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Abstract

Aftermath the great East Japan earthquake on MEktth 2011, nuclear power plants
ceased operations. We depended on fossil fuels thkeearthquake. However, fossil
fuels increase greenhouse gases emissions. Weotleedenergy sources in place of
nuclear power and fossil fuels. Thus, we specifjdalcus on renewable energy such as
solar and wind power as an alternative energy souvife estimate households’
preferences for energy sources by conjoint analgsis calculate willingness to pay
(WTP) after estimation by random parameter logitdelo We find that households
negatively evaluate nuclear power, while positivelyaluate renewable energy both
solar and wind power. Further, the stability ofcéleity supply is highly evaluated.
Their preferences are different across their sdeimographic attributes and
perceptions for energy problems. We proposed oturduenergy supply after the
earthquake and the deregulation from our results.
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What isthe most desirable energy sourcein Japan after the
earthquake and the deregulation: suggestions through conjoint
analysis?

1. Introduction

Aftermath the great East Japan earthquake in Maedi, Japan has faced drastic

energy and environmental changes and many probléfter the earthquake, the
Fukushima nuclear facility ceased operation duednous accidents. Other nuclear
power plants in Japan also stopped operation anel sudbjected to inspections. Though
the Sendai nuclear power plant of Kyushu electmevgr company recommenced
operations in 2015, other nuclear power plants ima\een operated yet. We urgently
should promote alternative energy sources in platenuclear power. Since the
earthquake, we Japanese have relied on fossil $uels as natural gas (LNG), oil and
coal, importing more fossil fuels. However, fuelicges are too volatiie and too
vulnerable to exchange rate dynamics. Higher castsshifted to electricity bill that
households pay. Moreover, fossil fuels emit glopedenhouse gases (GHG) such as
COo.

After the earthquake, people who live in Kantoaamround Tokyo experienced
planned outages because nuclear power plants inshirka had ceased operations.
Electricity shortage is another serious problem. kéve been requested to save
electricity usage when electricity demand hitggsk in the summer and winter in case
of a sudden outage.

Climate change is also one of the serious prohlékfter the earthquake, we have
relied on fossil fuels which emit CQOIt is difficult to reduce C@®emissions despite the
promise of the 1997 Kyoto Protocol to other cowstrin the world. Japan agreed to
reduce the emissions of greenhouse gases by 6% Z08@ to 2012, compared to a
1990 baseline.

Renewable energy such as solar and wind power gli@upromoted as an alternative
energy in place of nuclear and fossil fuels to ced@CQ emissions. In July 2012, the
Japanese government introduced a feed-in-taritesydo promote renewable energy.
All companies which generate electricity by reneleadnergy can sell their electricity

2 This study was aided by research funding from @sa&s Co. Ltd.



to nine major electric power comparie$hese major electric power companies are
required to purchase electricity from these comgmnHowever, the bid prices are
relatively high, particularly solar power tariffEhese high bid prices are then shifted to
households via electricity bill. The bid price @la power as an example is around 20
Japanese Yen (JPY) per 1kWh in 2018 fiscal year

The Japanese government designs the energy plan thieodesirable composition of
energy sources that we call “best-mix” for the disgear 2030. The share of nuclear
power will be raised to around 20-22% assuming earcbower plants recommence
operations. This share was only 1% the fiscal year 2013. The share was 30% in
December 2010 before the earthquake. While theesbfarenewable energy such as
solar and wind power will be raised to around 22424rom 11% in the fiscal year
2013. The share of fossil fuels such as coal, L&, oil will be reduced to 56%, from
87% in 2013.

The deregulation of electricity and gas retailesals also an important topic. The
deregulation started in 2000. In April 2016, theedilation of electricity retail sales for
general households started. In April 2017, the gldegion of gas retail sales for general
households started. Now, all consumers can purckéssricity and gas from all
suppliers including new entrants. Some suppliersvide electricity and gas by
discounted prices if households purchase elegtriaitd gas or telecommunication
services at the same supplier.

The environment surrounding energy in Japan leas lthanging dramatically since
the Fukushima disaster. We should discuss our duemergy sources. | estimate
Japanese households' preferences for energy sooycesnjoint analysis. From the
households' preferences in terms of willingnespdy (WTP), we discuss the most
desirable energy sources and composition as a dsg@amergy policy. Especially, |
focus on the preferences for renewable energy eswsach as solar and wind power
and nuclear power. If their WTP for renewable ewespurces is positive and
substantially large, the policy to promote renewadrtergy is supported and this means
that households accept a little higher priced algtt if it is generated by renewable
energy sources. If their WTP for nuclear poweragative and substantially large, we
should abolish nuclear power plants. After the delaion, new suppliers with their

% In Japan there are nine major electric power congsaHokkaido, Tohoku, Tokyo, Chubu,
Hokuriku, Kansai, Chugoku, Shikoku and Kyushu eleqgiower companies. These companies have
monopoly power in their own operation area.

4 The Agency for Natural Resources and Energy invtiméstry of Economy, Trade and Industry

5 These shares are from the Agency for Natural Resources and Energy in tiredity of

Economy, Trade and Industry.



own services and energy sources start their businédfiouseholds highly evaluate
renewable energy, suppliers will start to provideceicity generated by renewable
energy, and such households might purchase eigctfimm such suppliers. If
households show negative evaluation for nucleargpptiey won't purchase electricity
from suppliers which use nuclear power for elettirigeneration, and suppliers will be
forced to cease to use nuclear power. The questienwas surveyed in August 2014
when three years had passed and before the deregufar general households.
Accordingly, this study could provide useful suggess for future energy policies from
the viewpoint of consumer preferences.

This paper consists of the following sections. dection 2, related studies are
introduced. In section 3, conjoint analysis is exped. In section 4, econometric
methods are elaborated upon. In section 5, esbmaésults are delineated. Finally, in
section 6, we conclude, with a focus on the polmoplications emanating from this
study.

2. Related literature

| estimate Japanese households’ preferences éogyesources with some attributes by
conjoint analysis. Especially, | focus on the prefees for renewable energy sources
such as solar and wind power which are the promisiture energy sources after the
earthquake. In this section, | survey related si@dbout this topic. Firstly, | introduce
studies after the earthquake in Japan.

Morita and Managi (2015) estimated the prefererfloe€nergy sources, particularly
renewable energy sources, after the earthquakeobjint analysis. They estimated
WTP for each energy source and suggest policy aafdins vis-a-vis the energy mix of
the Japanese government. They obtained negative WiTRwclear power, while
positive WTP for renewable energy which includelsusand wind power. Murakami et
al. (2015) estimated the WTP for renewable andeaxratnergy among US and Japanese
consumers. They used conjoint analysis. They fahatl consumers in both countries
showed negative WTP for nuclear power and posititi® for renewable energy. They
included solar, wind, biomass and geothermal aswable energy sources and used the
ratio of renewable energy. lda, Takemura, and $28d5) found conflicts between
nuclear power and electricity prices in Japan wleteade-off can occur between low
prices with nuclear or high prices without it byngmnt analysis. However, these studies
didn’t mention the energy market after the dereguta

Roe et al. (2001) is one of the first studies alwpaferences for renewable energy.



They estimated WTP for renewable energy sourceb sgcsolar and wind power
among consumers in the US. They used hedonic asayd the price premium as its
dependent variable. They found that consumers welteng to pay for renewable
energy and reduction of global greenhouse gasds a&s1dcCQ. Bordhers, Duke, and
Parsons (2007) also estimated WTP for renewableggrn@mong consumers. They
adopted conjoint analysis and nested logit modelefstimation. At the first stage
consumers choose to join a green program or ndhésecond stage consumers choose
the best program among several green options. ats®y obtained positive WTP for
renewable energy and consumers preferred solarrpinae other sources. Scarpa and
Willis (2010) referred to appliances related wigmewable energy. They estimated the
preferences of UK households for renewable enesphniblogies using conjoint
analysis. They found that households representgd WTP for micro generation
technologies such as solar photovoltaic, micro-vand so on. However, the value was
not so large to cover the higher initial costs. @wenmd Rehdanz (2015) estimated the
WTP for renewable energy and analyzed the factbishwdetermined consumers’ WTP
for renewable energy by a meta-regression analyeye the WTP is the dependent
variable. They found many factors which explaineel differences in evaluation among
each renewable energy. Yoo and Ready (2014) estimatriations in preferences for
each renewable energy by using random parametigrnhmglel. They found variations
in preferences for solar power.

Sometimes electricity generated by renewable ensrgystable. For households the
stability of electricity supply is necessary eveaough they prefer renewable energy. |
mention the stability of electricity supply and alsstimate the preferences for the
stability. Some papers estimated the preferencabéostability and the cost of outages.
Ozbafli and Jenkins (2015) estimated householdsPWadr an improved electricity
service by contingent valuation (CV) in North Cypr®n the other hand, Ozbafli and
Jenkins (2016) used conjoint analysis. Both pafmansd that households would accept
higher monthly electricity bill to avoid the codt autages. Kim, Nam, and Cho (2015)
estimated households’” WTP by contingent valuati@V)(in South Korea. They
obtained positive cost of outages from both an noanced and announced outages.
However, they didn’t mention the relation with rerable energy.

Compared with previous studies, | estimate housishpreferences for energy sources
in Japan after they have experienceduaprecedented disaster. As such, this study
could provide useful insights vis-a-vis energy i@ in countries which frequently
experience massive natural disasters. Moreoverpcud on the deregulatioof
electricity and gas retail sales for general hoakkh After the earthquake and



deregulation, we Japanese should discuss our eseugges and its supply system.
3. Conjoint analysis

In this paper, Japanese households’ preferencesnrgy sources are estimated by
conjoint analysi& Conjoint analysis is one of the stated preferene¢hods (SPM) to
analyze the individual choice for several altenedi under future and hypothetical
conditions. Individual preferences can be estim&tedcypothetical goods or services
which have several attributes, and we can evaleatd attribute by WTP. We present
some alternatives and respondents choose oneaiterof the hypothetical goods or
services. In this paper, three alternatives aregmted to households and they choose
the most preferred one. Sometimes, the goods vicesrhaven'’t yet prevailed, and this
method is often used in marketing research. | aealyouseholds’ preferences for
electricity or suppliers which have hypotheticaribtites such as monthly electricity
bill, and the levels of these attributes changecdnjoint analysis, profiles of goods or
services which have several attributes are predetaterespondents. The researcher
decides the number of attributes and their lev@lsake profiles. A profile which has
only few attributes may not be realistic, whereasddile which has too many attributes
makes it difficult for participants to choose among options. In general, five or
six attributes are suitable. After attributes ameirtlevels are selected, their profiles are
completed. However, if all the combinations of iatites and levels are adopted, the
patterns are too large and cause strong correlagtwmeen some attributes, what we call,
multicollinearity. To avoid these problems, prafil@re created by the orthogonal
planning method. From various cards that we obtfaiough the orthogonal planning
method, selecting cards and their combinationsfilpso are made after deleting
unrealistic and dominant cards. | us&@SS conjoint version 17.0 for the orthogonal
planning.

Contingent Valuation Method (CVM) is another popudtated preference method, but
it isn't a choice experiment. CVM can be used taleate users’ valuation of
non-marketable targets such as forests and beaCMg. evaluates the value of one
target and doesn’t evaluate the value of eacltbatgi

Households choose one electricity provided by kattec power company. The

6 Louviere, Hensher, and Swait (2000), Kuriyama 8hdji (2005), Tsuge, Kuriyama, and Mitani
(2011), and Kuriyama, Tsuge, and Shoji (2013) aeferred for conjoint analysidlakajima, Ida, and
Kinoshita (2006) is one of the studies about enengyket which use conjoint analysis. They

estimate Japanese households’ preferences foriellycand gas under their intense competition.



electricity has several attributes such as supjalglty and CQ emissions and is
generated by some energy sources. Goett, Hudsah, Temn (2000) examined
customers' choice for retail energy suppliers bgj@at analysis. They included the
ratio of renewable energy as an attribute of ensigpliers as well as other attributes
such as a fixed price. The following three altekest were presented to respondents.

Alternative 1: Electricity provided by an electppower company which has nuclear
power plants. The electricity is generated by rarclgower and fossil fuels such as
LNG, oil and coal.

Alternative 2: Electricity is generated by fosailefs such as LNG, oil and coal and
renewable energy through a feed-in-tariff systeime €lectric power companies don't
use nuclear power because all nuclear power ptaetst operated. The electric power
companies purchase electricity from other supplietsch generate electricity by
renewable energy through a feed-in-tariff systeoh sall the electricity to households.
Alternative 3: Electricity provided by an electpower company including new entrants
which doesn’'t have any nuclear power plants. Tketgtity is generated by renewable
energy or fossil fuels.

Alternative 1 assumes that households purchasetdrieity from an electric power
company before the earthquake in March 2011. Thkeans that nuclear power plants
resume operations and electricity generated byeancpower and fossil fuels is
provided. Alternative 2 assumes that householdshase electricity from a currént
electric power companies after the earthquake. éduicpower plants don’'t resume
operations, and electricity generated by fossilsftand renewable energy through a
feed-in-tariff system is provided. Alternative 3sames that households purchase
electricity from an electric power company in tleure after the deregulation. Nuclear
power plants don’t resume operations, and elettrigenerated by fossil fuels and
renewable energy is provided.

The attributes and the levels of each alternatreeas follows.

1. Monthly electricity bill:

Monthly electricity bill will change compared wittihe current bill. The levels are
—-2000, -1500, -1000, -500, 0 (unchanged), +500081©1500, and +2000 JPY. The
electricity bill might be cheaper when householdschase electricity from the nine

7 The questionnaire was surveyed in August 2014.



major electric power companies since nuclear powkmts resume operation.
Sometimes the electricity bill might be higher whbka electricity is generated by fossil
fuels through rising fuel prices. The electricityl might be higher when the electricity
is generated by renewable energy due to the feéakih system. When households
purchase electricity from a new coming suppliethsas a telecommunications company,
they might purchase electricity at discounted iterough simultaneous purchases
with telephone, internet, or CATV.

2. CO emissions:

COz emissions will change in 2030 compared to 2014 [Evels are —20%, —10%,
0% (unchanged), +10%, and +20%. When nuclear pplaats resume operation, €0
emissions will decrease. When fossil fuels are u€#té emissions usually increase.
When renewable energy is used,&missions will decrease.

3. Electricity-supply stability:

When nuclear power is used, electricity will bepglied constantly without
interruptions and outages. When the electricitygenerated by fossil fuels, the
electricity might not be supplied constantly dueplanned outages from electricity
shortages. In that case, nuclear power plants dgp®tate. When renewable energy is
used, sometimes electricity supply might not bélstdue to weather conditions. When
electricity is constantly supplied, outages wilk @appen in a year. When electricity is
not constantly supplied, short-term outages mayéag few times a year or the lights
in the houses become dimmer. A dummy variable eésl.us equals 1 when electricity is
constantly supplied, and 0 otherwise.

4. Energy sources:

When the electric power companies generate atédgtriney use nuclear power, fossil
fuels, solar power, or wind power as energy soulash energy source is just the main
energy source which has the highest ratio in et#gtigeneration. A dummy variable is
used for each energy source where fossil fueltharbase category.

In Table 1, the levels of each attribute are sunred.

Table 1 The levels of each attribute

Attribute Level

Monthly electricity| —2000, —1500, —1000, -500, 0 (unchanged), +50008,161500,
bill (JPY) and +2000

COzemissions -20%, —10%, 0% (unchanged), +10%, an#ot+20
Stability Yes (1), No (0)
Energy source nuclear power, fossil fuels, solavgygpand wind power




Through the orthogonal planning method, | madeil@®gfter deleting unrealistic and
dominant cards. One of the examples of unrealcstids is that Cg&emissions increase
even though nuclear power or renewable energy ésl.u®ne of the examples of
dominant cards is that electricity bill is very elpeeven though renewable energy is
used.

Table 2 is an example of profile. Households answigh respect to eight choice
questions like this profile where the levels chan@brough a pretest, we identify
problems with the questionnaire and correct prefie@ maximize understanding and
minimize ambiguity for respondents. In the questaire, | gave some information
about energy problems for respondents to understengurpose of the questionnaire.
The information is about energy shortage afterettsthquake, the global warming, the
feed-in-tariff system and the deregulation of eleity retail sales.

Table 2 Example of profile

Attribute Alternative 1 Alternative 2 Alternative 3
Monthly Electricity bill (JPY) —2000 1000 ~1000
CQOz emissions -10% 10% -20%
Stability Yes No No
Energy source Nuclear power Fossil fuels Solar power

The sample was collected via a web-based questi@rutilizing the services of the
Rakuten Research company. The sample size is 2&kholds in Kanfb and Kansdi
area, thus 500 households in total. These two aeashe two biggest city areas in
Japan. Households in Kanto area purchase elegtricim Tokyo electric power
company (TEPCO) which has some nuclear power pldrtte Fukushima nuclear
facility is one of them. They experienced plannaatages after the earthquake.
Households in Kansai area purchase electricity fiCansai electric power company
(KEPCO) which has also some nuclear power plarfteyTdidn’t experience planned
outages but were requested to save electricityeubagause the nuclear power plants
stopped operation. Before the earthquake, TEPCOK&RICO heavily depended on

8 Kanto area is in East Japan around Tokyo. It oiesuSaitama, Chiba, Tokyo and Kanagawa
prefectures.

® Kansai area is in West Japan around Osaka. lidesl Shiga, Kyoto, Osaka, Nara, Hyogo and
Wakayama prefectures.
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nuclear power. The ratio of nuclear power was 2@%EPCO and 44% in KEPCO in
2010. The perceptions of households in Kanto antsKiaarea for energy sources might
have changed after the earthquake. The sample ollasted in August 2014. Table 3
presents the socio-demographic attributes of haldshn the sample. The percentages
of unemployed in occupation and less than 2 milli?Y in household income are
larger, caused by housewives and retirees. In adlieibutes, the percentages are
reasonable in urban area.

Table 3 Socio-demographic attributes

Number| %
Total 500 100
Occupation Employed 243 63.2
Unemployed ( including housewives and 137 27.4
retirees)
other 47 9.4
Annual Less than 2 159 31.8
household 2-3.99 116 23.2
income 4-5.99 87 17.4
(million 6-7.99 63 12.6
JPY) 8-9.99 36 7.2
More than 10 39 7.8
Education Junior high school and high school 122 4.42
Technical school and junior college 119 23.8
University and graduate school 255 51
Family Single 91 18.2
composition | Couple 131 26.2
Husband and wife (parents) and children 225 45
Two households 26 5.2
Residential | Detached house (including two househpl@®48 49.6
type houses)
Collective house (condominium, apartment241 48.2
housing complex etc.)
Company housing, dormitory housing etc. 11 2.2
Area Kanto 250 50
Kansai 250 50
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Sex Male 296 59.2
Female 204 40.8
Age (years)| Average 47.45
Min 21
Max 69

In the questionnaire, | surveyed households’ opisi@nd perceptions of energy
problems. 77.8% households feel that electricity bas become higher after the
earthquake. 74.6% save electricity usage afteedinthquake. 78.4% think they should
reduce global greenhouse gases and only 6% thaykdbn’t need to reduce these gases.
35.4% think nuclear power plants should be abotlish83.6% think Japanese
government should operate nuclear power plant2%&llow current electric power
companies to operate nuclear power plants. Aboatféed-in-tariff system for the
promotion of renewable energy, 25.4% think thefftasi higher and 20.8% think it is
fair. However, 44.4% don’'t have proper knowledgel amformation to evaluate the
tariff. On the best future energy source, 34.4%Mkhsolar power is the best energy
source. On the other hand, only 16.2% think nugbeaver is the best energy source.
13.2% think LNG is the best energy source. | alsveyed households’ opinions about
the deregulation of electricity retail sales. 77.@swered that they had a little
information about the deregulation. They think lovetectricity bill, the stability of
electric power supply, and suppliers which donitdhauclear power plants are essential
when they choose suppliers.

4. Econometric analysis

In a choice experiment the dependent variableigsrete. To estimate this choice
model, we, thus, need to employ a discrete chaioa@metric model. The conditional
logit model is a popular choice model in this cahtdHowever, this model assumes
Independent and Identical Distribution (IID) andsttassumption derives from the
Independence of Irrelevant Alternatives(llA). Tlissumption is restricted and easily
violated in many cases. Consequently, we use aomarghrameter logit model (mixed
logit model). This model allows the random variatiof individual preferences,
unrestricted substitution patterns and correlaticunobserved factors over time.

The random parameter logit model assumes thatmaemeter has a distribution. The
utility is specified as:

12



1 ’
Unj = an +:8nan + Sn]'

This function specifies that individual n choosd#ernative j.a IS a non-random
parameter and_is a random parameter which represents the preferefi each
individual and varies over individuals. In this pagonstant terms and the parameter of
electricity bill which is a price parameter are frandom parameters,; is a variable
vector which includes monthly electricity bill. Qine other hand, the parameters of.CO
emissions, the stability of electricity supply agkergy sources are random parameters.
zy; Is a variable vector which includes €@missions, electricity-supply stability, and
energy sourcesey; is a random error term and has an IID extremeevalu

The probability conditional o8 is

exp (BnXni)
2.j exp(By xnj)

Ly, (.Bn) =

The random parameter logit probability is

exp (B ) >
Pni= d
f (Zjexp(ﬁ,xnj) F(BYdB

This probability is the unconditional choice prbli#y calculated as the integral of

Lni(B,) overall B_.
We should assume the distribution ©f. Usually we assume normal, lognormal

triangular distribution etc. In this paper, themat distribution is assumed.
We use simulation methods for estimation. The &ibed probability is

R
_ 1
B, = Ez Lni(ﬁr)
r=1

R is the number of draws. This simulated probgbi§ an unbiased estimator &f;.
The simulated log likelihood is

N ]
SSL=)" " dyyInF,
n=1j=1
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dnj is an indicator. It equals 1 if individual n chessalternative j, else 0. We maximize
SSL to capture the maximum simulated likelihoodnestor. We use 100 times Halton
draws for simulation (Train, 2003, pl138-154; Hemsheose, and Greene, 2005,
p605-694). For estimation we use Limdep NLOGIT 5.

After estimation, the WTP for each attribute irtthg each energy source is calculated.
If the utility function is linear, it is expresseg:

! ’
an = Qa xnj + ﬁnan

Vy; is the deterministic term of the utility functiofihe total differentiation of thévy;
formula is:

dv. -—%dx -+%dz .
n] _axnj n aznj m

Now we obtain the WTP ofiavhich is one of the attributes, such as solar polivethe
utility level does not changelY,; = 0) and other variables, except are unchanged,
we can obtain the marginal WTP (MWTP) as follows:

OV,
_ (')anl

MWTP = OV,

axnjm

Xm IS @ monetary variable such as a price. We cam wlte MWTP by invoking
parameters as follows:

MWTP = —ﬂi/ﬁ

B, is the coefficient of each attribute afig denotes a monetary coefficient such as an
electricity bill. We can obtain WTP by dividing tlemefficient of each attribute by a
monetary coefficient.

5. Estimation results

14



5.1 Estimation results of random parameter logit model

In this section, | analyze the estimation resultsaadom parameter logit model. Table

4 shows the number of choices and the ratio ofog%oi

Table 4 Choice probability

Number| Ratio
Alternative 1 1187 0.297
Alternative 2 1167 0.292
Alternative 3 | 1646 0.412

Alternative 3 is the most popular. Households greflectricity provided by electric
power companies which don’t use nuclear power artkate electricity by renewable

energy and fo

Table 5 illustrates the estimation results of rangm@mrameter logit model.

ssil fuels.

Table 5 Estimation results

Variable Coefficient Standard| z value | p value
Error
Random parameters (mean)
CO -0.03875 | 0.00569 -6.81 0
Stability 0.4898 0.13376| 3.66 0.0003
Nuclear -3.51017 | 0.30989 -11.33 0
Solar 0.94739 0.15276 6.2 0
Wind 0.40923 0.09601| 4.26 0
Non-random parameters
Electricity bill | -0.00067 | 4.87E-05-13.78 | O
Constant 1 0.85603 0.11824 7.24 0
Constant 2 0.03223 0.06465 0.5 0.618
Standard deviation
CO 0.05174 0.00587| 8.81 0
Stability 1.84827 0.13921] 13.28 0
Nuclear 4.878 0.36084 13.52 0
Solar 1.47681 0.13304 11.1 0
wind 0.28513 0.18274, 1.56 0.1187
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Log likelihood —3297.20787
McFadden R 0.24969

The coefficient of electricity bill has a negatisign and is significant at the 1% level.
If the electricity bill is lower, households choabe alternative. The coefficient of GO
emissions has a negative sign and is significanthat1% level. If C@ emissions
decrease, households choose the alternative. Tk#ictent associated with the
electricity-supply stability has a positive signdais significant at the 1% significance
level. If electricity is constantly supplied withbwutages, households choose the
alternative. Next, the estimation results of enespurces are explained. Dummy
variables for each energy source have been usetevidssil fuels are the base category.
The coefficient of nuclear power has a negativa sigd is significant at the 1% level. If
the electricity is generated by nuclear power iacpl of fossil fuels, households don't
choose the alternative. On the other hand, thdicmeft of renewable energy both solar
and wind power has a positive sign and is sigmificd the 1% level. If the electricity is
generated by renewable energy in place of foss#lsfuhouseholds choose the
alternative. From the estimation results, househplefer the electricity which is lower
monthly electricity bill, reduces Gmissions, is constantly supplied, and is genérate
by renewable energy, not by nuclear power.

52WTP
WTP for each attribute is calculated. WTP is atedi by dividing the parameter of
each attribute by the parameter of monthly eletyrioill which is a price parameter.

Table 6 shows the WTP for each attribute.

Table 6 WTP

Variable | WTP (JPY)

CO -57.84

Stability | 731.04

Nuclear | -5239.06

Solar 1414.01

wind 610.79

WTP for a stable electricity supply is 731.04. $hhouseholds will pay an additional
731.04 JPY per month for a stable electricity supplouseholds highly evaluate a

16



stable electricity supply. WTP for G@missions is —=57.84. Thus, if the electricity sl
cheaper by 57.84 JPY, households will allow to ease C®@ emissions. WTP for
nuclear, solar and wind power is -5239.06, 141441 610.79 respectively.
Households will, thus, pay an additional 1414.0Y pEr month for solar power and an
additional 610.79 JPY per month for wind power. Bieholds therefore highly evaluate
renewable energy sources. On the other hand, holdsehegatively evaluate nuclear
power. Households will only satisfice with nuclepower if the electricity bill is
cheaper by 5239.06 JPY per month.

5.3 Subsample analysis

| divide the sample into subsamples by househalosio-demographic attributes and
their perceptions of energy problems. | comparéer METPs between the subsamples
and test the differences of their preferences kectecity or suppliers by the test for
parameter differences to quantify the extent toclwipreferences are heterogeneous. If
preferences are indeed different, households in téh® groups make contrasting
preferences for electricity. We test the differenty the likelihood test and use the
following test statistic.

—2[LL(A+B)-(LL(A)+LL(B))]

LL(A+B) is the log likelihood which is obtainedtef estimation by pooling data of
two subsamples. LL(A) and LL(B) are the log likeldd which is obtained after
estimation by each subsample. The null hypothesihat preferences or parameters
between two subsamples are equal. The alternagipettesis is that preferences or
parameters are not equal. The test statistic isaqumared distributed with degrees of
freedom equal to the number of parameters. Theariwalue for the 5% significance
level is 22.362 and for 1% it is 27.688 for 13 axy of freedom.

Table 7 is the list of subsamples. | divided thengle into two subsamples to balance
the sample size in two subsamples.

Table 7 List of subsamples

Attributes Subsamples Definition Sample
size
Household Low income Under 4 million JPY 275
income High income More than 4 million JPY 225
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Family Small family Single and couple family 222
composition Big family Married parents and unmarried childier278
family, and more than two adult
generations family
Residential Detached Detached house (two household house248
type house are included)
Collective Condominium, apartment, housing252
house complex and a company and dormitory
housing
Living area Kanto Households who live in Kanto area | 250
Kansai Households who live in Kansai area 250
Age Young age Less than 46 years old (average) 255
Old age More than 47 years old 245
Perception of High bill Households who think electricity bill is 389
electricity bill higher after the earthquake
Low hill Households who don't think electricity 111
bill is higher after the earthquake
Perception of Save Households who save electricity usag&’/3
energy-saving after the earthquake
Not save Households who don't save electricit§27
usage after the earthquake
Knowledge Knowledge Households who have knowledge an2i18
of the interest of the deregulation
deregulation No Households who don't have knowledge282
knowledge and interest of the deregulation
Table 8 illustrates the WTP and the test statistidbe parameter differences test.
Table 8 WTP and the likelihood test
Variables High income Low income Big family Smadhifily
CO -51.71 -58.60 -44.32 -71.52
Stability 790.94 819.28 727.29 867.91
Nuclear -5942.52 -4796.29 -4618.35 -5701.27
Solar 1310.06 1513.80 1656.24 1170.55
Wind 512.36 737.20 646.57 554.02
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Test statistic| 6.25 same 10.76 same
Variables Detached house  Collective house Kanto siian
CO -43.76 -73.88 -66.15 -48.49
Stability 920.31 608.18 663.18 928.51
Nuclear -4414.05 -5643.20 -5135.20 -5306.70
Solar 1494.22 1433.49 1405.86 1272.80
Wind 759.33 486.02 640.46 595.51
Test statistic| 16.38 same 0.40 same
Variables Young age Old age High bill Low bill
CO. -47.73 -71.89 -53.39 -88.76
Stability 613.13 939.95 807.64 1825.33
Nuclear -4312.97 -7522.63 -4846.89 -7881.19
Solar 1336.69 1527.53 1136.15 4020.86
Wind 562.11 649.73 430.52 3346.86
Test statistic| 49.43 different 110.83 different
Variables Save Not save Knowledge No knowledge
CO -55.52 -56.73 -45.59 -62.60
Stability 766.89 1053.15 753.37 841.83
Nuclear -4899.21 -4334.95 -5320.68 -5416.95
Solar 1701.07 599.35 1764.47 1095.84
Wind 645.29 636.18 711.08 539.44
Test statistic| 40.02 different 34.17 different

Households of lower income, bigger family, detacledise, Kanto, and older age
more highly evaluate renewable energy. And, houssheho don't think electricity bill
become higher after the earthquake, save morerielgcusage, and have knowledge
and interest of the deregulation also more highigleate renewable energy. In the
future, renewable energy will become popular amtmgm. Households of higher
income, smaller family, collective house, Kansand aolder age more negatively
evaluate nuclear power. Households who don't tlelieictricity bill become higher after
the earthquake, save more electricity usage, anut deave knowledge of the
deregulation also more negatively evaluate nuclpawer. In all subsamples,
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households show negative WTP, and it will be difico resume operations in the
future.

From the test statistics, we don’t observe thestiifices of preferences for electricity
or suppliers between two subsamples in househatdme, family composition,
residential type, and living area. However, we obséhe differences between younger
and older generation. When households’ perceptidn etectricity bill and
electricity-saving and knowledge of the deregulatare different, the differences of
preferences for electricity or suppliers are alé@Ent.

6. Conclusions and Policy Implications

| estimate preferences of Japanese householdséwgy sources by conjoint analysis
and calculate WTP for each energy source and atiebutes of electricity. Japanese
households show negative WTP for nuclear powertt@nother hand, their WTP for
renewable energy sources such as solar and windrpswubstantially positive. Further,
their WTP for a stable electricity supply is posti Japanese households positively
evaluate renewable energy and electricity-suppbbibty but negatively evaluate
nuclear power. From this study, we can supportcgahterventions to reduce the share
of nuclear power and promote renewable energy. étmlds will pay higher electricity
bill if the electricity is generated by renewableesgy. Households will accept nuclear
power if the electricity bill is much lower. Thidusly may support the feed-in-tariff
system to promote renewable energy because hodselasicept higher priced
electricity if the electricity is generated by rerable energy. If the stability of
electricity supply associated with renewable enesgynproved, renewable energy will
become widely used. Households’ attributes and gmtian are also important for
suppliers to sell electricity and for our futuresegy policy.

After the great East Japan earthquake in Marcli 20dclear power operations have
been largely suspended. Fossil fuels are alsocdiffito be used because of climate
change concerns and rising fuel costs. Renewalglgygsuch as solar and wind power
Is expected to prevail as future energy sources.

Various suppliers have started to provide eletyriafter the deregulation in April
2016. Some suppliers don't possess any nuclear mp@hants and will provide
electricity generated by renewable energy as a maargy source. Some households
who object to nuclear power will purchase eledyi¢drom such suppliers. This study
provides some useful energy policies in Japan andhtdes where big earthquakes
often happen.
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