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Abstract

The deregulation of electricity retail sales fongeal households started in April 2016, and the
deregulation of gas retail sales started in A@il2 Every household can choose their preferred
electric power and gas company among all suppliershe electricity retailsales, urban gas
companies and telecommunication companies stagltelectricity, and in the gas retail sales,
electric power companies start to sell gas. In mgstjonnaire, in February 2018, the switching
rate of electricity was 19%, and that of gas wdayg 6r6% out of 1000 households in Kanto and
Kansai area. New entrants in the gas sales ardergompared with electricity sales.

| analyze households’ switching of a supplier agitichoice of an energy source after the
deregulation. Moreover, | analyze the future cand# that households will change a supplier
or choose an energy source by a conjoint analfsisonditions, a monthly total electricity and
gas bill, CQ emissions, the use of nuclear power, the raticeokewable energy, optional
energy-saving appliances and additional securityices are considered.

After the deregulation, some suppliers provide l@ctricity and gas. We need to analyze the
whole energy market including both electricity agds. Under some conditions, some
households might use either of electricity or gasnsively. For example, when some suppliers
provide electricity generated by renewable enesggthair main energy source, households who
prefer renewable energy purchase only electricignegated by renewable energy. Other
households who object to nuclear power won'’t pusehelectricity from suppliers which use
nuclear power and they may purchase gas as a mangye Through the deregulation, the
substitution between electricity and gas might benmwted. | estimate the preferences for
suppliers among Japanese households. | used amgratameter logit model for estimation.

From the estimation results, we obtain some patigylications. Firstly, from the negative and
significant coefficient of a monthly total elecitic and gas bill, households choose a supplier
and an energy which provides lower bull. Lowersbdre the key to be chosen by households.
From the negative and significant coefficient of £€nissions, households prefer a supplier
and an energy which reduces £€nissions. However, energy sources both nucleaepand
renewable energy which suppliers use as energgastdior generation don't affect households’
switching. The result is different from my hypotlsedHouseholds don’t choose an alternative
with optional appliances because their prices @oeekpensive. On the other hand, households
need security services.

The notable point of this paper is to evaluate daeegulation in the comprehensive energy
market including electricity and gas. The resubgmses the desirable energy supply system
including alliances, elimination and consolidatiafter the deregulation. The result is related

with the energy composition including reoperatidmaclear power plants and prevalence of
renewable energy sources.

Key words: the deregulation of retail electricity and gas saleenewable energy; the
substitution between electricity and gas

JEL Classification CodeC25, L51, L94, L95, Q28

! E-mail: skinoshita@econ.ryukoku.ac.jp



Empirical analysis of Japanese households’ switchgnbehaviour for energy
after the deregulation of electricity and gas retdisaleg

1. Introduction

The deregulation of electricity retail sales fongeal households started in April 2016, and the
deregulation of gas retail sales for general hooisishstarted in April 2017. Every household is
free to choose an electric power company and acgagpany among all suppliers. In the
electricity retail sales, gas companies and telesomcation companies start to sell electricity,
and in the gas retail sales, electric power congzasiart to sell gas to households. Households
are also free to choose a bill plan except conwaatiregulated bill plans as well as suppliers.

In March 2017, after the deregulation in electyicgtail sales, the number of households who
switched a supplier from an existing major eleghdever company in their area to a new entrant
was about 2,950,000 in the whole of country, ardstiitching rate was only 4.7% on average
in the whole of country The rate was 7.1% in the Tokyo electric power gany area and
6.1% in the Kansai electric power company areather areas, the rate was only about 1%.
Even though households can choose a new bill pésatyfas well as conventionalregulated bill
plans, the number of household who switched gkl in the existing major electric power
companyin their areawas 2,580,000 (4.1%) in thelevhbcountry in March 2017. On the other
hand, the number of households who switched a ijgddn was only 270,000 in the whole of
country in June 2017. New entrants in gas retéglssare very few compared with electricity
retail sales. In electricity retail sales, an eieqghower exchange is operated, and new entrants
sell their generated electricity in the exchange distribute electricity through the power
distribution grid system of existing major electoiower companies to households. However, in
gas retail sales, new entrances are limited iratea where gas pipes are laid. In gas retail sales,
there is no exchange. New entrants are limitetléacbmpanies which treat gas and companies
which can provide gas are limited to the existirmjonelectric power companies which have
thermal power plants and generate electricity bunahgas, LP gas companies, oil companies
which import gas. The operation areas of urbaragadimited to urban areas.

In this paper, | analyze that households switcir thepplier after the deregulation in electricity
and gas retail sales and the future conditionsttbaseholds will switch their supplier. Some
studies analyze the preferences for suppliers tiféeederegulation in electricity retail sales.
However, many studies discuss the deregulatiotentrecity retail sales limited. After the
deregulation in electricity and gas retail saleapnynsuppliers provide both electricity and gas.
We need to analyze the whole energy including kthtricity and gas. Through the
substitution of electricity and gas and under seomlitions, households may use either of
electricity or gas intensively. As an example, lehudds who prefer renewable energy purchase
only electricity generated by renewable energy aeairOther households who object to nuclear
power avoid electricity generated by nuclear poarat may purchase only gas. We will discuss
the substitution and competition of suppliers andddition, of electricity and gas.

I make researches whether households switcheckatrielpower or gas company after the
deregulation or not. | analyze the attributes aideholds and the reasons to switch their
supplier by a probit model through collected dated analyze what supplier and energy are
preferred among households in the future througbngoint analysis which is one of the stated
preference methods. | use a random parametemhaglel for estimation.

One of the notable points is to evaluate the ddatign in the comprehensive energy retalil
sales including both electricity and gas. The tssuill propose the desirable energy supply

2This study was aided grants-in-aid for scientifisa@rch (C) (Kakenhi) of Japan Society for The
Promotion of Science (No. 16K03679).

SThis is from the survey of the Agency for NaturakBerces and Energy in the Ministry of Economy,
Trade and Industry.



system including alliances, elimination and cordatdion of suppliers after the deregulation.
The results will be related with the energy compiasi The discussion of the restart of nuclear
power plants and the prevalence of renewable erssgpeeded.

This paper consists of the following section. Inotsm 2, the history of the deregulation in
electricity and gas retail sales in Japan is itated. In section 3, the related literature is
discussed. In section 4, | illustrate the survey aronjoint analysis. In section 5, | illustrate t
results of the survey. In section 6, econometridef®are explained. In section 7, the
estimation results are discussed. In section &asuple analysis is conducted. In section 9, the
revealed preference method is conducted. In setfipme discuss the conclusions and policy
implications.

2. Overview of the deregulation in the electricityand gas retail sales in Japah

The deregulation of electricity retail sales staiite 1995. As the first stage, Independent
Power Producers (11P) could provide wholesale &ilgitt to electric power companies as new
entrants. In 2000, Power Producer and SupplierSYBP new entrants started to provide
electricity. The targets were limited to large scabnsumers such as factories, office buildings,
and commercial facilities. In 2004 and 2005, thrgeaconsumers were expanded to smaller
scale consumers. High-pressure consumers suchadisasitt medium-sized buildings and
factories became the targets. The deregulatiogdoeral households and private shops was to
be discussed in 2007 but it was postponed. Sinci 2¢i6 the deregulation for general
households has started. Now households purchadeatg from all electric power companies
including new entrants and the major electric pog@mnmpanies in other areas.

The deregulation of urban gas started at the sanaein electricity retail sales. In 1995 large
scale consumers whose annual contract was ovemtilion m*became the target of the
deregulation. In 1999 the target is expanded ts@mers whose annual contract is over one
million m®. The transportation service was introduced, aegitite regulation was changed
from the approval system to the notification system2004 the gas conducting pipe project
was established. The transportation service cheygfem was enhanced, and the obligation of
the transportation service were expanded to akigdmas suppliers and gas conducting pipe
suppliers. The fairness and transparency were aimixa transportation service. The
transportation service makes any gas suppliersipjeds provide gas to large scale consumers
even in areas of other general gas suppliers. Uhddransportation service, any large-scale
suppliers provide gas to large scale consumersigirthe gas conducting pipe of urban gas
companies. In 2007 the target of the deregulatias @panded to consumers whose annual
contract is over 100 thousand.rithe target includes gyms with a hot pool, larcaes
restaurants and commercial hotels. Since April 2@l €onsumers including general
households have become the target of the dereguildthey can purchase gas from new
entrants as well as existing major urban gas seispli

3. Related literature

There are very few related studies about the déaBgn of electricity and gas retail sales for
general households in Japan because only two fiesespassed. We discuss the previous
studies about this. My study focuses on the twatgofFirst one is what supplier households
prefer. Second point is what energy householdspréfter the deregulation, various kinds of
suppliers provide electricity and gas. Some supplieay provide electricity generated by only
renewable energy. Some suppliers will provide epsaying appliances with electricity and

4 The illustration about the deregulation of eledtyiand gas retail sales by the Agency for Natural
Resources and Energy in the Ministry of Economy, TeattkIndustry is referred.



gas. In addition, | analyze the substitution betwelectricity and gas. Under some condition,
some households use only electricity and some holds use only gas. For example,
households who support renewable energy use oedyriglity generated by only renewable
energy.

Nakajima, Ida and Kinoshita (2005) analyzed the petition between electricity and gas by a
conjoint analysis. In 2005 before the deregulatibalectricity retail sales for general
households, the competition between electricity gaslwas very heated. The deregulation of
electricity retail sales for general households plagned to start to be discussed in 2007. An
all-electric service was promoted by electric poe@mpanies, and the competition between
electric power companies and gas companies washeated. They estimated the preferences
for advanced electric and gas appliances. Theiisiike my paper, and | refer their profiles of
a conjoint analysis. In Nakajima, lda and Kinosl{#&05), households faced the following
three alternatives: 1. They use both electricity gas 2. They use electricity intensively. 3.
They use gas intensively. In alternative 1, houkkshase electricity and gas in a conventional
way, while in alternative 2 and 3, they use advdraggpliances such as a fuel battery. | refer
these alternatives. From the results of Nakajima,dnd Kinoshita (2005), in 2005 the
preferences for an all-electric service and a liagtery were different across areas and ages.
Advanced appliances were needed among the limidiadéholds such as elders. My survey was
conducted in February 2018. Households have enmdigimation about the deregulation
through TV commercial or sales and marketing oftele power and gas companies. We hope
to gain different results from those in 2005.

Ida and Murakami (2016) analyzed households’ clsdicesuppliers in January 2016 before
the deregulation of electricity retail sales. Tlesyimated the preferences for new coming
electric power companies and new bill plans bygaiat analysis. The bill plans were
regulated before the deregulation, and househaldlsl mot choose only conventional electric
light fees. We hope that the time-of-day rate sysie reduce electricity consumption at the
peak will be provided after the deregulation. Hoeresometimes we observe the status-quo
bias that consumers hesitate to switch to a newlieumnd a new bill plan due to their
psychological burdens. From the results, thougtstais-quo bias is observed, households
have their motivation to switch to the time-of-daye system which is one of the new bill plans.
The attributes of alternatives were bill plans, g0 of renewable energy, the ratio of nuclear
power and a monthly electricity bill. They analyzmdy the deregulation of electricity retail
sales, but | analyze and evaluate both the deregulaf electricity and gas.

Goto (2017) examined the switching behavior of letiaéds after the deregulation of
electricity retail sales in Japan. This paper sygdethe switching behavior of households for
suppliers in February 2016, before the deregulatod December 2016, after the deregulation.
They analyzed the reasons to switch a supplies oohsider switching a supplier by a logit
model. They considered the benefit from switchinghsas a reduction of bill and the cost from
switching such as a hesitation of switching froncentainty of new suppliers, new bill plans,
stable electricity supply and the management of siggpliers as the reasons. And the customer
loyalty is the key reason that households don’tawiheir supplier because they are not
dissatisfied with their current supplier. From #gimation results, the cost of switching is large,
and the customer loyalty is observed. However, tlisguss only the deregulation of electricity
retail sales, but the deregulation of gas is oettig@ scope of the investigation.

There are some studies in foreign countries. Ghleitison and Train (2000) analyzed the
households’ choice behavior for electric power canigs in U.S by a conjoint analysis. The
attributes are the characteristics of supplierf sigctheir operation area and their name
recognition, bills and the ratio of renewable egefgiulietti, Price and Waterson (2005)
analyzed the consumers’ switching behavior for §appin a U.K home natural gas market. In
the switching of a supplier, firstly consumers’ ghichanges, next they search suppliers and bill
plans, and lastly, they decide to switch their $igppr not. They use a bivariate probit model



for estimation. They observe the search cost amdwltching cost. Both intrinsic and external
factors affect their mind and switching. Hortadsladanizadeh and Puller (2016) analyzed the
switching behavior of households for suppliers hitidolans in the electricity market in Texas
U.S. They point out the possibility that househalda’t switch their supplier and bill plan due
to the consumer’s habit even if they choose a seipjpkely. The reasons are the burdens of
search, unconcern, brand superiority. They fouatitte lower cost information intervention
increased the consumer surplus.

4. Outline of the survey

| analyzed whether households switched an elgotweer or a gas company after the
deregulation in electricity retail sales in Aprd26 and in gas retail sales in April 2017. In
addition, | surveyed the reasons they switcheddn’dswitch their supplier. | asked the
supplier's name when they switched. Moreover, edgkat they switched a new bill plan from
a regulated one even though they didn’t switchrtbgpplier. As other questions, | asked the
electricity and gas expenditure in January 2016y fhterest in energy-efficiency appliances
such as a storage battery and a private power gmefuel cell (gas cogeneration system),
their dwelling type, the number of family membevéng in the same house, household income,
the most preferred energy source etc. | analyzedthese factors cause to switch an electric
power or gas company by a probit model througtctilected data.

Only two years have passed since the deregulatietectricity retail sales started, and only
one year has passed since the deregulation iregabksales started. Now, the switching among
households has not prevailed yet. | analyze thedutonditions that households switch their
supplier. To analyze the future switching behaviaise a hypothetical questionnaire. | present
several hypothetical suppliers as alternativesamkdo choose the most desirable supplier for
households. This research has some notable pBirdsone is what suppliers are preferred by
households. After the deregulation, various suppliégth various services and energy sources
will start their business. | estimate the prefeesnior various suppliers through a choice
guestionnaire. Another point is how the prefererioeglectricity and gas change after the
deregulation. For example, some suppliers will fte\electricity generated by renewable
energy sources to avoid the global heating. Hoddshweho prefer renewable energy purchase
only electricity from such a supplier and they dgnirchase gas. Or, other households who
object to nuclear power don’t purchase electriftityn suppliers which use nuclear power and
may purchase only gas. | use a conjoint analysith®hypothetical questionnaite.

A conjoint analysis is one of the stated prefereme¢ghods (SPM). Individual preferences can
be estimated for hypothetical goods or servicesh @d which have several attributes. We can
evaluate each attribute by willingness to pay (WTHR)useholds choose one alternative of the
hypothetical goods or services. A conjoint analysisised to analyze households’ switching
behavior for suppliers under hypothetical situatiovherein a monthly electricity and gas bill
changes as an example. A conjoint analysis is btigeachoice experiments. In this paper, four
alternatives are presented to households and timyse the most preferred one. Sometimes, the
goods or services have not yet prevailed, andleitod is often used in marketing research.

Contingent Valuation Method (CVM) is another popudtated preference method, but it is not
a choice experiment. CVM can be used to evaluatesusaluation of non-marketable targets
such as forests and beaches. CVM evaluates the whlone target and doesn’t evaluate the
value of each attribute.

In a conjoint analysis, the researcher presentslgjao services, each of which has several
attributes to households. The researcher decigesuimber of attributes. A profile that has few
attributes is not enough to describe a good olgestudy, but a profile with too many attributes

® | refer to Louviere, Hensher and Swait (2000),iiama and Shoji (2005), Tsuge, Kuriyama and Mitani
(2011), and Kuriyama, Tsuge and Shoji (2013) fooant analysis.



makes it difficult for participants to choose amargions. In general, five or six attributes is
suitable. After attributes and their levels arestdd, their profiles are compiled. However, if all
the combinations of attributes and levels are afhphe patterns are too many and cause strong
correlation between some attributes, i.e., mullicearity. To avoid these problems, profiles are
created by the orthogonal planning method. We tesdlect attributes and their levels to avoid
this problem. From various cards that we get thhotlte orthogonal planning method, and
selecting cards and their combinations, profilesraade after deleting unrealistic and dominant
cards. | used the Excel conjoint analysis versi@n(Esumi) for the orthogonal planning.

| present the following four alternatives and hdwsdds choose the most desirable one.

Alternative 1: Households purchase electricity framexisting major electric power company
and gas from an existing major gas company. Theyt @hange both electric power and gas
company after the deregulation. They purchase raddggtand gas from the same suppliers
before the deregulation.

Alternative 2: Households switch either electrieveo and gas company after the deregulation.
They purchase electricity and gas from the samesapplier. They use both electricity and gas
after the deregulation.

Alternative 3: Households switch either electrieveo and gas company after the deregulation.
They purchase electricity and gas from the samesapplier. They use gas as a main energy.

Alternative 4: Households switch either electrieveo and gas company after the deregulation.
They purchase electricity and gas from the samesoipglier. They use electricity as a main
energy.

Each alternative represents suppliers which prowbietricity and gas. In alternative 1,
households don’t switch both electric power and gasipany after the deregulation. This
means that they purchase electricity and gas flwenekisting major electric power and gas
company in their living area like before the dedatjan. In alternative 2, 3, and 4, households
switch either electric power and gas company dfterderegulation. In alternative 2, households
switch either electric power and gas company dfterderegulation and purchase electricity and
gas from the same one supplier. However, they odle &lectricity and gas. In alternative 3,
households switch either electric power and gaspemy after the deregulation and use gas as a
main energy. In alternative 4, households swittiheeielectric power and gas company after the
deregulation and use electricity as a main enddme of the remarkable points is to find the
conditions that households switch suppliers. laraktive 3 and 4, the substitution of electricity
and gas after the deregulation is analyzed. In soomaitions, households may use only
electricity or gas.

Each supplier provides electricity and gas withesal attributes. In this analysis, a total
monthly electricity and gas bill, CO2 emissionse w$ nuclear power, the share of renewable
energy sources, optional energy-saving applianaed, security services are considered as
attributes. These attributes and their levels mollv be discussed in detail.

1. A total monthly electricity and gas bill

Under some conditions, a total monthly electrigityd gas bill will change. When households
contract electricity, gas, and telecommunicatiawises with the same supplier, the bill will be
discounted. When households use energy-savingaagelé such as a storage battery and a
private power generation fuel cell (gas cogenenatgystem), the bill will be reduced.
Sometimes, the bill depends on energy sources.gUsirtclear power, the bill will be lower.
Using renewable energy sources, the bill will bghler. The levels are -5000 yen, -3000 yen, -
2000 yen, -1000 yen, -500 yen, 0 yen (unchangeakl€®00 yen.

2. CO emissions

CO; emissions will change in 2030 compared with 19%ctv is the benchmark year of the
Kyoto Protocol. The levels are -30%, -20%, -10%, @¥tchanged), and +10%. €@missions



are related with energy sources. Nuclear power tigtiuce C®@ emissions. Coal and LNG
might increase Cg&emissions while renewable energy might reduce €Xssions.

3. Use of nuclear power

The existing major electric power companies havelear power plants and can provide
electricity generated by nuclear power. New consuagpliers don’t have nuclear power plants.
Using nuclear power realizes lower electricity siland reduces CGOemissions. In an
econometric analysis, dummy variables are used.s&ppliers which use nuclear power, 1 is
assigned and for suppliers which don’t use nugeavrer, 0 is assigned.

4. The share of renewable energy sources

Some new coming suppliers will provide electricifgnerated by renewable energy sources
such as solar and wind power as a main energy solilte existing major electric power
companies also provide electricity generated byweble energy sources. The levels are 5%,
10%, 30% and 50%. In alternative 3, householdsnaseral gas intensively as a main energy
source. The levels are 5% or 10%. In alternativehg, level is 5% because the share of
renewable energy sources is around 3% before tiegdeation for example in 2014.

5. Optional energy-saving appliances

When households choose suppliers to purchase ieligcor gas, they can purchase various
kinds of advanced energy-saving appliances. Whdtbeseholds purchase these appliances or
not is optional, and they don’'t need to purchassdhappliances if they don’t need them. If they
purchase these appliances, they should pay monay @dtial cost. However, purchasing these
appliances reduces their monthly electricity and il and contributes to the global heating
problem. Households purchase a private power geoerfuel cell (a gas cogeneration system)
when they choose gas as a main energy, and theliga& an energy-saving water heater when
they choose electricity as a main energy. Theainibst is assumed one million yen. When
households use both electricity and gas, they lysaalitch only supplier without purchasing
energy-saving appliances. When households don’'tcewa supplier, they don’'t purchase
energy-saving applianced he utility level, when households choose alttveal, sets 0.

6. Security services

Households can receive security services and nmaEnte services of appliances as
accompanying services from electric power and gaspanies. The services are assumed to be
free. Households receive services to detect gds flean gas companies and fix electricity
troubles at outages from electric power compamésen households choose alternative 1, they
can’t receive any services for O utility in altetima 1. In an econometric analysis, a dummy
variable is used, assigning 1 with services andtBowt services.

Table 1 is the summary of attributes’ levels.

Table 1 The levels of attributes

Attributes Levels

A total monthly bill -5000 JPY, -3000 JPY, -2000YJR1000 JPY, -500 JPY, 0 JPY
(unchanged)+1000 JP®

CO; emissions -30%, -20%, -10%, 0% (unchanged), +10%

Use of nuclear power Yes (1), No (0)

The share of renewable 5%, 10%, 30%, 50%
energy sourct

Optional  energy-saving Purchase (1million JPY), not purchase (0 JPY)
appliance

Security service Yes (1), No (C

6 The fact was found in the interview for the Osaka gorporation.



I make profiles, using the levels and combiningdsacreated by the orthogonal planning
method. Profiles are made after deleting unrealetid dominant cards. For example, the case
that CQ emissions increase even though nuclear powernawable energy sources are used,
and the case that monthly bill is higher even tlolguseholds purchase energy-saving
appliances are deleted. In alternative 4, wheretr@@ty is used intensively, it is impossible to
provide cheaper electricity without using nucleawpr and with the share of renewable energy
sources 50% When the share of renewable energy sourcesseddd 30% or 50%, nuclear
power is used, or the billis higher. Table 2 reprgés an example of profile.

Table 2 An example of profile

Alt. 1: Alt. 2: Alt. 3: gas Alt. 4:
No switch electricity electricity
and ga
A total monthly| No change| -5000 JPY -500 JPY -1000 JPY
electricity and ge bill
CO, emissions No change -30% No change -30%
Use of nuclear power No Yes No Yes
The share of renewable 5% 5% 10% 50%
energy source
Optional energy-saving No No Yes No
appliance (Imillion JPY
Security service No No Yes No

Households choose the best alternative. They ansitlerespect to 10 choice questions. Each
question has various levels of attributes. The desiee collected via a web-based questionnaire,
utilizing the services of the Rakuten Research GomgpThe sample size is 1000 households in
Kantd® and Kansdareas. The sample is weighted by each area’s gapulZhe sample size of
Kanto area is 667 and that of Kansai area is 388rB the deregulation, households in Kanto
area purchased electricity from the Tokyo elegbdgver company (TEPCO) and gas from the
Tokyo gas corporation. TEPCO has some nuclear pgiemts. Households in Kansai area
purchased electricity from the Kansai electric powempany (KEPCO) and gas from the
Osaka gas corporation. KEPCO also has some nymbeeer plants. Respondents’ age is under
59 because we assume households use optional essangyg appliances for a long term. Even
if they purchase these appliances, they need atkmngto recover the initial cost by reducing
their monthly bill. Some elders don’'t choose théeralative with optional energy-saving
appliances due to their age. Data were collect&@dbruary 2018.

5. The results of the questionnaire

In this section, we review the results of the qioestaire. We note the percentage of
households who switched their electricity or gappdier after the deregulation. Only 19 %
switched their electricity supplier, and only 5.6 $#&itched their gas supplier. Only 4.2 %
switched their electricity bill plan, and only 3.3%itched their gas bill plan.

In the questionnaire, | asked the new supplier Wwhimuseholds switched after the
deregulation. In both Kanto and Kansai area, manséholds choose a major gas company in
the area (the Tokyo gas corporation in Kanto anebthe Osaka gas corporation in Kansai area)
for the purchase of electricity and choose a majectric power company in the area (the

" The fact was found in the interview for the Osaka gorporation.
8 Tokyo, Chiba, Kanagawa and Saitama prefecture
% Osaka, Kyoto, Hyogo, Shiga and Nara prefecture



Tokyo electric power company in Kanto area andkthgsai electric power company in Kansai
area) for the purchase of gas.

The primary reason of switching was a cheaper etégt and gas bill. The major second
reason was a stable electricity and gas supplystable management of suppliers and the
public notoriety of suppliers. A set discounted bibs also one of the major reasons, but it is
included in a cheaper bill. Some households switdheir supplier by the recommendation of
sales persons especially in gas. The main reabatndouseholds didn't switch their supplier
were that they were not dissatisfied with theirrent electric power and gas company and that
they didn’t trust new suppliers. The fact is rethteith the customer’s loyalty as Goto (2017)
pointed. Many households feel burdensome in saagchill plans and switching procedures.
This is the switching costs as Goto (2017) pointed.

| asked households that their electricity and géiswas reduced by switching after the
deregulation as the effects of the deregulatior2 84 households reduced their electricity bill
and 48.7% reduced their gas bill. However, 31% 'tidrduce their electricity bill and 42.3%
didn’t reduce their gas bill.

More than half of households are not interesteativanced appliances such as a fuel battery
We expect that to obtain their clients each supplié develop their own energy services after
the deregulation. Advanced appliances are expetdellie developed and promoted, and
suppliers provide long-term energy-saving applisne@d comfortable life as value-added
services. However, if households are interestashiy reducing their bill and are not interested
in long-term energy savings and value-added sesyive couldn’t gain the benefits from the
competition and innovation.

Table 3 shows the socio-demographic attributes haf $ample. Respondents who are
unemployed are more observed than the population.

Table 3 Socio-demographic attributes

Number| %
Total 1000 100
. Employed 714 71.4
Occupation Unemployed 286 28.6
Less than 2,000 150 15
2,000-3,990 189 18.9
Household incomé¢ 4,000-5,990 251 25.1
(thousand JPY) 6,000-7,990 168 16.8
8,000-9,990 119 11.9
More than 10,000 123 12.3
Single 198 19.8
Couple 269 26.9
Family Three 25¢€ 25.€
composition Four 200 20
Five 49 4.¢
More than si 28 2.8
. Detached house (includir
Dwelling type two households house() Y 420 42

10 Other advanced appliances are solar panel, homd génerator, storage battery, energy-saving water
heater (electricity and gas for each), dehumidifierthe bathroom (electricity and gas for eaclopif
heating (electricity and gas for each).
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Collective housing
(condominium, apartmenf, 539 53.9
housing complex etc
Company housing, dormitony
. 41 4
housing etc.
Sex Male 50¢ 50.¢
Femal 49z 49.2
20-28 20¢ 20.€
3C-3¢ 247 24.7
40-49 310 31
Age (years old) 50-59 234 23.4
Average 40.57
Minimum 20
Maximurr 5¢

6. Econometric model

In a choice experiment, the dependent variableissrete. To estimate a choice model,
therefore, a discrete choice econometric modelldhioel used. A conditional logit model is a
popular model in this context. However, this modssumes an Independent and Identical
Distribution (11D), and this assumption derivesrfrahe Independence of Irrelevant Alternatives
(I1A). This assumption is restricted and easilylaied in many cases. Consequently, a random
parameter logit model (mixed logit model) is usedaageneral discrete choice econometric
model**. This model allows the random variation of indivad preferences, unrestricted
substitution patterns, and correlation among unweiesefactors over tim&

A random parameter logit model assumes that eadmeder has a specific distribution. The
utility is specified as
Unj = (X’an + B;an + £nj

This function specifies that individual chooses alternativg where o is a non-random
parameter anfl,is a random parameter that represents the prefereheach individual and
varies among individuals. In this paper, constantns and the parameter of a monthly bill,
which is a price parameter, are non-random parametg is a variable vector that includes a
monthly bill. On the other hand, the parameter@ emissions, use of nuclear power, the
share of renewable energy sources, optional ersagiytg appliances and security services are
random parameters,; is a variable vector that includes £&missions, use of nuclear power,
the share of renewable energy sources, optionatgersaving appliances and security
servicesey; is a random error term and has an 11D extremeevalu

The probability conditional of,, is

L (g = EPBaxa)

2 exp(Bn Xnj)

The random parameter logit probability is

1 tried a nested logit model. But | couldn’t obtainy reasonable results.
12 The explanation of a random parameter logit modslds from Train (2003) and Louviere et al.
(2000).
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eXp(B,Xni) >
ni = | (o s ) f(B)d
b= (zjexp(s'xn,-) (B)dp

This probability is the unconditional choice proliip calculated as the integral &f;(B,)
over allf,.

The distribution off3,, must be assumed. Usually, a normal, log-normal,tr@ngular
distribution, etc., can be assumed. In this pap@mal distribution is assumed.

Simulation methods were used for estimation. Tmeikted probability is

R
— 1
Py = EZ Lni(Br)
=1

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

where ¢; is an indicator. It equals 1 if an individualchooses alternativig or is 0 otherwise.
The SLL was maximized to capture the maximum sitedldikelihood estimator. In addition,
100 Halton draws were used for simulation. Fomeation,Limdep NLOGIT 5 was used.

7. Estimation results

In this section, the estimation results of a rangi@rameter logit model are illustrated. Table 4
represents the estimation results.

Table 4 Estimation results

Variables Coefficient Standard | Z value P value
Errot
Random paramet
CQ; emission -0.0060t 0.0028 -2.12 0.034:
Nuclear power 0.0699 0.0907 0.77 0.4409
Renewable enerc -0.0113. 0.0021: -5.3¢ 0
Optional appliances -0.02644 0.00147 -18.02 0
Security services 0.24336 0.05045 4.82 0
Non-random parameter
Monthly bill -0.00014 0.00001494-9.65 0
Constant 1 -0.0644 0.11385 -0.57 0.5716
Constant 2 0.75973 0.06926 10.97 0
Constant 3 -0.44992 0.06409 -7.02 0
Standard deviation
CO; emissions 0.06757 0.00277 24.4 0
Nuclear power 1.71012 0.06928 24.68 0
Renewable energy 0.04199 0.00174 24.16 0
Optional appliances 0.03332 0.00146 22.75 0
Security services 0.09792 0.15937 0.61 0.5389
McFadden R 0.315645
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[ Log likelihood [ -9487.17 | | | |

The coefficient of a monthly bill is negative andrsficant at 1% significance level. A lower
monthly bill increases the probability for the attative. Households choose a supplier which
provides a lower bill. The coefficient of GGmissions is negative and significant at 5%
significance level. If C@emissions are reduced, the probability for theralitive increases.
Households prefer a supplier which provides ensrtfideduce Coemissions. The coefficient
of use of nuclear power isn’t significant, whileetboefficient of the share of renewable energy
sources is negative and significant at 1% signifiealevel. This means that households don't
choose a supplier which provides electricity getegtdoy renewable energy sources and the use
of nuclear power doesn't affect households’ chdarea supplier. The result is different from
my hypothesis and previous researc¢hes

It is impossible to realize an all-electric servigigh higher ratio of renewable energy sources,
without nuclear power and with a lower bill. We @s®d that in the profiles of an all-electric
case suppliers use nuclear power when the shamneifvable energy sources is 30% or 50%.
Some respondents support renewable energy and slgpftort nuclear power. This fact may
cause different results from the hypothesis andipus studies.

The coefficient of optional energy-saving applissxds negative and significant at 1%
significance level. Households don't choose theerafitive with optional energy-saving
appliances. The price of optional energy-savingliappes is 1 million JPY, which is too
expensive. Households don’t purchase optional greaging appliances unless the price or
monthly bill becomes much lower. This result metna households are not interested in such
appliances. According to the previous questionnainere than half of households are not
interested in such appliances. The estimation tresabnsistent with the result of questionnaire.
The coefficient of security services is positivedasignificant at 1% significance level.
Households need the services. After the deregulatappliers are expected to acquire their
customers by providing such free services.

In the previous estimation, we obtain the differegults from our hypothesis, which use of
nuclear power isn't significant and the share ofergable energy sources has a negative impact
on households’ choice and is significant. The tssobuld be caused because we assume that
suppliers use nuclear power when the share of rablewenergy sources is higher in making
profiles. That is why a cross term of use of nucleawer and the share of renewable energy
sources is added in the regression equation tyamalouseholds’ preferences for both use of
nuclear power and higher ratio of renewable enexgyrces. The expected sign is positive.
Table 5 shows the estimation results. The cross iepositive but isn’t significant. Households
don't prefer electricity which is generated by rasl power and higher share of renewable
energy sources.

Table 5 Estimation results (with a cross term of w$ nuclear power and the share of
renewable energy sources)

Variables Coefficient| Standard Z value| P value
Error

Random paramel

CQ; emission -0.0058" 0.00271 -2.15 0.033¢

Nuclear powe 0.0669: 0.1214¢ 0.5t 0.581"

Renewable enerc -0.0138! 0.0032¢ -4.22 0

Optional appliance -0.0301! 0.0015: -19.7¢ 0

Security servics 0.2404¢ 0.0533¢ 4.t 0

3Morita and Managi (2013) and Murakami, Ida, Tanakeé Briedman (2015) find that households show
negative evaluation for nuclear power and posigivaluation for renewable energy.
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Cross term (nuclear power and0.00047 0.00303 0.16 0.8757
renewable energy sourc

Non-random paramet

Monthly bill -0.0001« 0.00001491 -9.3¢ 0

Constant -0.0436° 0.115! -0.3¢ 0.704«

Constant 2 0.75504 0.07042 10.72 0

Constant -0.5022¢ 0.0855: -5.87 0

Standard deviation

CQ; emission 0.0710: 0.0028t 24.6¢ 0

Nuclear powe 1.7366: 0.0740: 23.4¢ 0

Renewable enerc 0.0430: 0.0018t 23.0¢ 0

Optional appliance 0.0331: 0.0013 24.1] 0

Security servics 0.2584: 0.2019 1.2¢ 0.200:

Cross term (nuclear power and0.00575 0.0022 2.62 0.0089
renewable energy source

McFadden R 0.314399

Log likelihooc -9504.4!

The monthly bill of an all-electric service withghier share of renewable energy sources and
without nuclear power would become higher. To amalyhat households prefer electricity
generated with higher ratio of renewable energysieven if the bill is higher, a cross term
with a monthly bill and the ratio of renewable emersources is added to the regression
equation. Table 6 shows the estimation results.chdficient of the cross term is positive and
significant at 1% significance level. Householdadte¢o choose a supplier which provides
electricity generated with higher ratio of reneveabhergy sources even if the bill is higher.

Table 6 Estimation results (with a cross term ahanthly bill and the share of renewable

energy sources)

Variables Coefficient Standard Error Z P value
value

Random paramet

CQ; emission -0.0063: 0.0027¢ -2.2¢€ 0.021¢

Nuclear powe 0.1003: 0.0911¢ 1.1 0.271:

Renewable enerc -0.0091. 0.002¢ -3.6¢ 0.000:

Optional appliances -0.02979 0.00161 -18.61 0

Security servics 0.2917¢ 0.0528t 5.52 0

Non-random paramet

Monthly bill -0.0001¢ 0.000(211¢ -8.92 0

Cross term (monthly bill 0.0000026436 0.000000810L 3.26 0.0011
and renewable ener

Constant 0.037¢ 0.1146: 0.3 0.742¢

Constant 2 0.73344 0.07029 10.48 0

Constant 3 -0.50658 0.06538 -7.75 0

Standard deviatic

CQ; emission 0.0718 0.0029° 24.2 0

Nuclear powe 1.7416¢ 0.0767 22.6¢ 0

Renewable ener 0.0437° 0.0018! 23.6¢ 0

Optional appliance 0.0324! 0.0013: 24.7¢ 0

Security servics 0.1329: 0.2198: 0.€ 0.545¢
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McFadden R 0.314552

Log likelihooc -9502.3:

8. Subsample analysis

In the questionnaire, | investigate householdsicsdemographic attributes such as household
income and the number of family members and thaisciousness about energy problems such
as electricity and gas bills and renewable energlvide into some subsamples for example
higher and lower income group. The differences oéfgrences for suppliers between
subsamples are analyzed. | use a random pararogiemodel for estimation.

Table 7 shows the estimation results of lower ineqiess than 6 million JPY) and higher
income group (more than 6 million JPY). In the ligimcome group, the coefficient of nuclear
power is not significant, but in the lower incomeogp, it is positive and significant at 10%
significant level. Lower income group accepts naclpower compared with higher income

group.

Table 7 Lower income vs higher income

Lower incomg Higher income
Variable: Coefficieni Coefficien
Random parameter
CO; emissions -0.00814 *x -0.01515 e
Nuclear powe 0.2033: * -0.1153:
Renewable enerc -0.0121¢ rxk -0.0108! roxk
Optional appliance -0.027¢ x| -0.0244¢ *rk
Security services 0.24424 **x (0.24411 rxx
Non-random parameter
Monthly bill -0.0001: *** | -0.0001 *rx
Constant -0.1331¢ 0.0381:
Constant 0.7213: il 0.8499¢ rork
Constant -0.5075¢ x| -0.4261. i
McFadden R 0.316435 0.318131
Log likelihooc -5590.9° -3875.6:
Samplesize 590( 410(

Note) *** 1%, ** 5%, *10% significant level

Table 8 shows the estimation results of youngess(tban 39 years old) and elder (more than
40 years old) group. In the elder group, the comfit of CQ emissions is not significant, but in
the younger group, it is negative and significart@®o level. Younger group chooses a supplier
which provides energy that contributes to the dlibleating problem.

Table 8 Younger vs elder households

Younge Elder
Variable: Coefficient Coefficient
Random paramet
CQ; emission -0.0067! ** -0.00009619
Nuclear powe 0.0891: 0.011¢
Renewable ener -0.0098:- il -0.0165t el
Optional appliance -0.0310° *rx -0.0255: *rx
Security servics 0.1886¢ *x 0.3228t *rx
Non-random paramet
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Monthly bill -0.0001" *rx -0.0001: *rx
Constant -0.3468:- ** 0.1514:

Constant 2 0.43765 *kk 1.08602 rkk
Constant -0.6616! rork -0.2649: il
McFadden R 0.300639 0.333196

Log likelihooc -4421.0: -5028.6¢

Sample siz 456( 544(

Note) *** 1%, ** 5%, *10% significant level

Table 9 shows the estimation results of househelts live in a detached house and
households who live in a collective housing. Cdllex housing includes company and

dormitory housing. But we don't find notable diféerces between two subsamples.

Table 9 Detached house vs collective housing

Detached hou:

Collective housin

Variable: Coefficient Coefficien

Random paramel

CQ; emission 0.0009: -0.0020t

Nuclear powe 0.1101! 0.0747.

Renewable enert -0.0087! *kk -0.0166t¢ xkx
Optional appliance -0.0233: *** | -0.0301- *rx
Security servics 0.2180: rxk 0.3110: roxk
Non-random paramet

Monthly bill -0.0001¢ *** | -0.0001: *rk
Constant -0.0003:. -0.1785:!

Constant 0.6107¢ *** | 0.8357: *rx
Constant -0.6841¢ *** | -0.3366: *rx
McFadden R 0.295938 0.330521

Log likelihooc -4099.3¢ -5382.9!

Sample siz 420( 580(

Note) *** 1%, ** 5%, *10% significant level

Table 10 shows the estimation results of small (fx@&mbers) and big (4-6 more over
members) family. In the small family group, the ffioéent of CO, emissions is not significant,
but in the big family group, it is negative andrsfigant at 10% level. If the family size is
bigger, households choose a supplier which prowedesgy that reduces G@&missions.

Table 10 Small vs big family

Small family Big family
Variable: Coefficieni Coefficient
Random paramel
CQ.emission -0.0022: -0.0085° *
Nuclear powe 0.1525: -0.0860t¢
Renewable enert -0.0188¢ el -0.009: *
Optional appliance -0.0295! *rx -0.0288: *rx
Security servics 0.295¢ rxk 0.1849¢ *
Non-random paramet
Monthly bill -0.0001: *rx -0.0001¢ *rk
Constant -0.1531¢ 0.005¢
Constant 0.799¢ il 0.6300:« il
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Constant -0.3861! rork -0.5678! Frk
McFadden R 0.324823 0.290112

Log likelihooc -6767.2 -2725.9¢

Sample siz 723( 277(

Note) *** 1%, ** 5%, *10% significant level

Table 11 shows the estimation results of househetus live in Kanto and Kansai area. But
we don’t observe any notable differences betweentdand Kansai area. In Kanto area, the
coefficient of CQemissions is significant, but in Kansai area, ia$ significant.

Table 11 Kanto vs Kansai area

Kantc Kansa
Variable: Coefficient Coefficien
Random paramel
CQ; emission -0.0099:- *** | -0.0060t
Nuclear powe 0.0305: 0.1771!
Renewableenerg -0.0139° *** | -0.010: *rk
Optional appliance -0.0334: *** | -0.0252: *rx
Security servics 0.2917¢ rxk 0.1972 *x
Non-random paramet
Monthly bill -0.0001: *** | -0.0001! *rk
Constant -0.0671¢ -0.0152-
Constant 0.7626: *** | 0.7409! i
Constant -0.4287" *** | -0.5117! *xx
McFadden R 0.322166 0.30095
Log likelihooc -6267.6! -3227.0°
Sample siz 667( 333(

Note) *** 1%, ** 5%, *10% significant level

In the questionnaire, | asked households the mgsbitant energy problem. Some households
answered that the realization of lower electrigityd gas bill is the most important. | compare
their behavior between the households who answiaiedealization of lower bill is the most
important (lower bill group) and the households vatidn’t answer it (not lower bill group). In
the lower bill group, the coefficient of nuclearvger is positive and significant at 5% level. We
didn’t obtain such a result in other analysis. Tlaeg permissive for nuclear power and they
think nuclear power is reasonable if their bilfesluced.

Table 12 Low bill vs not low bill

Lower bill Not lower bill
Variable: Coefficient Coefficien
Random parameter
CQ; emission 0.0008! -0.0161! i
Nuclear powe 0.2631° ** -0.0033!
Renewable enerc -0.015¢ *** | -0.0085¢ *rk
Optional appliance -0.0260:¢ 1 -0.0274. *rx
Security servics 0.2162. x| 0.2461! *rk
Non-random paramet
Monthly bill -0.0001¢ *** | -0.000: i
Constant 0.2243: -0.4236° **
Constant 0.7106¢ k1 0.7573¢ rork
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Constant -0.6331! rork -0.3755¢ rork
McFadden R 0.31541 0.327675

Log likelihooc -5039.4. -4371.2°

Sample siz 531( 469(

Note) *** 1%, ** 5%, *10% significant level
9. Analysis by a revealed preference

In the questionnaire, | asked households whettesr $vitched an electric power company and
urban gas company after the deregulation. | anatlyeefactors that households switch their
supplier. A dummy variable is used as a dependaniabie where 1 is assigned when
households switched their supplier and O is asdigmBen households didn’t switch their
supplier. Binary probit model is used for estimatlmecause the dependent variable is discrete
and has two values.

As independent variables, a monthly electricity ayas expenditure in January 2018, a
detached house dummy where 1 is assigned to hddsekibo live in a detached house and O is
assigned to households who live in a collectivesitay the number of family members who
live together, annual household income, male dumagg, Kanto dummy where 1 is assigned
to households who live in Kanto area and 0 is asslgo households who live in Kansai area
are included. In addition, independent variablesualhouseholds’ preferences and perceptions
are included. The preferences for renewable eneagigwer bill and a stable supply are
included. | use dummy variables for the independantbles. In the preferences for renewable
energy, | assign 1 for households who support rab&venergy as the most desirable future
energy source, and 0 for households who supporireloewable energy. Renewable energy
includes solar, wind, geothermal, biomass and hyfidr@ower. Non-renewable energy includes
nuclear, coal, oil and natural gas. In the prefegerfor a lower bill, I assign 1 for households
who think that the realization of a lower electgicand gas bill is the most important energy
problem, and 0 for households who think that othveergy problems are the most important. In
the preferences for a stable supply, | assign héwmseholds who think a stable supply as the
most important energy problem, and 0 otherwise.

The dependent variable is whether households sedtteir supplier or not, and whether they
switched their bill plan or not in both electriciéyd gas.

Now, | illustrate the estimation results about #vatching of an electric power company in
table 13.

Table 13 Estimation results (switching of an eleqiower company)

Variables Coefficient Standard Errar Z value P value
Electricity expenditur 0.04935! 0.02806 1.7¢ 0.07¢
Housing -0.0930¢ 0.10880: -0.8¢ 0.39:
Family members 0.068525 0.044119 1.55 0.12
Household income 0.108891 0.03155 3.45 0.001
Male -0.0548! 0.096" -0.57 0.57
Age 0.00084 0.00473! 0.1¢ 0.85¢
Kantc -0.0571! 0.09997! -0.57 0.567
Renewabl energ 0.01689. 0.10268iI 0.1¢€ 0.86¢
Lower bill 0.27353! 0.11990i! 2.2¢ 0.02:
Stable suppl! -0.2179 0.1472¢ -1.4¢ 0.13¢
Constan -1.7696° 0.28315: -6.2F 0
McFadden R 0.0444

Log likelihooc -464.64
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The coefficient of household income is positive aighificant at 1% level. Households with
higher income tend to switch their supplier aftex tleregulation. The coefficient of lower price
is positive and significant at 5% level. Household® think that the realization of a lower bill
is the most important tend to switch their suppliére coefficient of electricity expenditure is
positive and significant at 10% level. Householdwvepend more electricity expenditure tend

to switch their supplier.

Table 14 shows the estimation results about th&kimg of an electricity bill plan.

Table 14 Estimation results (switchin

of an elettir bill plan)

Variables Coefficient Standard Errar Z value P value
Electricity expenditure| -0.00296 0.042377 -0.07 0.944
Housing -0.2551! 0.17448! -1.4¢ 0.14¢
Family membes 0.13412. 0.06565 2.04 0.041
Household incomr -0.0355: 0.04953! -0.72 0.47:
Male 0.18658- 0.1510° 1.2¢ 0.217
Age -0.0030° 0.00717. -0.4z 0.66¢
Kantc -0.1797 0.15123: -1.1¢ 0.23¢
Renewabl energ -0.1620¢ 0.15666! -1.0¢ 0.301
Lower bill -0.2462! 0.17869 -1.3¢ 0.16¢
Stable supp! -0.2026! 0.20708:; -0.9¢ 0.32¢
Constan -1.4580: 0.4113: -3.5¢ 0
McFadden R 0.0275

Log likelihooc -169.45:

Only the coefficient of the number of family membés positive and significant at 5% level.

Households who have more family members tend tachviineir electricity bill plan.

Next, | illustrate the estimation results of thatshing of a gas company in Table 15.

Table 15 Estimation results (switching of a gas jgany)

Variables Coefficient| Standard Error Z value P value
Gas expenditu 0.01516: 0.04847 0.31 0.75¢
Housin¢ 0.32796: 0.17714. 1.8¢ 0.06¢
Family membes -0.0846« 0.07408: -1.14 0.25¢
Household incormr 0.09053i 0.04965! 1.82 0.06¢
Male 0.2227: 0.15417. 1.44 0.14¢
Age -0.0170¢ 0.00740:i -2.31 0.021
Kantc -0.5258:¢ 0.15202i -3.4¢€ 0.001
Renewabl energ -0.056 0.15821! -0.3€ 0.72
Lower bill 0.269177 0.187797 1.43 0.152
Stable suppl! -0.5847 0.28685: -2.04 0.041
Constan -1.057: 0.43037. -2.4¢€ 0.01¢
McFadden R 0.1088

Log likelihooc -168.66:

The coefficient of age is negative and significahtc% level. Younger households tend to
switch their supplier after the deregulation. Theeféicient of Kanto dummy is negative and
significant at 1% level. Households who live in kKararea don’t switch their supplier. The
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coefficient of a stable supply is negative and iicgnt at 5% level. Households who think a
stable supply is the most important don’t switchittsupplier. The coefficient of a detached
house dummy is positive and significant at 10% lleMeuseholds who live in a detached house
switch their supplier.

Table 16 shows the estimation results about th&ekimg of a gas bill plan.

Table 16 Estimation results (switching of a gakgidn)

Variables Coefficient| Standard Error Z value P valueg
Gas expenditu 0.07646! 0.05975! 1.2¢ 0.201
Housin¢ -0.5749: 0.22508: -2.5k 0.011
Family membes 0.08807 0.08672! 1.0Z 0.31
Household income 0.114518 0.060198 1.9 0.057
Male 0.168455 0.180816 0.93 0.352
Age -0.0164 0.00896! -1.8¢ 0.06¢
Kanto -0.33695 0.179036 -1.88 0.06
Renewable energy -0.02011 0.187392 -0.11 0.915
Lower bill 0.002312 0.226112 0.01 0.992
Stable supply 0.021274 0.252075 0.08 0.933
Constan -1.8965: 0.48556! -3.91 0
McFadden R 0.0735

Log likelihood -118.178

The coefficient of a detached house dummy is negatind significant at 5% level.
Households who live in a detached house don't $wileir gas bill plan. The coefficient of
household income, age and Kanto dummy is positivé significant at 10% level. Younger
households, households with higher income and Ihalde who live in Kanto area tend to
switch their gas bill plan after the deregulation.

10. Conclusions and policy implications

In this paper, | analyzed households’ choice bedrdeir suppliers and energy sources in Japan
after the deregulation of electricity and gas tetales in April 2016 and 2017 respectively.
After the deregulation, suppliers which provideiwas bill plans and services will be expected
to start their business. Now, very few householdisch their supplier. | examined the reasons
that households switched their supplier by a probddel and the future conditions that
households will switch their supplier by a conjoimialysis and estimate the preferences for the
attributes such as bill plans, services and ensogyces which suppliers provide. On the other
hand, the substitution between electricity and wédk be promoted, and as a result, some
households use only electricity or gas intensively.

From the estimation results, the coefficient of anthly bill was negative and significant.
Households prefer suppliers which provide lowel jpidns. The coefficient of COemissions
was negative and significant. They prefer supphengch provide eco-friendly energy to reduce
CO, emissions. However, | couldn’t obtain expectediltssin energy sources. The coefficient
of nuclear power was not significant, and that eriawable energy sources was negative and
significant. We expected that the coefficient otlear power was negative and significant and
that of renewable energy sources was positive mmifisant. It is impossible to provide an all-
electric service with higher ratio of renewable rgiyesources, without nuclear power and with a
lower bill. In an all-electric service, a highetlkor use of nuclear power should be accepted.
The estimation results would be caused becausekk rpeofiles considering these facts. |
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estimated the regression with a cross term of @tie of renewable energy sources ratio and a
monthly bill. | obtained the positive and signifitacoefficient. From the results, households
would accept a higher bill for the higher ratiorehewable energy sources. Households need
free security services. But they don't need opti@tiwanced energy-saving appliances such as a
fuel battery. This result is consistent with theispond in the questionnaire. In the questionnaire,
they are not interested in such advanced appliances

We discussed the substitution between electricitygas. Some households may use a cheaper
energy either of electricity or gas intensively n&households who support renewable energy
may use electricity generated by renewable enemntgnsively. However, it is impossible to
provide electricity generated by renewable enesgg eain energy source with a lower bill and
without nuclear power. An all-electric service ngediclear power if the bill is reduced. It is
difficult to realize an all-electric service unlea® resume nuclear power plants and raise the
ratio of nuclear power. From the reason, the suligin between electricity and gas will not be
prevailed. After the regulation, we will use botbatricity and gas and purchase them from the
only one supplier as the most possible scenarioth®rother hand, households who object to
nuclear power and support renewable energy may sehaosupplier which uses renewable
energy as a main energy source and may accepharhidl.

In this paper, | analyzed the households’ switchiabavior for electricity and gas suppliers by
both stated and revealed preference method. Noly, o years have passed since the
deregulation of electricity retail sales starteshd aonly one year has passed since the
deregulation of gas retail sales started. Nowvs difficult to evaluate the deregulation including
both electricity and gas. We need to evaluate thelevenergy market including both electricity
and gas by using real consumers’ switching data.
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