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Abstract: Solar PV capacity growth in Japan has been facilitated by a number of government schemes
that have been implemented since 1994. Publicly available capacity data are provided by a number of
agencies and organisations at various resolutions and at different stages within these schemes. This
study provides a comprehensive review of solar PV data sources in Japan between 1994 and 2019, as
well as an introduction to the subsidy schemes and organisations involved in scheme management
and data collection in Japan. As a result, the authors produced their own dataset of installed
capacities and generation across time for the various regions. Lastly, this study provides insights
and recommendations to policy makers regarding opportunities for improving the accessibility and
quality of data from a user perspective and to enhance Japan’s presence in international research.
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1. Introduction

Renewable energy sources for electricity (RES-E) are being developed worldwide
to decarbonise the economy and mitigate the effects of climate change [1]. Some of the
countries that have installed the greatest amount of solar photovoltaics (PV) include the
USA (88.9 GW installed capacity [2], representing 2.8% of the electricity generated in the
country as of 2020 [3]), the UK (13.6 GW [4] and 3.9% in 2019 [5]) and Germany (54 GW [6]
and 9.3% in 2020 [7]). In Japan, solar PV and renewables in general have received increasing
attention to help decarbonise the energy system following the 2011 Fukushima Earthquake
and Tsunami, which caused the shutdown of the Daiichi and Daini nuclear power plants,
as well as most of the nuclear fleet [8]. Solar PV in Japan has 54 GW of installed capacity
(i.e., similar to that of Germany), generating 7% of electricity as of 2019 [9]. As aresult, it has
already reached its generation goal for 2030 [10]. This target for 2030 was quite unambitious
as, in comparison, by the same year the USA aims for a 30-50% generation share from
solar PV [11], the UK for 19-40.6 GW with no specific generation share target [12,13],
and Germany for 100 GW and a 65% generation target for renewables as a whole [14].
While in the UK solar PV sales only took off in the mid-2000s [15], commercial development
began in the 1990s in the other three countries [16-18].

The Japanese experience of solar PV development is relevant for the international
community, as the country currently has one of the largest installed capacities and is
suitable for comparative studies with other countries in terms of policy and energy system
impacts (e.g., [19]), as well as for model verification [20,21] or land use assessments [22].
The country also represents the interesting case of a developed island nation with an
isolated grid, subdivided into regional grids with a relatively low level of interconnection
between them. This could provide other countries with insights regarding how grid
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infrastructure can be adapted to cope with increased levels of PV penetration and ensure
resource self-sufficiency when managing future investments.

To conduct such studies, the availability of open access data is important, with the
OECD even compiling an open data index to rank governments on the openness, usefulness
and re-usability of their data [23]. The open data handbook defines open data as “data
that can be freely used, re-used and redistributed by anyone—subject only, at most, to the
requirement to attribute and sharealike” [24]. This further includes unrestricted re-usability,
whether for educational, commercial or other purposes, as well as universal participation,
irrespective of affiliation, and free availability and access.

In Japan, both capacity and generation data have been collected and made publicly
available on different platforms by various organisations over the years, though typically
only in Japanese. Essentially, the scattered nature of the data and language barriers presents
a problem with regard to its accessibility and usefulness to the international community.

The present paper contributes to international research in three ways. First, at a
practical level, it aims to provide Japanese solar PV data for the international community in
line with open data standards, that is easily accessible (on Zenodo [25]), usefully formatted
and freely re-usable. Second, the present paper clarifies the relations between data sources,
collecting, and providing entities. In doing so, this paper provides the first comprehen-
sive overview of the schemes that have been implemented since Kimura and Suzuki’s
(2008) [26] review of the first 30 years of solar energy development in Japan. Third, based
on the insights gained from this exercise, the authors provide recommendations on how
improvements in data availability can be made by Japanese policy makers and organisa-
tions for international and domestic users. While these recommendations are formulated
for the Japanese case, they are essentially transferable to any other country. To achieve
this, the next section covers an overview of the schemes that have been implemented,
describing the stakeholders involved and the relations between them. Essentially, the re-
search connects and expands from that of Kimura and Suzuki (2008) [26], who reviewed
solar PV capacity development from 1974 to 2006, to provide a continuous overview of
available data up until 2021. The third section contains the data collection methodology
and an overview of the datasets available in Japan regarding installed PV capacity and
generation development between 1994 and 2021. This is followed by the results section.
Finally, the authors discuss the insights obtained, and provide recommendations for policy
makers and organisations involved in collecting data to make it more readily available to
an international audience, and so its usefulness can be improved (from the perspective
of users).

2. Overview of Solar PV Development in Japan (1994-2020)

All solar PV development activities subsidised by the government of Japan (GOJ) are
conceived by various agencies and institutes within the Ministry for Economy, Trade and
Industry (METI). The main agencies and institutes affiliated with METI that are of note are:

*  The National Institute of Advanced Industrial Science and Technology (AIST), which
focuses on research and development, and to which the New Energy and Industrial
Technology Development Organisation (NEDO) was affiliated until 2005.

*  The Agency for Natural Resources and Energy (ANRE, sometimes known as ENE-
CHO), which focuses on market introduction projects.

However, it is not only government agencies that provide data, and a number of
other organisations have been involved over the years in the provision of solar PV data,
as summarized in Table 1. The development and progression of PV schemes and their
implementation is described in detail in the following subsections. Figure 1 summarises
the timeline of these solar PV schemes, their managing entities and data collectors between
1994 and 2021.
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Table 1. Entities related to energy generation and data collection.

Name Abbreviation Type Role Years Active
Ministry of International Trade and Industry MITI Gov - until 2003
(now METI)

Ministry of Economy, Trade and Industry METI Gov - 2003-Present
New Energy and Industrial Technology Devel- NEDO Gov - -
opment Organization

Agency for Natural Resources and Energy METI-ANRE Gov D) 2003-Present
New Energy Foundation NEF Org DC 1997-2007
New Energy Promotion Council NEPC Org DC 1994-2008
Japan Photovoltaic Energy Association JPEA Org DpP 2008-2014
Organization for Cross-regional Coordination OCCTO Org Dr 2016-Present
of Transmission Operators

Hokkaido Electric Power Company HEPCO EPCo Dp 2016-Present
Tohoku Electric Power Company TOHOKUDEN EPCo Dpr 2016-Present
Tokyo Electric Power Company TEPCO EPCo DP 2016—Present
Chubu Electric Power Company CHUDEN EPCo Dpr 2016-Present
Hokuriku Electric Power Company RIKUDEN EPCo Dpr 2016-Present
Kansai Electric Power Company KEPCO EPCo DP 2016—Present
Chugoku Electric Power Company CEPCO EPCo DpP 2017-Present
Shikoku Electric Power Company YONDEN EPCo Dr 2016-Present
Kyushu Electric Power Company KYUDEN EPCo DP 2016—-Present
Okinawa Electric Power Company OKIDEN EPCo DpP 2016-Present
Federation of Electric Power Companies of FEPC Org DC 2010-2017
Japan

Institute for Sustainable Energy Policies ISEP Org DC 2010-2017
Japan Electric Power Information Center JEPIC Org DC 2019-Present
National Institute of Informatics NII-ElecJapan Aca DC Present

Gov: Government Institutions or Agencies; Aca: Academic Institutions; Org: Organisations; EPCo: Electric Power Companies; DP: Data
Provider; DC: Data Consolidator.
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Figure 1. Timeline of schemes and related data collection in Japan between 1994 and 2020. EEPV in this figure stands for
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2.1. 1994-2005: Residential Solar PV Development Schemes

Three Residential PV Dissemination (RPVD) schemes were conceived between 1994
and 2005, which are denoted as RPVD 1-3 in Figure 1. The first of such schemes was the
“Residential photovoltaic system monitor business” (1994-1996), which was followed by
the “Residential photovoltaic power generation introduction infrastructure development
project” (1997-2001), and finally by the “Residential photovoltaic power generation intro-
duction promotion business” (2002-2005) [18]. While the first two schemes were managed
directly by NEDO at the central government level, the third was operated by each local
authority using subsidies from METI [27]. The Residential PV Dissemination schemes
supported residential PV installations of less than 4 kW by providing one-third of the
installation costs and a maximum of 340,000 JPY/ kW [28]. For price trends of various PV
installation components throughout the 1990s, also see [28].

Throughout the period from 1994 to 2004 subsidy applications were made to the New
Energy Foundation (NEF), which also conducted the data collection regarding subsidy
decisions for residential capacity development [29] and reported the data obtained to the
New Energy Promotion Council (NEPC) [30]. For a detailed overview of the Residential
PV Dissemination schemes, refer to [26,28].

2.2. 2003-2012: Parallel Commercial and Residential Development Schemes

In the period between 2003 and 2012 several solar PV developments and data reporting
schemes were implemented. Following the promulgation of the “Special Measures Law
Concerning the Use of New Energy by Electric Utilities” in June 2002 [31], ANRE introduced
the Renewables Portfolio Standard (RPS) programme in 2003, for which it also oversaw data
collection until its termination in 2012 [32]. Rather than subsidising capacity development
directly, a Renewable Portfolio Standard requires electricity resellers to meet a certain quota
of renewable shares in their resource portfolio. Renewable energy producers can attach
their generation to a specific reseller through certificates (which can be traded between
resellers) and negotiate the price of their electricity with the reseller rather than directly
through the market. This means that a Renewable Portfolio Standard supports capacity
growth, though it does not guarantee profitability for renewable generators [33].

For both residential and commercial solar PV generation under the Renewable Port-
folio Standard programme, the surplus purchase price decreased slightly for industrial
installations in the period between 2003 and 2010, though it increased for private installa-
tions over the same time period (Table 2). To compare the subsidy purchase price with the
cost of electricity between 1994 and 2016, see Table A1l in the Appendix A.

Table 2. Residential and commercial solar PV surplus purchase price (JPY/kWh) [34].

Year Residential Commercial
2003 23.4 13.4
2004 23.4 13.4
2005 23.2 13.4
2006 24.1 12.9
2007 24.1 12.9
2008 25.9 14.6
2009 - 12.6
2010 - 12.5

Multiple renewable resources were eligible under the Renewable Portfolio Standard
programme, including solar PV. However, since a Renewable Portfolio Standard subsidises
electricity provision instead of capacity installation, this may have predominantly benefited
those who already had solar PV systems installed at the time, as well as those planning
to feed into the grid (rather than self-use only). Thus, since the end of the Residential PV
Dissemination scheme (RPVD 3 in Figure 1) in 2005 [35], non-Renewable Portfolio Standard
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funded local authority schemes may now be the main subsidy option for homeowners,
which focus on capacity installation rather than payments for electricity feed-in. For a
summary of local authorities that provide residential subsidy schemes, please refer to [35]
and for a detailed overview of local authority solar PV subsidy schemes, refer to [27].
In 2009 METI began considering the implementation of a Feed-in-Tariff (FiT) scheme [36]
and made a first step toward it through the “Excess electricity purchasing scheme for
photovoltaic power” in late 2009 [33,37]. This scheme subsidised both residential and
commercial installations.

Residential development data between 2004 and 2012 are qualitatively inconsistent
and is often highly aggregated and at times indirectly approximated rather than directly
measured. In 2004, the NEPC officially took over data collection from the NEF up to
and including 2007 [30]. In 2008, the NEPC reports data from the Japan Photovoltaic
Energy Association (JPEA), which took over data collection and reporting for residential
solar PV development around that time and up to 2014 [38]. During this period the JPEA
reported monthly electricity generation and installed capacities for residential and non-
residential solar PV installations for the whole country [39]. Additionally, in 2003 ANRE
began recording annual solar PV generation for Japan [40], which is published up to the
present day.

2.3. 2012-2019: FiT

After the promulgation of the “Act on special measures concerning procurement
of electricity from renewable energy sources by electricity utilities” in August 2011 [41],
the FiT scheme was officially launched in July 2012, replacing the previous Renewable
Portfolio Standard scheme. A FiT scheme fixes the price for renewables, and while it
does not guarantee them access to the market (as a Renewable Portfolio Standard does,
albeit indirectly), it does ensure profitability for those connected. The Japanese FiT scheme
subsidised both residential and commercial participants [33], which effectively ended the
previous parallel schemes (Residential PV Dissemination, local authority schemes and
Renewable Portfolio Standard and data collection (ANRE and JPEA /NEPC/NEF).

The FiT subsidy decreased by 65% for commercial installations between 2012 and
2019, and by 35% for private installations (Table 3).

Table 3. FiT subsidy pricing for private and commercial installations (JPY/kWh) [42].

Year Residential Commercial
2012 42 40
2013 38 36
2014 37 32
2015 29 27
2016 27 24
2017 27 21
2018 27 18
2019 26 14

ANRE, which had overseen the Renewable Portfolio Standard scheme and collected
its data, was also in charge of both duties for the FiT scheme from 2012. However, as the
JPEA was still reporting residential data between 2012 and 2014, there were then two sets
of residential data available, though these were recorded from different sources (one from
subsidies and one from panel sales). Between 2014 and 2016, the JPEA report [43] cited
residential solar PV data from ANRE [44], which may indicate a period of handover and
streamlining. A second overlap period between technically similar datasets occurred in
2019, when ANRE began to report solar PV installed capacity by prefecture [45] separately
from installed capacity data regarding this FiT [46]. This again may indicate a transition
period to a data storage space that was not subsidy-affiliated, as the FiT closed for new
applications in November 2019 [47].
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Apart from the solar PV generation data that ANRE began publishing annually from
2004, the regional utilities, as part of their energy market reform responsibilities [48], also
began publishing hourly solar PV generation data in 2016 for their respective regions.
Again, there are discrepancies between the data published by the utilities and that by
ANRE, further confusing the picture as to the total amount of electricity generated.

2.4. External Data Collecting Organisations

In addition to the agencies providing primary solar PV generation and capacity data,
there are a number of other organisations using these and other related data that draft
regular reports on the Japanese electricity sector and its progression toward sustainability
(often providing policy targets for individual resources, see Table 4).

Table 4. Entities producing reports on the Japanese electricity sector.

Title Institution Duration SP GL TS LG FMT Ref.
PV Outlook by JPEA JPEA 1994-Present N N Y JP PDF [43]
The Electric Power Industry in Japan JEPIC 2019-Present N N Y EN PDF [49]
Electricity Review Japan FEPC 2005-Present R N Y EN PDF [50]
INFOBASE: Electric Power Company FEPC 2005Present R N Y JP PDF [51]
Database

Current status of renewable energy in

Japan as seen from data (FY2019 Electricity =~ ISEP 2003-Present R N Y JP PDF [52]

Edition)

Columns (SP: Spatial; GL: Governance Level; TS: Timestep, LG: Language; FMT: File Format); Spatial and governance level (N: National;
R: Regional; P: Prefecture; C: City; RO: Regional Jurisdiction); Timestep (Y: Yearly; Q: Quarterly; M: Monthly; D: Daily; H: Hourly;
C: Current); File Format (XLS: Excel; WEB: Website; CSV: Comma Separated Values).

This section provides a brief overview of these resources, highlighting the importance
of taking into account the additional data they provide in order to obtain a complete and
accurate picture of the installed capacity and electricity that is generated in the country.

First, in addition to providing primary data, the JPEA also publishes an annual, solar
PV-centric outlook for Japan’s 2050 solar energy vision, from which a summary of PV
sales until 2016 could be found [43]. Further, the number of households with solar PV
installations up until 2016 was aggregated based on [30,38,53,54]. As these sources provide
only the number of households with PV installations, as well as the average PV installed
capacity size for Japan, this does not reflect regional differences in average PV installation
sizes, or potential differences in installation sizes from year to year.

JEPIC’s “The Electric Power Industry in Japan (EPI])” report series [49], which was
first published in 1959, focuses on the structure, policy, supply structure, and markets in
Japan. It includes statistical data gathered from various sources. The two most recent
reports are available for free to download in English. Similarly to JEPIC, the Federation
of Electric Power Companies of Japan (FEPC) makes their annual reports freely available
since 2005 [50], reporting on their position and measures regarding policy and resource
development for the past and upcoming year(s). Aside from this review, FEPC regularly
updates the “INFOBASE: Electric Power Company Database [51]”, which contains infor-
mation about Japan’s electric power businesses clustered into thematic groups, such as
power supply and demand, power equipment, electric power development, etc.

Further, the Institute for Sustainable Energy Policies (ISEP) is a non-profit organisation
that specifically focuses on renewable energy projects, working with policy makers to
speed up the renewable transition in Japan. Between 2012 and 2017, they published the
annual “Renewables Japan Status Report”, for the period 20162018 the “Energy Chart”,
and an interactive graph is available for regional, as well as aggregated generation and
demand data for the country [55]. In 2019, ISEP also published the “Status of Renewable
Energy in Japan” [52], where they tracked the growth of renewable energy capacity in



Energies 2021, 14, 2128

7 of 21

Japan per prefecture and the corresponding penetration rate of each type of renewable
energy sources.

Lastly, Electrical Japan [56] curates an interactive website with spatial visualisation of
a large selection of major electricity resource capacities, including many individual sites
for solar PV. This organisation provides links to primary data, though the data gathering
process for the site is not transparent (as of January 2021) and does not archive data. This
means that the data presented does not show developments over time, but only the latest
data available (which is not complete).

3. Methodology
3.1. Data Identification

To identify a comprehensive set of solar PV installation data for Japan, it was assumed
that solar panel installations in the country are covered by a combination of the government
subsidy scheme-collected data and the manufacturer data [39] provided each year. Based
on this, the authors first identified the schemes under which PV panels were installed
between 1994 and 2021, using a philosophy similar to that established by Kimura and
Suzuki [26], Myojo and Ohashi [57] and Kurokawa and Ikki [28]. As a result, the websites of
the ministries responsible were searched for relevant data or mentions of entities that were
responsible for data collection. The authors also checked every METI-affiliated department
website and conducted a Google search in Japanese for the terms shown in Table 5.

Table 5. Google search terms used to identify solar PV installed capacity data in Japan.

Original Search Term Translation

N " e Solar PV installation data by prefecture,
IR M e —
HRIEIF IR AT R KRS e AR AT T — city, and town

- o e — Solar PV actual generation data by pre-
JEF LE A BT A P e S i
HRHIFIR KPLFerRie 7 fecture, city and town

Current status of residential solar PV
system introduction

FER KB EFRES A7 L AR

Residential photovoltaic power gener-
FERAKEFE AT LFE TR ation system installation support mea-
sures

Throughout the research, only publicly available datasets were used. This data
collection process took place between October 2020 and January 2021, with all results for
installed capacity and actual generation stored by the authors in a dedicated open access
Zenodo archive [25]. Tables 6 and 7 in the next section indicate which data are stored in the
repository, as well as their spatial, temporal and governance levels, language and format.

3.2. List of Dataset Used
3.2.1. Original Data

Table 6 summarises the unique datasets available regarding the installed capacity
in Japan since the inception of the first residential and commercial installations in 1994.
Where the end-date of a dataset is given as “present”, this refers to at least January 2021.
Further, included in the table are the spatial resolution (SP) of each dataset, the governance
level (GL), the timestep (TS) and the language (LG) of the source file. A list of all the
abbreviations used can be found at the bottom of each table.

The Residential PV Dissemination data provided by NEF (and reported to NEPC) are
situated within several locations in their homepage. Most importantly, the PV system status
from 1994 to 2004 can be found here [53], and an update from 2005 here [58]. Post-2005
data are provided here [35]. The exact role of the NEPC as a data curating and collecting
organisation is unclear, as the NEF also published the data it collected on its own website.
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Further, it should be noted that NEPC, when collecting data itself, did not collect data on
the capacity installed, but PV panel sales by domestic and international manufacturers
within Japan, which were assumed to be installed in residential households during this
period [30].

Table 6. Solar PV capacity data.

Title Institution Duration SP GL TS LG FMT Ref.

Implementation Status of PV Subsidy Sys- NEF 1994-2005 C N Y JP WEB [2]

tem (Homepage)

PV System Introduction Status 1994-2004 NEF 1994-2004 C N Y Jp XLS  [53]

Impl'ementatlon Status of PV Subsidy Sys- NEF 2005 C N Y JP XS [5]

tem in 2005

Local Government Support for Residential

PV Systems 2006 NEF 2006 C N Y Jp PDF [35]

i:lsr’:allatlon Status of Residential PV Sys- NEPC 1994-2008 C Y P PDF [30]

Subsidy Application Data by Prefecture JPEA 2009-2014 C Y JP PDF [38]
; .

Nf;ltoku. Renewable Energy Information METL-ANRE 2014-2017 C M WEB  [44]

Disclosure (Homepage)

Natoku! Renewable Energy Information

Disclosure (List of Data) METI-ANRE 2014-2017 C XLS  [54]

RPS Equipment Information METI-ANRE 2003-2011 C Y JP XLS  [32]

RPS Program (English Home Page) METI-ANRE - - - EN WEB [59]

FIT Contracts in Japan METI-ANRE 2012-Present C N Y JP WEB [46]

FIT System Information Disclosure METI-ANRE 2012-Present N N Y JP XLS  [60]

Electric Power Survey Statistical Table METI-ANRE 2003-Present P N M JP XIS [61]

(Homepage)

Number of Power Plants and Capacity METI-ANRE 2019-Present P N M XLS  [45]

. NII-
Power plants in Japan Electricity]P Present R N C JP WEB [56]

Columns (SP: Spatial; GL: Governance Level; TS: Timestep, LG: Language; FMT: File Format); Spatial and governance level (N: National;
R: Regional; P: Prefecture; C: City; RO0: Regional Jurisdiction); Timestep (Y: Yearly; Q: Quarterly; M: Monthly; D: Daily; H: Hourly;
C: Current); File Format (XLS: Excel; WEB: Website; CSV: Comma Separated Values).

Similar to NEF, ANRE data are also distributed over several websites. Individual
(disaggregated) FiT-contracted installations 20 kW have been collected on the FiT portal
site [46] continuously from 2012 to the present day (January 2021). Furthermore, since
2012 ANRE has published monthly aggregated FiT installations in a second portal called
“Nattoku” [54], which changed its reporting format in 2014 and became a legacy site in 2017
(available but not maintained). Any aggregated capacity data from 2017 can be found on
the FiT portal site [46], effectively merging two portal pages but keeping separate datasets.

3.2.2. Consolidated PV Installed Capacity Data

Based on some of the resources listed in Table 6, the authors consolidated the installed
solar PV capacity data by prefecture, year and installation type (>10 kW as commercial and
<10 kW as residential, based on the classification used by the Japanese government [46]).

The following caveat to the overall comprehensiveness of the dataset was identified:
aside from the four main islands that make the country, Japan has a further 400 inhabited
islands [62] with solar PV installations (e.g., [63]). These are not comprehensively reflected
in the datasets identified in Table 6, as these data are difficult to access. However, the au-
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thors argue that the dataset provided by this paper is still reasonably comprehensive, due
to the relatively small installed capacity in such small islands.

Data that met the resolution criteria stipulated above were those provided by
NEF [35,53,58], NEPC [30], JPEA [38] and most ANRE datasets. The criteria for leav-
ing out the ANRE data of [45,61] were that these only record mega-level solar projects
(>1 MW), which are already included in [32,46]. The data provided by Electrical Japan [56]
were not included due to difficulties in establishing unambiguous data sources.

Additionally, the authors took care to remove duplicate data points during the consoli-
dation process. Duplicates were assumed only be able to occur in the subsidy datasets (and
not in the manufacturer data), and were identifiable by their unique ID numbers. While
the consolidated dataset does not include all identified capacity data, it is sufficiently com-
prehensive and free of duplicates to provide a more accurate annual timeline of installed
capacity data in Japan than that of any of the other sources alone.

3.3. Actual Generation
3.3.1. Original Data

Using the same nomenclature utilized in Tables 6 and 7 summarises the actual solar
PV electricity generation data available for Japan. Actual generation data at the country-
level has been provided by ANRE between 2004 and 2015 [40]. From 2016 onward,
ANRE changed its reporting format from country to prefectural level [61]. Following
the Fukushima earthquake and tsunami, the Electricity Power Companies—known in
Japan as EPCOs—began publishing their demand and supply data with forecasts for their
respective regional service areas in 2011 [64-72]. Among them, only Kansai EPCO has
been keeping these data on their website continuously from that point [73]. The remaining
Electricity Power Companies only began archiving their data in 2016, the same year that
the Organization for Cross-regional Coordination of Transmission Operators (OCCTO)
was created [48]. For the generation data across all regions, it is notable that non-utility
generation provides the majority of solar PV-derived electricity. Table 1 provides the full
names of the Electricity Power Companies that are mentioned in Table 7.

Table 7. Actual generation.

Title Institution Duration SP GL TS LG FMT Ref.
Power Generation Results METI-ANRE 2004—Present P N M JP XLS  [40]
tsryist;;“;g‘gﬁ;t’;gf;“;ag‘:nmjOr Elec- 5ecto 2016-Present R N H JP XIS [74]
Power Usage (Supply and Demand) HEPCO 2016-Present R RO H JP XLS [75]
Power Usage (Supply and Demand) TOHOKUDEN  2016-Present R RO H JP CSV [76]
Power Usage (Supply and Demand) TEPCO 2016-Present R RO H JP CSV [77]
Power Usage (Supply and Demand) CHUDEN 2016-Present R RO H JP CSV  [78]
Power Usage (Supply and Demand) RIKUDEN 2016-Present R RO H JP CSV [79]
Power Usage (Supply and Demand) KEPCO 2016-Present R RO H JP  CSV  [80]
Power Usage (Supply and Demand) CEPCO 2017-Present R RO H JP CSV  [81]
Power Usage (Supply and Demand) YONDEN 2016-Present R RO H JP CSV  [82]
Power Usage (Supply and Demand) KYUDEN 2016-Present R RO H JP CSV  [83]
Power Usage (Supply and Demand) OKIDEN 2016-Present R RO H JP CSV  [84]
Power Generation Comparison Ranking P P P WEB [85]

by Prefecture

Columns (SP: Spatial; GL: Governance Level; TS: Timestep, LG: Language; FMT: File Format); Spatial and governance level (N: National;
R: Regional; P: Prefecture; C: City; RO: Regional Jurisdiction); Timestep (Y: Yearly; Q: Quarterly; M: Monthly; D: Daily; H: Hourly;
C: Current); File Format (XLS: Excel; WEB: Website; CSV: Comma Separated Values).
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3.3.2. Consolidated Solar PV Generation Data

Based on the resources listed in Table 7, the authors consolidated the actual annual
solar PV generation by region based on the data provided by the electricity power com-
panies [75-84]. Though ANRE [40] has provided quarterly actual generation data since
2004, this only measures generation by solar PV installations of 1 MW capacity. As the
electricity power companies’ datasets include these, but are not limited to them, the ANRE
dataset was not considered further by the authors. The actual generation data provided by
the electricity power companies lump the 47 prefectures into 10 regions, according to the
regional service area of each utility operator (see Figure 2).

DY Hokkaido - Tohoku 0.9 GW
,F‘, Tohoku- Hokkaido 0.9 GW

,‘ Tohoku - Kanto

0.53 2 6.23 GW (from 2023)
Kanto — Tohoku
0.6 = 0.63 GW (from 2024)

Hokuriku — Chubu 0.3 GW
Chubu — Hokuriku 0.3 GW

Hokuriku — Kansai 1.71 GW
Kansai — Hokuriku 1.3 GW

Kansai — Chugoku 2.78 GW

Chugoku — Kansai 4.05 GW Z
Kanto — Chubu

Chugoku — Kyushu 0.52 GW 6" = 1.2 - 2.1 GW (from 2021)
Kyushu — Chugoku 2.78 GW ( Chubu - Kanto
1.2 > 2.1 GW (from 2021)

Chubu — Kansai 2.5 GW
Kansai — Shikoku 1.4 GW Kansai — Chubu 1.78 GW
Shikoku — Kansai 1.4 GW

Figure 2. The 10 Japanese Electricity Power Companies (EPCOs)’s regional service areas. The capacity of the grid connection
between the various regions is also provided between them, with DC lines marked by triangles and AC lines without
(Transmission capacity data based on: [86]). The dates inside the brackets indicate when the increased capacity should be
available. Note that archipelago of Okinawa is not connected to the four main islands of Japan.

While generation data can therefore not be accurately disaggregated at the prefec-
ture level, an estimation of the generation by prefecture could be obtained by assuming
similar weather and equipment maintenance conditions across them, and proportionately
distributing regional generation according to the actual installed capacity.

4. Results
4.1. Solar PV Capacity Development in Japan between 1994 and 2019

As actual solar PV generation data are only available at the regional level (i.e., for the
regional service areas of each of the electricity power companies), the capacity data were
also aggregated to this level to enable a direct comparison. Nevertheless, the dataset that
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accompanies this manuscript also provides capacity data at the prefecture level (as this
may be relevant to some researchers). The development of solar PV capacity between 1994
and 2019 shows an increasing (non-linear) rate of development up to and including 2015
(see Figure 3), with continuing, but more linear development between 2015 and 2019.

The installed capacity in each region is provided in Appendix A. As of the end of 2019,
43 GW of the total of 54 GW solar capacity was commercially owned. Figure 3 shows that
Hokkaido was the last region to develop solar PV capacity, as could be expected given that
it is the northernmost island in Japan and receives the least solar radiation.

60
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Figure 3. Development of installed solar PV capacity (GW) in Japan from 1996 to 2019 by electricity
power companies’ regional service area.

Figures 4 and 5 show the disaggregated residential and commercial installed capacity,
respectively. Looking at these figures it is possible to observe, for example, that most of
the capacity in Hokkaido is commercial, which was integrated predominantly in 2007,
with some additional gradual growth from 2013 onwards. On the other hand, most PV
installation has taken place in the regions of Kanto, Chubu and Kyushu, with overall
similar and steady progression between commercial and residential development over the
years. Residential capacity developed at an increasing rate until around 2013, with growth
beginning to slow in 2014. Commercial solar PV capacity grew rapidly between 2012
and 2015, with growth slowing slightly after that. In 2014, commercial capacity exceeded
residential capacity for the first time.
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Figure 4. Development of residential (<10 kW) solar PV capacity (GW) in Japan from 1996 to 2019
by electricity power companies’ regional service area.
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Figure 5. Development of commercial (>10 kW) solar PV capacity (GW) in Japan from 1996 to 2019 by electricity power
companies’ regional service area.

4.2. Actual Solar PV Generation between 2016 and 2019

As companies were not obliged to publish actual solar PV generation data until 2016,
this is also when the data reporting period begins. Note that, despite this, Chugoku only
started publishing generation data from 2018 (Figure 6).

2016 Hokkaido Kansai
Tohoku Chugoku
Tokyo E= Shikoku
2017 Chubu M Kyushu
Hokuriku [ Okinawa
2018
60

Figure 6. A

1.

30 40
Solar Generation [TWh]

0 20

nnual PV electricity generation (TWh) for each region between 2016 and 2019.

Using (1) to calculate the load factor (LF) for solar PV, Table 8 provides the LF for each
region between 2016 and 2019 through the data used in Figures 3 and 6.

}
J ]

Tables A2—A4 in the Appendix A provide the actual electricity generation by region
and year, the installed residential and commercial capacity, respectively. While the installed
capacity for this timeframe is available at the prefectural level, generation data are only
provided at the regional level by the respective utilities. Therefore, while regional LFs can
be calculated (see Table 8), it should be noted that these are aggregating differences between
prefectures within a region. For instance, [85] estimated an LF of 16.5% for Yamanashi
prefecture, contrasting with the 13.7% LF for the entire Chubu region that it belongs to.
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However, it should also be noted that [85] only focused on 4 kW-installations from the
period between March 2013 and February 2014. Estimating the LF for each region over
several years is useful as a data quality indicator, as it provides some insight into the
consistency of the generation and capacity data of each region and year. Some low level
of standard variation (<0.8) in the LF between years for a given region can be attributed
to differences in the received solar irradiation due to weather patterns, though higher
levels may show data inaccuracies (possibly from unaccounted generation capacity for the
respective year and region).

Table 8. Annual load factor [%] by region between 2016 and 2019.

Capacity Factor per Region [%]

Year Hokkaido Tohoku Tokyo Chubu Hokuriku Kansai Chugoku Shikoku Kyushu Okinawa
2016 13.26 11.78  11.86 13.33 10.09 10.46 - 12.47 11.62 13.28
2017 11.44 12.00  14.58 13.73 11.71 12.06 - 13.23 13.48 12.63
2018 12.08 14.05 14.16 13.61 11.20 13.89 14.10 12.69 13.54 12.51
2019 12.20 13.67  13.98 13.64 12.76 14.19 14.39 13.65 13.37 11.75
Mean 12.25 12.88  13.65 13.58 11.44 12.65 14.25 13.01 13.00 12.54
STD 0.65 1.00 1.06 0.15 0.96 1.50 0.14 0.46 0.8 0.55

5. Discussion
5.1. Improving the Quality of the Data in Accordance with the Open Data Philosophy

The data used in the present research fulfils two of the three requirements for open data
(as per the open data handbook [24]): the data archives run by the Japanese government
(through its various ministries and associated departments) permit the re-use and re-
distribution of data, as well as universal participation, i.e., anyone can use them for any
purpose (e.g., educational or commercial). Further, while access and availability are also
generally open, several points for improvement could be identified with regard to this
requirement, as will be detailed below.

5.1.1. The Need for Useful and Accessible Data in a Domestic Context

While the data are made available free of membership- or payment barriers, there
is a barrier in terms of language, which is compounded by the occasional use of non-
machine readable scripts (e.g., [29,39,54]) and loose translations in academic reports (e.g.,
the bundling of three schemes under one name that was not the official one for any of these
schemes, for example in Myojo and Ohashi [57]). Furthermore, data on NEF’s [29] and
NEPC’s [30] websites are provided within the temporary visible space of the newsfeed bar,
rather than a dedicated location. Finally, there is the potential issue of double-reporting
of data and a lack of clear authority in terms of which data might be included in others
(see Section 2.3, which details for example how JPEA cited ANRE before the latter took
over; and the apparent transition from the FiT portal for solar PV data to a separate ANRE
data portal since 2019, which the authors assume to be handovers). Basically, there are
two issues: first, installed capacity data are scattered across various websites that disclose
them for different intervals in various formats, and maintain them to different degrees once
schemes have ended. Second, how data between schemes relate is not always transparent,
so that questions arise regarding data overlap or missing entries. Therefore, while solar
capacity has been collected continuously from 1994, putting together one continuous
dataset represents a challenge, emphasising that data availability does not necessarily
equal accessibility. The present paper aimed to address this issue and provides a Zenodo-
archived and usefully formatted, continuous dataset [25] for installed solar PV capacity
by prefecture from 1994 to 2019, as well as annual generation by region between 2016
and 2019.
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This issue could be addressed by designating one agency for data collection, prepa-
ration and disclosure, irrespective of the scheme that may be active at the time. A good
candidate for this task would be e-Stat, the portal site of official statistics of Japan [87],
which is available in Japanese as well as English and provides machine-readable formatted
data. This is another important issue, as the data identified by the authors were often
provided in PDF formatted lists, or as individual values in brief statements. From a user
perspective, CSV formatting would be highly desirable for multi-purpose usability. When
data was available it was often in the form that is used by current spreadsheets (XLS, XLSX,
ODS, etc.), which may be good in terms of compactness, but is less desirable from the point
of view of open data, as some formats are proprietary (such as Excel). The e-Stat site is man-
aged by the National Statistical Center, which should collect generation and capacity data
from schemes, as well as other stakeholders that register new installations or generation,
and provide a consolidated dataset on e-Stat. Additionally, by providing a comprehensive
and regularly updated dataset, e-Stat could enable third parties to access and redistribute
the data further. For instance, stakeholders such as Open Data Japan [88] may make solar
PV generation and capacity datasets more accessible to international researchers.

The authors recommend that data from past schemes (such as the Residential PV
Dissemination) be consolidated and re-uploaded in this way, and that local authorities
are engaged to provide the data for their own schemes. For solar PV generation and
installation data, the minimum requirement should be that prefecture-level and hourly
resolutions are made available, as well as that the chosen resolution and reporting units are
consistent across schemes. Further, the authors recommend that datasets such as that for
the FiT (which include a mix of residential and commercial installations), provide a clearer
distinction of before- (residential) and after-the-meter (commercial) data entries.

5.1.2. Privacy vs. Transparency

Utilities mostly begun publishing hourly generation data from 2016. Among others,
reasons for their hesitance in releasing such information may be that their financial situation-
and CO2 emissions estimates could be reconstructed through reporting generation at an
hourly level. This is a problem, as the enforcement of data publication without a certain
quality standard results in information that has only limited use. The authors propose that
this dilemma could be solved through the previously proposed categorisation of solar PV
capacity and generation data into commercial and residential, rather than utility, non-utility
commercial and residential.

5.2. Limitations

While the aim of this study was to provide a comprehensive timeline of the develop-
ment of PV in Japan, and to provide an accurate estimate of the installed and generated
electricity across regions, several limitations need to be noted.

Residential capacity post-NEF and pre-ANRE reporting in 2016 was not directly
reported, as the JPEA recorded the number of households with solar PV and an average
capacity per household. While the total residential capacity can be estimated from this,
direct measurements would be preferable, especially since average installation sizes may
differ between regions, depending on solar potential. Further, while ANRE (through the
FiT) records residential installations, these are only available in aggregate format when <10
kW, and not reliably identifiable for those installations >10 kW, since they are published in
one list with commercial installations and there is no category to distinguish them other
than whether the owner is an entity or a private person.

While ANRE [89] reports that there were 90 MW of commercial solar PV installed
by 2012 (before the beginning of the FiT scheme), the consolidated Renewable Portfolio
Standard data only amounts to 70 MW of commercial solar PV. Furthermore, by the
end of 2019 FiT registered 266 MW under transition certificates, which means that these
installations were active but not reported before the FiT scheme started. It is likely that
70 of the 266 MW are transitions from Renewable Portfolio Standard to FiT. However, it
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is unclear where the other 196 MW of installed capacity originated from and when they
were first installed (including the 20 MW difference between reported installed capacity
and Renewable Portfolio Standard registered capacity by 2012). Partially, this capacity
may be comprised of previously non-subsidised commercial solar PV and from capacity
subsidized by local government schemes. For the latter, it is unclear whether the capacity
installed through it is listed in the datasets mentioned in Table 4.

Similarly, it is unclear where, if at all, the capacity that was installed outside of subsidy
schemes or by utilities has been recorded in the databases. A dataset of installed capacity
separate from the FiT portal has been provided by ANRE since 2019 [45], though this
dataset only includes mega-solar installations. A comprehensive dataset that includes the
installed capacity for self-use only would be useful for estimates, such as the potential
reduction in electricity demand from self-use at present or in the future.

Lastly, two gaps were identified in the data provided. First, there appears to be data
missing from March 2017 (the end of the [54] portal) to September 2017 (the beginning
of the joint use of [60] portal for both aggregate and disaggregated FiT data), which
requires clarification. Second, there is a discrepancy between the FIT-provided commercial
data. The FiT A dataset provides prefectural-level PV installed capacities for commercial
installations between 10 kW and 50 kW, with the FiT B dataset providing the addresses
of installations between 20 kW and 50 kW. While there is an overlap between these two
datasets, which provides some additional information, they do not overlap entirely, and for
the smaller installations (between 10 and 20 kW) the exact address is not provided.

6. Conclusions

This paper set out to provide a reference for studies looking to access Japanese solar
PV data, while also summarising the context of the PV sector in the country (so that the
origin of the data can be better understood, by identifying the various schemes and data
collecting arrangements). Further, it provides an analysis of both the completeness and
quality of the data from the perspective of the open data paradigm.

The authors conclude that there are various gaps and incomplete datasets that that
prevent a comprehensive and complete view of the evolution of solar PV capacity between
1994 and 2020. The shortcomings of the data mainly relate to installations that are for
home use only, and those that were installed without subsidies, though there is also a
gap of half a year in 2017. More clarification from the government may also be necessary
for those datasets where double-counting may be taking place. Nevertheless, the dataset
compiled (and made available through this paper) is, to the authors” knowledge, the most
comprehensive and accurate that has been produced to date, recording developments
across time and the different regions and prefectures of Japan.

Lastly, the authors provided recommendations for improving the accessibility and
availability of the reported data to the international community, through measures such as
formatting, data provisioning structure changes and connecting all reported data through
a meta-level governing site.
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Abbreviations

The following abbreviations are used in this manuscript:

AIST National Institute of Advanced Industrial Science and Technology
ANRE Agency for Natural Resources and Energy (also known as ENECHO)
CEPCO Chugoku Electric Power Company

CHUDEN Chubu Electric Power Company

EEPV Excess electricity purchasing scheme for photovoltaic (FIT Trial)
EPCO Electric Power Cooperative

EPI] Electric Power Industry in Japan

FEPC Federation of Electric Power Companies of Japan

FIT Feed-in Tariff

GOJ Government of Japan

HEPCO Hokkaido Electric Power Company

IRENA International Renewable Energy Agency

ISEP Institute for Sustainable Energy Policies

JEPIC Japan Electric Power Information Center

JPEA Japan Photovoltaic Energy Association

KEPCO Kansai Electric Power Company

KYUDEN Kyushu Electric Power Company

LF Load Factor

METI Ministry for Economy, Trade, and Industry

NEDO New Energy and Industrial Technology Development Organisation
NEF New Energy Foundation

NEPC New Energy Promotion Council

NII-ElecJapan National Institute of Informatics

OCCTO Organization for Cross-regional Coordination of Transmission Operators
OKIDEN Okinawa Electric Power Company

PV Photovoltaic

REN21 REN21 Renewable Now

RES-E Renewable energy sources for electricity

RIKUDEN Hokuriku Electric Power Company

RPS Renewables Portfolio Standard

RPVD Residential Photovoltaic Dissemination

TEPCO Tokyo Electric Power Company

TOHOKUDEN  Tohoku Electric Power Company

YONDEN Shikoku Electric Power Company

Appendix A

Table Al. Cost of electricity between 1994 and 2016 (the last year that data are available)
[JPY/kWh] [90].

Year Residential Commercial
1994 24.76 17.13
1995 24.55 16.94
1996 24.16 16.50
1997 24.44 16.75
1998 23.33 15.89

1999 23.06 15.47
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Table A1. Cont.

Year Residential Commercial

2000 23.08 15.44

2001 22.79 15.46

2002 21.83 14.39

2003 21.50 14.07

2004 21.22 13.75

2005 20.79 13.51

2006 20.73 13.62

2007 20.78 13.66

2008 21.89 15.21

2009 20.54 13.77

2010 20.37 13.65

2011 21.26 14.59

2012 22.14 15.63

2013 24.01 17.23

2014 24.85 18.25

2015 22.81 16.37

2016 20.38 13.79

Table A2. Annual Generation by region between 2016 and 2019 [GWh].
Annual Generation [GWh]
Year Hokkaido Tohoku Tokyo Chubu Hokuriku Kansai Chugoku Shikoku Kyushu Okinawa
2016 1311 3190 9947 7568 624 3938 - 2192 7086 387
2017 1313 4163 14,107 8904 803 5093 - 2564 9156 396
2018 1570 5998 15,351 9990 942 6523 5253 2685 9992 414
2019 1979 6839 16,788 11,178 1158 7192 6047 3147 10,881 406
Table A3. Cumulative Residential Solar PV Capacity [MW].
Solar PV Capacity [MW]

Year Hokkaido Tohoku Tokyo Chubu Hokuriku Kansai Chugoku Shikoku Kyushu Okinawa
1996 0.2 0.8 3.5 2.9 0.4 2.4 1.1 0.5 15 0.1
1997 0.4 2.0 9.0 6.6 0.8 6.0 3.0 14 3.5 0.2
1998 0.9 3.3 14.9 11.3 1.1 99 5.6 3.3 6.3 0.3
1999 19 5.9 27.9 22.1 1.5 18.9 11.5 8.5 16.0 0.5
2000 3.1 10.3 439 36.5 2.1 29.8 19.3 14.1 28.9 0.8
2001 3.8 16.0 62.0 51.7 4.2 434 27.3 19.8 50.6 1.2
2002 5.0 24.4 88.4 74.7 7.3 65.6 41.0 27.7 85.0 2.2
2003 6.4 36.0 122.6 102.8 10.7 92.3 57.8 37.8 125.0 3.6
2004 8.2 48.8 167.6 136.8 15.7 121.4 76.7 475 167.4 5.3
2005 10.7 64.5 231.3 185.2 21.1 156.7 102.5 57.0 219.8 8.1
2006 13.1 80.8 290.1 223.1 26.4 188.4 122.2 65.2 261.1 10.6
2007 15.5 93.1 340.3 254.2 28.9 214.9 136.5 72.1 289.7 13.3
2008 19.1 107.7 395.4 288.8 31.8 2444 152.2 80.1 319.5 16.9
2009 26.0 137.5 494.3 358.7 38.2 290.6 1924 98.8 387.6 23.2
2010 36.9 186.4 683.1 504.5 50.4 382.9 267.3 133.7 519.8 32.8
2011 52.4 238.8 954.5 721.6 66.4 509.2 363.7 1794 687.9 47.7
2012 74.8 324.1 1297.3 967.7 84.4 678.6 471.1 235.5 886.4 67.7
2013 97.2 427.1 1658.6 1222.7 103.4 858.8 575.5 289.2 1085.9 80.4
2014 109.8 505.6 1926.0 1374.9 113.5 986.6 622.4 3129 1188.6 79.2
2015 127.4 583.5 2161.3 1547.2 125.6 1104.8 679.6 343.9 1318.1 82.1
2016 141.0 660.4 2378.0 1709.0 140.5 1205.9 740.0 375.1 1431.4 86.6
2017 150.5 7214 2562.1 1844.1 153.2 1284.8 789.0 403.0 1532.4 90.3
2018 161.3 790.7 2761.2 1990.0 165.3 1377.1 843.6 437.4 1642.5 96.0
2019 173.8 852.8 2967.1 2149.4 180.4 1469.8 902.3 473.6 1764.9 101.3
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Table A4. Cumulative Commercial Solar PV Capacity [MW].

Solar PV Capacity [MW]
Year Hokkaido Tohoku Tokyo Chubu Hokuriku Kansai Chugoku Shikoku Kyushu Okinawa
1996 0.0 0.0 0.2 0.0 0.0 0.1 0.0 0.6 0.0 0.2
1997 0.0 0.0 15 0.0 0.0 0.7 0.0 0.9 0.2 0.2
1998 0.0 0.0 2.2 0.1 0.2 1.1 0.2 0.9 0.2 0.3
1999 0.0 0.0 5.0 0.6 0.2 2.0 0.4 1.1 0.5 0.3
2000 0.1 0.5 6.0 1.0 0.2 3.1 0.7 1.5 0.6 0.3
2001 0.1 1.7 7.0 2.0 0.6 3.4 14 1.8 1.0 0.9
2002 0.2 2.0 8.5 2.6 0.7 4.3 15 2.6 14 0.9
2003 0.2 2.9 10.5 3.8 0.8 4.8 1.8 2.8 2.0 1.3
2004 0.2 3.7 12.7 5.0 1.6 6.4 2.2 3.1 3.3 1.6
2005 0.3 3.9 13.3 5.7 1.8 7.1 2.9 3.5 3.6 2.0
2006 0.4 4.1 15.0 54 2.2 7.7 3.1 3.8 3.8 2.1
2007 16.6 4.1 16.1 7.1 2.2 9.1 4.1 4.1 3.8 2.1
2008 16.7 4.1 16.8 7.0 2.2 9.2 4.1 4.1 3.9 2.1
2009 16.7 4.1 16.8 7.0 2.2 9.3 4.1 4.1 3.9 2.1
2010 16.7 4.1 16.8 7.0 2.2 9.3 4.1 4.1 4.0 2.1
2011 17.7 4.1 16.8 7.1 2.2 9.5 4.1 4.1 4.0 2.1
2012 27.0 31.0 164.0 134.1 23.0 111.0 53.2 70.9 152.3 9.4
2013 233.9 351.7 1397.2  1048.9 123.4 764.1 562.9 382.7 1562.9 83.6
2014 492.0 996.8 3429.6  2456.2 289.9 1685.8 1190.6 924.5 3454.0 163.4
2015 863.9 1890.1 57045 3782.2 438.0 25404 1871.6 1357.2 4727.1 213.2
2016 984.3 2422.1 7173.3  4756.5 563.3 3079.4 2461.7 1625.9 5513.5 245.1
2017 1155.8 3229.2 8449.7  5538.1 627.3 35234 2802.8 1802.6 6202.0 266.6
2018 1318.4 4068.5 9576.5  6366.6 792.0 3970.0 3396.7 1972.3 6756.3 280.8
2019 1672.5 4841.0 10,6995 7179.1 852.5  4301.2 3881.4 2150.6 7496.7 292.1
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