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A B S T R A C T   

Energy poverty, defined as the inability to fulfil adequate levels of domestic energy services, has been analysed in 
Japan previously. However, neither policy agendas nor official definitions of energy poverty have been estab-
lished yet, resulting in the neglect of energy-poor households and other relevant aspects of this issue. This study 
is the first to examine the contextual factors of energy poverty in Japan, through the perspective of energy 
poverty vulnerabilities. The study uses a new multidimensional approach, covering the issues of affordability and 
accessibility to different forms of energy, as well as the effects of new technologies on the risk of energy poverty. 
The study develops several unexplored issues in previous literature, such as access to low-carbon energy as an 
issue in developed countries. The results highlight the role of location, infrastructure and household charac-
teristics in influencing the risk of suffering energy poverty in Japan. The seasonality of energy poverty in Japan is 
also analysed, revealing higher rates of energy poverty in the northern regions during winter and in the 
southernmost region during summer. Finally, the impact of the ongoing energy transition from fossil fuels to 
renewable energy on energy poverty is discussed.   

1. Introduction 

Energy poverty (EP), broadly understood as the inability to achieve a 
socially and materially sufficient level of domestic energy services [1], 
has traditionally been studied across the EU [2–4]. Adequate levels of 
domestic energy services, such as space heating and cooling, water 
heating, lighting, cooking, usage of home appliances, and even ICT 
usage, are considered as essential for guaranteeing a decent standard of 
living for the citizens, and even requisites for fully realising their po-
tential in their own lives.1 Furthermore, the relationship between 
physical and mental health issues and EP has been actively studied by 
researchers across the EU; for instance, burns and fires from candles or 
other unconventional heating systems [5], chronic cardiovascular and 
respiratory illnesses [6], exacerbation of other chronic health conditions 

[7] and poor nutrition [8]. Deaths are known to occur when energy-poor 
households are disconnected from energy services for non-payment, 
mainly due to the impacts of extreme temperatures on the elderly (i.e. 
respiratory and renal diseases, epilepsy, etc.) [9]. 

Unlike in the EU, EP studies in Asia have been limited in terms of 
both quality and quantity. However, recent exploratory studies, such as 
in Japan [10–13], China [14,15], Hong Kong [16] and India [17,18], 
have increasingly examined this issue. Japan, the setting of this study, is 
one of the most developed countries in the world, continuously pro-
gressing on technological and national economic fronts. Furthermore, It 
is known for its healthier population than those in other OECD countries 
due to the low rates of risky health behaviour (e.g. drinking and 
smoking) and longer life expectancy [19,20]. However, studies have 
reported concerns regarding EP in Japan, with the prevalence of EP 
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increasing especially after the Great East Japan Earthquake (GEJE) and 
the Fukushima nuclear accident [10,11]. A considerable number of 
people depend on kerosene for fulfilling their energy needs for winter 
heating; generating concerns regarding a possible adverse impact on the 
low-carbon transition policy [12,13]. Moreover, Japan faces new chal-
lenges with regard to the existing health gaps between regions and 
socio-economic groups, which has expanded in the last 25 years 
[19–22]. In this respect, the Japanese government has set the target of 
reducing existing health gaps between regions in the second term of the 
Health Japan 21 strategy [20]. While a direct relationship between 
health and EP in Japan has not been studied, some studies have indi-
cated a possible relationship between physical health and indoor air 
quality in winter, which depends on fuel-use types and the quality of 
heating appliances in the northern region of Japan [23]. Despite the 
considerable evidence on EP, a policy agenda related to EP is yet to be 
established in Japan, which prevents relevant aspects of this issue from 
being addressed in an effective and consistent manner. 

In order to design effective measures for EP, this study is focused on 
learning from past experiences in Europe, and deeply analyses the 
background factors of EP (henceforth referred to as EP vulnerabilities),2 

along with the understanding of EP prevalence, which has already been 
noted in previous literature. In this context, the study extensively ex-
plores the issue of EP in Japan, utilising an extended version of the 
multiple-indicator approach developed by Castaño-Rosa et al. [3], 
which examined 6 key drivers of EP, based on recent European EP ex-
periences. More specifically, this study analyses 12 vulnerability factors 
of EP in the Japanese context, in line with the three pillars of afford-
ability, accessibility and new technologies, with the third pillar (new 
technologies) being a novel aspect of this study. The results of this EP 
vulnerability analysis will help to understand EP vulnerabilities in Japan 
and, consequently, to develop effective policies on EP-related issues. 

Furthermore, this study has examined several unexplored issues in 
EP research: The regional and seasonal characteristics of EP and the 
regional gaps in access to low-carbon energy sources. While such energy 
access gaps have been overlooked as a determinant of EP in previous 
literature, the study demonstrates that they are strongly related to the EP 
phenomenon in Japan. Additionally, as indicated by Chapman and 
Okushima [13], the study notes that households in EP are likely to be 
excluded from the ongoing low-carbon transition in Japan due to little or 
no access to solar-power technology. Similarly, people living in off-gas 
grid areas are considered disadvantageous in terms of energy afford-
ability, since natural gas is less expensive and is a lower-carbon energy 
source than LPG in Japan, whose disadvantages will be exacerbated by 
future deep carbon mitigation policies [12]. This study investigates the 
role of regional differences in accessibility to low(er)-carbon energy in 
determining the regional and seasonal EP prevalence in Japan, discus-
sing the potential social exclusions related to EP and the necessary 
policy for an inclusive low-carbon energy transition. 

The remainder of this paper is organised as follows: A first-time 
comprehensive literature review of Japanese EP-related studies is pro-
vided in Section 2. In Section 3, the theoretical framework for analysing 
EP vulnerability in Japan is presented. In Section 4, the EP vulnerability 
is investigated for the first time in each Japanese region, followed by an 
examination of the relationship between EP and the 12 vulnerability 
factors defined in the proposed theoretical approach with regard to 
affordability, accessibility and new technologies. Section 5 discusses the 
ongoing energy transition from fossil fuels to renewable energy from the 
perspective of EP vulnerability. The final section presents concluding 
remarks. 

2. Energy poverty in Japan 

This section provides a comprehensive review of existing works that 
have already been conducted in Japan. To provide a clear narrative on 
the key themes addressed and gaps located in the existing research, 
Table 1 summarises key innovations and gaps from the analysis at the 
end of this section. 

The term ‘EP’ can be used interchangeably with the Fuel Poverty 
(FP), as both terms come to define ‘the propensity of an individual to 
become incapable of securing a materially and socially needed level of 
energy service in the home’ [24,25]. In this respect, this study uses both 
terms with the same meaning. While some decades have passed since the 
seminal work on EP by Boardman [26], EP is yet to be well recognised in 
Japan as an independent phenomenon distinct from income or monetary 
poverty. It was not until the mid-2010s when the first EP study appeared 
in academic journals. Okushima [10] analysed EP prevalence in Japan 
from 2004 to 2013, focusing on the period around the Great East Japan 
Earthquake (GEJE). The study employed the 10% measure and indicated 
that EP had been aggravated during the period; Mother-child and 
single-elderly households were considered within those groups that 
were most vulnerable to EP; Energy price escalation was a major driver 
of EP increase after the GEJE and the Fukushima nuclear accident in 
2011. This study established that the three factors that Boardman [26] 
focused on, namely energy price, low income, and energy efficiency of 
housing, were also significant in the Japanese context. Notably, the 10% 
measure in this study was based on the actual energy consumption in 

Table 1 
Analysis of innovations and gaps of existing research on EP-related issues in 
Japan (in chronological order).  

Reference Innovation Gaps 

Okushima (2016) [10] First analysis of EP in Japan 
before and after the GEJE. 

No regional analysis. It 
only provides annual 
and winter estimates. 

Okushima (2017) [11] Development of a 
multidimensional EP index 
(MEPI), specifically focused 
on EP in winter. 

No regional analysis. It 
only provides annual 
and winter estimates. 

Tokyo Metropolitan 
University Research 
Center for Child and 
Adolescent Poverty 
(2017) [35] 

Report (from a survey) of 
households with arrears in 
utility bills within some 
areas of Tokyo. 

It is not an EP study, as 
it focuses on child 
poverty. 

Konno et al. (2018) [32] Analysis of EP in some areas 
in Hokkaido using an 
original questionnaire 
survey. 

Small sample size with a 
low-response rate, 
which possibly 
introduced some bias. 

Yagita et al. (2019) [37] Qualitative research on 
Japanese elderly 
households. 

It is not an EP study, as 
it focuses on energy 
consumption by the 
elderly. 

National Institute of 
Population and Social 
Security Research 
(2019) [36] 

Report (from a survey) of 
households with utility 
arrears in Japan. 

It is not an EP study, as 
it focuses on social 
security. 

Okushima (2019) [12] Development of a new 
measurement approach with 
multiple thresholds, 
reflecting the diverse energy 
needs of households. 

No seasonal analysis. 
Difficult to compare 
with the results given by 
the affordability 
measures. 

Chapman and Okushima 
(2019) [13] 

Analysis of EP in Japan by 
using a subjective EP 
measure. It also discusses 
how an inclusive low-carbon 
energy transition can be 
implemented in Japan. 

It uses an internet-based 
survey, which possibly 
introduced some bias. 

Tabata and Tsai (2020) 
[33] 

Analysis of summer EP in 
Japan. Examines the driving 
factors of summer EP. 

It only considers 
electricity expenditure 
in the summer of 
multiple-member 
households before 
2004.  

2 This study uses the term ‘EP vulnerabilities’ or ‘EP vulnerability factors’ as a 
set of contextual drivers or conditions which would possibly lead to a situation 
of EP [1,4]. 
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relation to the actual energy expenditure of the household. This feature 
may lead the ‘hidden EP’ issue (i.e. households do not have a minimum 
energy consumption due to the lack of monetary resources) [27] to be 
overlooked [28–30]. 

Okushima [10] mentioned that the 10% measure possibly identifies 
(relatively) wealthy households that essentially overuse energy as en-
ergy poor, without income cut-off points. To address this problem, 
Okushima [11] developed a multidimensional energy poverty index 
(MEPI) comprising three attributes (dimensions): Energy costs, income, 
and energy efficiency of housing. The study also demonstrated that since 
the 2000s, EP had been exacerbated in Japan and that mother-child and 
single-elderly households were highlighted as the most vulnerable 
groups from a multidimensional perspective of EP. Furthermore, the 
Japanese EP at the individual level was evaluated, indicating that the 
elderly living in energy-inefficient dwellings were the most vulnerable 
groups. However, this study did not provide a regional characterisation 
of EP and only focused on the annual and winter figures. 

Later, Okushima [12] presented a new approach for measuring EP 
based on the underconsumption of domestic energy services, which can 
address the above ‘hidden EP’ phenomenon [27–30]; it is a type of 
relative poverty measure that uses calorific values (e.g. joule). Okush-
ima [12] examined the regional EP in Japan during 2014–2015, 
reporting higher EP rates in the northern and southern regions, and the 
important role of kerosene in ensuring adequate energy services, spe-
cifically in northern Japan. This study also defined a new type of 
‘poverty premium’ in Japan: The ‘energy poverty premium’ (EPP), 
which means that the unit cost of energy for domestic energy services is 
higher for the energy-poor than the affluent population. The results 
showed that energy-poor households paid more per unit for essential 
energy services. The research, however, did not provide seasonal fig-
ures, and the results are somewhat difficult to compare with other 
studies due to methodological differences. 

As a study which applied a subjective EP measure in Japan, Chapman 
and Okushima [13] analysed the link between EP and an inclusive 
low-carbon energy transition. The results emphasised the need for an EP 
policy agenda that would recognise EP as an issue distinct from income 
poverty, highlighting the energy justice issues in Japan caused by the 
current low-carbon transition. Furthermore, the study noted that 
energy-poor households are not financially supported in the ongoing 
low-carbon transition, and hence are unable or unwilling to participate 
the transition. It concluded that EP policies should promote access to 
solar and low-carbon technologies among the most vulnerable groups to 
ensure an inclusive and just transition [31]. The research used an 
internet-based survey to collect households’ evidence, but whose feature 
might be a limitation in the context of EP, as most vulnerable people do 
not generally use the internet. 

Another type of study, Konno et al. [32], estimated EP prevalence by 
applying the 10% measure and using an original questionnaire survey in 
some areas in Hokkaido, reporting high EP rates (12–32%) and high-
lighting the elderly households as being vulnerable to EP. This study 
emphasised the importance of housing energy (in)efficiency as a driving 
factor of EP in the cold-climate areas of Japan. However, the small 
sample size with a low-response rate was a possible limitation of this 
study. 

A recent study, Tabata and Tsai [33], estimated the summer EP rates 
in Japan for 1989, 1994, 1999, and 2004, using the National Survey of 
Family Income and Expenditure [34]. By utilising the 10% measure and 
the income threshold, it showed that Japan’s summer EP rate was 0.93% 
in 2004, and that elderly households were most vulnerable to EP (with 
1.9% of them being in EP). The reported EP rates were small, possibly 
because this research only considered the electricity costs of 
multiple-member households in summer, thus excluding the remaining 
energy costs of a household, in addition to excluding single-member 
households. Furthermore, the years analysed are dated before the GEJE. 

In contrast to the above EP studies, the report of Tokyo Prefecture 
Child Living Conditions Survey targets the issue of child poverty, rather 

than EP [35]. However, this report also includes a survey of households’ 
income situation which makes it possible to identify those who cannot 
pay their utility bills (electricity, gas, etc.) due to financial reasons. 
Arrears on utility bills are one of the four primary indicators of EP 
provided by the European EP Observatory [2]; therefore, they can be 
interpreted as EP in the context. The results revealed that in 2016, 3–6% 
of single-parent households and 20–30% of the poor households with 
children had experienced arrears in electricity bills in the past year (with 
a similar result for gas payment arrears). Although this survey covered 
only families with children who lived in certain areas in Tokyo, the re-
sults showed a higher EP prevalence in Tokyo, the most developed and 
wealthy city in Japan. This study was focused on the analysis of child 
poverty and only covered households with children, making it difficult 
to provide a comprehensive analysis of the EP situation among different 
types of households in different regions. 

The report of National Survey on Social Security and People’s Life 
2017 [36] also does not aim to investigate EP; however, this large survey 
measures arrears on utility bills, as in the case of the report of Tokyo 
Prefecture Child Living Conditions Survey [35]. This study showed that 
in total, 3.3% of households reported to have experienced arrears on 
electricity bills (and 3.4% gas arrears) in the past year due to financial 
reasons in Japan. Specifically, 15.0% and 17.7% of single-parent 
households (two generations) reported electricity and gas arrears, 
respectively, in the past year. While the rate of single-male-elderly 
households who reported arrears was low (3.5% electricity, 3.4% gas), 
more than 10% of these households reported their inability to keep their 
houses at an adequate temperature for financial reasons. This situation 
implies the possibility of ‘hidden EP’, where elderly households may 
reduce their energy use in order to afford to pay their bills [27–30]. 

Yagita et al. [37], while not examining the issue of EP itself, exam-
ined the characteristics of energy consumption in elderly households by 
conducting an interview survey of 40 elderly households. The results 
revealed the distinctive characteristics of Japanese elderly households, 
which might increase EP vulnerability: They prefer and heavily use 
kerosene stoves for winter heating even if they have air conditioners; 
they are attached to their old home appliances, thereby avoiding the 
newer and more energy-efficient ones; and they do not have the required 
awareness regarding energy saving or dwelling insulation improvement. 
A possible limitation of this study is its dependence on the small number 
of interviewees, leading to some difficulties in considering these results 
as representative. 

Table 1 summarises the existing research on EP-related issues in 
Japan in chronological order, highlighting their innovations and gaps. 
Although EP has been analysed to some extent in Japan, studies are still 
inadequate in terms of quality and quantity, as compared to the EU 
studies [2–4,38], with very little regional analysis in light of climatic 
differences. Thus, further analysis on EP from a multidimensional 
perspective is required to provide a better understanding of how EP is 
experienced in the Japanese context. In this respect, this study goes 
beyond existing studies, which do not provide a comprehensive under-
standing of the different factors that affect EP, contributing to filling this 
research gap through the definition of a new theoretical approach to 
analyse EP vulnerability in Japan. 

3. Study framework and analysis definition 

This section presents the new theoretical framework proposed to 
analyse EP vulnerability in Japan, which is based on the multiple- 
indicator approach developed by Castaño-Rosa et al. [3]. Before 
explaining the framework, the EP measure adopted to assess the current 
state of EP among the different Japanese regions is defined. 

EP in Japan has recently been analysed using the multidimensional 
energy poverty index (MEPI) [11–13]. However, given the purpose of 
this study and the lack of data availability, the study considered that the 
10% measure [38] is most feasible to analyse the regional characteristics 
of EP in Japan, covering both the affordability and accessibility to 
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different forms of energy. Therefore, an adapted version of the 10% 
measure is utilised in this study to assess the regional EP rates, defined 
by equation (1): 

EP=
Q
N

=
1
N

∑N

i=1
c(

ECi

HIi
> 0.1) (1) 

Here, EP is the energy poverty rate, a type of the headcount ratio 
index; Q is the number of energy-poor households; and N is the total 
number of households. c( ⋅)is an indicator function that takes a value of 1 
if the condition in brackets is true and 0 if false. ECi is the actual 
expenditure of household i for their domestic energy use (heating, 
cooling, water heating, cooking, usage of lights and appliances, 
excluding driving cars), and HIi is the gross income of household i. The 
data on ECi and HIi were obtained from the anonymised information in 
the 2013-2017 Family Income and Expenditure Survey, conducted by the 
Statistics Bureau, Ministry of Internal Affairs and Communications, 
Japan. Thus, this study uses its original calculations utilising the 
aforementioned dataset provided by the Japanese government to esti-
mate the EP rates.3 

EP is a multidimensional issue with different attributes, such as 
accessibility [14,39], affordability [40,41], flexibility [42,43], energy 
efficiency [44,45], needs [46], and habits [47]. In Japan, there is neither 
a policy agenda nor a formal definition of EP, along with minimal 
studies on how to address vulnerability to EP. To bridge this gap, this 
study presents a new theoretical approach to better understand the 
vulnerability factors to EP in Japan (Fig. 1), which focuses on the 
affordability and accessibility aspects of EP, based on the 
multiple-indicator approach developed by Castaño-Rosa et al. [3]. 
Additionally, the concept of new technologies is introduced as a novel 

aspect, and its role as a driver of EP vulnerability is analysed. This study 
examines 12 vulnerability factors in line with the three aspects: 
Affordability, accessibility and new technologies. 

Traditionally, the term affordability represents the inability of a 
household to satisfy adequate levels of domestic energy services, such as 
heating, cooling, hot water, and the use of electrical appliances, due to 
its poor monetary or dwelling situation. Building on the study of 
Castaño-Rosa et al. [3], energy affordability analysis considers factors 
such as income, expenditure, family composition, quality of dwelling 
and climatic conditions. 

The term accessibility has traditionally been related to developing 
countries, where basic needs, including adequate access to energy, 
remain out of reach, leading to social, educational and health issues [1, 
48]. In this respect, based on the study conducted by Castaño-Rosa et al. 
[3], the location, infrastructure, fuel and equipment typologies, socio-
economic situation of households, and area density are considered in the 
analysis of energy access. 

Finally, the term new technologies encompasses the energy-justice 
issue related not only to the lack of access of households to new low- 
carbon technologies (e.g. solar panels) but also to all kinds of new 
energy-related technologies (e.g. smart meters), whose relation to EP 
has not been fully addressed in the literature yet. In this respect, the role 
that new technologies shall play in EP vulnerability, not only in tech-
nologically advanced developed countries but also in developed and fast 
developing countries in the forthcoming years, has been analysed in this 
study. Note that the limited research on the relationship between EP and 
access to new technologies is reflected in Fig. 1 with the small cutting 
part of the new technologies factor, which may increase as further studies 
and literature are provided. For this analysis, the study assumes that new 
technologies refer to all kinds of new equipment and low-carbon (or 
energy-saving) technologies designed by private companies to provide a 
better and more comfortable quality of life. While there are a few studies 
on this topic [49–52], this study provides new insights into the rela-
tionship between new technologies and the risk of suffering EP by 
building on interconnected studies. The manner in which people use 
new, energy-saving and/or low-carbon housing systems (efficiency), the 
ability of people to afford new, energy-saving and/or low-carbon 
housing systems (cost), and the effectiveness of new, energy-saving 
and/or low-carbon housing systems in reducing the risk of EP (qual-
ity), are the three vulnerability factors analysed as drivers to EP. 

4. Results and findings 

This section first presents the regional and seasonal EP prevalence for 
the Japanese regions. Second, EP vulnerability is analysed based on 
different factors, which have been classified into three groups – 
affordability, accessibility and new technologies – as defined in the 
framework proposed in Section 3 (Fig. 1). 

4.1. EP prevalence in Japan 

First, the regional and seasonal characteristics of EP are assessed. 
According to the adapted 10% measure explained in Section 3, Fig. 2 
illustrates the Japanese EP trend from 2013 to 2017, showing EP prev-
alence in winter (February) and summer (August), respectively. The 
results clearly indicate the difference in EP prevalence between 
seasons.4 

Fig. 3 depicts in-depth the regional and seasonal rates of EP in Japan 
for 2017. The most relevant result is that the regional variation of EP 
rates depends on the season: Northern regions facing harsh winters have 
the highest EP rates in winter (e.g. Hokkaido, 24.5%, and Tohoku, 

Fig. 1. Energy poverty vulnerability framework for Japan (authors’ own 
contribution). 

3 Family Income and Expenditure Survey is the only governmental statistics that 
includes monthly expenditure data on domestic energy services in every month 
for each region in Japan. With it, the regional and seasonal EP in Japan can be 
analysed. However, it has a significant limitation in that this study can only 
evaluate the EP of households with two or more members, thereby excluding 
single-member households. 

4 The declining trend of EP rates from 2015 to 2017 shown in Fig. 2 relates to 
the fall in international and domestic energy prices, which is consistent with the 
results of previous studies [12,13]. 

R. Castaño-Rosa and S. Okushima                                                                                                                                                                                                          



Renewable and Sustainable Energy Reviews 145 (2021) 111006

5

24.0%), while the southernmost region, with mild winters but hot 
summers, has a higher summertime EP rate (e.g. Okinawa, 12.4%). In 
this respect, it should be highlighted that although Okinawa has a very 
low EP rate during wintertime (4.6%, compared to the average of 12.2% 
in Japan), it has the highest EP rate in summer (12.4%, compared to the 
average of 3.5% in Japan). As Fig. 3 indicates, Japan is famous for its 
diverse climate (ranging from subarctic to subtropical), which has a 
major influence on the risk of EP, regionally and seasonally (see 
Ref. [12] for further details on the climatic differences in Japan). 

4.2. Analysis of EP vulnerability factors 

In this subsection, the relationship between EP and the 12 vulnera-
bility factors defined in the proposed theoretical approach (see Fig. 1) is 

explained according to the three main pillars: affordability, accessibility 
and new technologies. 

4.2.1. Affordability 
As explained in Section 3, income, expenditure, family composition, 

quality of dwelling, and climatic conditions are the main factors 
considered in the affordability analysis. 

Income: The household’s monetary situation is a key factor deter-
mining vulnerability to EP, and has been well justified throughout the 
literature [53,54]. While the gap in regional income levels is not large in 
Japan [55], regions with lower-income levels appear to have higher EP 
rates. In this respect, Fig. 4a shows the relationship between the regional 
average income level and EP rates. Data for this analysis were obtained 
from the 2014 National Survey of Family Income and Expenditure [34]. 

Fig. 2. Trends of EP rates in Japan according to the adapted 10% measure.  

Fig. 3. EP prevalence in Japan (Orange bar: February 2017; Blue bar: August 2017).  
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Fig. 4a shows that regions with lower income levels have higher EP rates 
(specifically Hokkaido, Tohoku and Okinawa) than those with higher 
income levels (central regions). In terms of seasonality, the highest 
winter EP rates are observed in the northern regions of Hokkaido 
(24.5%) and Tohoku (24.0%). The southern region of Okinawa exhibits 
the highest EP rate in summer (12.4%). Fig. 4a illustrates how Okinawa, 
with a lower income level than other regions, is the region with the 
highest EP rate in summer. 

Expenditure: EP has traditionally been assessed considering either the 
gross or net income of the household. Gross income includes all the 
financial income that a household may obtain from any source. Net in-
come means that all those expenditures that a household cannot use for 
paying their energy bills are excluded, leaving only the disposable 
amount a household can use to cover its basic energy services. In this 
respect, Fig. 4b shows the relationship between the households’ 
expenditure levels and EP rates. Data for estimating households’ 
regional average expenditure were obtained from the 2017 Family In-
come and Expenditure Survey [34]. The results show that the high 
expenditure levels in the central regions, specifically in Kanto (the most 
developed region with capital Tokyo), are well covered by their 
high-income levels (Fig. 4a) and, as a result, those regions have lower EP 

levels. On the contrary, Okinawa has the lowest expenditure as well as 
income level, resulting in it being most affected by EP in summer. Fig. 4b 
depicts the negative relationship between household expenditure levels 
and EP rates. 

Composition of the family: Household composition has recently been 
shown to be a key determinant of EP [46,56]. In this respect, EU legis-
lation obliges member states to protect vulnerable consumers [57], 
among which elderly and single-mother households, disabled people, 
pregnant women and unemployed people are considered to be the most 
vulnerable [58–60]. Fig. 4c, by using data from the 2015 Population 
Census [34], illustrates the relationship between EP and vulnerable 
groups (in terms of mother-child households and households including 
elderly members [65 years old or over]). Kanto, the region with fewer 
vulnerable groups, has much lower EP rates both in winter and summer. 
On the other hand, the northern regions of Tohoku and Hokuriku, with 
the highest percentages of vulnerable groups, have a higher risk of EP, 
specifically in winter. Okinawa has the lowest percentage of vulnerable 
groups, despite the highest percentage of mother-child households, as it 
is known to have a younger age structure. This implies that Okinawa’s 
highest EP in summer is not attributable to the factor of family 
composition, but rather the other factors explained within this 

Fig. 4. Regional and seasonal EP rates with respect to a) income level, b) expenditure level, c) household composition and d) climatic characteristics.  
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framework. 
Dwelling characteristics: The year of construction, state of mainte-

nance, ventilation and housing systems and energy rating are key factors 
in the energy efficiency of a dwelling and, consequently, in the energy 
consumption of the household [44,61]. While the energy conservation 
standards for housing were established in Japan as early as 1980, there 
are no official statistics that detail the energy-efficiency characteristics 
of existing building stock, thus making it difficult to obtain feasible data 
for this analysis. However, this study uses data on the dwelling ratio 
built before 1980 for each region, obtained from the 2013 Housing and 
Land Survey [34], to develop this analysis (Fig. 5). Although the level is 
high overall, Tohoku (27.3%), Hokuriku (28.5%), Chugoku (28.5%) and 
Shikoku (28.4%) represent regions with the highest ratios of dwellings 
built before 1980 (by means of old and [highly-possibly] ener-
gy-inefficient dwellings). Such features regarding housing quality in 
Japan, combined with the very cold climate in winter, and high tem-
peratures in summer, possibly lead to a higher EP rate (Tohoku, 24.0%, 
and Hokuriku, 15.8%, in winter; and Okinawa, 12.4%, in summer) as 
well as higher risks of health issues [23]. 

Climatic characteristics: The seasonal aspect of vulnerability to EP has 
recently been investigated, and is garnering the interest of governments 
in Europe [62,63]. In Japan, EP has been assessed during the wintertime 
or the whole year, resulting in regions with summer EP being overlooked 
(for instance, the Okinawa region). This study assesses the seasonality of 
EP in Japan by using the data on Heating Degree Days (HDDs, D14-14) 
and Cooling Degree Days (CDDs, D22-24) in 2017 from the Residential 
Energy Statistics Yearbook 2017 [64]. Fig. 4d shows that the regions with 
the highest values of HDDs (2520, in Hokkaido; and 1768, in Tohoku) 
also have the highest EP rates in winter (24.5% and 24.0%, respec-
tively), in comparison with Okinawa, which has the lowest value of 
HDDs and EP rate (2 and 4.6%, respectively). However, the analysis of 
CDDs shows that Okinawa has the highest value of CDDs as well as the 
highest EP rate in summer (1090 and 12.4%, respectively); Hokkaido 
and Tohoku exhibit the lowest values of CDDs (40 and 134, respectively) 
and summer EP rates (3.9% and 4.5%, respectively). The figure shows 
that climatic factors are strongly related to the risk of EP in Japan, and 
hence should never be ignored when regionally analysing EP and its 
countermeasures [12]. 

4.2.2. Accessibility 
For the energy accessibility analysis, factors, such as location, 

infrastructure, fuel and equipment typologies, socioeconomic situation 
of households and area density, are considered (see Section 3 for further 
details). 

Location: The area where the home is located influences the house-
hold’s energy performance directly or indirectly [39]. The available 
infrastructure and climatic characteristics in the location area are key 
factors that influence the risk of EP. This study shows the relationship 
between these factors and regional EP rates in Japan. Fig. 6a shows that 

people living in the most developed regions, such as Kanto and Kinki, 
have a higher possibility of accessing natural gas (city gas) than other 
regions.5 Fig. 7 illustrates the area where city gas is available to the 
residents (in orange), which in fact covers only 6% of the entire area in 
Japan, and is located mainly in urban areas. In conclusion, both figures 
show that people living in regions with the highest EP rates, such as 
Hokkaido, Tohoku and Okinawa, have limited access to natural gas, 
which introduces energy and spatial justice issues. People who do not 
have access to natural gas are in a disadvantageous position, and these 
historically and spatially embedded disadvantages (e.g. whether one 
lives in an on- or off-gas grid area) are significantly related to the 
presence of EP [12,48]. 

Additionally, the use of solar panels is presented in Fig. 6a: Only 
7.5% of the Japanese households use solar panels in their dwellings. 
Chapman and Okushima [13] delivered a rationale for why solar 
deployment level is low in the Japanese households, listing several 
reasons, including low affordability, dwelling characteristics and rental 
clauses. It could be stated that the use of solar panels might effectively 
reduce energy bills, particularly in summer. Note that the southernmost 
region of Okinawa, with the highest EP rates in summer, also has a much 
lower deployment level for solar panels. Hokkaido, the region with the 
highest EP rates in winter, also has the lowest deployment level. 
Although it is known that there are potential barriers to the deployment 
of solar panels in dwellings in Japan [13], promoting the use of ‘solar 
energy’ among those households in EP, regardless of their own capacity 
of solar deployment, could considerably help alleviate EP. 

Infrastructure/fuel types/equipment: One of the factors influencing the 
fuel type used for heating is the type of facilities that households can 
access, which is also related to the area where the house is located. 
Fig. 6b depicts household energy consumption by fuel type with respect 
to EP rates in 2017.6 This shows that the use of kerosene (heating oil) is 
closely correlated with the climatic characteristics in each region, as 
kerosene is used for heating in winter, specifically in regions with harsh 
winters [12]. Thus, the northern regions of Hokkaido, Tohoku and 
Hokuriku exhibit the highest use of kerosene and the highest EP rates in 
winter and, consequently, may be at a higher risk for respiratory ill-
nesses [23]. On the other hand, regions with higher use of city gas, 
mainly the central regions of Kanto, Tokai and Kinki, have lower EP 
rates. City gas is cheaper and has lower carbon emissions than LPG in 
Japan. Additionally, the trend in electricity consumption is relatively 
similar across all regions, mainly because of the generalised use of 
electric appliances by Japanese households. This study highlights the 
relationship between electricity consumption, non-use of solar panels 
and high EP rates. Okinawa has one of the highest shares of electricity 
consumption, lowest rates of solar panels deployment and highest EP 
rates in summer (Fig. 6a and b). 

Household socioeconomic situation: The employment situation, due to 
its influence on household income, may be considered as a highly 
influential factor in EP [30]. However, only 2.8% of the population in 
Japan is unemployed and there is no significant regional difference (see 
Fig. 6c7). Comparing this with the unemployment situation in other 
European countries, such as Spain (14.1%) or Greece (17.3%) [66], this 
factor does not appear to be relevant for EP in Japan. In the Japanese 
context, the quality of employment, which can be by proxy described by 
the wage level and the educational level, has a significant influence on 
EP, revealing large regional disparities. This study is the first to assess 

Fig. 5. Percentage of dwellings built before 1980 [34].  5 Authors’ own calculations by using anonymised information from the 2017 
Survey on the Actual Conditions of Carbon Dioxide Emissions from Residential 
Sector, provided by the Ministry of the Environment, Japan [65].  

6 Authors’ own calculations by using anonymised information from the 2017 
Survey on the Actual Conditions of Carbon Dioxide Emissions from Residential 
Sector, provided by the Ministry of the Environment, Japan [65].  

7 Data were obtained from the 2017 Labour Force Survey [34] (Unemployment 
rate) and 2010 Population Census [34] (Educational level). 
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the relationship between households’ educational level and EP rates 
across Japan. Fig. 6c presents the educational level by region (the 
population ratio that has completed junior college, college of technol-
ogy, graduate school or university degree), indicating that the regions 
with lower educational levels (Hokkaido and Tohoku) have higher EP 
rates than those with higher educational levels. Okinawa, a character-
istic region in Japan, also follows this tendency. This is also associated 
with social exclusion, wherein young people tend to attain low academic 
results due to low income, poor quality of dwelling and an inadequate 
environment, perpetuating the cycle of poverty [67]. 

Urban/rural density: The lack of efficient and well-maintained infra-
structure considerably affects the possibility of households maintaining 
an adequate level of energy services [68]. The type of facilities and 
systems in the house is closely related to the urbanisation level in the 
area where the house is located (rural or urban). The relationship be-
tween area density and EP has also been evaluated [69], revealing that 
rural areas have higher EP rates than urban areas, as generally urban 
households are able to change their energy suppliers, housing systems or 

decide on the type of fuel used. Fig. 6d, using data from the System of 
Social and Demographic Statistics [34], provides the relationship between 
urban/rural density and EP across Japan in 2015. The results show that 
the regions that are largely rural or have a lower urbanisation (Hok-
kaido, Tohoku and Hokuriku) are also regions with higher EP rates. 
Generally, people living in remote areas are unable to access cheaper 
and more efficient fuel types (city gas in the case of Japan). As a result, 
they use more expensive fuel types (than people living in urban areas), 
possibly leading to a higher prevalence of EP in less developed areas 
[70]. Notably, the summer EP does not follow this tendency since the 
main fuel type used for cooling is electricity, which most people have 
access to in developed countries such as Japan, unlike in developing 
countries, where access to electricity is the central issue [71]. Thus, the 
urbanisation level in Japan has a lower influence on EP rates in summer, 
rather than the other factors, such as income level. 

4.2.3. New technologies 
Finally, this subsection, a novel aspect of this study, provides an 

Fig. 6. Regional and seasonal EP rates with respect to a) location, b) infrastructure/fuel types/equipment, c) household socioeconomic situation and d) urban/ 
rural density. 
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analysis of the role that new energy-related technologies shall play in EP 
vulnerability. For this analysis, efficiency, cost and quality are the three 
vulnerability factors analysed as drivers to EP (see Section 3 for further 
details). 

Efficiency: Inadequate use of housing systems and/or new technolo-
gies depends on several diverse factors, including education, culture, 
social status, location (in terms of information access) and cost aware-
ness [72]. Goedhart et al. [73] showed that socio-economic factors and 
gender are key aspects to be considered by policymakers when defining 
policies for the implementation of ICT devices. Yadav et al. [74] 
established the relevance of education and user satisfaction in ensuring 
efficient and sustained use of technology through a case study on solar 
energy systems. 

As a Japanese example, this study uses the case of electronic toilets. 
Electronic toilets do not belong to a low-carbon or energy-saving tech-
nology; however, the case is very representative in this context, as they 
are extensively used, and their inappropriate use may lead to excessive 
energy consumption. In Japan, the toilet seat warming apparatus is a 
prevailing technology, that is generally meant to be used in winter. 
However, it is said that a considerable number of people (specifically the 
elderly) do not use this system properly. They neglect to turn off the 
power and consequently warm the toilet seat throughout the year, either 

due to digital illiteracy or laziness, leading to excessive or unnecessary 
energy consumption [75]. Fig. 8 illustrates the relationship between 
low-income households and an inadequate use of the warming toilet seat 
by means of the question on, ‘turning off the warming-seat function 
except in the winter season’.9 The results show that those households 
with lower income levels have a lower percentage of respondents who 
answered ‘YES’ (66% of the lowest income-level households [their 
annual income is below 2.5 million Japanese yen] versus 76% of the 
highest income-level households [above 20 million Japanese yen]), 
showing the relationship of inefficient usage of housing systems and/or 
technology with households’ socioeconomic factors, and the role of the 
digital divide in the risk of EP [76]. 

Furthermore, highlighting the role of culture, and that of social and 
cost awareness in the risk of suffering EP in the Japanese context, Yagita 
et al. [37] showed a lack of willingness among the elderly to use more 
energy efficient systems even if they are available (see Section 2 for 
further details). 

Cost: The role that income and educational levels play in the effec-
tiveness of new and low-carbon systems implementation was shown by 

Fig. 7. City gas availability in Japan. Note: Areas where city gas is available are denoted in orange. This figure was created based on the map provided by the Agency 
for Natural Resources and Energy, Japan8. 

8 Agency for Natural Resources and Energy, Japan. Link to the website: https 
://www.enecho.meti.go.jp/about/special/tokushu/denryokugaskaikaku/gask 
aikaku.html.  

9 Authors’ own calculations by using anonymised information from the 2017 
Survey on the Actual Conditions of Carbon Dioxide Emissions from Residential 
Sector, provided by the Ministry of the Environment, Japan [65]. 
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Yadav et al. [74]. The results suggested that the low income and 
educational levels of households are negatively related to the willing-
ness to adopt solar panels. Furthermore, the results showed that there is 
no linear relationship between the desire to progress in the energy 
ladder (i.e. consumers will move to a more advanced energy system as 
their incomes increase [77]) and receiving a solar home system free of 
cost, suggesting that it is not only a matter of providing free access to 
better energy systems but a matter of social awareness and people’s 
engagement [37,78]. 

Chapman and Okushima [13] argued that the Japanese government 
should promote the use of solar panels, or solar energy itself, for the 
benefit of households in EP in order to engender an inclusive low-carbon 
energy transition. Solar home systems would help households in EP to 
reduce their energy expenditure, providing a reliable solution to include 
them in the low-carbon energy transition without health and environ-
mental issues. In Japan, there is no public support for solar panels 
installation for energy-poor or low-income households, which leads to 
inadequate distribution of the large benefits produced by the use of solar 
panels through the Japanese benevolent feed-in tariff (FIT) system 
[13]10. Currently, households in EP are not considered in the FIT system 
(a representative low-carbon energy transition policy in Japan) and, 
consequently, they are excluded from the ongoing low-carbon energy 
transition. 

Fig. 4 and Fig. 6 show that the deployment levels of solar panels are 
unequally distributed across different regions, and that regions with 
lower income levels (as well as higher rates of EP) have lower rates of 
solar panels deployment (e.g. 2.6% in Hokkaido and 3.9% in Okinawa), 
despite their favourable climatic conditions. Additionally, Fig. 9 illus-
trates the deployment level of the Home Energy Management System 
(HEMS), an energy-saving technology, for each region.11 Although the 
Japanese government has encouraged a broad use of HEMS for all 
households to reduce energy consumption in the residential sector, 
HEMS tends to be introduced only in newly built houses with younger 
householders [79]. Fig. 9 shows that while currently only a few house-
holds use HEMS in Japan (average of 2%), the deployment rates are 
lower in the northernmost and southernmost regions (Hokkaido, 
Tohoku and Okinawa), with the highest EP rates. On the other hand, 
more developed and central regions (Kanto, Tokai and Kinki) have 
relatively higher deployment levels of HEMS and lower EP rates. In this 
respect, it could be stated that an increased use of HEMS (by making it 
affordable and accessible for the most vulnerable groups) would enable 
households in EP to reduce their energy consumption and bills and, 
consequently, improve their empowerment. However, this must be 
implemented along with effective information and communication 

strategies that address the lack of willingness to adopt such new systems 
among elderly and groups with low educational levels [37,78]. 

Quality: New technologies are not always properly designed to cover 
the required needs of the most vulnerable people. In Japan, it is known 
that ICT devices should be promoted among the elderly, low-income and 
female populations, who are considered as the ‘have-nots’ [80] and as 
being most vulnerable to EP. Similarly, Lee and Shepley [81] argued the 
need for further research when implementing new housing systems that 
aim to reduce energy consumption, specifically for vulnerable people. In 
Japan, the elderly are likely to retain outdated and energy-inefficient 
home appliances because of their familiarity, even if they can afford 
to buy new and efficient ones [37]. In another case, the use of a 24-h 
circulation bath equipment, considered non-requisite for single- or 
two-member elderly households, often leads them to have high energy 
consumption [75]. These are clear examples of new technologies that 
have been developed without considering the needs of the most 
vulnerable people. Thus, solutions and policies should no longer have a 
solely technical focus and rather need to promote social justice and in-
clusive and human-centric transition [82]. In this respect, Ramsden [83] 
argued the role of household-level face-to-face advice and support to 
mitigate the risk of EP among most vulnerable people by assisting them 
in reducing energy costs and improving energy efficiency. 

4.3. Limitations 

In this subsection, the limitations of the analysis are discussed. First, 
the analysis in Section 4 aims to identify the vulnerability factors that 
are associated with regional and seasonal EP prevalence through a 
graphical representation of the data. However, the results indicate a 
correlation, without controlling for other factors, and not being intended 
to establish a causal relation in a rigorous sense. In this sense, further 
studies need to delve deeper into the proposed relationships using, for 
instance, panel data with information on more detailed socioeconomic 
situation of households, their dwelling characteristics, locations, etc.; 
which can explain the underlying mechanisms behind these 
relationships. 

A further limitation is the poor data availability, which may be partly 
due to the lack of recognition of EP as a social or political problem in 
Japan. Unlike in Europe, there has been no policy agenda on EP in 
Japan, due to which no official statistics and indicators of EP are 
available historically and currently. As a developed nation, Japan has a 
wide variety of official statistics. However, as shown in Section 2, aca-
demic researchers can evaluate the prevalence of EP only by using 
unpublicised governmental data that have not been explicitly collected 
for EP studies. 

Finally, this study uses an adapted version of the 10% measure to 
evaluate the regional and seasonal characteristics of EP in Japan. 
Although the choice is reasonable, given the research objective and data 
availability, the limitations of using the 10% measure explained in 
Section 2 will also apply to this study. An EP vulnerability study using 
other types of EP measures is a focus area for future work. 

Fig. 8. Percentage of households who have the apparatus of warming toilet seat, answering ‘YES’ to the question of ‘turning off the warming-seat function except in 
the winter season’. 

10 For further details on the FIT system in Japan, see the webpage of Agency 
for Natural Resources and Energy, Japan. https://www.enecho.meti.go.jp/cate 
gory/saving_and_new/saiene/kaitori/surcharge.html.  
11 Authors’ own calculations by using anonymised information from the 2017 

Survey on the Actual Conditions of Carbon Dioxide Emissions from Residential 
Sector, provided by the Ministry of the Environment, Japan [65]. 
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5. Discussion 

This section is based on the analysis developed above, and on the 
researchers’ experiences of how EP is experienced in Japan, in order to 
propose several policy implications. The new theoretical approach 
proposed in this study is also discussed for a better understanding of the 
vulnerability factors to EP in Japan (Fig. 1). 

In terms of affordability, it is of vital importance to implement pol-
icies for the three main features of EP in developed countries: Low in-
comes, high energy prices, and inadequate levels of housing energy 
efficiency [1,4,38]. While such countermeasures have already been 
implemented in several European countries (for instance, the National 
Strategy against Energy Poverty was approved in Spain in 2019 [84]), 
Japan has implemented no such measures to explicitly address the EP 
issues, focusing solely on traditional welfare policies such as income 
support for monetary-poor households. In this respect, the EU’s expe-
riences could be considered as a model, mainly due to its history in 
addressing EP issues. Recently, the European Commission approved the 
European Green Deal mechanism, which emphasises the need to address 
the issue of EP in the context of a low-carbon energy transition, without 
leaving any one behind [85]. The member states were directed to 
implement effective measures for developing energy-efficiency renova-
tion, which could help households reduce their energy bills and the risk 
of suffering EP [85]. In the Japanese context, where many households 
live in old and poor-quality dwellings with high levels of energy 
expenditure (see Fig. 5 for details), enhancing the energy efficiency of 
dwellings through retrofitting, or in some cases providing 
energy-efficient social housing for the energy poor, is considered some 
of the best policies for addressing EP, with the co-benefit of carbon 
mitigation, which has been supported by previous Japanese studies [10, 
11,32]. However, an important issue that has recently been exposed is 
the lack of feasible metrics to assess the effectiveness of such retrofit 

policies in the context of EP mitigation. Retrofitted dwellings with better 
energy-efficiency characteristics can negatively lead low-income 
households to be displaced (i.e. retrofitted housing in the renting 
sector may become less affordable due to price increases), possibly 
increasing social exclusion and jeopardising EP mitigation [86]. In this 
respect, a better understanding of the effectiveness of household retrofit 
policy is needed to avoid jeopardising EP mitigation and to help stim-
ulate public and private investment [87] (see Section 4.2.1 for further 
details on the potential for energy-efficiency interventions). 

When considering affordability and accessibility, as mentioned in 
Section 4.2, the Japanese government should promote the use of solar 
panels, or solar energy itself, among the most vulnerable groups by 
providing financial support or in-kind contributions. Fig. 10, based on 
the concept of circular economy, shows the benefits of supporting the 
use of solar panels among vulnerable groups. According to the Japanese 
FIT system, only those households (relatively wealthy people) who had 
installed solar panels (especially at the early stage) by investing their 
own monetary resources could benefit from the FIT system. The regime 
must therefore be revised by addressing existing critical barriers, such as 
providing financial support to low-income households for solar system 
installation [88]. 

In the context of energy transition and EP mitigation, the govern-
ment should promote access to solar energy among the most vulnerable 
groups to make the energy transition more inclusive [13]. As presented 
in Fig. 10, promoting the use of solar energy among the most vulnerable 
households could not only assist them to pay their energy bills but also to 
increase their empowerment, ensuring an inclusive low-carbon transi-
tion. This strategy would improve the household monetary situation (as 
they reduce their energy expenditure), quality of life, and social re-
lationships (they might afford those basic needs that they could not fulfil 
before due to the lack of monetary resources), leading to a reduction in 
EP and, consequently, a possible reduction in public spending for 

Fig. 9. Regional and seasonal EP rates with respect to the HEMS use (regional disparity in HEMS use).  

Fig. 10. Graphical analysis: Benefits of supporting solar panels use among the most vulnerable groups.  
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medical care. As Castaño-Rosa et al. [89] reported, the potential cost 
savings in medical care would enable the government to allocate more 
budget to the promotion of renewable energy solutions among the 
vulnerable population, as well as financial support for energy-poor 
people during severe weather periods, that is, cold fronts in winter 
and heat waves in summer. 

Similarly, a Korean case study showed the benefits of promoting 
solar systems for low-income people in social housing [81], highlighting 
the importance of supporting non-conventional renewable resources to 
avoid surcharges in electricity tariffs and, consequently, reducing the 
risk of EP [90]. 

Additionally, the promotion of biomass energy (e.g. locally produced 
firewood) could also reduce (winter) EP in suitable areas. In Japan, some 
households, specifically living around mountainous areas, use wood-
stoves for winter heating. However, its high-cost installation and the 
efforts required for day-to-day management are major bottlenecks in 
ensuring their widespread use.12 Thus, the promotion of woodstoves (i. 
e. by supporting households in adopting high-efficiency and easy-to- 
maintain woodstoves and chimneys) may become a valuable practice 
for some local governments to address (winter) EP, adding to the po-
tential benefits of carbon mitigation and forest conservation. 

Finally, the strategy proposed in Fig. 10 is not only concerned with 
promoting the accessibility of most vulnerable people to solar panels but 
also the associated reduction of energy costs for the households, leading 
to their empowerment and a better quality of life. The same process can 
be applied to the promotion of biomass energy and energy-efficiency 
measures. Furthermore, the government budget saved, mainly due to 
the reduction of costs in medical care, can also be used to promote an 
inclusive low-carbon energy transition by providing financial support to 
most vulnerable households. 

With regard to accessibility, the government is required to bridge the 
gap in access to low(er)-carbon energy at regional and household levels. 
Energy access issues are traditionally considered as the problem asso-
ciated with developing countries and rural areas, where there is a lack of 
infrastructural development, while a new form of energy access issue is 
now emerging in the case of low-carbon energy transition: access to low- 
carbon energy systems or technology [49–52]. In this context, Fig. 6a 
presents the relationship between the accessibility of lower-carbon en-
ergy systems (by means of lower-carbon energy, such as solar energy 
and natural gas) and EP prevalence across Japan; Those regions with 
difficulties in accessing natural gas and installing solar panels have 
higher EP rates. Natural gas (city gas) is cheaper and lower-carbon en-
ergy than LPG, which gives people living in gas-grid areas a significant 
advantage in addressing the risk of suffering EP, though a higher carbon 
pricing in the future. Such inequality regarding access to lower-carbon 
energy systems is becoming more prominent as an energy justice issue 
in the upcoming deep carbon mitigation era, not only in Japan but 
across the world. 

Additionally, as shown in Fig. 4a, Fig. 6a and Fig. 6d, those people 
who live in areas with low levels of urbanisation, lack of adequate en-
ergy services, and low-income levels have the risk of being isolated, 
possibly triggering social exclusion [91]. This is related to a new ten-
dency in which young people are moving to big cities where they can 
have access to new infrastructure and better living conditions, resulting 
in a continuous reduction in the size of smaller cities, loss of inhabitants 
and increase in social exclusion [92,93]. Jeon and Kim [92] investigated 
the main factors that trigger shrinking cities in the East Asian context, 
highlighting the loss of services and infrastructure, increasing the 
elderly population, concentration of low-quality houses, poor urban 
development, lack of indiscriminate redevelopment projects, and pro-
motion of new built-up area projects, as key push and pull factors for 

people’s movement. Thus, social and housing policies should be jointly 
defined in order to address these hidden issues that could worsen in the 
forthcoming years in a fast-developing world. 

When analysing the new technologies factor, it should be highlighted 
that the thought that promoting the use of new technologies will 
improve people’s quality of life and, consequently, reduce the risk of 
suffering EP could be an erroneous assumption if considering cross 
factors, such as educational level and consumer behaviour. As shown in 
Fig. 6c, and underpinned by Yagita et al. [37] and Yadav et al. [74], 
there is a strong relationship between household socioeconomic factors 
(educational levels, culture, etc.) and the risk of suffering EP. This means 
that special attention is necessary when defining social policies to 
address EP, as this process can no longer be solely focused on technology 
[94]. These polices should not only include financial support but also 
social attendance (for instance, formation and information), which 
would improve their understanding of how to effectively manage the 
measures that are being provided [46,78]. As these vulnerable groups 
mainly comprise elderly and single-mother households in Japan, they 
may require further support with their day-to-day activities, relating to 
domestic energy services use [37,81]. In this respect, as has been 
established in different European countries (for instance, Spain), social 
workers play a key role in the detection and monitoring of EP, inter-
acting with households on a daily basis [95]. Japan can also draw on 
these best practices. However, as a matter of priority for Japan, EP needs 
to be included in the policy agenda, as in European countries [96,97]. 

6. Conclusions 

EP, defined as the inability to fulfil adequate levels of domestic en-
ergy services, has been analysed in Japan in previous research. How-
ever, there is no in-depth analysis of the contextual factors of EP, and 
relevant aspects of this issue have been overlooked. This paper goes 
beyond the current research available and assesses the seasonal and 
regional characteristics of Japanese EP using an extended version of the 
multiple-indicator approach defined by Castaño-Rosa et al. [3]. This 
study builds on several issues unexplored in previous EP studies, such as 
the regional disparity in access to low(er)-carbon energy systems and the 
role of new technologies. 

The study reveals a higher EP prevalence in the northern regions 
during winter and in the southernmost region of Okinawa during sum-
mer. Additionally, the results highlight location, infrastructure avail-
ability, area density and household socioeconomic characteristics as 
being relevant factors that influence the risk of EP in Japan. Energy 
infrastructure inequalities have traditionally been overlooked as a 
possible cause of EP and/or energy deprivation in Japan. Furthermore, it 
has been highlighted that the use of new technologies may not always 
improve people’s quality of life and, consequently, may not reduce the 
risk of EP, specifically when considering related factors, such as effi-
ciency (the way in which people use new and low-carbon [energy- 
saving] housing systems), cost (the ability of people to afford new and 
low-carbon [energy-saving] housing systems), and quality (the effec-
tiveness of new and low-carbon [energy-saving] housing systems in 
reducing the risk of EP). Finally, this study suggests that, based on the 
concept of circular economy, the government should promote vulner-
able households’ access to renewable energy systems (specifically solar 
power and biomass), distributing the benefit of renewable-energy 
deployment more evenly and fairly. This would lead to a reduction in 
EP and, consequently, might lead to a reduction in medical care costs 
and an increase in public financial support to assist most vulnerable 
people (as graphically shown in Fig. 10), as well as a participation in-
crease of vulnerable groups in the ongoing low-carbon transition process 
(inclusiveness). 

This study not only provides a novel approach to better understand 
EP vulnerability in Japan but also provides potential implications for 
properly implementing current strategies at the EU level. For instance, 
the EU Green Deal emphasises the need to address the issue of EP in the 

12 For this paragraph, this study is indebted to the personal communication 
from the staff of Nishiwaga Town, which is famous for woodstove promotion 
policy (http://www.town.nishiwaga.lg.jp/). 
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context of a low-carbon energy transition and changing climate, without 
leaving any one behind. The theoretical approach proposed in this study 
covers social-related issues within developed and developing countries 
(i.e. income level, educational and cultural factors, rural area isolation, 
shrinking cities, etc.), identifying similarities among most vulnerable 
groups and prioritisation areas such as the promotion of affordable and 
low-carbon energy systems among rural areas (it is well known to be a 
common issue in most European countries) [98,99]. Furthermore, this 
study indicates that the development of effective information and 
communication strategies is required, avoiding the exclusion of most 
vulnerable people who do not have access to (new) information chan-
nels (elderly, people with low education level, etc.) [100]. 

Finally, it is important to note that given the limited understanding 
of EP vulnerability in Japan, this study provides a comprehensive 
approach to understand the risk of EP in Japan, enabling national and 
local governments to develop effective social policies. However, these 
results should be viewed as indicative, thus highlighting the need for 
further research on designing detailed schemes and verifying the effi-
cacy of the proposed approach. The authors hope that the findings will 
contribute to the scholarship on EP in Japan, and the promotion of 
future practices in addressing EP across the world. 
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