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Abstract

Aftermath the great East Japan earthquake on MHItth 2011, nuclear power plants
ceased operations. We need other energy sourcesmdnef nuclear power. Thermal
power sources such as oil and coal increase emgs3b greenhouse gases which
compromises their viability and acceptability. Thimere, we specifically focus on

renewable energy sources such as solar and wincerpdie estimate household
preferences for energy sources by conjoint analgsid calculate willingness to pay
(WTP) after estimation by a random parameter lagitdel. We find that households
negatively value nuclear power, while positivelyluwea renewable energy sources.
Further, the stability of electricity supply is uadd highly. We posit a future,

post-earthquake, post-deregulation electricity suppstem.
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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 also stopped operation and were dgjeio inspections. Though the
Kyushu electric power company’s Sendai nuclear pgient recommenced operations
in 2015, the bulk of the country’s nuclear poweantt remain out of action. We
urgently need alternative energy sources insteadiciear power. Since the earthquake,
Japan has relied on thermal power generated byatagas (LNG), importing more
LNG as a consequence. However, the price of LNtBasvolatile and too vulnerable to
exchange rate dynamics. Higher costs thereof dftedho households via tariff rates.

After the earthquake, people who live in the Kaatea around Tokyo experienced
planned outages because nuclear power plants haskedeoperations. Electricity
shortages are particularly pertinent in the contéxpeak demand in the summer and
winter. We have been requested to save electrsiyin case of a sudden outage.

Climate change is another serious problem whictlaarly relevant in this context.
Relying on thermal power begets emissions of greesd gases such as £Qapan
faces difficulties in reducing COemissions in spite of the promise of the Kyoto
Protocol to other countries in the world. Renewadaergy sources such as solar and
wind power are needed instead of nuclear and tHepmaer. However, renewable
energy sources have not prevailed as principalggrewurces even though many solar
panels have been constructed and fitted. In July22@he Japanese government
introduced a feed-in-tariff system to promote reabl® energy sources. Many
companies construct solar panels and sell elagtriciowever, tariffs offered by the
existing major electric power companies are reédyishighly priced, particularly solar
power tariffs.

The deregulation of the electric power industryyick started in 2000, is also an
important and pertinent topic. Consumers can pwehaectricity from all electric
power companies including newcomers and electrizgpacompanies based in other
areas, as well as the electric power company im #rea. At the beginning, the target
was only large demand consumers. After 2003, tlgetavas gradually expanded to
encompass smaller demand consumers. At last, frpnil 2016, all households can
now purchase electricity from any company includingw companies from other
industries such as telecommunication. Deregulatibnhe gas industry will start in
April 2017.



The environment around energy markets and eneogyces has been changing
dramatically in Japan, not least since the Fukuahaisaster. To explore and quantify
this it is pertinent to estimate households' pexfees for energy sources and discuss
energy policies which accord with those preferente®rder to estimate households'
preferences, we adopt conjoint analysis. We foecupreferences for nuclear power and
renewable energy sources such as solar and wine@rpdve evaluate preferences in
terms of willingness to pay (WTP). If WTP for rerale energy sources is positive and
substantial and WTP for nuclear power is small @gative, this provides support for
policy interventions that reduce the share of rarclgower and promote renewable
energy sources. Some households would purchasti@tgcgenerated by renewable
energy sources even if the electricity tariff rat@s higher. Given that deregulation was
fully completed in April 2016, there is now goodope for providers to generate
electricity using renewable energy sources. Acemlgj this study could provide useful
insights into future energy policies from the viewyg of consumer preferences.

This paper consists of the following sectionsséttion 2, energy and environmental
problems in the Japanese context are presentededtion 3, related studies are
introduced. In section 4, the conjoint analysis hrodblogy is explained. In section 5,
econometric methods are elaborated upon. In se6tiestimation results are delineated.
Finally, in section 7, we conclude, with a focustbe policy implications emanating
from this study.

2. Energy and environmental problemsin Japan

We have many energy problems in Japan, includipplg-demand mismatch issues.
In terms of climate change, through the 1997 Ky@rtotocol, Japan agreed to reduce its
emissions of greenhouse gases by 6% from 200818, 2Z@mpared to a 1990 baseline.
However the total amount of greenhouse gases ladased to 10 billion 343 million
tons; this represents a 6.9% increase comparedaviglis at the 2010 fiscal yéaiThis
increase was caused by electricity generated uss®il fuels such as natural gas, coal,
and oil.

Since July 2012, the feed-in-tariff system hastasthto promote renewable energy
sources such as solar and wind power. The prewvalehenewable energy sources has
the potential to reduce emissions of greenhousesgasl companies which generate

3 "The white paper on energy usage in 2013"(20kHfthe Agency for Natural Resources and
Energy in the Ministry of Economy, Trade and Indyst



electricity by renewable energy sources can setitatity to nine major electric power
companies, including the Kansai electric power canyh The major electric power
companies are required to purchase electricity fioese companies. However, the bid
price associated with these nine major electric ggoeompanies is relatively high.
Importantly, these high prices are then shiftethdaseholds via electricity tariff rates.
The bid price was over 650 JPY (6.5 US$) per mamthe 2016 fiscal year. This price
is ten times the price in the 2012 fiscal year

In July 2015, the Japanese government tabled argemplan in which it put forward
what it considered to be an optimal compositioneokergy sources —the so-called
“best-mix” —for the fiscal year 2030. The sharemiclear power will be raised to
around 20%-22% assuming nuclear power plants re@rmenoperations. This share
was only 1% in the fiscal year 2013. However tharshwas 30% in December 2010
before the earthquake. While the share of renewaidggy sources such as solar and
wind power will be raised to around 22%—-24%, fro% i the fiscal year 2013. The
notable point of this plan is to expand the shdnewnewable energy sources. The share
of coal will be reduced to 26%, from 30% in 2018dahe share of LNG will be
reduced to 27%, from 43% in 2013.

Lastly, we mention the deregulation of the elegh@wer industry vis-a-vis retail sales.
Deregulation started in 2000 for large scale corssmsuch as factories, office
buildings, and commercial facilities. These constgm@an purchase electricity from all
electric power companies including Power Produced &upplier(PPS) which are
newcomers in the electric industry, as well asdkisting electric power company in
their area. The target consumers of deregulatime leen expanded to smaller scale
consumers since 2000. Since April 2016 general ¢tmalds have become the target
consumers of deregulation. Households can purcblastricity freely from all electric
power companies including newcomer companies arjdrreéectric power companies
in other areas. Some electric power companies ddane any nuclear power plants
and provide electricity generated only by renewanlergy resources. Some households
might object to nuclear power and support renewabbrgy resources; such households
could thus purchase electricity from a company Wldoes not have any nuclear power

4 In Japan there are nine major electric power caonesaHokkaido, Tohoku, Tokyo, Chubu,
Hokuriku, Kansai, Chugoku, Shikoku and Kyushu eleqgiower companies. These companies have
monopoly power in their respective regions.

® This calculation is from the Agency for NaturaldRarces and Energy in the Ministry of Economy,
Trade and Industry (2016), "Concerning the deteatidm of bid prices and charges for renewable
energy sources in the fiscal year 2016".
http://www.meti.go.jp/press/2015/03/201603180036818003.html



plants and generates electricity only by renewaldeergy sources. Some
telecommunication companies now provide electrjaiigcounted prices are offered if
households purchase electricity along with smantplpinternet, or CATV.

3. Related literature

In this section, certain studies focusing on hbaoke energy choices are introduced.
Nakajima, Ida, and Kinoshita (2006) estimate hoakkpreferences for electricity and
gas using conjoint analysis. They estimate releparameters using a conditional logit
model. In 2006, the competition between electrizv@ocompanies and gas companies
was intense in urban areas. This study estimatefgnences for an all-electric service,
gas cogeneration, and fuel batteries. Morita anthdga (2013) estimated preferences
for energy sources, particularly renewables, dfter earthquake in 2011, by conjoint
analysis. They estimate WTP for each energy soantesuggest policy implications
vis-a-vis the energy mix of the Japanese governmidmy obtained negative WTP for
nuclear power, while positive WTP for renewablerggesources.

Murakami et al. (2015) estimate consumers' WTRdoewable energyand nuclear
energy in the US and Japan. They use a choiceieyxg@drmethodology and consumers
in both countries showed negative preferences foclear power and positive
preferences for renewable energy in both countids, Takemura, and Sato (2015)
explore conflicts between nuclear power and el@tfrirates in Japan wherein a
trade-off can occur between low rates with nuctedrigh rates without it.

In terms of preferences for renewable energy ssuyrRoe et al. (2001) estimate WTP
for green energies among consumers in the US.stidy uses hedonic analysis and the
dependent variable is the price premium. BordhBrgke, and Parsons (2007) also
estimate WTP for green energies among consumeisselauthors adopted a choice
experiment approach with a nested logit model &tingtion purposes; at the first stage
consumers choose to join a green program or ndhésecond stage consumers choose
the best program among several green options. bamty, they evaluate only
renewable energy sources whereas this study ewaluanewable energy sources
compared with other energy sources including nugleaver. Scarpa and Willis (2010)
estimate preferences of UK households for renewahkrgy sources, again using a
choice experiment approach. Banfi et al. (2008)nede WTP for energy saving
methods using a choice experiment approach indgheegt of Swiss households.

The novelty of this study compared with previousdges is the estimation of
household preferences for energy sources in Jdarhauseholds have experienced an



unprecedented disaster. As such, this study couddige useful insights vis-a-vis
energy policies in countries which frequently expece substantive natural disasters.
Moreover, this study also focuses on the dereguiadi the electric power industry as
already discussed.

4. Conjoint analysis

In this paper preferences for energy sources ardapgnese households are estimated
by conjoint analysis. Conjoint analysis is a stafgéference methodology; more
specifically it is a type of choice experiment whiestimates the preferences of
individuals for hypothetical goods or services thave several attributes, each of which
can be evaluated by WTP. Households choose annoptib of a set of alternatives
which may exist or may be hypothetical, representpossible future options.
Contingent Valuation Method (CVM) is another popudtated preference method, but it
is not a choice experiment. In conjoint analysisfifes of goods or services which
have several attributes are presented to respandAnprofile which has only few
attributes may not be realistic, whereas a profitech has too many attributes can
place undue cognitive burdens on respondents. iergé five or six attributes tend to
be adopted. Profiles were created using the ortmalgplanning method to avoid
multicollinearity between attributes (Louviere, l@er, and Swait, 2000; Kuriyama and
Shoji , 2005; Tsuge, Kuriyama, and Mitani, 2011yigkama, Tsuge, and Shoji, 2013).

In this choice experiment, households choose tewre power company which has
several attributes and generates electricity byiqudar energy sources, as attributes.
This choice construct is consistent with houselogtions, post-deregulation, in Japan.
Goett, Hudson, and Train (2000) examined custonclrste for retail energy suppliers
by conjoint analysis; they included the ratio afiewable energy sources as an attribute
of energy suppliers as well as other attributedhrsagca fixed price. From the analysis
herein we can simulate the behavior of househotu$ @otentially avail of useful
information to promote renewable energy sourcesha post-deregulation era. We
suppose the following alternatives:

Alternative 1: an electric power company which haslear power plants and generates
electricity by nuclear and thermal power such a&Land coal.

Alternative 2: an electric power company which lz@so nuclear power plants and
generates electricity by thermal power such as L@ coal. This electric power

company purchases electricity from other electwevgr companies which generate



electricity by renewable energy sources such aarsahd wind power through a
feed-in-tariff system.

Alternative 3: an electric power company includingwcomer companies which has
zero nuclear power plants and generates electhgityenewable energy sources such as
solar and wind power or thermal power such as LN&G @oal.

Alternative 1 assumes that households purchasectrielty from electric power
companies before the earthquake in March 2011 ridtere 2 assumes that households
purchase electricity from the current electric ppwempanies after the earthquake.
Alternative 3 assumes that households purchasetrieigc from electric power
companies after deregulation was completed in Aiil6.

The attributes and the levels of each alternatreeas follows.

1. Electricity rate (per month):

Electricity rate per month increases or decreasagared with the current rate. There
are several assumptions. If households purchastrieity from nine major electric
power companies such as Kansai electric power coypgametimes the electricity rate
might be cheaper if nuclear power plants startapmr again. Sometimes the electricity
rate might be higher if it is thermal power becatleprices of oil and LNG are volatile.
The electricity rate might be higher in the contektenewable energy sources because
the electric power companies purchase electrititgugh the feed-in-tariff system. If
households purchase electricity from a new elecpriaver company, such as a
telecommunications company, they may purchaseraliggtat discounted prices when
they make simultaneous telephone, internet, or CAlikthases.

2. CO emissions:

CO: emissions will increase or decrease in 2030 coetptw 2014. There are some
assumptions. When nuclear power plants start aparagain, CQ emissions will
decrease. When thermal power is used to a gregaemteCQ emissions will increase;
while increasing the use of renewable energy ssuC€& emissions will decrease.

3. The stability of electricity supply or the pdslty of outages:

If nuclear power plants start operation againctelaty will be supplied constantly. If
households purchase electricity from a power compamch generated electricity by
thermal power, sometimes, electricity will not hgplied constantly due to planned
outages stemming from electricity shortages. Ifdatwlds purchase electricity from a
power company which generated electricity by rer@&a&nergy sources, sometimes
electricity supply might not be stable due to weatbonditions. When electricity is



constantly supplied, there are no outages in a YWhen electricity is not constantly
supplied, short-term outages may occur a few timgear or the lights in the houses
become dimmer. A dummy variable is used which exgjdalwhere there is stable
electricity, else 0.

4. The main energy source:

We suppose an energy supply source set consistingclear power, thermal power
(LNG), solar power, and wind power. A dummy vareald used for each energy source
where thermal power is the base category.

In Table 1, the levels of each variable are sunmedr

[ Table 1 near here ]

We construct profiles using the orthogonal plagmmethod in SPSS conjoint version
17.0, to avoid multicollinearity between attribut€som the various cards which were
produced, cards and combinations were selectedrstrict profiles; unrealistic and
dominant cards and combinations were removed. terradtive 1, only nuclear power
and thermal power (LNG) are included. In altermat® and 3, only thermal power
(LNG), solar power, and wind power are includede Tavels of other attributes (ex.
electricity rate) depend on these energy sourcesieder, we use all levels of attributes
in each alternative. Table 2 is an example prohleyseholds answer with respect to
eight choice questions like in this profile. Throug pretest, we identify issues with the
questionnaire and correct profiles to maximize usi@ading and minimize ambiguity
for respondents.

[ Table 2 near here ]

The data were collected via a web-based questi@enailizing the services of the
Rakuten Research company. The sample size is 23€eholds in each (Karftaand
Kansal) area, thus 500 households in total. Data wereatedd in August 2014 before
the deregulation for general households in April&0Table 3 presents the attributes of
households in the sample. The percentages of npliogad in occupation and less than
2,000 thousand JPY (20 thousand US$) in househmddme are larger, caused by

6 Kanto area is in East Japan around Tokyo. It oieuSaitama, Chiba, Tokyo and Kanagawa
prefectures.

’ Kansai area is in West Japan around Osaka. lidesl Shiga, Kyoto, Osaka, Nara, Hyogo and
Wakayama prefectures.



housewives and retirees.
[ Table 3 near here |
5. Econometric analysis

In a choice experiment the dependent variableigsrete. In order to estimate this
choice model, we, thus, need to employ a discrbtace econometric model. The
conditional logit model is a popular choice modethis context. However, this model
assumes Independent and Identical Distribution)(HBd this assumption derives from
the Independence of Irrelevant Alternatives(llAhid assumption is restricted and
easily violated in many cases. Consequently, w@tadoandom parameter logit model
(mixed logit model). This model allows the randoariation of individual preferences,
unrestricted substitution patterns and correlatiamnobserved factors over time.

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

Unj = aXn]' + annj + 81’1]'

This function specifies that individual n choosdternative j.a iIs 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 rate which is a price parameter, are-remdom parameters,; is a variable
vector which includes electricity rate. On the otleand, the parameters of €0
emissions, the stability of electricity supply atié main energy sources are random
parameterszy; is a variable vector which includes €®@missions, the stability of
electricity supply, and the main energy sourcgg.is a random error term and has an
[ID extreme value.

The probability conditional o8 is

exp(B, Xni)

Lni(Bn) = m

The random parameter logit probability is
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exp(B’Xni) >
Py = ——— | f(B)d
/ <zjexp<sxm) P

This probability is the unconditional choice prblidy 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 &bed probability is

R
— 1 .
Po=2 ) LB
r=1

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

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, 138-154; HensRarse, and Greene, 2005, 605-694).
For estimation we use Limdep NLOGIT 5.

After estimation, the WTP for each attribute imthg each energy source, is
calculated. If the utility function is linear, & expressed as:

Vn]' = (XXn]' + annj

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

dV-—%dX-+%dz-
“’_axm- W 0Zy; W
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Now we obtain the WTP ofiavhich is one of the attributes, such as solar polivthe
utility level does not changelY,; = 0) and other variables, except are unchanged,
we can obtain the marginal WTP (MWTP) as follows:

oV,
_ aanl

MWTP = Vi

aXn]'m

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

MWTP = — Bi/Bm

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

6. Estimation results

First, descriptive statistics are presented foddvby the estimation results from the
random parameter logit model.

6.1 Descriptive statistics

Table 4 shows the number of choices and the otthoices.
[ Table 4 near here |

Alternative 3 is the most popular. Households grefew electric power companies
which do not have any nuclear power plants and rgémeslectricity by renewable
energy sources and LNG. Table 5 presents des@iptatistics.
[ Table 5 near here |

Electricity rate in alternative 2 is the highestlat in alternative 1 is the lowest.

12



6.2 Random parameter logit model estimation results

Table 6 illustrates the estimation results from itiferential model.

[ Table 6 near here ]

The electricity rate coefficient has a negativgnsand is significant at the 1% level. If
the electricity rate is lower, the probability diaosing that alternative increases. The
COz coefficient has a negative sign and is significainthe 1% level. If C@emissions
decrease, the probability of choosing that altéveatincreases. The coefficient
associated with the stability of the electricitypply has a positive sign and is
significant at the 1% significance level. If thespibility of outages is zero, the
probability of choosing that alternative increadéext, the estimation results pertinent
to the main energy sources are explained. Dummghlas for each energy source have
been used, where thermal power is the base categoeynuclear power coefficient has
a negative sign and is significant at the 1% lelfelhe main energy source is nuclear
power instead of thermal power, the probabilitychbosing that alternative decreases.
On the other hand, the coefficient associated wetiewable energy sources such as
solar and wind power has a positive sign and isifsoggnt at the 1% level. If the main
energy source is renewable instead of thermal patverprobability of choosing that
alternative increases.

6.3 WTP

WTP for each attribute is calculated. WTP is atedi by dividing the parameter of
each attribute by the parameter of electricity ratech is a price parameter. Table 7
shows the WTP for each attribute.

[ Table 7 near here ]

WTP for stable electricity supply is 731.04. Thhsuseholds will pay an additional
731.04 JPY (7.3104 US$) per month for a stable Igupp electricity. Households
positively value a stable supply of electricity. Wior CQ emissions is —57.84. Thus,
if the electricity rate is cheaper by 57.84 JPY.5784 US$), households will allow an
increase in C® emissions. WTP for nuclear, solar and wind powser-5239.06,

13



1414.01 and 610.79 respectively. Households villst pay an additional 1414.01 JPY
(14.1401 US$) per month for solar power and antehdil 610.79 JPY (6.1079 USS$)

per month for wind power instead of thermal powéouseholds therefore positively
value renewable energy sources. On the other Hamgseholds negatively evaluate
nuclear power. Specifically, households will onbtisfice with nuclear power if the

electricity rate is cheaper by 5239.06 JPY (-526398%) per month.

6.4 Elasticities

We calculate the elasticities of price and otheitaites. Table 8 shows price
elasticities. Price elasticities indicate how theice probability for each alternative
increases or decreases when the price changes .b@dprelasticities measure the
direct effect of percentage changes on the sammattve. By contrast,
cross-elasticities measure the effect of percenthgages of an alternative on the other
alternatives. Own-elasticities of alternatives &n2l 3 are —0.04795, —0.29334 and
0.00096 respectively. Clearly, the own-elasticibéslternatives 1 and 2 are negative;
thus, if the price decreases by 1%, the choicegimtity of alternatives 1 and 2
increases. For alternative 1 the choice probabiiityeases by 0.04795%; for alternative
2 the choice probability increases by 0.29334% Thaaseholds are relatively more
responsive with respect to alternative 2. Own-glaigts of alternatives 3 is not
significant. Some cross-elasticities are positwieile others are negative. When the
price increases with respect to alternative 1ctiwce probability of alternatives 2
decreases and that of alternatives 3 increasesn Wikeorice increases with respect to
alternative 2, the choice probability of alternat\l and 3 increase. When the price
increases with respect to alternative 3, the chaiobability of alternatives 1 and 2
decrease.

[ Table 8 near here ]

Next, we discuss elasticities of other attribut€éEables 9-13). Almost all
own-elasticities are positive. Regarding the stigtalf the electricity supply, if there are
no outages the choice probabilities in all altauest increase. In terms of energy
resources, if the main energy source is solar odwiower the choice probabilities
increase in the alternatives. On the other harel othin-elasticity of nuclear power is
negative. Thus, if the main energy source is nucfeaver, the choice probability
decreases in the alternative. Cross-elasticitiesyagative. If there are no outages in an

14



alternative, the choice probabilities in the otladternatives decreases. If the main
energy source is solar or wind power in an altéveathe choice probabilities in the
other alternatives decrease.

[ Table 9 near here ]
[ Table 10 near here |
[ Table 11 near here ]
[ Table 12 near here |
[ Table 13 near here |
6.5 Comparison of households' preferences betweants and Kansai areas

After the great earthquake, households who livethe Kanto are suffered from
damages. Moreover they experienced planned outdgesuppose that there will be a
difference in households' preferences over nugbeaver, renewable energy sources,
and the stability of electricity supply. HousehoM&T P for nuclear power will be more
negative and their WTP for renewable energy souaoesstability of electricity supply
will be more positive in Kanto, compared to Kangaibles 14 and 15 present relevant
estimation results and Table 16 shows WTP of haudshin the Kanto and Kansai
areas.
[ Table 14 near here |
[ Table 15 near here |
[ Table 16 near here |

WTP for stability in Kansai is larger than in Kantvhich is converse to expectation
(663.18 JPY in Kanto and 928.51 JPY in Kansai). ey this research was carried
out in 2014, three years after the earthquake hrsdrésult therefore testifies to the
effects of time on diminishing collective memorydassue importance. Moreover, WTP

for renewable energy sources in Kanto is greatan th Kasai (1405.86 JPY in Kanto

15



and 1272.8 JPY in Kansai for solar power).

Lastly, we test for parameter differences in ortterquantify the extent to which
preferences are heterogeneous between Kanto anshiKdh preferences are indeed
different, households in Kanto and Kansai make resting choices vis-a-vis electric
power companies. We test for differences by thelillood test and use the following
test statistic.

—2[LL(A+B)—(LL(A)+LL(B))]

LL(A+B) is the log likelihood which is obtainedtaf estimation by pooling data from
Kansai and Kanto. LL(A) is the log likelihood foraksai and LL(B) is the log
likelihood for Kanto. The null hypothesis is thateferences or parameters between
Kanto and Kansai area are equal. The alternatiymothesis is that preferences or
parameters are not equal. The test statistic isalred distributed with degrees of
freedom equal to the number of parameters.

The calculated statistic is 0.392 and thus thé isuhot rejected because the critical
value for the 5% significance level is 22.362 f8rdegrees of freedom. Preferences for
electric power companies are, thus, not signifigadifferent between the Kanto and
Kansai areas. From these results, households mKatto and Kansai areas have the
same preferences for electric power companies. Thay prefer new electric power
companies which do not have any nuclear power gland generate electricity by
renewable energy sources.

7. Conclusions and Policy Implications

We estimate preferences of Japanese householdenfngy sources by conjoint
analysis and calculate WTP for each energy soundeita attributes. WTP for nuclear
power is negative. On the other hand, WTP for rexideenergy sources such as solar
and wind power, is positive. Further, WTP for abtasupply of electricity is positive.
Japanese households positively value renewablegensources and stability of
electricity supply but do not positively value nest power. From this study we can
support policy interventions to reduce the sharenatlear power and promote
renewable energy sources. Households will pay hnighectricity rates for renewable
energy sources. Households will accept nuclear pafwhe electricity rate is lower.
This study may support the feed-in-tariff system fpoomotion of renewable energy
sources. If the stability of electricity supply asmted with renewable energy sources

16



improves, renewable energy sources will become lwiatged.

After the great East Japan earthquake in Marchi ,20dclear power operations were
largely suspended. Thermal power which has beem#ie energy source following the
earthquake is also difficult to enlarge becausdiofate change concerns and rising fuel
costs. Renewable energy sources such as solariaddpawer are expected to prevalil
as future energy sources.

Various companies have started to provide elewtrgince the onset of deregulation,
which was completed in April 2016. Some provideos ribt possess nuclear power
plants and provide electricity generated only bwyekgable energy sources. Some
households who object to nuclear power, thus, tageption of purchasing electricity
from such providers. This study offers a post-epréke, post-deregulation blueprint.
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Table 1 The levels of each variable

Attribute

Level

Electricity rate
(month, JPY)
CO

Outages (year)
Energy source

—2000, -1500, —1000, -500, 0 (unchanged)
+500, +1000, +1500, and +2000
-20%, —10%, 0% (unchanged), +10%, and +20%

Yes(0), No(1)

nuclear power, thermal power (LNG), solar powed and

power

Table 2 An example profile

Attribute

Alternative 1

Alternative 2

Alternative 3

Electricity rate

-2000 +1000 -1000
(month, JPY)
COz emissions -10% +10% -20%
Outages (year) No Yes Yes
Main energy source nuclear power thermal power solar power
Table 3 Attributes of households
number %
Total 500 100
company worker 243 48.6
public worker 28 5.6
Occupation student 2 0.4
not employed (including housewives and retirees) 135 27
self-employed 45 9
less than 2,000 159 31.8
Household 2,000-3,990 116 23.2
income  4,000-5,990 87 17.4
(thousand 6,000-7,990 63 12.6
JPY)  8,000-9,990 36 7.2
more than 10,000 39 7.8
___ junior high school, high school 122 24.4
Educational
background technical school, junior college 119 23.8
university, graduate school 255 51
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single 91 18.2

Family  two people 131 26.2
composition husband and wife (parents) and children 225 45
two households 26 5.2
detached house (including two household houses) 248 49.6
Dwelling  collective housing (condominium, apartment, 241 48.2
type housing complex etc.)
company housing, dormitory housing etc. 11 2.2
Kanto 250 50
Area ]
Kansai 250 50
male 296 59.2
Sex
female 204 40.8
Average 47.45
Age (years) Min 21
Max 69

Table 4 Choice probability

number ratio
Alternative 1 1187 0.297
Alternative 2 1167 0.292
Alternative 3 1646 0.412

Table 5 Descriptive statistics

electricity ... huclear thermal solar wind
COz stability
rate power power power power
mean -589.72-5.712 1 0.663 0.337 0 0
median -1000 -10 1 1 0 0 0
mode -2000 -20 1 1 0 0 0
Alternative 1 standard
. 1327.71 14.04 0 0.473 0473 0 0
deviation
minimum -2000 -20 1 0 0 0 0
maximum 2000 20 1 1 1 0 0
mean 1074.55-11.87 0.626 0O 0.167 0.66 0.172
Alternative 2 median 1000 -10 1 0 0 1 0
mode 1500 -20 1 0 0 1 0
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standard

Log likelihood —3297.20787
McFadden R 0.24969
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deviation 658.442 9.867 0.484 0O 0.373 0.47 0.378
minimum -500 -20 0 0 0 0 0
maximum 2000 10 1 0 1 1 1
mean -388.52-10.04 0.437 0 0.175 0.33 0.492
median -1000 -10 0 0 0 0 0
mode -1000 -10 0 0 0 0 0
Alternative 3 standard
L 784.653 8.394 0.496 0 0.38 0.47 0.5
deviation
minimum -1000 -20 0 0 0
maximum 2000 20 1 0 1 1 1
Table 6 Estimation results
. . Standard
Variable Coefficient zvalue pvalue
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
cate —0.00067 0.0000487 -13.78 0
Constant 1 0.85603 0.11824 7.24 0
Constant 2 0.03223 0.06465 0.5 0.6181
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



Table 7 WTP

Variable WTP (JPY)
CO -57.84
Stability 731.04
Nuclear -5239.06
Solar 1414.01
Wind 610.79

Table 8 Price elasticities

Choice probability

Alternative 1

Alternative 2

Alternative 3

Alternative 1
Alternative 2
Alternative 3

—0.04795***
—0.01752***
0.00276

0.10269 ***
—-0.29334 ***
0.14535 ***

—0.02597 ***
—0.08449 ***
0.00096

*** denotes significance at the 1% level.

Table 9 CQ elasticities

Choice probability

Alternative 1

Alternative 2

Alternative 3

Alternative 1
Alternative 2
Alternative 3

—0.04064 ***
0.01794 ***
0.00457 ***

0.06137 ***
—-0.1441 ***
0.12688 ***

0.06079 ***
0.08206 ***
—0.1124 ***

*** denotes significance at the 1% level.

Table 10 Stability elasticities

Choice probability

Alternative 1

Alternative 2

Alternative 3

Alternative 1
Alternative 2
Alternative 3

0.29601 ***
—0.10195***
—0.13815***

-0.11446 ***
0.17177 ***
—-0.05992 ***

—0.06498 ***
—-0.08162 ***
0.14915 ***

*** denotes significance at the 1% level.

Table 11 Nuclear power elasticities

Choice probability

Alternative 1

Alternative 2

Alternative 3
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Alternative 1
Alternative 2
Alternative 3

—-0.15977***
0.10019***
0.07034 ***

*** denotes significance at the 1% level.
0 means a fixed parameter.

Table 12 Solar power elasticities

Choice probability

Alternative 1

Alternative 2

Alternative 3

Alternative 1
Alternative 2
Alternative 3

0
0
0

—0.10665 ***
0.19813 ***
—0.12898 ***

—0.04427 ***
—0.03985 ***
0.038 ***

*** denotes significance at the 1% level.
0 means a fixed parameter.

Table 13 Wind power elasticities

Choice probability

Alternative 1

Alternative 2

Alternative 3

Alternative 1 0 —-0.01102 *** -0.04326 ***
Alternative 2 0 0.02377 *** -0.06419 ***
Alternative 3 0 —-0.02328 *** 0.08178 ***
*** denotes significance at the 1% level.
0 means a fixed parameter.
Table 14 Estimation results for Kanto

, - standard
variable coefficient zvalue pvalue

random parameters (mean)
CO -0.043 0.00841  -5.11 0
stability 0.43107 0.18496 2.33 0.0198
nuclear -3.33788 0.55787 -5.98 0
solar 0.91381 0.20877 4.38 0
wind 0.4163 0.13729 3.03 0.0024
non-random parameters
electricity
-0.00065 0.000069  -9.38 0

rate
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constant 1 0.7561 0.16747 4.51 0
constant 2 0.02643  0.09077 0.29 0.7709
standard deviation

CO 0.05713 0.00926 6.17 0
stability 1.69868 0.1834 9.26 0
nuclear 4.52963 0.46275 9.79 0
solar 1.11931 0.18096 6.19 0
wind 0.07161 0.29834 0.24 0.8103
log likelihood  —-1650.38

McFadden R 0.24888
Table 15 Estimation results for Kansai

: . standard
variable coefficient zvalue pvalue
error
random parameters (mean)
CO —-0.03394 0.0079 -4.3 0
stability 0.64996 0.1883 3.45 0.0006
nuclear -3.71425 0.48689 -7.63 0
solar 0.89096 0.21529 4.14 0
wind 0.41686 0.13445 3.1 0.0019
non-random parameters

electricity

cate -0.0007 0.00006888 -10.14 0
constant 1 0.86764  0.16614 5.22 0
constant 2 0.03168 0.09152 0.35 0.7293

standard deviation

CO 0.04851 0.00775 6.26 0
stability 1.76304 0.19939 8.84 0
nuclear 5.1263 0.54034 9.49 0
solar 1.51921 0.17154 8.86 0
wind 0.33028 0.21809 1.51 0.1299
log likelihood  -1646.63

McFadden R 0.25059

Table 16 WTP (JPY)

variable Kanto Kans

ai
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CO
stability
nuclear
solar
wind

-66.15 -48.49
663.18 928.51
-5135.2-5306.07
1405.86 1272.8
640.46 595.51
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