl,, is a random parameter that represents an indivglpedference and therefore
varies across individuals. In this paper, congtamhs and the parameter of a monthly electricity
bill, which is a price parameter, are non-randomapeters, and,; is a variable vector that
includes a monthly bill. On the other hand, theapagters of each renewable energy, renewable
energy ratio, local new employment, suppliers agwklits are random parametess; is a
variable vector that includes these factegsis a random error term and has an IID extreme
value.
The probability conditional of,, is
L (B = 2P (Bok)
2 exp (Bn Xnj)

The random parameter logit probability is

exp(B'Xpi) )
0= | (o e ) (B
| (zjexp(s'xm-) (Bdp

This probability is the unconditional choice probi@&pcalculated as the integral &f;(B,,)
over allf3,.

The distribution of3, must be assumed. Usually, a normal, log-normatjamgular
distribution, etc., can be assumed. In this pagpegrmal distribution is assumbdcause it is a
general distribution and easy to estimate.

Simulation methods were used for estimation. Timeilsted probability is

R
— 1
Pn1 = EE Lni(Br)
r=1

where R is the number of draws. This simulated abdhy is an unbiased estimator Bf;. The
simulated log likelihood (SLL) is

where ¢ is an indicator. It equals 1 if an individuathooses Alternativg or O otherwise. The
SLL was maximized to capture the maximum simulditegdihood estimator. In addition, 100
Halton draws were used for simulation. For estiorgtiimdep NLOGIT 5 was used.

WTP for each attribute is calculated using estithatefficient parametéetslf the utility
function is linear, it is expressed as

— /
an =a xnj +Bnan

" The explanation of a random parameter logit modgds from Train (2003).
8 Kuriyama et al. (2005) and Murakami et al. (2015).
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whereVy;; is the deterministic term of the utility functiofibe total differentiation of the,;
formula is

av,,; vV,
dVTl] =ldxn] +?‘:de71]

Now the WTP of zwhich is one of the attributes, such as each rabienergy is obtained.
If the utility level does not changd\(,; = 0) and other variables exceptare not changed, the

marginal WTP (MWTP) is obtained as follows:

OV,
_ aan1

MWTP = OV,

axnjm

where X, is a monetary variable such as a monthly elettriiill. MWTP is also written by
using parameters as follows:

MWTP = —ﬁi/ﬁm

wherep; is the coefficient of each attribute affiy denotes a monetary coefficient such as a
monthly electricity bill. WTP is obtained by divittj the coefficient of each attribute by a
monetary coefficient.

6. Estimation results
6.1 Estimation results in full sample
In this section, the estimation results are dissdis$able 4 illustrates the choice number and

ratio for each alternative.

Table 4 Choice number and ratio for each alternative.

Alternative 1 | Alternative 2 | Alternative 3 | Total
Numbe 376¢ 326¢ 2967 1000(
Ratic 37.6¢ 32.6¢ 29.67 10C

Alternative 1 is the most popular. There are mamyseholds that prefer the current and
conventional energy usage. However, the total iHtilternatives 2 and 3 is about 60%. More
than half of the households chose renewable er@emgrams. Table 5 shows the estimation
results in full sample.

Table 5 Estimation results in full sample.

Variables Coefficient | Z value P-value
Random parameter (me:

Solar powe 0.1654. 2.11 0.034" **
Wind power —-0.15045 -1.46 0.1438

Fuel cell: -0.587: -6.81 0 *rx
Renewable energy ra -0.0010° —-0.€ 0.551¢

Local new employme 0.0032¢ 2.6¢ 0.007: *rk
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Major new supplie 0.1538: 2.47 0.013¢ **
Small-medium local new supplier -0.01984 -0.22 0382

Tax credi -0.0679° -0.64 0.525:

Local coupon ticket -0.38621 -3.62 0.0003 Kk
Free ticket for green par -0.2214° -1.8¢ 0.06i *
Non-Random paramet

Monthly electricity bills —0.0005t¢ -20.9 0 roxk
Constant 1 -1.57691 -9.52 0 A
Constant —0.046¢ -0.62 0.535
Standard deviatic

Solar powe 1.424. 21.4¢ 0 ok
Wind powe 1.3529¢ 13.7¢ 0 o
Fuel cell: 0.3794- 2.4z 0.015: **
Renewable energy ra 0.0412: 20.81 0 *rx
Local new employme 0.0231. 22.¢ 0 *rx
Major new supplie 0.6255¢ 8.31 0 *rx
Smal-medium local new suppli 0.4891: 4.34 0 roxk
Tax credi 0.9606: 15.17 0 rrx
Local coupon ticke 0.4008t¢ 2.81 0.004¢ *rk
Free ticket for green par 0.0436¢ 0.3¢ 0.705:
McFadden P 0.225561

Log likelihood —-8508.081

Sample size 10000

Note: *** 1% significant level, ** 5% significantdvel, * 10% significant level, no *
insignificant

The coefficient for the monthly electricity bills negative and significant at the 1%
significance level. Households clearly prefer lowkarctricity bills. To establish renewable
energy throughout Japan, electricity generatecehgwable energy should be lower.

Next, the results of each renewable energy souecdiscussed. Dummy variables are used for
each renewable energy source, where biomass eisetigyy base category. Thus, positive
coefficient means that certain renewable energyaferred to biomass and negative means that
it is not preferred to biomass. The coefficiensofar power is positive and significant at the 5%
significance level. Solar power is preferred tonbéss. Wind power has a negative coefficient,
but it is not significant. Significant differencespreferences are not observed between wind
power and biomass. The coefficient of fuel celleagative and significant at 1% significance
level. Fuel cells are not significantly preferrecbiomass. Bae and Rishi (2018) obtained
positive and significant coefficients for every egrable energy source in South Korea. The
results were different in Japan and South Koreal Eeils are not popular in Japan and are
expensive for households. Therefore, fuel cellnatgreferred to biomass. On the other hand,
biomass is widely known to households as renewadegy though only a small percent of the
households prefer biomass as the most desirahbleefahergy source in the questionnaire.
Renewable energy ratio is not significant. Houséfidlo not choose alternatives with higher
renewable energy rafio

° Bae and Rishi (2018) used the quadratic termméwable energy ratio. If the coefficient of the
quadratic term is negative, the quadratic funcisotoncave down and has renewable energy ratio
where the choice probability reaches maximum. liddils do not prefer higher and higher renewable
energy ratio and they have the best renewable gmatig. They also do not prefer much higher ratio.
The current study tried it. However, positive arghfficant coefficient of the quadratic term were
obtained, which is the reverse result of Bae arsthiRR018). In Japan, renewable energy ratio where
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The coefficient associated with local new employmempositive and significant at the 1%
significance level. Households hope new employmglhincrease in the region where they
live after renewable energy electric power plaméstaiilt. They are altruistic and hope positive
economic effects in the region. The results aresisbent with Bae and Rishi (2018)

The estimation results about electric power supplieat provide renewable energy programs
are discussed. Three types of suppliers are camsidemajor local existing suppliers, major
new suppliers, and small and medium local new sepIDummy variables are used for each
supplier. Major existing suppliers are the basegatty. The coefficient of major new suppliers
is positive and significant at the 5% significaiteeel. Households prefer major new suppliers
to major local existing suppliers. Major local giig suppliers have long-time experience in
providing electricity and have been securing cartstéectricity supply. But households may
expect new services and cheaper bill plans frononragw suppliers. After the deregulation in
April 2016, new suppliers have provided electri@tyd gas. Japanese households have become
favorable for new suppliers. In Alternative 1, mrdjucal existing suppliers provided electricity
generated by fossil fuels. If households do nopsupfossil fuels and support renewable energy,
they prefer new suppliers who provide electricigngrated by renewable energy than major
local existing suppliers who provided electricigngrated by fossil fuels. The coefficient of
small-medium local new suppliers is negative antdsignificant. The significant differences in
preferences between small-medium local new sugpdied major local existing suppliers are
not observed. The results imply that small-mediaoal new suppliers can acquire customers if
they use renewable energy instead of fossil furetddctricity generation.

Lastly, the estimation results regarding benefitenfrenewable energy programs are discussed.
Households receive benefits such as tax credipaotickets which are used in only local areas
where households live, award from local public oigation or name listed on a local
government website and free tickets to green pamkisenvironmental power plants. Dummy
variables are used for each benefit, where narellen a local government website is the base
category. Tax credit is a monetary incentive. Laalpon tickets are also a monetary incentive,
but households can contribute to their local afeeard from local public organization or name
listed on a local government website is a non-mayehcentive. Free tickets to green parks
and environmental plants are a kind of monetargntige but for households that are not
interested in free tickets to green parks and enuirental power plants is non-monetary
incentive. From the estimation results, tax creditot significant. Households do not respond
to monetary incentives. The coefficient of coupiokdts is negative and significant at the 1%
significance level. Households prefer awards oraéisted on the local government website to
coupon tickets. The coefficient of free ticketmegative and significant at the 10% significance
level. Households prefer to award or name listeitie® tickets. These results imply that
households do not respond to monetary incenitives

The random parameter logit model estimates thetani of individual preferences. Estimated
standard deviation of coefficient parameter ex@es$se variation of individual preferences and

the choice probability reaches minimum exists. fdi® is 50%. Japanese individuals prefer more than
50% ratio with quadratic proportion.

10 Bae and Rishi (2018) considered the distance fronseholds’ residence to electric power plantsas a
attribute. Sometimes electric power plants caugatig externalities. Wind power generators emit
noises and vibrations, and solar panels refledightn These electric power plants cause some tesubl
to neighbors. Households hope local economic effieat oppose electric power plants which are built
near their house to avoid these troubles. Bae #td R018) analyzed individual behavior to avoid
negative externalities. From the results, househdid not hope that electric power plants weretbuil
near their house. The current study adopted ottrésges and did not adopt the distance from
households’ residence due to the restriction oftivaber of attributes.

11 Bae and Rishi (2018) obtained the results thattiedficient of green mileage is positive and
significant but other benefits are not significant.
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distribution. From the results, variables excepeftickets have significant standard deviation.
The variation of individual preferences and disttibn is observed in variables except free
tickets.

Table 6 shows WTP for each attribute. WTP is olediafter dividing each parameter of
attributes by a monthly electricity bill that is metary parameter. WTP expresses households’
evaluation or monthly additional payment for eatthtaute.

Table 6 WTP.

Solar powe 295.392!
Wind powe —268.66.
Fuel cell: -1048.3¢
Renewable energy ra -1.9107:
Local new employme 5.82142
Major new supplie 274.660
Smal-medium local new suppli | —35.428t
Tax credi -121.37"
Local coupon ticke —689.66:
Free tickets for green pa -395.48.

Households pay additional 295 JPY per month faarsebwer. On the other hand, they show
large negative evaluation for wind power and fuelsc Especially, households do not choose
fuel cells unless the price is discounted by 1328. Households express highly positive WTP
for major new suppliers and they pay additional 2% per month. Households have negative
WTP for every benefit. They do not evaluate besefkcept award or name listed. WTP for
local new employment is very small value of onlg 3PY.

6.2 Estimation results in subsamples

In this sub-section, the differences of prefereramsss individual socio-demographic
attributes and perceptions for renewable energyeaedgy problems are analyzed. WTP in each
subsample is compared. The random parameter lagiehis used for estimation.

6.2.1 Children

Table 7 illustrates WTP of households that havilodm less than 13 years old and households
that do not have children. Households that haveningéhildren are altruistic and are interested
in renewable energy and environmental problem$uttoire generations.

Table 7WTP: households with and without less than 13ge#d children.

Attributes With less than thirteen Without less than thirteen
years old children years old children

Solar powe 520.07. * 370.44. **

Wind powe —-350.0¢ -358.1"

Fuel cell: -988.¢ *rx -1089.¢ *rk

Renewable energy ra 7.1272 1.6481!

Local new employme 7.4181t 4.2407- *

Major new supplie 47.890! 387.61. roxk

Smal-medium local nevsupplie | 348.96« —62.98:

Tax credi 201.70¢ -172.6.

Local coupon ticke -473.2¢ -821.7¢ *rk

Free ticke —93.10¢ -428.3¢ *

Sample siz 235( 765(
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Note: *** 1% significant level, ** 5% significantdvel, * 10% significant level, no *
insignificant

In both subsamples, WTP of solar power is poskive that of fuel cells is negative. Both
households prefer solar power and do not preférceits to biomass. Wind power is not
significant. Renewable energy ratio is not sigmifit Difference in preferences for renewable
energy between households with children less tlBayears old and households without infant
children are not observed. WTP of households witkhildren less than 13 years old showed a
positive and significant correlation for local nemployment; however, WTP of households
with children less than 13 years old is not siguaifit. Households with children less than 13-
year-old are not interested in local new employnvémen they decide to participate in
renewable energy programs. They are not altrulfitP of households with children less than
13 years old children for local coupon tickets &mee tickets to green parks and environmental
plants are not significant. They do not decideadipipate in renewable energy programs to get
coupon tickets or free tickets compared with awesth local public organization or name
listed on a local government web site. On the oftaexd, WTP of households without less than
thirteen years old children for these benefitsragative and significant. They do not prefer
these benefits.

6.2.2 Age
Table 8 expresses WTP of younger and older houdeh®he average age is 40.6 years old.
Younger households are under 39 years old and bluleseholds are over 40 years old.

Table 8WTP: younger and older households.

Attributes Younger Older

Solar powe 465.22: * 349.09! *x
Wind powe -597.87¢ * -16¢

Fuel cell: —-958.08. *hx -1172.. rrx
Renewable energy ra 6.3265: 4.1587.

Local new employme 8.510: *x 5.0634¢ *
Major new supplie 109.89i 540.85 *rx
Smal-medium local new suppli | -47.183 58.12"

Tax credi 396.24! -425.5. *
Local coupon ticke -281.0: -1072.. rxx
Free ticke -202.9¢ -616.8¢ *
Sample siz 453( 547(

Note: *** 1% significant level, ** 5% significantdvel, * 10% significant level, no *
insignificant

WTP of both subsamples for solar power is pos#ind significant, and WTP of both
subsamples for fuel cells is negative and signitic®n the other hand, WTP of younger
households for wind power is negative and signific 10% significant level. Younger
households do not prefer wind power compared witinbss. WTP of both subsamples for
local new employment is positive and significanfT®Vof younger households for tax credit,
local coupon tickets, and free tickets to natun&@and environmental plants are not significant,
but WTP of older households for these benefitmagative and significant. Older households
do not prefer these benefits compared with awamah flocal public organization or name listed
on a local government web site. Or they preferativard.

6.2.3 Education
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Table 9 illustrates WTP of higher and lower edwratiouseholds. Highly educated

householders graduated from university and gradiciteol, while lower education households

are not university graduates.

Table 9WTP: higher and lower education households.

Attributes Higher education Lower education
Solar powe 90.687! 566.138! i
Wind power -1040.4 *rk -17.9077

Fuel cells -1107.5 ok -1025.52 *hk
Renewable energy ratio 4.66667 2.061538

Local new employme 5.1458: 3.66153:

Major new supplie 165.95( 460.507 *rk
Small-medium local new supplier| -27.521 13.03077

Tax credi 130.72! —263.2

Local coupon ticke —649.6¢ *x -777.61! *rx
Free ticke -328.3: -483.58! *
Sample siz 530( 470(

Note: *** 1% significant level, ** 5% significantdvel, * 10% significant level, no *

insignificant

WTP of highly educated households for solar ené& gyt significant, while WTP of lower
education households is positive and significaihier education households do not prefer
solar energy; however, lower education househalefepthat compared with biomass. WTP of
higher education households for wind power and ée#$ is negative and significant. Higher
education households do not prefer wind power aetidells. In both subsamples, local new
employment is not significant. The result is diffiet from the results of full sample. Lower

education households prefer new major suppliers.

6.2.4 Area

Table 10 expresses WTP of households in Kantoarddouseholds in Kansai area.

Table 10WTP: households who live in Kanto area and Kaasza.

Attributes Kanto Kansai

Solar powe 460.148: i 374.796!

Wind powe -351.27¢ -580.2: *
Fuel cell: -1170.4¢ il -936.33¢ rork
Renewable energy ra 0.18518! 8.77966. *
Local new employme 6 ** 3.50847!

Major new supplie 311.814: *x 389.355! *x
Smal-medium local new suppli | 312.277: —449.55¢ *
Tax credi -264.33: 150.254.

Local coupon ticke —872.64! *rx -628.83: *x
Free ticke —421.14t -441.71.

Sample siz 668( 332(C

Note: *** 1% significant level, ** 5% significantdvel, * 10% significant level, no *

insignificant

WTP of households in Kanto area for solar powgoisitive and significant, but it is not
significant in Kansai area. Households in Kant@areefer solar power but households in
Kansai area do not prefer it. In both areas, falls @re not preferred. WTP of households in
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Kansai area for renewable energy ratio is posé#ive significant at 10% significant level.
Households in Kansai area prefer the higher reneneaiergy ratio. Households in Kanto area
positively evaluate local new employment but hoosgshin Kansai area do not evaluate local
new employment when they participate in renewabérgy programs. Households in both
areas positively evaluate major new suppliers aghtively evaluate local coupon tickets.

6.2.5 Annual income
Table 11 expresses WTP of higher and lower incoouséholds. Higher income households
are those whose annual income is over 6 million, #Yle lower income households are those

whose annual income is under 6 million JPY.

Table 11 WTP: higher and lower income households.

Attributes Higher income Lower income
Solar powe 139.8¢ 496.526:. *rx
Wind powe -523.7 —308.84.

Fuel cell: -1311.0: *rx -1073.1! *rx
Renewable energy ra 5.2 6.14035. *
Local new employme 4.52 4.07017!

Major new supplie 263.2 379.19¢ *rx
Smal-medium local new suppli | 317.9: -49.473

Tax credi 206.7¢ -239.17!

Local coupon ticke —913.0¢ *x -730.89! rxk
Free ticke 45.9; -571.05: **
Sample siz 312(C 688(

Note: *** 1% significant level, ** 5% significantdvel, * 10% significant level, no *

insignificant

WTP of higher income households for solar energyissignificant, while WTP of lower
income households is positive and significant. ldighcome households do not prefer solar
energy, while lower income households prefer itodth higher and lower income households,
WTP for wind power is not significant and WTP foief cells are negative and significant.
Wind power and fuel cells are not preferred. Lowal employment is not significant in both
households. Lower income households prefer majarsuppliers.

6.2.6 The perception of energy saving

Households were also asked about their perceptienargy saving. Energy saving household
is defined as a household conscious about enewgygsafter the earthquake, while non-energy
saving household is defined as a household note@mrsabout energy saving after the
earthquake. Table 12 expresses WTP.

Table 12WTP: households that are conscious about enexgiggsand non-energy saving
households that are not conscious about energggavi

Attributes Energy saving Non-energy saving
Solar powe 279.137! *x 886.931 *x
Wind powe -523.27¢ *hx 232.204!

Fuel cell: -1071.5 il —879.86¢ **
Renewable energy ra 2.65517. -16.545!

Local new employme 3.84482i 2.40909:

Major new supplie 293.344: * 300.545!

Smal-medium local new suppli | -191.65! 617.590

Tax credi -82.620° —294.61-




Local coupon ticke -622.51 *rx -904.22° *

Free ticke -351.51° -487.27.

Sample siz 776( 224(

Note: *** 1% significant level, ** 5% significantdvel, * 10% significant level, no *
insignificant

Both household groups revealed positive and sicamti WTP for solar energy. Households
who are conscious about energy saving had reveaigative and significant WTP for wind
power. Both household groups revealed negativeseymificant WTP for fuel cells and local
coupons.

6.2.7 Interest in appliances associated with renewke energy

Households were asked about their interest in appéis associated with renewable energy
such as solar panels, home micro-wind generatmage battery and fuel cells. Table 13 and 14
illustrates WTP of households which already hav@iapces, have an interest in appliances and
have a plan to purchase, have an interest in aygelsabut do not have a plan to purchase and
have an interest in appliances but cannot purothaseo the limitation of their residence. The
sample excludes households which are not interéstiebse appliances. Different results from
other analysis are obtained, in which WTP for resigle energy ratio is positive and significant.
Households who are interested in these applianggsost higher renewable energy ratio.

Table 13WTP: households who are interested in solar parelshome micro-wind generator.

Attributes Solar panels Home micro-wind
generator

Solar powe 357.984! *x 120.175

Wind powe -412.4. * -671.21: **

Fuel cell: -1144.8! el -1105.2: el

Renewable energy ra 14.2121. il 14.38591 *rx

Local new employme 8 Fhk 10.5438i rxk

Major new supplie 348.636- *rk 175.19:

Smal-medium local new suppli 105.090! 15%

Tax credi -164.43! -142.91:

Local coupon ticke -832.21. il -769.19¢ **

Free ticke -534.77: ** -355.17!

Sample siz 527( 340(

Note: *** 1% significant level, ** 5% significantdvel, * 10% significant level, no *
insignificant

Table 14WTP: Households who are interested in storagetyasind fuel cells.

Attributes Storage battery Fuel cells

Solar powe 246.166 138.166

Wind powe -345.7¢ ** -499.¢ *
Fuel cell: -921.78! *rx -971.46 *rx
Renewableenergy rati 16.1666 *rk 12.4666 *rk
Local new employme 9.71666 *rk 9.31666 *rk
Major new supplie 384.016 331.383: *
Small-medium local new supplier 207.95 -25.6

Tax credi -107.78: -361.03:

Local coupon ticke =759.4¢ *x -980.88: roxk
Free ticke —292.26° -515.93!
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| Sample siz | 461( | | 372( | |
Note: *** 1% significant level, ** 5% significantdvel, * 10% significant level, no *
insignificant

6.3 Discussion

Various estimations have been tested. All estimat@sults, including subsample analysis
gave negative significant coefficient of monthledticity bills. Regardless of individual social
attributes and perception of energy problems, Hualde prefer cheaper electricity. Generally,
to promote renewable energy, electricity generbtetenewable energy is used.

Regarding the estimation results of renewable gnsogrces, in general, the coefficient of
solar energy is positive and significant. A higpesitive WTP was observed. Households
prefer solar energy than biomass. However, in soousehold groups such as those living in
the Kansai area, solar power is not preferred.cadficient of fuel cells was negative and
significant among all household groups. Any housdhwith social attributes and perception of
energy problems do not choose electricity generayeftiel cells. Results of wind power were
obtained using subsample analysis. But result-doood gain positive and significant
coefficient. In general, wind power is not sigrafintly preferred than biomass. Solar energy is
familiar to Japanese households, but fuel cellsvéind power are not familiar to them and are
expensive to households. This explains why differesults are obtained. Generally, renewable
energy ratio was not significant. Electricity whigher renewable energy ratio is not preferred
for households. However, households which areésted in appliances related with renewable
energy prefer higher renewable energy ratio siheecbefficient was positive and significant.
Households who have less than thirteen years dldreh were expected to be altruistic and to
be interested in future environmental and energblems and positively highly evaluate
renewable energy, but expected results were natradd.

Many households are favorable for local new emplewyiafter renewable energy electric
power plants are built. Regarding the preferencadippliers who provide electricity generated
by renewable energy, in general, households tepdefer new major suppliers, but do not
prefer small-medium local new suppliers. In Altdivea 1, major existing suppliers use fossil
fuels. On the other hand, in Alternatives 2 anch&jor new suppliers use renewable energy.
Households who prefer renewable energy will chaogmpliers that use renewable energy even
if the suppliers are newcomers.

To analyze households’ response to monetary andnametary incentives, benefits that
households receive by participating in renewabkrgynprograms were considered. All
households prefer awards from local public orgaimaor name listed on a local government
web site to tax credit, which is a monetary incantHouseholds do not prefer local coupons
and free tickets of nature parks and environmensditutions. Households totally do not
respond to monetary incentives.

7. Conclusions and policy implications

This article examined the conditions in which reabie energy would be widely used and
what kind of renewable energy sources would bespred by Japanese households using the
conjoint analysis. Since the earthquake in Marchil2@uclear power plants have been shut
down; however, operations are planned to resumeeer, in the future, nuclear power plants
would be reduced due to decommissioning of pldris.use of fossil fuels should also be
reduced to avoid the global warming, although Jdgerelied on fossil fuels such as LNG
after the earthquake. Based on these reasonssehef tenewable energy such as solar power
should be encouraged in Japan than in other cesniflany studies have estimated individual
preferences for renewable energy. Some studienastil preference for higher total renewable
energy ratio, but not for individual renewable gyeiSome estimated preferences for individual
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renewable energy such as solar and wind power. Studées propose government energy
policy such as energy-mix and other studies exasnimdividual decision to participate in
renewable energy programs. Our study is linkeatted studies. Alternative 1 expresses the
current energy usage, in which households userigiécigenerated by fossil fuels. In
Alternative 2 and 3, they use electricity generdtgdenewable energy. The choice experiment
finds out the kind of renewable energy source,dddhs, suppliers, and benefits persuading
individuals to participate in renewable energy paogs.

From the estimation results, Japanese househajtiy/t@valuate solar power and do not
evaluate wind power and fuel cells. Especiallyythegatively evaluated fuel cells. Solar power
is familiar to people, while other renewable enesgyrces are not so familiar. That is why
households do have clear idea to use wind powefuwetaells. Fuel cells that do not emit the
green-house gases are classified as renewableyestarge. However, fuel cells are too
expensive, and households do not have any ideadage fuel cells as an energy source.
Hence, households express negative evaluationlg8lyniBae and Rishi (2018) in their study
on Korean households found that Koreans did ndepreind power and biomass but positively
evaluated solar power and fuel cells. In contrast,study showed a different result in fuel cells.
Renewable energy ratio was not significant. Evemgiin households who have children under
the age of thirteen are supposed to be altruisticiaterested in global warming and renewable
energy, the significant results were not obtained.

The coefficient of local new employment was gerdgnabsitive and significant. Households
hoped that renewable energy power plants wouldribute to new employment and economy.
Regarding the estimation results of suppliers névgable energy programs, households prefer
major new suppliers to major existing suppliers daaot prefer small-medium local new
suppliers. Kaenzig et al. (2013) showed that Gerhmarseholds highly evaluated local
suppliers. The results showed that households meefenajor suppliers to local ones. Since
Alternative 1 suppliers were major existing supglief fossil fuels, many households choose
new suppliers who use renewable energy to avosllfiosls.

Lastly, regarding benefits, households did noteai@ tax credit, local coupon tickets, and free
tickets obtained from environmental institutes aatonal parks in many estimation results
compared with award or their names listed on thih@local government web site. Households
do not respond to monetary incentives such asreditcand they prefer non-monetary
incentives such as awards or names listed on ta gmvernment website. The results conclude
that monetary incentives are not so needed to pmoewable energy. This study analyzed
the Japanese households’ preferences for renewmbtgy and the conditions in which they use
renewable energy. Since Japan has experienced#a¢ East Japan Earthquake in the recent
past, it is difficult to resume nuclear power ptafdr energy generation. Under these situations,
the use of renewable energy is the only solution.
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