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Abstract: Buildings account for nearly 40% of energy use in global contexts and climatic conditions
tend to contribute to consumption. Human activities are also influential in energy consumption and
carbon dioxide (CO2) emissions that lead to global warming. Residential buildings are responsible
for a considerable share. There are countries aggravating this situation by heavily relying on fossil
fuels. Oil-rich countries are allocating an energy subsidy to the public, making energy cheaper for
their consumers. This may result in negative consequences, including households’ inefficient energy
use behaviours in countries such as Iran. Beyond the impact of energy subsidy allocation, this study
aims to explore the climatic and non-climatic factors that affect the increase in domestic electricity
use, particularly in Iran. For this purpose, this study begins with a comparative analysis between
countries with and without the energy subsidy to examine the trends in domestic electricity use.
Afterwards, the tendency of households’ electricity use in Iran will be analysed in consideration of
climatic and non-climatic factors among several provinces in Iran. This study exploited published
statistical data for the analysis. The results indicate the tendency of increased domestic electricity
use due to the country’s generous subsidy offered to the public as well as climatic and non-climatic
factors in Iran. These results may provide an opportunity for future studies regarding building
occupants’ inefficient energy use behaviours for policy enactment in Iran and other oil-rich countries.

Keywords: behavioural factors; developing and developed countries; domestic sector; electricity use
per capita; energy subsidy; Iran

1. Introduction

The significant impact of human activities on climate change and global warming has
been highlighted by the Intergovernmental Panel on Climate Change in various reports [1,2].
Although several resources are known to contribute to this issue through CO2 emissions,
energy has a large share of 73% of the overall emissions [3]. The International Energy
Agency (IEA) analysis showed that the most critical sectors responsible for CO2 from
energy consumption are industry, transportation, and buildings, amongst which buildings
account for 17.5% of total emissions. However, with 19% of contributions, residential
buildings have a considerable share among other types of buildings [3,4] (Figure 1).

In the special report on global warming (SR15) [5], IPCC demonstrated that there is a
possibility to achieve the Paris target of 1.5 ◦C if CO2 reductions reach 45% by 2030 and
a net-zero emission by 2050. However, issues have made net-zero emissions harder to
achieve in the future. One of these issues is the energy subsidy allocated to consumers
in oil-rich countries to reduce their energy costs. This has negatively encouraged the
overconsumption of fossil fuels [6–8] while reducing the incentives for further investments
in renewable energies [9,10]. According to the IEA [11], some countries allocate an energy
subsidy to reduce costs for energy consumers. However, unfortunately, such an energy
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subsidy is mainly given to fossil fuels [12,13], in which non-OECD countries form a large
portion of the subsidy in the world [14].

Figure 1. The share of global greenhouse gas emissions (%) from buildings consuming energy
worldwide.

As with other oil-rich countries negatively affected by the energy subsidy, Iran is
struggling with challenges imposed by the subsidy; through heavily relying on fossil
fuels to generate energy for buildings, Iran is facing critical issues in meeting sustainable
development goals. Moreover, as a country with a low energy price, the tendency of
households towards inefficient energy consumption in the domestic sector is considerably
increasing [8]. Therefore, there is a need for oil-rich countries with low energy prices to
manage and reduce domestic users’ energy demands and habits, which is mainly associated
with the energy subsidy policy [15]. The increasing demand for electricity in oil-rich
countries has raised concerns regarding blackouts mainly due to this energy subsidy [16].

Several previous studies have highlighted the negative consequences of the energy
subsidy on sustainable development goals to be achieved by oil-rich countries. Moreover,
these studies pointed out the issue of energy demand growth of occupants in different
countries where the energy subsidy was in their energy policies. For instance, Al-Marri
(2018) [15] investigated the current energy use of occupants in the domestic sector in Qatar
to understand the challenges of consumer behaviour in terms of energy efficiency. They
found that occupants were not inclined to alter their energy use behaviour due to the
energy subsidy. Moreover, several researchers have pointed out the negative implication
of the fossil-fuel subsidy for energy efficiency [17–19]. For instance, Sun (2015) and Dube
(2003) [20,21] highlighted that higher-income households benefit more than low-income
households from energy subsidies, which has further affected their energy use behaviour.
Studies conducted by Ouyang and Lin (2014) and Adom and Adams [10,22] pointed
out the excessive subsidy for fossil fuels in China, which has led to wasteful energy
consumption. Fattouh and El-Katiri (2013) [23] highlighted the inefficiency of domestic
energy consumption in the Middle East and North African regions due to a high energy
subsidy. According to Oryani et al. (2022) [24], Iran has ranked as the largest consumer of
energy among other Middle East and North African countries.

Although there are studies on the energy subsidy and the impact on energy consump-
tion for different countries [25–28], little research has been conducted to fully understand
the effect of a fossil fuel subsidy and prices on the energy consumption trend in the interna-
tional compared to Iranian context. For instance, in the studies mentioned above, the energy
consumption was investigated from the economic perspective rather than climatic or social
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aspects in the oil-rich countries. Moreover, the important aspect of energy consumption
in countries with or without the energy subsidy and its significant effect on the way that
occupants consume energy has not been studied comparatively, especially in residential
buildings. It is worth mentioning that in the studies which have considered Iran as their
case study, most of the researchers have solely highlighted the challenges of removing
the energy subsidy and how low-income occupants can be negatively affected. Therefore,
there is a need to reconsider the solutions to the subsidy by understanding important
factors (climatic and non-climatic) influencing occupants’ energy consumption in Iran.
Therefore, instead of proposing different solutions regarding the removal of subsidies,
occupants’ behaviour change might have the potential to be an alternative solution to the
removal of the subsidy. This necessitates understanding the effective factors in occupants’
energy consumption. Therefore, further investigations are needed to explore the negative
consequences of fossil fuel subsidies on households’ energy consumption patterns in a
global and local context.

Moreover, the tendency of oil-rich countries and the negative consequences of the
energy subsidy on occupants’ energy use is not clearly understood or well defined in the do-
mestic sector in oil-rich countries, especially Iran, compared to the global context. It is worth
mentioning that removing the fossil fuel subsidy alone may not address the issues with
which the oil-rich countries are struggling [8]. As indicated by Gangopadhyay et al. [29],
energy subsidy reduction in developing countries necessitates further support through
other policies to alleviate the adverse effects. However, since the energy subsidy acts as
a barrier to not only efficient energy use behaviour but also additional investments in
renewable energies [15], raising the awareness of the negative consequences of this issue
can globally and locally encourage future studies regarding the consideration of human be-
haviour for policy enactment as well as possible solutions to be proposed for the reduction
of fossil fuel consumption in generating electricity in the domestic sector in Iran and other
oil-rich countries.

The research objective is first to investigate the driving factors affecting fossil fuel
reliance of oil-rich countries compared to other developed countries without an energy
subsidy. To achieve this objective, different countries were compared in terms of their
reliance on fossil fuels and its impact on their increasing/decreasing trend in energy
consumption to generate electricity. Afterwards, Iran, Australia, and Germany were
compared and analysed in terms of electricity costs and demands per capita to understand
further consequences of the energy subsidy on households’ behaviour in electricity use. The
data for this purpose were collected from different statistical data centres worldwide. The
data for the global context were obtained from the IEA [3,30–33], the World Bank [34,35],
World Data [36], Our world in data [37,38], the World Economic Outlook Database [39],
Global Carbon Project [40], Australian Bureau of Statistics [41], Australia Institute of Family
Studies [42], Statistisches Bundesamt [43], and World Resources Institute [4]. In addition,
the tendency of electricity use in the domestic sector was analysed in detail by comparing
different provinces in Iran to have insights into the consumption behaviour of provinces
known for their high amount of electricity use in Iran. For instance, to understand the
significant share of the Tehran province in electricity use in Iran, this study gathered raw
data from different resources. For the Iranian context, this research exploited data from
the National Statistics Centre of Iran [44,45], the Plan and Budget Organisation [46], the
Ministry of Energy, and the Tavanir Company [47].

This paper is divided into four parts. The first part focuses on comparing developed
and oil-rich countries in terms of their status regarding the fossil fuel subsidy to explore the
effect of energy price on households’ electricity demand in oil-rich countries compared to
developed countries. Then, the crucial factors affecting the increasing or decreasing trend in
domestic electricity demand were explored through a comparative analysis between coun-
tries with and without energy subsidies. The second part implements a local comparison
of domestic electricity use between different provinces of Iran to further discuss and delve
into the impacts of behavioural-related factors on the electricity use of Iranian households.
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The third part highlights the solutions proposed by previous studies to reduce energy use
and emphasises the importance of behaviour as an effective solution to be included in the
policy enactment process.

Moreover, the limitations of current energy policies in Iran were investigated for the
domestic sector. The sequence of the study is illustrated in Figure 2 below. The conclusions
are presented in the final section. One of the contributions of the study is to explore crucial
factors affecting the behavioural aspect of domestic electricity demand in oil-rich countries
by comparing them with developed countries. Another contribution is examining and
comparing one of the highest electricity-consuming provinces, Tehran, with other cities to
inform energy practitioners, designer, and policymakers about the critical issues related to
behavioural aspects of domestic electricity use in Iran.

Figure 2. Factors affecting high per capita domestic electricity use in provinces of Iran.
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2. Comparison between Iran and Other Countries
2.1. Comparison of the Fossil Fuel Subsidy in Oil-Rich Countries and Iran

Oil-rich countries mostly consider the fossil fuel or energy subsidy to decrease energy
costs while enhancing consumers’ living standards [48]. However, reducing energy costs
has further caused the overuse of fossil fuels to generate energy and electricity for buildings.
Different countries have different portions of the subsidy allocated to fossil fuels, such as
oil, electricity, gas, and coal (Figure 3). Iran provides a significant amount of subsidy for
electricity, making it one of the lowest prices among countries’ electricity (Figure 4). This
has resulted in domestic electricity demand growth in Iran over the years [23]. According
to Fattouh and El-Katiri [23], energy use in the Middle East and North African regions has
more than quadrupled, while electricity use increased over six times over the past 30 years.

Figure 3. The energy subsidy of oil-rich countries and Iran by fuel type in 2020 (Data source: [30]).

Figure 4. Electricity prices in different countries and Iran in 2019 (Data source: [35]).

In general, Iran’s primary energy resources are crude oil, natural gas, coal, nuclear,
and renewable resources [49]; however, as illustrated in Figures 2 and 3, the most heavily
subsidised resource in Iran is natural gas, which has also led to cheap electricity prices in
this country. This has led to the growing trend in CO2 emissions from natural gas compared
to other primary energies (Figure 5). This issue was an expected result in Iran since power
plants’ leading resource for providing buildings energy for heating and cooking as well
as electricity for lighting and cooling is natural gas (Figure 6). This demonstrates the
significant contribution of electricity in buildings to energy consumption across the world
and within Iran.
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2.2. Reliance on Fossil Fuels in Countries with High and Low Electricity Prices

As indicated previously, the energy subsidy has reduced the electricity costs in oil-
rich countries, which has caused a heavy reliance on fossil fuels for electricity generation
(Figure 7). This study gathered data regarding different countries’ electricity generation
from fossil fuels [37]. The lower the electricity price in a country, the more its dependence
on fossil fuels. Therefore, with cheap electricity, Iran has continued its reliance on fossil
fuels, resulting in a rapid rise in the tendency to use fossil fuels to generate electricity.
It is worth mentioning that, as In Iran, most countries, especially those without energy
subsidies, had previously relied on fossil fuels to generate electricity, especially before 2007.
However, the most important point in those countries is their decreasing trend in relying
on fossil fuels over the years.

Figure 5. CO2 emissions from various resources in Iran [40].

Figure 6. Primary energy consumption share in Iran, 2019 (Data source: [49]).
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This study collected data from [41,43,44,49] to further explore some of the developed
countries. After analysing the data, this study found that, like other oil-rich countries,
Germany and Australia’s fossil fuel consumption was previously significant before 2015
but suddenly changed in recent years. Therefore, Australia and Germany were selected to
compare with Iran, which has recently increased its energy consumption from fossil fuels.
Regarding Germany, the high electricity use from fossil fuels can be explained due to the
nearly similar population to Iran. However, Australia has a lower population than Iran,
which may raise a question regarding Australia’s large portion of fossil fuel consumption
compared to Iran before 2011. With about 22.03 million people in 2010, Australia used to
generate more electricity from fossil fuels than Iran, with a population of 73.76 million [34].
However, the comparative analysis between Iran, Australia, and Germany revealed that
the electricity use per capita for Australia and Germany was always larger than for Iran
(Figure 8). This does not necessarily relate to inefficient use of electricity since the electricity
use per capita can be different based on a variety of reasons, such as climate, housing types
or other influencing factors. Moreover, it is worth mentioning that the electricity generated
from fossil fuels illustrated in Figure 6 belongs to various sectors and is not specifically
related to the domestic sector.

Figure 7. Comparing electricity generated from fossil fuels between countries with low and high
electricity prices.



Encyclopedia 2022, 2 1644

Figure 8. Electricity use per capita in Australia, Germany, and Iran (kWh).

The most crucial point in the above figure is that despite the high electricity usage
per capita in those countries, after 2011, there was a rapid decrease in fossil fuel usage,
demonstrating both countries’ tendency towards consuming cleaner energy resources
in recent years. Therefore, unlike Iran, Australia and Germany have gradually started
decreasing the electricity usage per capita by increasing their reliance on renewable energy
resources over time. Moreover, Australia and Germany’s per capita consumption has fallen
in recent years due to higher electricity prices and lower reliance on fossil fuels due to
significant investments in renewable energies (Figure 9). It is worth noting that although
Germany still has nearly the same population as Iran, surprisingly, electricity use per
household has been decreasing in recent years (Figure 10). The reason was revealed after
comparing the electricity price per capita in most oil-rich countries and Iran (Figure 11),
which was collected from [50]. Therefore, this study found that the lower cost of electricity
in Iran has significantly affected the increase in electricity use per capita. In contrast,
Germany’s electricity usage per household has a decreasing trend in recent years.

Figure 9. Fossil fuel electricity per capita (kWh) of Iran, Australia, and Germany.
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Figure 10. Electricity use per household in Germany versus Iran.

Figure 11. Subsidy of other countries and Iran per capita in 2020.

In the comparative analysis of other countries with higher electricity prices, such as
Belgium and Denmark, this study observed the same results as Australia and Germany
(Figure 12). The analysis revealed a decreasing trend of reliance on fossil fuels over the
years, as the investments in nuclear and renewable energies increased. However, in other
countries with lower electricity prices, such as Qatar and United Arab Emirates (UAE), the
use of fossil fuels for electricity generation has increased over the years (Figure 13).
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Figure 12. Fossil fuel electricity per capita (kWh) in Belgium and Denmark.

Figure 13. Fossil fuel electricity per capita (kWh) in Qatar and UAE.

Comparing countries revealed that Iran has an increasing trend towards fossil fuel
reliance with decreasing renewable energy use due to low energy prices, slow rate of
increase in renewable energy share, and other limitations. This not only had a negative
effect on the climate but significantly encouraged households’ behaviour to increase their
electricity consumption. Therefore, the energy subsidy has dramatically affected their
consumption behaviour.

The Effect of Fossil Fuel Reliance on the Rapid Rise of Domestic Electricity Use in Iran

It is worth mentioning that the sector which is mostly contributing to CO2 emissions
due to a large amount of natural gas consumption in Iran is the domestic sector, according
to [45]. After comparing the amount of gas and electricity consumption in the residential
sector for the past ten years [45], this study found that the increase in electricity use was
significantly higher than the increase in natural gas consumption (Figure 14). Over the last
ten years, there was a 55% increase in domestic electricity consumption but only an 18%
rise in natural gas consumption, demonstrating the importance of electricity consumption
in the residential sector of Iran.
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Figure 14. The rise in end-use electricity and end-use natural gas consumption of occupants in the
domestic sector in Iran from 2012 to 2019.

The same trend can be inferred from comparing the residential sector with other
sectors after gathering data from [51]. For instance, when comparing the residential sector
with the industry sector, the same amount of electricity consumption is mostly seen in both
sectors over the years, except in 2015, when the residential sector surpassed the industry
sector (Figure 15). In general, the electricity consumption in the residential sector is almost
the same as the industry sector and sometimes even higher. The electricity consumption
of the residential sector has always shown an increasing trend over the years, making it a
crucial sector to investigate in terms of factors affecting domestic electricity use in Iran.

Figure 15. Electricity consumption by different sectors in Iran.
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Overall, as previously explained (Figure 11), the reason for the high electricity demand
in residential buildings in Iran can be explained by the subsidy considered not only for
energy but for the electricity usage per capita. According to IEA [33], the subsidy allocation
was about $US350 per person in Iran, making it a cheap resource for consumption. The
inexpensive electricity of oil-rich countries such as Iran may raise a question regarding the
effect of low and high electricity prices in countries on their consumption patterns in the do-
mestic sector. Therefore, comparing Iran with other countries with higher electricity prices
may provide essential insights into households’ tendency towards electricity consumption
not only for Iran but for other compared countries.

2.3. The Effect of Electricity Price on the Electricity Demand in the Domestic Sector of Iran
Compared to Other Countries

After comparing different countries with high/low electricity prices (Figures 4 and 11),
a general ascending trend was seen in electricity consumption for mostly oil-rich countries
(i.e., Iran and UAE) and descending trend for countries with higher electricity prices
(i.e., Germany and Australia) (Figure 16). The data were collected from the IEA [52] and
compared in this study. According to the comparison in this study, it can be concluded
that this not only applies to the whole domestic electricity consumption but also to the
electricity consumption per capita. After collecting data from [53], this study found that
Iran is above the world’s average domestic electricity consumption per capita (Figure 17).
As a result, this dramatic increase in electricity consumption in Iran, as opposed to other
countries, can be attributed to the high subsidy given to domestic electricity consumption
per capita.

Figure 16. The trend in domestic electricity consumption of low and high electricity price countries.
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Figure 17. Domestic electricity consumption per capita in different countries and Iran.

For countries especially with high electricity costs, the price seems to be correlated with
the decreasing demand for domestic electricity use. The electricity cost data were collected
in this study from [54] to explore further the current and previous status of electricity prices
in Iran. After analysing the data, it is worth mentioning that Iran started implementing
a subsidy reform to increase electricity prices after 2010 (Figure 18). Unfortunately, it has
not affected the increasing demand for domestic electricity use in Iran. A significant gap
can still be observed when a price comparison between Iran and Denmark is implemented.
This may explain the growing trend in electricity demand in Iran. Accordingly, although
there was a sharp increase in the electricity price in Iran, a negligible amount of households’
income belongs to energy costs (Figure 19). According to the data from the National
Statistics Centre of Iran, the highest and lowest income of Iranian households allocate 2.5%
and 6.8% of their income to energy costs, respectively.

Figure 18. (A) Electricity demand vs. electricity price in Iran over the years (B) Comparison of
electricity demand and price countries with Denmark.
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Figure 19. The portion of energy in living costs of income categories in Iran in 2016.

According to the growing trend in electricity demand due to the lower price of elec-
tricity in Iran, it seems that there is a necessity for a mental shift in households to have a
conscious way of living to reduce electricity consumption, since it appears that there are
important factors that are currently influencing electricity consumption in Iran related to
their behaviour. Therefore, this study found that the electricity price is not the only solu-
tion to address the increasing or decreasing trend in domestic electricity demand in Iran.
For further understanding of additional behavioural-related factors, deeper comparisons
between Iran and other countries with reduced domestic electricity use (i.e., Australia and
Germany) can be beneficial to reveal other factors correlated with domestic electricity use,
which are explained in the following sections.

2.4. Correlation between Increasing/Decreasing Trend in Electricity Consumption and Different
Factors in Iran

To further explore other factors affecting electricity consumption in countries with
high and low electricity prices, this study gathered data to compare Iran, Australia, and
Germany’s electricity use per capita and their household size over the years [41–44].

After analysing the average household size over the years (Figure 20), a correlation
was found between the decrease in household size with the reduction in electricity use
in Australia and Germany. This result could be expected since in the previous section,
a decreasing trend in the overall domestic electricity demand was seen in Australia and
Germany. Therefore, the analysis in this study showed that as their average household
size decreased, the electricity use demand decreased in these countries. However, this
correlation was not seen in Iran. In contrast to the decreasing trend of household size in
Iran, domestic electricity consumption always increased from 2011 to 2020.
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Figure 20. Average household size vs. domestic electricity uses in Iran, Germany, and Australia.

The comparison between the electricity usage per capita and household size of devel-
oped countries and oil-rich countries showed that Iran seems to be not very efficient in
terms of domestic electricity consumption. Therefore, when considering domestic electric-
ity consumption per capita, other factors may become important in addition to climatic
factors, such as households’ behavioural factors. Therefore, although the electricity usage
per capita may be related to climatic factors in a country with higher per capita electricity
usage, in another country, the behaviour of the households can also be affected by different
reasons, such as their policies regarding energy subsidy as well as electricity price. Another
important factor that can affect electricity consumption is the living space per person. For
instance, according to statistics, the average per capita residential area in Germany and
Australia is estimated to be 44.6 and 87 square metres, respectively [55,56]. This can also
explain the reason for their high electricity consumption as compared to Iran. However, it
is worth mentioning that the living space per person has been increasing in recent years
in Iran, thus, contributing to the rise in the electricity consumption. Therefore, regarding
the current living space situation, the per capita residential area is also variable in different
provinces of Iran. On average, the per capita residential floor space in Iranian provinces
can be between 20 and 50 square meters. According to the statistical centre in Iran, three
dimensions for living area per person can be observed based on the average density of
provinces. In low, middle, and high densities, the maximum living space per person is 59.2,
41.7, and 37 square meters, respectively [57].

The above comparative analysis of domestic electricity uses in developed countries,
and Iran pointed out the significant impact of Iranian households’ behaviour on domestic
electricity demand. Therefore, further exploration of behavioural-related issues is crucial to
reducing the domestic electricity use inefficiency in Iran.

3. Comparison of Domestic Electricity Uses between Provinces of Iran to Distinguish
between Behavioural-Related Factors and Other Factors

One of the most crucial behavioural-related issues affecting electricity use is house
size, which seems to be related to Iranian households’ tendency to live in a larger unit area
(Figure 21). Compared to 2012, smaller household sizes (one to two persons) tended to
choose larger houses in 2018 despite their small population. Interestingly, the data showed
a change in accommodation of one- to two-person households from one- to two-bedroom
unit apartments to more than two bedrooms in 2018. The same result was seen for two- and
three-person households, who prefer to live in two- and three-bedroom units. In general,
the demand for one-bedroom units has decreased, while the larger unit areas have gained
popularity among households. It is worth mentioning that the four- and five-bedroom
units are reduced due to an increase in the number of people living in apartments rather
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than single-family houses. Living in a larger unit area can significantly affect households’
electricity consumption.

Figure 21. Percentage of household size with type of unit apartments in 2012 vs. 2018 in Iran.

For further understanding of other factors, this study compared the provinces of Iran
to find out whether there is a difference in their electricity demand in the following section.

3.1. Electricity Use in Provinces of Iran and Important Factors Affecting Demand

One of the factors which can affect electricity demand is household subscribers. There-
fore, among the provinces of Iran, such as Khuzestan, Isfahan, Kerman, Yazd etc., Tehran is
playing a pivotal role in decreasing the growth in total electricity demand of the country
due to a high number of subscribers. According to Figure 22, with a significant share
of electricity use, Tehran accounts for 13.6% of the total percentage, while the remaining
provinces are below 11.3%. The findings support the view of previous studies that pointed
out the importance of population on energy consumption [58–60].

Figure 22. The comparison between the share of electricity use of provinces in the total consumption
of the country vs. the number of household electricity subscribers in 2020.
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Although in cities like Tehran, the number of subscribers can significantly affect the
overall electricity use in a province, other factors can be as crucial as the subscribers. For
instance, in Khuzestan, electricity use is extremely higher than its portion of subscribers,
drawing attention to other important factors affecting electricity consumption.

3.1.1. Climatic Factors as One of the Reasons behind the High per Capita Electricity Use

According to Batliwala and Reddy (1993) [61], energy demand depends on per capita
energy use. Therefore, to further understand other influencing factors of domestic elec-
tricity demand, Tehran and Khuzestan were compared in terms of overall characteristics
and electricity use per capita. As indicated previously, the household subscribers were
not wholly associated with the electricity use in Khuzestan due to the lower number of
electricity subscribers but significantly higher electricity use than in Tehran. A question
may arise regarding the inefficient use of electricity in Khuzestan. To understand whether
households in Khuzestan use electricity inefficiently, the electricity uses per capita of Tehran
and Khuzestan were compared. After comparing the climate of Tehran and Khuzestan
(Figure 23), this study found the reason behind the large share of electricity use in Khuzes-
tan to be the harsh climate, which in turn has affected the per capita use of electricity.
Accordingly, unlike Tehran, the temperature in Khuzestan can be extremely high, based
on which the per-capita electricity use would inevitably increase. Therefore, this study
found that the high electricity usage per capita in Khuzestan does not necessarily imply
their inefficient use. In other words, the climate drives the occupants to use more electricity
to alleviate discomfort levels experienced in a harsh climate.

Figure 23. Comparison between Tehran and Khuzestan. (A) Monthly highest temperature; (B) elec-
tricity use per capita.
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3.1.2. Non-Climatic Factors as One of the Reasons behind the High per Capita
Electricity Use

While climatic factors can be crucial in electricity use per capita, non-climatic factors
can also be influential. As discussed previously, an increase in Khuzestan’s electricity
usage per capita may not necessarily equate to the inefficient electricity use of households
due to climatic factors. This can also be seen through the electricity price allocated for
each province based on the climate conditions of that specific province. For instance, the
electricity price for Khuzestan province is much lower per kWh electricity consumption
of the occupants than in Tehran province. However, the climate is not the only factor
on which the efficient use of electricity per capita is based. Therefore, additional aspects
need to be investigated. For this purpose, this study explored and compared the average
unit areas being heated or cooled in Tehran and Khuzestan to determine the non-climatic
aspects which can lead to the inefficient use of electricity per capita (Figures 24 and 25).
This study found that although Khuzestan’s electricity use per capita is higher than in
Tehran, the average and percentage of cooled unit areas in Khuzestan are significantly
lower than in Tehran. Surprisingly, despite the harsh climate in Khuzestan, the portion of
areas being cooled is lower than in Tehran. Interestingly, this study revealed that with a
milder temperature in Tehran, occupants still heat and cool a more significant portion of
their unit areas, nearly 96.1%. This comparison revealed that non-climatic factors have led
to a higher percentage of unit areas being cooled despite the milder climate in Tehran.

Figure 24. The average area of domestic units being heated or cooled in provinces of Iran in 2018.



Encyclopedia 2022, 2 1655

Figure 25. Percentage of units being heated or cooled in provinces of Iran.

This study found that in situations where the cities’ climate differs, a harsh climate
could explain a province’s high per capita electricity use. The comparison also showed
that there could be provinces with milder temperatures but higher electricity usage per
capita than other provinces with a harsh climate. To further explore the non-climatic factors
affecting electricity demand, this study selected a province with nearly the same climate as
Tehran. Figure 26 depicts the high and low temperatures in different months of Tehran and
Isfahan. Although Isfahan experiences higher and lower temperatures during summer and
winter, the amount can be negligible as no provinces can have the same climate. Therefore,
considering the temperature as a control variable, a comparative analysis of the percentage
of unit areas being heated and cooled in Tehran and Isfahan was conducted.

Figure 26. Temperature comparison between Tehran and Isfahan.
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Interestingly, the analysed results revealed that even with the same temperature,
Tehran includes a higher percentage of their spaces for heating and cooling than Isfahan.
Therefore, it can be concluded that the non-climatic factor can be an essential reason
for increased electricity use per capita in Tehran, primarily related to the households’
behavioural issues. For instance, although Isfahan experiences higher temperatures during
summer or lower temperatures during winter, the households employed a lower percentage
of space areas to cool and heat their living areas than Tehran. It is worth mentioning that the
higher percentage of space areas for cooling and heating purposes may also depend on the
higher number of occupants in a living space. The dependency of energy use on household
size was also indicated by other studies that investigated the energy use behaviour of
occupants in different countries and Iran [62–65]. However, as this study compared the
household size of Tehran and Isfahan over the years, a decreasing trend was observed
in the household size of both provinces. However, unlike Isfahan, as the household size
decreased, the electricity consumption pattern increased in Tehran (Figure 27).

Figure 27. The effect of household size on electricity consumption in Tehran compared to Isfahan.

The comparative analysis between Tehran and other provinces revealed that in ad-
dition to climatic reasons, behavioural factors, namely house size, heated or cooled area
percentage of space, and household size, could play a crucial role in increasing the amount
of electricity used per capita.

Overall, in the global as well as local context, behavioural factors can explain most of
the increasing trend in either “total” electricity demand or “per capita” electricity demand
in Iran and Tehran when compared to other countries and provinces in Iran (i.e., Isfahan and
Australia). Similar to Iran, a study by [66] revealed that energy use per capita in Qatar was
one of the highest in the world, which is heavily subsidised for consumers [67]. It is worth
mentioning that in Qatar, building practitioners have started to explore new approaches
to reducing energy use by enhancing energy efficiency [68]. The Gulf Organization for
Research and Development has developed the Global Sustainability Assessment System
(GSAS) as their building sustainability assessment system to achieve energy efficiency
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while considering the local needs of Qatar. However, such a sustainability rating system
has not been implemented in Iran for different types of buildings.

The above comparison in this research showed that unlike Australia in a global context
and Isfahan in a local context, the reduction in household size had not affected the portion
of space heating or cooling in Iran and Tehran. Based on the comparative analysis, non-
climatic factors seem to be the main reason for domestic electricity use in Iran. Regarding
climatic factors, the high per capita electricity use of occupants was seen to be associated
with the temperature. However, the high per capita use due to non-climatic factors seems
to be related to behavioural aspects of the households rather than the temperature, which
have been affected by the energy subsidy of this country.

4. Behaviour as a Crucial Factor to Be Included in the Policy Enactment of Iran to
Address High per Capita

In terms of energy, several regulations were developed by the Ministry of Housing and
Urban Planning to achieve energy efficiency in the design and construction of buildings in
Iran. The national energy efficiency regulation, known as Code No. 19, is one of the energy
regulations which includes policies for external wall insulation materials, double glazing
windows and their materials, and installation of building control systems based on the
different climatic situations of different provinces of Iran [69]. Although Code No. 19 is
mandatory for the buildings, there are barriers to the implementation. One of the barriers is
the lack of specific codes for different building types, especially for residential buildings. It
is also worth mentioning that, in contrast to most developed countries, there is no specific
assessment system in Iran based on which the evaluation of the energy performance can
be performed.

The most important barrier to the implementation of the Code No. 19 is the low energy
price in this country, which has negatively affected the implementation of this regulation in
a comprehensive manner. Therefore, many architects may not consider the regulations due
to the high cost of implementing energy efficiency standards. Due to the cheap energy in
Iran, the building industry has also faced the issue of insufficient trained architects and
supervisors for the Code No. 19 implementation.

This cheap energy has also caused other critical issues regarding energy consumption
in Iran. As discussed previously, the energy subsidy in Iran, as an oil-rich country, has
significantly affected occupants’ behaviour. This subsidy has made it difficult for these
countries to achieve efficiency through occupants’ energy use behaviour. Many researchers
proposed revisions to subsidy policies after the issues created by the energy subsidy. For
instance, studies conducted in China [20,70] pointed out that energy subsidy reform can be
a solution to reduce energy use by reallocating a subsidy among different income groups
in the domestic sector. Wang et al. (2009) and Liu and Li (2011) [71,72] also indicated
that subsidy reform for fossil fuels could improve energy consumption while encouraging
energy conservation. Other studies [23,73] highlighted the necessity for other solutions to
substitute the fossil fuel subsidy with renewable energies or other effective social security
systems, which could prevent significant inefficiencies in the Middle East regions’ energy
use patterns.

Although removing the energy subsidy is indicated to be an effective solution for
energy use reduction by many researchers [74], it may have some drawbacks. For instance,
Fattouh and El-Katiri (2013) [23] pointed out that removing the energy subsidy can directly
and indirectly affect households. First, it can result in higher prices for households’ elec-
tricity use and second, it may result in higher costs for other goods that use energy as an
intermediate input. Therefore, removing the fossil fuel subsidy may bring about potential
socio-economic issues [22].

In addition to subsidy removal proposed by researchers, policymakers endeavoured
to reduce the increase in occupants’ energy use by raising energy prices. In 2010, the Iranian
subsidy reform aimed to remove the energy subsidy to reduce energy demand. Although
this policy effectively reduced electricity consumption in the short term, the effect was
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not sustainable in the long term (Figure 28). According to data gathered from IEA (2022),
although the subsidy had a decreasing trend from 2018 to 2020, domestic electricity had an
increasing demand (Figure 29).

Figure 28. The increase in electricity price in Iran (A) and the effect on domestic electricity use per
household (B).

Figure 29. The electricity subsidy for Iran and the effect on domestic electricity consumption.

As the subsidy reform was not successful in decreasing the domestic electricity de-
mand, other policies were enacted as incentives and penalties to encourage or persuade
households to reduce inefficient electricity use under “Energy Consumption Pattern Re-
form”. Based on this reform, the Ministry of Energy and the Ministry of Housing and
Urban Planning of Iran defined an efficient average electricity consumption per m2. For
households exceeding the average energy use pattern, the electricity price would have
a 100% increase to further allocate the money to low-income people under the subsidy
reform. However, the increasing electricity demand of Iranian households showed that
monetary rewards seem unsustainable in terms of changing households’ behaviour in the
long term. A study implemented by [75] concluded that increasing fossil fuel prices have
little impact on reducing fossil fuel consumption in Iran.
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Interestingly, Wang et al. [76] concluded that the energy price had a negligible effect on
per capita energy use. Moreover, different studies have highlighted that energy efficiency
policies may bring about a rebound effect, which should not be ignored [77]. This can be
explained by the crucial role of households’ behaviour on electricity demand, as concluded
in this study. Therefore, when considering energy use per capita, it seems necessary for
future studies to pay more attention to behavioural aspects of households to change their
behaviour while reducing energy use. Unfortunately, the current energy policy gives little
attention to behaviour change in households. For instance, in the “Energy balance report”
published in 2018, in the section of “Efficiency in energy supply and demand” (p. 63) and
subsection of “Building and domestic energy appliance” (p. 67), less attention was paid to
energy use behaviour of households. For instance, under the subsection policy of “Optimi-
sation of supply and distribution of energy and environmentally friendly technologies”, it
proposed solutions to prevent power plants’ supply limitations. In addition, it developed
proposals for overcoming the summer peak of 2018 and informed the power plants about
the proposals. However, it was more related to power plant capacity increase rather than
the behaviour, which is concluded to have a significant effect on electricity use in Iran.
Moreover, under the policy of load management of the demand side (p. 73), the Ministry
of Energy has paid most of the attention to the industrial, agricultural, and commercial
sectors and less to the domestic sector.

The main action implemented by the Ministry of Energy, which was slightly related
to behaviour, were the ‘enhancement of efficiency of technical room, replacement of heat-
ing and cooling appliances’, and ‘improving materials and infrastructure of the building’
under section 12 of the policy of removal of production barriers in the construction sec-
tor. Although under the policy of “Financial support” of “Building and domestic energy
appliances”, the Ministry of Energy is providing monetary rewards for the reduction in
energy intensity which can be related to behaviour change (e.g., shelters for evaporative coolers,
replacing an old refrigerator, washing machine, iron, etc., with high efficiency), it is mostly on
the improvements in the building appliances. However, there is less broad education for
households in this regard.

Despite the existing challenges regarding the removal of energy subsidies, some
developing countries have proposed solutions to reduce electricity consumption instead of
increasing the electricity price. For instance, several incentives for renewable energies were
offered as priority policies in African and Latin American countries to decouple economic
growth and carbon emissions [78]. As a result, to address the issue of high electricity
demand at an affordable price, they suggested supporting the use of energy efficient
equipment together with education initiatives on efficient use of energy and appliances [79].
Moreover, some countries have made a lot of progress in managing the political challenges
of the subsidy reform. For instance, in Kenya, a gradual approach was employed to
eliminate the subsidy over the course of nearly eight years through a combination of tariff
increases and reductions in technical losses [80]. This can be a very feasible approach for
Iran where an initial price spike and inflation occurred after implementing subsidy reform.
In Ghana and Nigeria, a comprehensive public information campaign was created before
implementing the subsidy reform. Also, there are some countries which have proposed
lifeline tariffs for low-income occupants for a specific amount of energy consumption in a
month, such as Uganda and Kenya. Research in the Arab world showed that transforming
the reform of domestic energy prices to a set of effective mitigation measures can create
opportunities for the government to lower the socio-economic cost of subsidy reforms. This
can protect low-income occupants from an erosion of their incomes, while raising public
acceptance of pricing reforms effectively [81]. Similarly to Iran, Gulf states are one of the
highest in terms of per capita living standards. To address high electricity consumption,
some Gulf states have been trying to raise electricity prices and increase income subsidies,
which can be an option in reducing their growth of electricity consumption.
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Another attempt to reduce electricity consumption is proposing effective solutions
in terms of behaviour change interventions to motivate occupants towards energy effi-
ciency rather than removing the subsidy. In this regard, different approaches have been
implemented to reduce energy use, namely behaviour change interventions and behaviour
prediction models. However, previous research concluded that further improvements are
required to achieve a better solution in terms of interventions. According to Santangelo
and Tondelli (2017) [62], three important solutions are necessary to reduce electricity use.
In the first step, the occupants’ awareness needs to be increased. A study conducted in
Qatar [15] suggested user education, engagement, and awareness to be effective solutions
for domestic energy conservation. In another study conducted by Oryani et al. (2022) [24],
the need for a rise in public environmental awareness as well as diversifying the energy
mix in Iran were highlighted as important solutions. Although under the education and
awareness policy, there is a defined section for educating housewives in terms of the culture
of correct energy use, it has not been practically implemented in Iran. Moreover, in terms
of behaviour prediction models, inflexibility in behaviour predictions was seen [65], which
necessitates further investigations regarding household behaviour variations and everyday
habits. Nowadays, paying attention to consumer behaviour for energy prediction models
is becoming increasingly important for researchers [65,82–84]. The second important fac-
tor is to understand their motivation towards energy conservation. Lastly, the feasibility
of energy-efficient behaviour needs to be achieved. It should be noted that energy use
behaviour change is a multi-dimensional factor that not only includes psychological and
socio-cultural aspects to understand the way occupants think about and use energy [85,86]
but also implies further consideration of physical, cognitive, emotional, personalised, and
habitual aspects of the behaviour to achieve more feasible energy policies in Iran.

5. Conclusions and Prospects

This study endeavoured to explore the driving factors affecting fossil fuel reliance
and its correlation to households’ behaviour towards the increasing trend in total and
per capita electricity use in the domestic sector on a global and local scale. In the global
context, this study revealed that due to the energy subsidy, the oil-rich countries’ reliance
on fossil fuels increased over the years while developed countries grew their investments
in renewable energies. This, in turn has significantly affected oil-rich countries, such as
Iran, in terms of their domestic electricity demand, resulting in a more inefficient use of
electricity, which was mostly related to households’ behaviour. In the local context, the
trend and tendency of electricity use in the domestic sector were analysed to understand
the outcomes of the energy subsidy in Iran. Findings showed an increasing trend towards
electricity generation from fossil fuels over the years, affecting households’ inefficient
energy use behaviour. However, in countries such as Denmark, the electricity price has
contributed as an intervention in households’ increasing electricity consumption behaviour,
while the energy subsidy in oil-rich countries acted as an encouragement for households’
domestic electricity use.

In addition, this study explored the climatic and non-climatic factors affecting domestic
electricity use by comparing several provinces of Iran to explore crucial behavioural factors
regarding high domestic electricity use per capita. The results revealed that not only does
Tehran have higher electricity consumption due to more subscribers than other provinces
in Iran, but the households’ electricity use per capita was also affected by behavioural
issues. After comparing Tehran with Isfahan and Khuzestan, results showed that the high
electricity use per capita in Tehran mainly was due to house size, heated or cooled area
percentage of space, and household size. Interestingly, although Isfahan and Khuzestan
have higher temperatures during summer, their electricity use behaviour seems more
efficient than in Tehran.
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It is worth mentioning that the aim of this study is to investigate the important factors
which have affected energy consumption of residential buildings in Iran and to compare
Iran with other developed countries with high energy costs. Although there are studies
and available data regarding the high energy use in Iran, there is a lack of research to
compare the main factors contributing to Iran and other countries’ electricity consumption.
Therefore, to answer this important question, the authors needed to explore the important
differences between countries with low electricity use and countries with high electricity
use and whether this high electricity use can be related to the per capita usage or not. After
studying different countries’ electricity consumption, this study found that the energy
subsidy can play a crucial role in oil-rich countries’ high electricity use in residential
buildings. However, this was not enough to conclude that the removal of the energy
subsidy is the only way to overcome this situation. This has also been highlighted by
previous researchers in the field of economy. For instance, various oil-rich countries have
started to develop their own sustainability assessment systems to rate their residential
buildings based on their efficiency. Therefore, removing the fossil fuel subsidy alone may
not address the issues with which the oil-rich countries are struggling, due to lower income
occupants. Moreover, as indicated previously, the removal of the energy subsidy can
only be effective in the short term, due to the increasing electricity usage per capita. This
electricity usage per capita can be explained by occupants’ behaviour. Therefore, a question
may arise regarding new solutions proposed based on the investigation of aspects affecting
human behaviour. This can create opportunities for policy makers to include occupants’
energy behaviour in their policy enactment, to reduce their electricity consumption in
the domestic sector. To further understand the effect of energy subsidies in other oil-rich
countries, future studies might be beneficial to investigate the solutions proposed by some
of the oil-rich countries to reduce electricity use.

Therefore, after studying the electricity usage per capita in countries with or without an
energy subsidy, it was revealed that high per capita electricity usage in most countries is due
to occupants’ behaviour and there are several important factors affecting this behaviour in
various ways. The high electricity usage per capita can be explained by climatic factors and
non-climatic factors. The former may not provide effective solutions because the occupants
have minimal expectation from their living environments due to comfort. However, non-
climatic factors can shed light on one of the important solutions to be considered in future
policies (e.g., different electricity prices based on different house or household sizes).

The results of the study could shed light on the issues that oil-rich countries have
faced due to energy subsidy allocation to electricity generation from fossil fuels. Raising the
awareness of energy practitioners, policymakers, and designers regarding the important
causes of the increase in the domestic electricity demand issues faced by oil-rich countries
and Iran could encourage future studies to consider behavioural factors in energy policies.
This can also lead to more practical solutions for reducing fossil fuel consumption while
reducing the domestic electricity use per capita in Iran and other oil-rich countries.
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