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Energy justice is violated when particular customers and locations are excluded from a variety of urban
energy service distribution. This study explores energy justice in terms of natural gas distribution by
providing empirical evidence from 356 neighborhoods of Izmir Metropolitan Area (IMA). The aim is to
reveal driving factors of natural gas investment and the spatial reflections of the relationships between
investment, and socio-economic and physical characteristics. A global regression model, OLS, and two
local spatial regression models, GWR and MGWR, are conducted. Population, income, employment and
disadvantaged areas are the significant determinants of natural gas investments. Due to the presence
of spatial autocorrelation in OLS residuals, GWR and MGWR are utilized to account for spatial variation
in the response variable. Local models are superior to the global model according to AICc values, which
are 607.3, 586.7, and 558.5, in OLS, GWR, and MGWR, respectively. MGWR further improves the overall
fit with higher R-sq and lower AICc values. The local R-sq values indicate at least 70% variability is
explained in 85% of the study area in MGWR, and in 73% of IMA in GWR. Parameters are slightly
overestimated in GWR at the mean level. None of the local models are subject to multicollinearity
according to local condition numbers, but local variance decomposition proportions indicate the effects
of multicollinearity in some observations. Spatial modeling of investments helps to demonstrate local
variations of energy injustice and to develop site-specific policies. Population and employment are
related to potential customers, which lead to higher investments. Income depends on purchasing
power, and there are economic barriers that need to be regulated through subsidies and incentives
for the low-income households. Awareness raising policies can also be developed to better inform
households about energy alternatives. Disadvantaged areas, either declared as urban transformation
areas or currently under urban transformation, lack the natural gas service in general, while the

investments can be considered in those areas along with the new development plans.
© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction gas as an urban energy network, the sector profile in Turkey and
natural gas distribution in the study area, izmir.

Energy justice is strongly associated with spatial, socio-

economic, and political structures of societies, while injustice can
be embedded in particular locations, communities and adminis-
trative framework. The issue becomes more critical in emerging
economies such as Turkey, which have increasing energy demand
but are heavily dependent on imported energy. The extent of
socio-economic inequalities further exacerbates the problem. This
study aims to provide insight into energy justice in natural gas
distribution in Izmir, Turkey, through discussing the factors af-
fecting the natural gas investments, and the spatial dimension of
the relationship between investments, socio-economic and physi-
cal characteristics. In order to address this issue, it is important to
first clarify the concept of energy justice, characteristics of natural
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1.1. Energy Justice: A literature review

Energy justice is achieved through fair, sustainable and secure
energy for all. The concept addresses various issues related to en-
ergy provision and consumption, energy policy, energy security,
climate change and environmental problems. UN defines ensuring
access to affordable, reliable, sustainable and modern energy for
all as one of the sustainable development goals; while setting the
target of expanding and upgrading technology for supplying mod-
ern and sustainable energy services for everyone (United Nations,
2015). Energy is not a need, but an essential source to deliver
adequate living conditions (Najam and Cleveland, 2003), and the
provision of modern energy services is critical for sustainable
development (Nussbaumer et al., 2012). Network providers con-
sider various factors when making investment decisions, based
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on their priorities. The investments may bypass the non-valued
users or places in cities (Graham and Marvin, 2001), when the
energy provider is a profit-oriented company. Such local bypasses
result in social and/or spatial injustice in energy provision, since
some communities have access to variety of fuel choices for
their energy needs, whereas some others are deprived of modern,
efficient and clean alternatives.

Conceptualization of energy justice is important in the recog-
nition of the issue and developing sustainability-oriented policies.
The main tenets of energy justice are conceptualized as distribu-
tional, recognition, and procedural, which refer to the distribution
of physical and associated responsibilities of injustice, affected
and ignored groups, and the fairness of the process and participa-
tion, respectively (Walker, 2009; McCauley et al., 2013; Heffron
and McCauley, 2014; Jenkins et al., 2016; Lacey-Barnakle, 2020;
Moniruzzaman and Day, 2020). There are no clear distinctions
between these principles, while they can be co-existing and mu-
tually reinforcing (Gillard et al., 2017). Calver and Simcock (2021)
indicate that the three-tenet approach has a limitation of pre-
scribing normative principles regarding what constitutes injustice
regarding each dimension. Sovacool et al. (2016) suggest an al-
ternative framework which addresses to real world problems by
focusing on availability, affordability, due process, transparency
and accountability, sustainability, intragenerational equity, inter-
generational equity, and responsibility. Both conceptualizations
are revisited in this study, particularly in terms of distributional
justice and availability.

Energy justice literature revolve around energy poverty and
energy vulnerability in general. Energy poverty can be understood
as the inability of a household to secure a socially and materially
necessitated level of energy services in the home (Bouzarovski,
2014, p. 276) and generally conceived of and measured at the
household level (Moniruzzaman and Day, 2020, p. 1). Energy
vulnerability, on the other hand, puts the emphasis on the un-
bearable dimension of an energy supply (Percebois, 2007, p. 51),
and the coping capacity of adverse events, such as supply dis-
ruptions (Gnansounou, 2008). Energy justice presents a useful
decision-making tool that can assist energy planners and con-
sumers in making more informed energy choices (Sovacool and
Dworkin, 2015, p. 435), and deals with where the injustices
observed, who are the affected ones, and how to remedy and
reduce the injustice (Jenkins et al., 2016). Energy injustice can be
more common and inherent in particular areas which have either
no access to sustainable and modern energy services or low levels
of affordability, indicating spatial dimension and geographical
embeddedness of energy justice. Spatial differences in energy
poverty and vulnerability result from structural geographical in-
equities that are engrained in various stages of energy systems,
and, moreover, in the fundamental infrastructural, economic, and
cultural make-up of societies (Bouzarovski and Simcock, 2017, p.
645).

It is important to determine communities benefiting or loosing
from access to the energy, while energy justice is about fair
distribution of cost and benefits across communities no matter
what their income, location and race are (Sarkodie and Adams,
2020). Although there are studies regarding environmental and
economic dimensions of natural gas distribution, the factors un-
derpinning the amount of natural gas investments, and their
spatial correspondences leading to energy injustice have been
overlooked in the literature. This article aims to fill this gap
by providing empirical evidence from the Metropolitan Area of
Izmir, Turkey, by analyzing the relationship between natural gas
investments and socio-economic and physical characteristics. Fol-
lowing the arguments of Bouzarovski and Simcock (2017), it is
attempted to explore the spatial dependence of energy justice in
natural gas distribution and investigate driving factors affecting
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natural gas investments. Socio-economic and spatial analyses of
natural gas distribution allow to identify problem areas and to re-
veal the source of the problem in these areas. In this study, energy
justice is considered as a decision-making tool that will ulti-
mately help develop policies regarding location-specific priorities,
as suggested by Sovacool and Dworkin (2015).

1.2. Natural gas: General characteristics, and the sector profile in
Turkey

Natural gas is one of the most preferred forms of energy
in residential consumption. Although being a fossil fuel, it has
many qualities in terms of being an efficient, relatively clean
burning, and economical energy source (EIA, 2020). Natural gas
is also expected to support the transition to a low-carbon energy
system through reducing the fast-growing emerging economies’
dependency on coal, and providing a source of low-carbon energy
when combined with carbon capture, use and storage (BP, 2022).
Apart from the environmental concerns, natural gas provision has
various socio-economic impacts. Modern energy services support
economic development, while income inequality adversely affect
access to these services (Sarkodie and Adams, 2020). The study
of Balvin et al. (2020) shows that bringing natural gas service to
the disadvantaged parts of the city of Lima is expected to pro-
vide socio-economic and environmental benefits, while eradicate
energy poverty.

Market characteristics determine the provision of the service
in terms of the investment decisions. Natural gas, once a public
utility, is now supplied by private companies. Liberalization of the
natural gas market was realized in the 1990s in the US and in
Europe, although the deregulation attempts started in late 1970s
in the US with the Natural Gas Policy Act of 1978 (Pierce, 1982).
Order 636 released in 1993 in the US (Gorak and Ray, 1995)
and several directives released in 1996 and in 1997 in Europe
(Percebois, 1999) paved the way for the liberalization in natural
gas provision. The transition to a new natural gas market in
Turkey was realized almost a decade later. Natural gas service had
been provided by a BOTAS, a public company, until 2001. Series
of legislations were enacted from 2001 to 2007, which framed the
new regime deregulating the natural gas market (TEPAV, 2009).
Deregulations inevitably had socio-economic and environmental
repercussions.

Natural gas is an imported fuel in Turkey, of which usage
started in the 1970s in industry. The first residential use of
natural gas was in Ankara, in 1992, and later the distribution was
extended to Istanbul and Bursa (Natural Gas Market in Turkey,
2021). Today natural gas is supplied to all 81 provinces. Annual
natural gas consumption was 48.26 billion Sm? in 2020, and hous-
ing was the leading sector having 32.35% of total consumption
followed by power plants with 28.27%, industry with 26.31%, and
services with 8.89% (Republic of Turkey Energy Market Regula-
tory Authority, 2021). It is the most preferred energy source in
residentials having the highest shares in home heating, water
heating, and cooking with 53.7%, 51.8, and 48.8%, respectively,
followed by coal in home heating with 24.9%, electricity in water
heating with 26%, and oil and petroleum products in cooking with
43.3% (Ediger et al., 2018).

Switching from coal to natural gas in residential use has had
several outcomes, but the environmental benefits are the most
discussed ones in the literature. Genc et al. (2010, p.11) states
that use of natural gas in residential heating resulted in a sig-
nificant improvement of air quality in most of the Turkish cities,
although coal consumption in low-income districts are still a con-
cern. Tayang (2000) mentions switching from low-quality lignite
coal to natural gas usage for heating in residential and commer-
cial buildings had an impact on the decrease of air pollution levels
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Districts and the Metropolitan Area (Central Districts) of Izmir
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Fig. 1. Study area (IMA).

in Istanbul, while Ilten and Selici (2008) suggest the encourage-
ment of natural gas usage in residential heating to improve air
quality. Ozdilek (2006, p.203) discusses the topic from a different
perspective and states that around 212 to 350 million US dol-
lars per annum could be saved with the use of natural gas in
urban centers just by reducing health related problems caused
by outdoor air pollution.

Considering the intensity of natural gas use in residential
sector, it is clear that the issue needs to be discussed beyond the
environmental framework. Social and spatial outcomes of natural
gas distribution, including equity and justice issues, are waiting
to be discovered and discussed in the literature.

1.3. Natural gas distribution in Izmir, the study area

Izmir is the third largest province in Turkey with 4.3 million
population. It is located in the Western part of the country, on the
Aegean cost. The province has 30 districts, 11 of which are the
central districts (Balgova, Bayrakli, Bornova, Buca, Cigli, Gaziemir,
Giizelbahge, Karabaglar, Karsiyaka, Konak, Narlidere) constitut-
ing the Izmir Metropolitan Area (IMA) (Fig. 1). The population
is concentrated in the IMA with around 3 million inhabitants,
constituting approximately 70% of the province’s total population.
The city faced with rural-to-urban migration starting from the
1950s, which resulted in an unexpected population increase and
unauthorized housing. Today, due to its natural and cultural val-
ues as well as the diversified and strong economy, izmir is still a
center of attraction, as can be understood from its ever-increasing
population. Industrial and commercial activities as well as the
high population result in high levels of energy demand. Per capita
electricity consumption in Izmir is 1.65 times more than the
national averages (Izmir Greater Municipality, 2016). Coal, natural
gas, geothermal, and electricity are the main energy alterna-
tives, although, geothermal is available only in a limited area in
Narlidere and Balgova serving to 23,210 customers by the end of
2017 (Jeotermal, 2019).
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Natural gas is a relatively new energy alternative in the
province, of which investment started in 2005. The gas network
was extended to all IMA districts by 2013 (IzmirGAZ, 2020), but
still not all neighborhoods have received the service. In the neigh-
borhoods lacking access to natural gas service, domestic heating
is met from coal and electricity, in general. However, coal is a
fossil fuel emitting a great deal of greenhouse gases, besides being
inconvenient and expensive. Electricity can be polluting in the
generation phase, particularly when produced in thermal plants.
Besides, it is expensive and the system losses are high. The share
of renewables other than geothermal, is limited particularly in
residential heating, although solar and wind energy potentials are
considerably high in the area. izmir was able to utilize only 2.5%
of its wind energy potential by 2012, while it is aimed to increase
the share to 10% by 2023 (Izmir Greater Municipality, 2016, p. 79).
There were approximately 11MW installed solar power by 2016,
which is considerably lower than its potential, yet it is aimed
to increase this amount to 190MW by 2023 (izmir Solar Energy
Sector, 2016). Negative externalities of other fossil fuels and the
limited availability of renewables have encouraged customers to
switch to natural gas throughout time. The use of natural gas has
become more widespread and preferable, while the investments
and the number of customers increased gradually (Fig. 2).

[zmirGAZ, an incorporated company, is the only provider of
the service. Izmir Greater Municipality is 10% shareholder of the
company. IMA districts started to receive natural gas investments
as early as 2005 and today all central districts receive the service
lines. Nevertheless, some neighborhoods still lack natural gas
distribution network, while 77 of the 356 neighborhoods in the
study area had not received any service lines by the end of
2018. Households living in the neighborhoods lacking natural
gas service have been left with two fuel options, coal (lignite
or imported) and electricity, when geothermal is ruled out due
to the limited geographic availability. Therefore, while energy
justice appears to be violated in terms of access to a variety of
convenient, modern and relatively cleaner fuel alternatives, the
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Fig. 2. The number of customers and total distribution lines from 2005 to 2018 in izmir.

Source: 1zmirGAZ.

Fig. 3. Summary of the method.

factors driving the injustice and their spatial correspondences
need to be explored.

The rest of this article is organized as follows. Section 2
describes the study materials and the method. Section 3 an-
alyzes the relationship between natural gas investments and
socio-economic and spatial characteristics in IMA using multi-
ple regression and local spatial regression techniques. Section 4
provides the comparative discussion of the results, and Section 5
gives the conclusions and recommendations.

2. Materials and method

Multiple datasets and techniques are employed in the study.
Data obtained from different sources were processed and brought
together to create a single dataset that can be used in the re-
gression analyses. First, Ordinary Least Squares (OLS), a multi-
variate regression analysis technique, is utilized to reveal the
socio-economic and physical characteristics affecting the amount
of natural gas investments. Then, spatial autocorrelation is in-
vestigated through Moran’s 1. In the following step, two local
spatial regression techniques, Geographically Weighted Regres-
sion (GWR) and Multiscale Geographically Weighted Regression

(MGWR), are conducted. The results of OLS, GWR and MGWR
models are interpreted and compared to find out the best fitting
one. Furthermore, maps are produced to visualize the outputs
and demonstrate spatial distribution of the findings. ArcMap 10.7
(ESRI) is utilized in data preparation, spatial autocorrelation anal-
ysis and mapping. MGWR 2.2 software (Oshan et al., 2019) is
utilized in OLS, GWR and MGWR analyses. Fig. 3 summarizes
the process in three stages: data preparation, global multivariate
regression analysis, and local spatial regression analyses.

2.1. Data

Three datasets are used in this study: (1) natural gas distri-
bution lines, (2) socioeconomic characteristics, and (3) disadvan-
taged urban areas. Data preparation is conducted in Geographic
Information Systems (GIS), using ArcMap 10.7. Geographic Infor-
mation Systems (GIS) are designed to store, retrieve, manipulate,
analyze, and map geographical data (Church, 2002, p. 541), and
it has a wide range of applications in various fields. Natural gas
distribution lines shapefile is provided by izmirGAZ, of which
attribute table includes investment year, diameter, length and
the investment area fields. The investments cover 2005-2018
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