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Abstract: The maximum entropy bootstrap for time series is applied in this study to investigate the
nexus between carbon emissions from electricity generation and the gross domestic product, using a
bivariate framework for eight Middle Eastern countries between 1995 and 2017. The sample under
study includes oil-producing countries such as Bahrain, Iran, Iraq, Kuwait, Oman, Qatar, Saudi
Arabia, and United Arab Emirates. As the electricity generation in these economies relies mainly on
oil and gas, finding out the existence and direction of the relationship between the two considered
variables has remarkable implications for policymakers and governments in these countries to
achieve both higher economic growth and environmental protection. As expected, this nexus is
validated for all countries in the sample but not in all models, time periods, and lags. Therefore,
policymakers can set appropriate electricity conservation policies based on these varied empirical
findings to boost economic growth with minimum environmental degradation.

Keywords: economic growth; environmental policies; info-metrics; time series

1. Introduction

Energy is known as a crucial production factor for economic growth and social welfare,
especially after the industrial revolution [1]. Economic growth has traditionally been
measured by the gross domestic product (GDP), and its increasing trend has led to higher
energy demand and exploitation of natural energy resources in recent decades. This
extensive use of energy causes environmental degradation and increased greenhouse
gas (GHG) emissions. Although the natural level of GHGs is essential for the normal
mechanism of atmosphere and life on Earth, the recent increase in human population
and activities through industrialization, agricultural development, deforestation, and the
burning of fossil fuels have increased energy consumption and GHG emissions. These
changes disrupt the natural balance of atmospheric gases and cause global warming, which
is currently one of the most challenging problems of modern societies [2,3]. The economic
growth and energy consumption nexus and the dynamics of this relationship have been
widely examined in the economic literature. The same applies to the correlation between
real GDP, energy consumption, and carbon emissions. What is known as (economy–
energy–environment) 3E literature identifies opposite results from the application of the
Environmental Kuznets Curve (EKC) hypothesis. EKC suggests that initially, real economic
growth has a negative impact on the environment while it can improve it after passing the
economic threshold; see, for instance, [4–6]. Therefore, economic growth can be a solution
to limit and keep GHG emissions under control [7]. Notwithstanding, EKC empirical
results are not validated by several authors (Dogan and Ozturk [8]; Ozcan [9]; Du et al. [10],
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among others). According to Zhang et al. [11], these contradictory empirical results are
due to countries, time periods, and econometric models.

Electricity

The causal relationships among electricity consumption, economic growth, and car-
bon emissions have attracted the attention of several researchers in the last decades [12].
Economic growth increasingly depends on electricity consumption [13]. According to the
International Energy Agency (IEA), global energy demand and global electricity demand
increased in 2019 by 0.9% and 1.4%, respectively. The statistics of IEA in 2020 indicate
that during the Coronavirus Disease of 2019 (Covid-19) pandemic, monthly reduction in
full lockdown was 20% on average, more than 1.5% on an annual basis, while the global
electricity demand was expected to fall by 5% in 2020. In more industrialized economies,
lockdown had a smaller effect on electricity demand. Further, the global energy demand
declined by 3.8% in the first quarter of 2020 relative to the first quarter of 2019. The col-
lected data from 30 countries until April 2020 indicated that the energy demand reduction
depended on the duration and stringency of lockdowns [14].

Electricity generation is the major driver of carbon dioxide (CO2) emissions world-
wide [15,16]. For the countries in our sample, electricity generation highly depends on fossil
fuel resources that are the main reason for CO2 emissions and air pollution. Accordingly,
finding out the relationship between carbon emission from electricity generation (CEEG)
and GDP is an essential research topic. Understanding the existence and direction of this
nexus is required to set efficient electricity conservation policies and to achieve sustainable
economic growth while preserving environmental quality [17].

This study contributes to the existing literature in two ways. Firstly, empirical litera-
ture on the nexus between carbon emissions from electricity generation (CEEG) and the
gross domestic product (GDP) is still scarce, and the main goal of this study is investigating
this relationship for oil-based economies in the Middle East that will help governments
to implement appropriate policies. Secondly, to examine the impacts between CEEG and
GDP, the promising the maximum entropy bootstrap for time series [18,19] is applied.
This approach overcomes some problems of traditional econometric methods that are
based on asymptotic theory. In addition, the maximum entropy bootstrap guarantees more
robust, accurate, and reliable results even for small samples [19]. Furthermore, this work
considers three time periods with the Kyoto Protocol being the turning point for the whole
period considered in our research. Studying the relationship between these two variables
during years before and after the Kyoto agreement reveals how it is empirically effective in
this context.

The remainder of the paper is organized as follows: Section 2 presents a literature
review followed by Section 3 with data and methodology. Empirical findings are stated in
Section 4. Finally, conclusions and policy implications are discussed in Section 5.

2. Literature Review

Several studies have investigated the connection between economic growth, carbon
emissions, and energy consumption with an increasing concern about environmental pollu-
tion, global warming, and natural resource depletion. Since electricity acts as a stimulus for
economic growth and development, the causal relationship between electricity consump-
tion/generation and economic growth has been explored by several authors. The outputs
of those empirical studies point to four main hypotheses: neutrality, feedback, growth,
and conservation hypotheses. According to the neutrality hypothesis, there is no causal
relationship between electricity generation and economic growth that states neither energy
conservation nor expansion policies will have any effect on economic growth. Feedback
hypothesis suggests bidirectional causality and interdependence between the two variables.
Based on the growth hypothesis, the existence of unidirectional causality running from
electricity generation to economic growth is confirmed, which means that the economy is
dependent on energy and particularly on electricity, and any electricity conservation policy
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can be detrimental to future economic growth. The last hypothesis is conservation that
suggests unidirectional causality running from economic growth to electricity generation.
Then, the economy is relatively less dependent on electricity and environmental policies
for energy conservation, and reducing GHG emissions will have a minimum adverse effect
on economic growth. These theoretical arguments are generally based on positive causality,
but when causality is negative, the energy dependence interpretation becomes less intuitive
and alternative interpretations will be revealed [20–23].

Studies on the relationship between energy and the environment can be categorized
according to different variables. There is a group of studies on the energy consump-
tion/demand and economic growth that has been investigated for 30 years by scholars and
several researchers [24]. Yalta [20] investigates the causality between energy consumption
and real GDP in Turkey during 1950–2006, using the maximum entropy bootstrap. As
shown by the results, there is no nexus between energy consumption and GDP, and the
neutrality hypothesis is confirmed. However, several authors have studied this linkage
in other countries, and different results have been obtained. For instance, Altinay and
Karagol [25] employ Hsiao’s version of the Granger method for the period 1950–2000 in
Turkey, and no causality between energy consumption and GDP is found. Further, Soytas
and Sari [26] study the same variables for Turkey from 1960 to 1995, using the vector error
correction model (VECM), and unidirectional causality running from energy consumption
to GDP is validated. The findings of the mentioned papers vary through different applied
methodologies and time periods in Turkey. In the same vein, Alam et al. [21] study the
connection between energy demand and GDP for Bangladesh, applying the maximum
entropy approach over the period 1980–2011. Unidirectional causality from GDP to energy
demand is proved by the findings, which implies the conservation hypothesis. Therefore,
economic growth does not depend on energy demand and any energy conservation policy
has no impact on GDP. Other researchers have analyzed the energy consumption and
carbon emission nexus. In this context, Gul et al. [27] examine the nexus between energy
consumption and CO2 emissions applying the maximum entropy bootstrap approach
for Malaysia over the period 1975–2013. In this study, both bivariate and multivariate
frameworks are considered, and findings reveal unidirectional causality running from
energy consumption to carbon emission for both frameworks. Other scholars address the
connection between economic growth and carbon emissions. In this vein, we can mention
Mousavian and Sadeghi [28], who examine the nexus between GDP and CO2 emissions
in Iran in the 1973–2010 period, applying the maximum entropy bootstrap methodology.
Both bivariate and multivariate frameworks are examined in this work. The findings vali-
date the existence of unidirectional causality from GDP to carbon emissions for bivariate
frameworks and no nexus between them for multivariate frameworks. Thus, conservation
and neutrality hypotheses are confirmed by the results of causality tests for bivariate and
multivariate models, respectively. Further, the relationship among more than two variables
has been the subject of other studies, namely, Hwang and Yoo [22] investigate the nexus
between three main factors in the economy, including energy consumption, CO2 emissions,
and economic growth. This study considers annual data for Indonesia during 1965–2006
and uses a unit root test and error correction model. The evidence shows a bidirectional re-
lationship between energy consumption and CO2 emissions. This means that any increase
in energy consumption leads to an increase in CO2 emissions and vice versa. There is also a
unidirectional causality from economic growth to CO2 emissions and energy consumption
that supports the conservation hypothesis. In this case, any energy conservation policy has
no negative impact on economic growth. In similar work, Lotfalipour et al. [17] investigate
the existence of a relationship between economic growth, carbon emissions, and fossil
fuel consumption in Iran from 1967 to 2007 using the Toda-Yamamoto method. Granger
causality from economic growth and fossil energy consumption to carbon emissions is
found in this research.

Abou-Elseoud and Kreishan [23] investigate the nexus between electricity consump-
tion and GDP in Bahrain, as an oil-exporting country, between 1980 and 2019. The Au-
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toregressive Distributed Lag (ARDL) model is applied in this paper. The empirical results
show the existence of unidirectional causality running from electricity consumption to
GDP. According to the estimates, the growth hypothesis is revealed in Bahrain, which
means that the economy is energy dependent. Bahrain was the first country in the Gulf
region that started a diversification policy that reached 80 percent of GDP without oil.
This also means that the structure of the economy has shifted from the production of
goods to services [29]. Bahrain’s economy is based on financial activities in the region, so
electricity is a key factor for long-term planning of the country. In conclusion, the result of
the Granger causality test shows the unidirectional causality from electricity consumption
to economic growth. Further, the significant impact of electricity consumption on GDP is
justified according to the estimated coefficients. In a similar study, Ibrahiem [12] explores
the causality between electricity consumption and GDP at the macro level in Egypt from
1971 to 2013, dividing the economy into three main sectors: agriculture, industry, and
services. The results suggest the feedback hypothesis of bidirectional causality between
electricity consumption and GDP. Moreover, the sectoral results show the neutrality hy-
pothesis between electricity consumption and output in the agricultural sector and the
existence of the feedback hypothesis in the services sector. The conservation hypothesis and
the unidirectional causality running from industrial production to electricity consumption
in this sector are confirmed by the results. Therefore, electricity saving measures should
be taken according to different sectoral results. The nexus of electricity consumption and
economic growth in three large economies, United States, India, and China, is investigated
by Wu et al. [30]. The results support different hypotheses for these countries. There is
a bidirectional relationship between electricity consumption and economic growth that
supports the feedback hypothesis, which means that an increase in the degree of electricity
consumption causes an increase in economic growth and vice versa. The results for India
report the unidirectional relationship running from electricity consumption to economic
growth, which supports the growth hypothesis. In China, a negative relationship is found,
meaning that less electricity consumption causes higher economic growth. Consequently,
in this economy, economic growth can be obtained with less electricity consumption and
environmental degradation.

The influence of the nonlinear economic growth threshold effect of urbanization on
electricity consumption in China is explored by Liu et al. [31]. As the rate of urbanization
in China is growing rapidly and electricity plays a fundamental role to promote economic
growth, it is urgent to figure out the relationship between these two main variables. Fur-
ther, the fast urbanization negatively affects the environmental quality. Therefore, for
sustainable development, the government needs to deal with energy conservation, sus-
tainable use of energy sources, and ecological damage raising from increasing electricity
supply and consumption. The findings of this paper indicate that the urbanization rate
(PUR) stimulates electricity consumption before the threshold, and when the economic
growth level crosses the threshold, this promoting impact will be significantly weakened.
According to Zhang et al. [32], the main factors to increase total electricity consumption
are economic activities while the energy intensity prevents this. In another study, Lin and
Wang [33] state that China has the world largest electricity system, while a complete reform
of this market is in motion. This paper investigates the inconsistency of economic growth
and electricity consumption in China for the period 2000–2016. Based on the findings,
the authors conclude that increasing inventory, fixed capital, and industrial electricity
consumption reduce the gap between economic growth and electricity consumption that
leads the higher rate of economic growth than electricity consumption.

Thus, to put it briefly, it seems evident that empirical results and implications of
research studies on the nexus between diverse energy and economic aggregates depend
substantially on the underlying variables, time periods, econometric techniques, and
samples. Furthermore, countries in these samples may be chosen according to different
criteria—in terms of development, energy system, available natural resources, among
other factors—which may introduce a bias in the analysis. Overall, the existing literature
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yields mixed and inconclusive results, making it difficult to recommend a general energy–
environmental policy approach.

3. Data, Methodology, and Statistical Models
3.1. Data

The two variables in this paper are CO2 emissions from electricity generation (CEEG),
measured in million tons (MT) per capita as a proxy for environmental degradation, and
the gross domestic product (GDP) per capita measured in 2010 constant price US dollars as
an indicator of economic growth. Annual time series of CEEG and GDP were collected from
International Energy Agency (IEA) [34] and the World Bank [35]. The data are expressed
in logarithms over the period 1995–2017 for the latest available data for eight Middle
Eastern countries: Bahrain, Iraq, Iran, Kuwait, Oman, Qatar, Saudi Arabia, and the United
Arab Emirates.

Figure 1 includes the trend of GDP and CO2 emissions from electricity generation in
this sample of countries. Both variables followed a similar trend over the 23 years. This may
indicate a correlation between them as CEEG has an increasing trend when GDP grows and
vice versa. The rate of change varies across countries and years for many reasons. There
are many factors that yield these variations, such as national and international policies
that cause GDP and CEEG to decrease or increase. For example, the most important global
agreement between 1995 and 2017 is the Kyoto Protocol, which was adopted in 1997. Under
this agreement, developed and industrialized countries, which bear the main responsibility
for greenhouse gas emissions through their industrial activities of more than 150 years,
committed to reduce their greenhouse gas emissions by 5.2% between 2008 and 2012. In
2005, it became an international law and entered into force for 37 industrialized countries
and the European Union. The countries considered in the current study did not sign the
Kyoto Protocol initially. Since they benefited from a large share of the world’s oil, natural
gas, and coal reserves [36], those economies are based on fossil fuel resources, which play a
fundamental role in socio–economic development and at the same time in greenhouse gas
emissions. Therefore, they faced worldwide concern about global warming and pollution
and have implemented appropriate policies to reduce their share of carbon emissions. They
joined the Kyoto Protocol in 2005, except for Iraq, which followed in 2006. Accordingly,
to figure out the efficiency of international efforts to control global warming and GHG
emissions, this study analyses three time periods: 1995–2017 (TP1), 1995–2005 (TP2), and
2006–2017 (TP3). A comparison of the results of the two subperiods, TP2 and TP3, reveals
the impact of energy efficiency projects that have been prioritized in the policy portfolio of
several countries after Kyoto ratification (Figure 1).
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Figure 1. Gross domestic product (GDP) and CO2 emissions from electricity generation (CEEG) per
capita for the sample of countries. (Source: IEA and World Bank).

The plots illustrate the decline in GDP and CEEG after 2010 in most of the countries as
the governments started to reform energy subsidies by raising energy prices. For instance,
Saudi Arabia and Bahrain started to increase energy prices in 2016, which is shown in the
corresponding plots by decreasing CO2 emissions between 2016 and 2017.

3.2. Methodology

This study applies the maximum entropy bootstrap (meboot) for time series that was
introduced by Vinod [18] to find the possible nexus between carbon emissions of electricity
generation (CEEG) and the gross domestic product (GDP) in the sample of eight countries.
The maximum entropy bootstrap for time series is a recent and powerful technique that
allows statistical formulations free of restrictive and unnecessary assumptions usually
employed by practitioners, e.g., [18,19,37]. The maximum entropy bootstrap approach
creates a large number (e.g., 999 by default) of resamples (replicates) of the two original
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time series of variables, CEEG and GDP, as elements of an ensemble, which satisfies the
ergodic and the central limit theorems. Then, the estimates for each parameter of interest
are obtained from the replicates and subsequently, they are used to construct confidence
intervals. Given its advantages, the Highest Density Region (HDR) method proposed by
Hyndman [38] is applied in this work to obtain the confidence intervals, which will allow
inference analysis through hypothesis testing.

The meboot has some advantages over other approaches. For instance, it can be
applied under all types of non-stationarity or fractional stationarity, including structural
breaks, non-linearity, near unit roots, and data integration [24]. Additionally, there is no
need to shape destroying transformations in the data, such as differencing to make the time
series stationary [19]. Since traditional hypothesis testing and confidence intervals based on
asymptotic theory may cause misleading results when samples of relatively small size are
considered [39], the inference analysis from meboot will be more reliable and robust [19].

3.3. Statistical Models

The time series models to study the bivariate relationship between carbon emissions
from electricity generation (CEEG) and the gross domestic product (GDP) are defined as

CEEGt = b1 + b2GDPt−m + et, (1)

GDPt = b1 + b2CEEGt−m + et, (2)

CEEGt = b1 + b2CEEGt−1 + b3GDPt−m + et, (3)

and
GDPt = b1 + b2GDPt−1 + b3CEEGt−m + et, (4)

where et is the residual term, t and m represent, time and lags, respectively. Several
packages from the R Software were used in this work: packages car [40] and lmtest [41] to
extract information from linear regression models, package dynlm [42] for dynamic linear
regression models, package meboot [19] for the maximum entropy bootstrap, and package
hdrcde [36] to find HDR with graphics for the sampling distributions of bi’s (i = 2, 3).

For convenience in the discussion of results and considering m = 0, 1, 2, the 12 models
obtained from Equations (1)–(4) are described in Table 1.

Table 1. The 12 models under study in this work.

Model 1 CEEGt = b1 + b2GDPt + et
Model 2 CEEGt = b1 + b2GDPt−1 + et
Model 3 CEEGt = b1 + b2GDPt−2 + et
Model 4 GDPt = b1 + b2CEEGt + et
Model 5 GDPt = b1 + b2CEEGt−1 + et
Model 6 GDPt = b1 + b2CEEGt−2 + et
Model 7 CEEGt = b1 + b2CEEGt−1 + b3GDPt + et
Model 8 CEEGt = b1 + b2CEEGt−1 + b3GDPt−1 + et
Model 9 CEEGt = b1 + b2CEEGt−1 + b3GDPt−2 + et

Model 10 GDPt = b1 + b2GDPt−1 + b3CEEGt + et
Model 11 GDPt = b1 + b2GDPt−1 + b3CEEGt−1 + et
Model 12 GDPt = b1 + b2GDPt−1 + b3CEEGt−2 + et

From Model 1 to Model 6, some confidence intervals for parameter b2 are computed
(from the estimates obtained in the 999 replications) to find the existence and direction of the
relationships between GDPt−m (CEEGt−m) as an explanatory variable and CEEGt (GDPt)
as a dependent variable. The same variables at year t − 1 (CEEGt−1 and GDPt−1) are
added in Model 7 to Model 12 as explanatory variables, and some confidence intervals for
parameter b3 are computed for the same purpose. The hypothesis test for the parameters
of interest is defined as
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H0 : bi = 0 vs. H1 : bi 6= 0 (5)

for i = 2, 3. Naturally, if the null hypothesis, H0, is rejected (zero does not belong to a
specified confidence interval), then the corresponding variable (GDPt−m or CEEGt−m) is
considered relevant to explain the response (CEEGt or GDPt) at a given significance level,
assuming a specific statistical model and for the sample under study.

The detailed results for the eight countries and the corresponding policy implications
are presented in the following sections.

4. Empirical Findings

The confidence intervals (CI) at three confidence levels (99%, 95%, and 90%), and the
graphics of HDR are presented and discussed in this section. Model 1 to Model 6 and
Model 7 to Model 12 are presented separately in two tables, for each country, according to
the estimated bi’s (i = 2, 3). Most of the CI lead to the same decision in terms of rejection or
no rejection of the null hypothesis, but there are some cases that depend on the confidence
level considered. For example, Figure 2 presents three confidence intervals based on the
HDR of b3 estimates, in Model 7, for Iraq, over the 1995–2005 period (TP2). Based on the
results, only the confidence interval at 99% for b3, CI99%(b3) ≈ (−0.916, 0.020), leads to
the non rejection of the corresponding null hypothesis, H0 : b3 = 0. The confidence interval
at 95% (and consequently at lower confidence levels, where the usual 90% is included)
leads to the rejection of the same null hypothesis, indicating a possible impact of GDP
on CEEG.
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To have a constant basis for the analyses, only the confidence intervals at 90%, i.e.,
CI90%, are chosen for discussion and comparison purposes. However, the other CI are also
reported, allowing additional statistical analyses.

4.1. Iraq

Table 2 presents the CI for parameter b2 in Models 1–6 for Iraq in the three time periods.
The findings confirm the neutrality hypothesis for all models during TP1, which means
no evidence of a relationship between CEEG and GDP. However, according to the CI for
the same models over TP2 and TP3, the feedback hypothesis is validated, which reveals
the existence of a bidirectional relationship between the two variables. No changes in the
results, before and after Kyoto agreement, reveal that it has no impact on the relationship
between the two considered variables. The only exception is Model 6, in TP2. Note that,
if both limits of CI for the parameter b2 are positive (negative), this means that a unit
increase in the predictor implies an increase (a decrease) in the response variable, within a
specific confidence level. Based on feedback hypothesis validated in both TP2 and TP3,
it is necessary for the government to provide a sustainable plan. Meanwhile, electricity
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conservation and electricity efficient policies should be adopted to reduce emissions and
environmental degradation but at the same time, any adverse effects on economic growth
must be considered.

Table 2. Confidence Intervals for b2 in Models 1–6 for Iraq, in the three time periods.

Models 1–6
Iraq

1995–2017 1995–2005 2006–2017

1
CI99% (b2) (−0.302, 0.136) (−0.888, −0.202) (0.963, 2.043)
CI95% (b2) (−0.251, 0.081) (−0.793, −0.298) (1.082, 1.907)
CI90% (b2) (−0.224, 0.052) (−0.750, −0.341) (1.139, 1.840)

2
CI99% (b2) (−0.312, 0.226) (−0.989, −0.216) (0.657, 1.831)
CI95% (b2) (−0.251, 0.153) (−0.892, −0.326) (0.776, 1.709)
CI90% (b2) (−0.218, 0.116) (−0.853, −0.371) (0.851, 1.632)

3
CI99% (b2) (−0.187, 0.381) (−0.856, −0.020) (0.117, 1.823)
CI95% (b2) (−0.111, 0.305) (−0.743, −0.122) (0.299, 1.563)
CI90% (b2) (−0.082, 0.277) (−0.688, −0.171) (0.383, 1.463)

4
CI99% (b2) (−0.421, 0.212) (−0.809, −0.182) (0.344, 0.642)
CI95% (b2) (−0.338, 0.116) (−0.735, −0.277) (0.381, 0.609)
CI90% (b2) (−0.296, 0.068) (−0.700, −0.319) (0.405, 0.587)

5
CI99% (b2) (−0.304, 0.207) (−0.521, 0.037) (0.256, 0.590)
CI95% (b2) (−0.245, 0.146) (−0.429, −0.037) (0.299, 0.550)
CI90% (b2) (−0.212, 0.112) (−0.395, −0.065) (0.324, 0.526)

6
CI99% (b2) (−0.160, 0.253) (−0.261, 0.326) (0.158, 0.551)
CI95% (b2) (−0.113, 0.207) (−0.175, 0.265) (0.212, 0.509)
CI90% (b2) (−0.086, 0.181) (−0.136, 0.235) (0.244, 0.484)

Models 7–12 presented in Table 3 indicate a mix of decisions in terms of rejection
or non rejection of the corresponding null hypothesis. Some surprising results of no
impact between CEEG and GDP in TP1 can be possibly justified by structural breaks that
coincide with economic, political, and/or military events that have been happening over
the last decades in Iraq and the Middle East in general. Firstly, we can refer to the Gulf
war and Iraq’s invasion of Kuwait in 1990 that led to a rapid increase in the oil price
until the end of the 1990s (last quarter), a 86.3% rise [43]. Further, the second war in Iraq
started in 2003 after assertion of intelligence agencies indicating that Iraq had weapons
of mass destruction. After that event, civil war and violent attacks in the country have
proceeded until now, which in turn can be the reason for the absence of a stable economy
and long-term policies [44].

Table 3. Confidence Intervals for b3 in Models 7–12 for Iraq, in the three time periods.

Models 7–12
Iraq

1995–2017 1995–2005 2006–2017

7
CI99% (b3) (−0.070, 0.232) (−0.916, 0.020) (−0.088, 1.910)
CI95% (b3) (−0.036, 0.194) (−0.773, −0.063) (0.101, 1.693)
CI90% (b3) (−0.011, 0.169) (−0.692, −0.113) (0.205, 1.577)

8
CI99% (b3) (−0.135, 0.201) (−0.863, 0.061) (−1.396, 2.281)
CI95% (b3) (−0.089, 0.162) (−0.750, −0.057) (−0.897, 1.501)
CI90% (b3) (−0.071, 0.148) (−0.694, −0.116) (−0.736, 1.230)

9
CI99% (b3) (−0.008, 0.308) (−0.907, 0.292) (−1.176, 1.357)
CI95% (b3) (0.060, 0.267) (−0.663, 0.210) (−0.871, 0.920)
CI90% (b3) (0.084, 0.252) (−0.557, 0.171) (−0.693, 0.717)

10
CI99% (b3) (−0.109, 0.272) (−0.608, 0.317) (0.092, 0.571)
CI95% (b3) (−0.066, 0.237) (−0.478, 0.183) (0.133, 0.514)
CI90% (b3) (−0.042, 0.220) (−0.412, 0.128) (0.161, 0.477)
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Table 3. Cont.

Models 7–12
Iraq

1995–2017 1995–2005 2006–2017

11
CI99% (b3) (−0.076, 0.192) (−0.266, 0.289) (−0.318, 0.666)
CI95% (b3) (−0.044, 0.166) (−0.199, 0.245) (−0.168, 0.536)
CI90% (b3) (−0.023, 0.148) (−0.151, 0.213) (−0.103, 0.478)

12
CI99% (b3) (0.006, 0.205) (−0.180, 0.450) (−0.039, 0.472)
CI95% (b3) (0.031, 0.184) (−0.107, 0.376) (0.006, 0.426)
CI90% (b3) (0.042, 0.175) (−0.068, 0.337) (0.040, 0.393)

Moreover, according to the statistics from World Bank presented in Table 4, the
electricity generation from petroleum resources in Iraq dropped from 1995 to 2015 (last
available statistics), which may have affected the relationship between CEEG and GDP
due to less dependency of electricity generation on oil, natural gas, and coal resources, and
consequently on CO2 emissions. This table shows the share of oil, natural gas, and coal
resources in electricity production in 1995 and 2015 (last statistics available) of the total,
presented as a percentage. The electricity generation of Bahrain, Kuwait, Oman, Qatar, and
United Arab Emirates is still completely based on fossil fuel resources. In Saudi Arabia and
Iran, the dependency on those resources increased by 7.8% and 2.5% respectively, while it
dropped significantly in Iraq, a 48% reduction.

Table 4. Electricity production from oil, natural gas, and coal resources (% of total).

Country Year
1995 2015

Bahrain 100 100
Kuwait 100 100
Oman 100 100
Qatar 100 100

United Arab Emirates 100 99.8
Iraq 98.1 50.1
Iran 91.4 93.9

Saudi Arabia 68.4 76.2
Note: 2015 is the most recent available year.

As the most important reason for neutrality hypotheses, we can refer to the ratio of
electricity consumption to fossil fuel consumption per capita in Iraq. As shown in Figure 3,
the scales are KWH for electricity consumption and MWH for fossil fuel consumption, and
presenting them in the same scale, namely, KWH, as in Figure 4, the electricity consumption
is almost zero. This reveals a fact that the economy has almost no dependence on electricity,
and the CEEG and GDP do not have a significant impact on each other.

4.2. Bahrain

Table 5 includes the CI for parameter b2 in Models 1–6 for Bahrain, which reveals the
existence of a bidirectional positive impact between CEEG and GDP in TP1 for all defined
models. The feedback hypothesis and bidirectional relationship is validated since the elec-
tricity generation in Bahrain depends on fossil fuel resources, by 100 percent (see Table 4).
Different conclusions are found in TP2, which is the period before the ratification of the
Kyoto Protocol, only for Model 2 and Model 3. From the CI for TP3, it is possible to identify
a bidirectional relationship between CEEG and GDP for lags m = 0, 1, while the neutrality
hypothesis is assumed when m = 2 is considered (Model 3 and Model 6). The analysis
of CI for b3 in Models 7–12, in Table 6, supports different hypotheses, depending on the
time periods, the models, and the confidence levels considered. We can conclude that the
results are not robust for the number of lags as well as the time periods. The inconsistency
of results for CEEG and the GDP nexus for Bahrain makes it difficult to propose a reliable
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policy. To explain this relationship, it may be necessary to define a multivariate framework
to control other important variables, in order to possibly obtain more consistent results.
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Table 5. Confidence Intervals for b2 in Models 1–6 for Bahrain, in the three time periods.

Models 1–6
Bahrain

1995–2017 1995–2005 2006–2017

1
CI99% (b2) (1.103, 1.811) (0.213, 1.874) (0.254, 1.242)
CI95% (b2) (1.177, 1.756) (0.409, 1.539) (0.369, 1.137)
CI90% (b2) (1.229, 1.717) (0.496, 1.434) (0.445, 1.067)

2
CI99% (b2) (0.985, 1.736) (−0.550, 1.459) (0.078, 1.093)
CI95% (b2) (1.091, 1.648) (−0.360, 1.271) (0.239, 0.940)
CI90% (b2) (1.143, 1.606) (−0.267, 1.178) (0.313, 0.870)
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Table 5. Cont.

Models 1–6
Bahrain

1995–2017 1995–2005 2006–2017

3
CI99% (b2) (0.723, 1.441) (−0.731, 1.072) (−0.479, 0.381)
CI95% (b2) (0.815, 1.352) (−0.541, 0.905) (−0.376, 0.272)
CI90% (b2) (0.862, 1.305) (−0.394, 0.793) (−0.323, 0.218)

4
CI99% (b2) (0.213, 0.365) (0.028, 0.252) (0.102, 0.488)
CI95% (b2) (0.230, 0.342) (0.050, 0.215) (0.147, 0.461)
CI90% (b2) (0.238, 0.334) (0.061, 0.200) (0.182, 0.432)

5
CI99% (b2) (0.209, 0.396) (0.077, 0.338) (0.102, 0.447)
CI95% (b2) (0.230, 0.368) (0.102, 0.312) (0.137, 0.408)
CI90% (b2) (0.240, 0.354) (0.121, 0.292) (0.161, 0.382)

6
CI99% (b2) (0.140, 0.320) (0.067, 0.745) (−0.237, 0.113)
CI95% (b2) (0.162, 0.290) (0.136, 0.586) (−0.194, 0.072)
CI90% (b2) (0.175, 0.276) (0.171, 0.532) (−0.172, 0.050)

Table 6. Confidence Intervals for b3 in Models 7–12 for Bahrain, in the three time periods.

Models 7–12
Bahrain

1995–2017 1995–2005 2006–2017

7
CI99% (b3) (0.022, 0.923) (−1.022, 1.690) (0.220, 0.919)
CI95% (b3) (0.145, 0.793) (−0.602, 1.408) (0.292, 0.835)
CI90% (b3) (0.195, 0.742) (−0.365, 1.250) (0.326, 0.798)

8
CI99% (b3) (−0.440, 0.543) (−1.160, 0.942) (−0.379, 0.897)
CI95% (b3) (−0.279, 0.379) (−0.928, 0.707) (−0.191, 0.701)
CI90% (b3) (−0.216, 0.315) (−0.820, 0.597) (−0.112, 0.621)

9
CI99% (b3) (−1.019, 0.130) (−0.699, 0.651) (−1.741, 0.204)
CI95% (b3) (−0.853, 0.012) (−0.560, 0.513) (−1.459, −0.070)
CI90% (b3) (−0.781, −0.042) (−0.460, 0.412) (−1.318, −0.210)

10
CI99% (b3) (0.043, 0.205) (0.034, 0.227) (0.020, 0.427)
CI95% (b3) (0.066, 0.182) (0.056, 0.190) (0.073, 0.378)
CI90% (b3) (0.075, 0.172) (0.064, 0.179) (0.097, 0.356)

11
CI99% (b3) (−0.096, 0.207) (0.049, 0.276) (−0.445, 0.289)
CI95% (b3) (−0.049, 0.162) (0.075, 0.245) (−0.333, 0.192)
CI90% (b3) (−0.029, 0.142) (0.088, 0.230) (−0.283, 0.148)

12
CI99% (b3) (−0.208, 0.098) (−0.073, 0.748) (−0.567, −0.136)
CI95% (b3) (−0.168, 0.056) (0.069, 0.541) (−0.520, −0.186)
CI90% (b3) (−0.147, 0.035) (0.113, 0.489) (−0.491, −0.216)

4.3. Kuwait

In the case of Kuwait, Table 7 presents the evidence from the CI for parameter b2
in Models 1–6 that shows a bidirectional positive impact between CEEG and GDP in
TP1 and TP3. Under the feedback hypothesis, two variables are interdependent and an
increase in one variable causes an increase in the other one and vice-versa [45]. This means
that increasing the GDP will raise CEEG and degrade the environment. Therefore, the
government must develop policies for higher GDP and lower carbon emissions at the same
time. According to the World Bank (2020), the electricity generation in Kuwait was 100%
based on oil, natural gas, and coal resources until 2015, as shown in Table 4. On the other
hand, the Kuwait government has the highest subsidies and pays 95% of the economic cost
of energy, but in 2015, the government decided to start adjustments on diesel, gasoline,
and electricity prices. This policy can lead to an increase in GDP by increasing the prices
and exports of petroleum and a decrease in electricity consumption and CEEG because of
the reductions of misusing energy over time. In Models 7–12 for the time periods before
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and after Kyoto Protocol, the findings illustrate some opposite relations between variables.
As it is clear in Table 8, there is a unidirectional positive relationship running from CEEG
to GDP that supports a growth hypothesis over period TP2, which implies that electricity
acts as a stimulus for economic growth. Under this hypothesis, decision-makers should
promote policies to improve energy infrastructure to achieve increasing electricity demand
with higher efficiency. While results from lags m = 0, 1 show a unidirectional positive
relationship running from GDP to CEEG over TP3, which validates the conservation
hypothesis and supports the premise of less dependency of the economy on energy and
minimum negative effects on economic growth [46], a bidirectional positive relationship is
assumed for m = 2, considering 90% and 95% confidence levels in Model 12.

Table 7. Confidence Intervals for b2 in Models 1–6 for Kuwait, in the three time periods.

Models 1–6
Kuwait

1995–2017 1995–2005 2006–2017

1
CI99% (b2) (0.262, 0.764) (−0.209, 0.864) (0.347, 0.747)
CI95% (b2) (0.335, 0.695) (−0.100, 0.764) (0.401, 0.696)
CI90% (b2) (0.363, 0.670) (−0.032, 0.700) (0.425, 0.671)

2
CI99% (b2) (0.194, 0.757) (−0.800, 0.419) (0.284, 0.802)
CI95% (b2) (0.263, 0.689) (−0.695, 0.284) (0.342, 0.747)
CI90% (b2) (0.296, 0.657) (−0.637, 0.208) (0.377, 0.713)

3
CI99% (b2) (0.125, 0.624) (−2.047, −0.147) (0.365, 0.909)
CI95% (b2) (0.187, 0.567) (−1.656, −0.401) (0.422, 0.854)
CI90% (b2) (0.214, 0.542) (−1.487, −0.530) (0.462, 0.815)

4
CI99% (b2) (0.253, 0.655) (−0.138, 0.523) (0.577, 1.364)
CI95% (b2) (0.305, 0.605) (−0.071, 0.455) (0.679, 1.257)
CI90% (b2) (0.332, 0.581) (−0.029, 0.412) (0.729, 1.204)

5
CI99% (b2) (0.321, 0.679) (−0.093, 0.856) (0.505, 1.292)
CI95% (b2) (0.381, 0.624) (0.029, 0.715) (0.609, 1.186)
CI90% (b2) (0.397, 0.608) (0.079, 0.656) (0.666, 1.129)

6
CI99% (b2) (0.380, 0.703) (−0.003, 1.370) (0.265, 1.226)
CI95% (b2) (0.422, 0.655) (0.172, 1.106) (0.363, 1.116)
CI90% (b2) (0.441, 0.632) (0.251, 0.991) (0.419, 1.056)

Table 8. Confidence Intervals for b3 in Models 7–12 for Kuwait, in the three time periods.

Models 7–12
Kuwait

1995–2017 1995–2005 2006–2017

7
CI99% (b3) (−0.058, 0.328) (−0.480, 0.300) (−0.034, 0.519)
CI95% (b3) (−0.011, 0.278) (−0.389, 0.199) (0.020, 0.465)
CI90% (b3) (0.012, 0.253) (−0.340, 0.146) (0.056, 0.428)

8
CI99% (b3) (−0.074, 0.238) (−0.617, 0.267) (0.055, 0.697)
CI95% (b3) (−0.043, 0.197) (−0.491, 0.139) (0.137, 0.587)
CI90% (b3) (−0.026, 0.175) (−0.449, 0.097) (0.174, 0.542)

9
CI99% (b3) (−0.113, 0.158) (−1.300, 0.675) (0.114, 0.958)
CI95% (b3) (−0.083, 0.129) (−0.933, 0.429) (0.234, 0.839)
CI90% (b3) (−0.060, 0.107) (−0.769, 0.296) (0.279, 0.795)

10
CI99% (b3) (0.105, 0.326) (0.099, 0.564) (−0.821, 1.170)
CI95% (b3) (0.128, 0.294) (0.170, 0.503) (−0.520, 0.875)
CI90% (b3) (0.140, 0.280) (0.201, 0.475) (−0.356, 0.701)

11
CI99% (b3) (0.075, 0.299) (0.104, 0.705) (−0.355, 0.897)
CI95% (b3) (0.093, 0.279) (0.200, 0.612) (−0.214, 0.742)
CI90% (b3) (0.107, 0.260) (0.236, 0.576) (−0.145, 0.666)



Energies 2021, 14, 3518 14 of 22

Table 8. Cont.

Models 7–12
Kuwait

1995–2017 1995–2005 2006–2017

12
CI99% (b3) (0.017, 0.311) (0.098, 1.074) (−0.081, 0.871)
CI95% (b3) (0.051, 0.269) (0.215, 0.856) (0.005, 0.716)
CI90% (b3) (0.069, 0.248) (0.275, 0.761) (0.035, 0.633)

Figure 5 represents the plots of HDR of the b2 estimates for Models 1–6 during 1995–
2017 (TP1) in Kuwait. The three horizontal bars in the plots represent the probability
coverage levels of 90%, 95%, and 99%, respectively [36]. (All the other HDR graphics are
available upon request to the authors. They are omitted here for the sake of simplicity).
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4.4. Iran

Under Models 1–6 for Iran, as presented in Table 9, there is a bidirectional relationship
between CEEG and GDP, during TP1 and TP2, that supports a feedback hypothesis. Some
features of the energy and electricity system in Iran, such as electricity generation based
on natural gas, and high fossil fuel subsidies for electricity generation and consumption,
support these results. Conclusions for TP3 depend on the model and confidence levels.

Table 9. Confidence Intervals for b2 in Models 1–6 for Iran, in the three time periods.

Models 1–6
Iran

1995–2017 1995–2005 2006–2017

1
CI99% (b2) (0.952, 1.518) (0.899, 1.658) (−0.035, 0.358)
CI95% (b2) (1.051, 1.455) (0.960, 1.574) (0.005, 0.316)
CI90% (b2) (1.109, 1.412) (0.998, 1.507) (0.027, 0.297)

2
CI99% (b2) (0.839, 1.553) (0.507, 2.731) (−0.255, 0.308)
CI95% (b2) (0.953, 1.472) (0.752, 2.075) (−0.190, 0.222)
CI90% (b2) (1.021, 1.415) (0.858, 1.887) (−0.153, 0.177)

3
CI99% (b2) (0.691, 1.570) (0.132, 4.323) (−0.536, 0.273)
CI95% (b2) (0.826, 1.476) (0.418, 3.140) (−0.391, 0.155)
CI90% (b2) (0.902, 1.417) (0.581, 2.633) (−0.333, 0.108)

4
CI99% (b2) (0.502, 0.782) (0.432, 0.793) (−0.097, 0.930)
CI95% (b2) (0.552, 0.747) (0.480, 0.744) (0.032, 0.809)
CI90% (b2) (0.575, 0.730) (0.501, 0.725) (0.086, 0.757)

5
CI99% (b2) (0.468, 0.759) (0.357, 1.009) (−0.481, 0.649)
CI95% (b2) (0.508, 0.730) (0.443, 0.894) (−0.336, 0.513)
CI90% (b2) (0.537, 0.708) (0.487, 0.839) (−0.278, 0.460)

6
CI99% (b2) (0.453, 0.759) (0.304, 1.429) (0.066, 1.418)
CI95% (b2) (0.502, 0.721) (0.446, 1.162) (0.200, 1.280)
CI90% (b2) (0.524, 0.704) (0.526, 1.055) (0.294, 1.185)

As per capita CO2 emissions in Iran are among the highest in the world, continuing
increasing the use of fossil fuels will result in more environmental damage and the waste
of energy resources. It is worth mentioning that, due to its various climate conditions and
proximity to the equator, Iran’s capacity to use renewable sources, namely, solar energy is
extremely high. According to specialists, Iran has an average of 2200 kilowatt-hour solar
radiation per square meter annually [47].

Based on the CI presented in Table 10, there is a unidirectional relationship running
from CEEG to GDP, over TP1 and TP2, that supports a growth hypothesis, which means
that the electricity consumption drives economic growth. Conclusions for TP3 depend on
the model considered. The rejection of the corresponding null hypotheses, H0 : b3 = 0,
is only verified in Model 12. Figure 6 represents the plots of HDR of the b3 estimates for
Models 7–12 during 2006–2017 (TP3) in Iran.

Table 10. Confidence Intervals for b3 in Models 7–12 for Iran, in the three time periods.

Models 7–12
Iran

1995–2017 1995–2005 2006–2017

7
CI99% (b3) (−0.275, 0.513) (−0.843, 1.280) (−0.200, 0.151)
CI95% (b3) (−0.196, 0.440) (−0.439, 0.831) (−0.170, 0.112)
CI90% (b3) (−0.140, 0.395) (−0.310, 0.705) (−0.143, 0.080)

8
CI99% (b3) (−0.343, 0.596) (−0.803, 1.349) (−0.265, 0.232)
CI95% (b3) (−0.237, 0.476) (−0.516, 1.014) (−0.200, 0.162)
CI90% (b3) (−0.188, 0.424) (−0.387, 0.797) (−0.167, 0.127)
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Table 10. Cont.

Models 7–12
Iran

1995–2017 1995–2005 2006–2017

9
CI99% (b3) (−0.313, 0.666) (−1.227, 1.907) (−0.405, 0.364)
CI95% (b3) (−0.224, 0.502) (−0.737, 1.244) (−0.275, 0.260)
CI90% (b3) (−0.186, 0.437) (−0.539, 1.009) (−0.218, 0.212)

10
CI99% (b3) (−0.077, 0.724) (−0.108, 1.164) (−0.692, 0.652)
CI95% (b3) (0.025, 0.598) (0.014, 0.990) (−0.496, 0.476)
CI90% (b3) (0.064, 0.554) (0.080, 0.888) (−0.398, 0.387)

11
CI99% (b3) (−0.094, 0.699) (−0.210, 1.416) (−0.513, 0.621)
CI95% (b3) (0.034, 0.560) (−0.043, 1.114) (−0.371, 0.479)
CI90% (b3) (0.071, 0.522) (0.040, 0.973) (−0.306, 0.414)

12
CI99% (b3) (−0.018, 0.689) (−0.059, 1.531) (0.204, 1.423)
CI95% (b3) (0.054, 0.592) (0.035, 1.352) (0.346, 1.278)
CI90% (b3) (0.083, 0.554) (0.121, 1.194) (0.418, 1.206)
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Previous conclusions may be supported by the fact that electricity generation is fueled
by primary energy sources, mainly natural gas. Iran is a developing country that has the
world’s fourth and second largest proven crude oil and natural gas reserves, respectively.
Therefore, the country heavily relies on fossil fuel resources. According to the World Bank
statistics presented in Table 4, the electricity generation relied 93.9% on oil, natural gas,
and coal resources in 2015 (last available statistics). In addition, sanctions against the
energy sector do not allow the country to upgrade its infrastructure, which in turn cause
inefficiency, a waste of energy, and environmental issues [48].

Figures 7 and 8 present the electricity generation and the share of renewable energy of
electricity generation in the countries under investigation for the entire period (1995–2017).
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Figure 9 shows the share of electricity generation from renewable energy resources in
Iran, which is not significant. Thus, by increasing electricity production, Iran faced some
complex challenges, such as high pollutant emissions and an extreme depletion of nonre-
newable resources during that time period. To overcome these challenges, the government
started to reform the prices and the reduction of subsidies on domestic petroleum, natural
gas, and electricity in 2010. These reforms and external factors, such as sanctions against
this economy, and the insecure and unstable situation in the area, may justify the different
results over the period 2006–2017.
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Our findings can be compared to those obtained by Halkos and Ckampoura [49] for a
sample of 119 countries, for the period 2000–2018, using quadratic and cubic regression
models. These models were constructed to examine the linkage between CO2 emissions
as a dependent variable, and GDP, electricity generation from fossil fuels, electricity gen-
eration from renewables, and population density as independent variables. From the
47 high-income countries of the sample, Bahrain presented the highest levels of electricity
production from fossil fuels (0.021955 GWh/capita in 2006), while Qatar—one of the coun-
tries in our sample whose results do not appear in this article due to space restrictions—had
the highest level of CO2 emissions per capita for the whole period (the highest being ob-
served in 2001). Those authors also show that their results confirm the EKC hypothesis
and the existence of an inverted U-shape curve in the dynamic model for high-income
countries—Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and UAE in our sample—and in
both static and dynamic models for the upper-middle income countries which are, for our
sample, the case for Iran and Iraq [49].

Due to space limitations, the results for the remaining four countries (Qatar, Oman,
Saudi Arabia, and United Arab Emirates) are not shown here, but they are available
upon request to the authors. From the results for these four countries, it is noteworthy
to highlight that, in the case of Qatar, the observed bidirectional relationship supports
a feedback hypothesis for Models 1–6 in TP1, while the conclusions in TP2 and TP3
depend on models and confidence levels. Regarding Oman, different hypotheses are
suggested in the three time periods, depending on models and confidence levels. In
the case of Saudi Arabia, for Models 1–6, the feedback hypothesis is supported by the
observed bidirectional relationship in TP1 and TP3, and for Models 10–12, there is a
unidirectional relationship running from CEEG to GDP in TP1. The results of the United
Arab Emirates suggest a feedback hypothesis from Models 1–6 in TP2, following the
observed bidirectional relationship between GDP and CEEG. In Models 10–12 over TP2, a
unidirectional relationship is found, which suggests that CEEG has an impact on GDP in
United Arab Emirates.

5. Conclusions and Policy Implications

The objective of this study was to explore the nexus between carbon emissions from
electricity generation and the gross domestic product in eight oil and natural gas-based
economies, in the Middle East, during three time periods. The parameters of the bivariate
time series models were estimated through the maximum entropy bootstrap. As expected,
the results are different between countries, time periods, models, and time lags. Naturally,
this variety of findings does not allow an implementation of common policies for all nations.
Consequently, policymakers must adopt serious appropriate policies for environmental
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pollution and economic growth according to different confirmed hypotheses and relation-
ships between CEEG and GDP. These group of countries are oil and natural gas producers
and have enormous oil resources, which can be still a major factor of economic growth.
Thus, energy subsidies are one of the most common fiscal policies used by governments,
both directly on electricity prices and indirectly on oil and natural gas as main inputs
to electricity generation. According to Sdralevich et al. [50], the Middle East and North
African (MENA) countries have the highest share of energy subsidies in the world, up to
48% of global subsidies and 9% of the GDP of those countries in 2011.

High levels of subsidies cause lower domestic electricity prices than the world market
price and lower than the marginal cost, which has negative consequences, such as misuse
of electricity, and burdens governments. Consequently, as the electricity generation is
mainly based on natural gas and oil, the main cost will be carbon emissions of electricity
generation [51]. Moreover, this level of subsidies has an adverse effect on the economy
because even wealthy households benefit from this support when they do not need it, and
this policy increases inequality in countries. Another negative consequence is the renewable
energy market and clean energy technologies improvement. Since huge investment is
required to construct renewable electricity plants, governments should encourage and
support the private sectors to invest in renewable projects in order to shift the electricity
sector to clean resources such as biomass, solar, wind, and hydro. Due to the geographical
location of the sample countries, they benefit from abundant clean energy sources, which
makes renewable power plants the best alternative for the current power generation system,
which ultimately reduces harmful emissions and environmental degradation. For these
reasons, governments have started adjusting domestic prices and subsidies over the past
decade. Iran was the first country in the area that started reforming energy prices, tariffs,
and subsidies in 2010. By increasing domestic energy prices, demand and consumption
declined and the government increased the oil export, but it was just for a short time as
the international sanctions started. Katiri and Fattouh [52] referred to Iran’s reform of
domestic energy pricing as an important example because of some features such as the
large and heterogeneous population, large income gaps, and additional factors such as
intensification of international sanctions. In this sample, Kuwait has the highest subsidies
since the government pays 95% of the economic cost of energy. In 2015, the government
started to adjust the fuel prices by increasing the gasoline prices by 40%, which was the
first time since 1998. Other countries have begun adjusting the domestic energy prices in
electricity and transportation sectors from 2011 [52]. However, as this protects low-income
households and electricity producers, the reform policy is complicated and has social,
economic, and political consequences, which require structural revisions. Finally, since
economic growth and environmental protection are the main goals of developing countries,
alternative renewable energy sources such as biofuels, biomass, solar, hydropower, and
wind power must be provided to ensure adequate electricity generation to support higher
economic growth and development.

Modern economies depend on the availability of reliable and affordable electricity.
Notwithstanding, electricity production is still one of the world’s largest contributors
of CO2 and other GHG emissions. Our findings confirm that the relationship among
electricity production, economic growth, and the environment is rather complex. In some
of the countries in our sample, such as Iraq and Iran, electricity shortages remain one of the
main barriers to economic and social development [53]. In these countries, there are severe
problems concerning electrical networks, which has led to the spread of fuel generators of
different kinds and dimensions. Generally, they use fuel oil mixed with gas oil. In the case
of Iraq, this is also caused by the lack of kerosene. In any case, this presents a heavy burden
on environmental degradation and the emission of a very high level of CO2. Moreover,
power plants also use fossil fuels, making the situation worse.

Higher-income countries in our sample can implement different strategies to disentan-
gle electricity production, economic growth, and CO2 emissions through policies towards
a greater energy efficiency and an increasing share of renewable energies. They have
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enough financial capacity to make a fast energy transition and no relevant socio–economic
problems to be solved.

Iran and Iraq are considered upper-middle income countries by the World Bank. The
Iraq Ministry of Electricity has already defined a clear set of goals towards decarbonization
of electricity production. In recent years, electricity has been mainly produced from natural
gas, which is the least expensive of liquid fossil fuels and less of a pollutant than other
alternatives. Notwithstanding, its use to produce electricity may be considered a waste as it
could be exported and its impact on GHGs remains relevant. For a country with one of the
largest oil and gas reserves, pollution and efficiency problems are an urgent problem that
must be solved. Therefore, it is planned that 9.4% of total electricity demand in 2030 shall
be from renewable sources, which can be considered a conservative goal [54].

In this regard, CEEG and the GDP nexus play a critical role to equip policy makers to
achieve sustainable economic growth. They should foster a strategy to provide a mixed
energy portfolio for the future, in order to replace fossil fuels with cheap and clean energy
including renewable sources that are less sensitive to environmental pollution.

Further, for sustainable development, the most important factor is increasing energy
productivity by improving technology and better energy conservation that lead to the
reduction of the energy/GDP ratio that measures energy intensity [55]. Some studies show
the lack of energy efficiency and insufficient technological improvement in those countries,
which can be the reason for the increasing trend of CEEG [56].

Future research will examine the impact of some socio–economic and environmental
variables, such as the population density, rural-urban population ratio, sectoral electricity
consumption, foreign direct investment, and income gap between poor and rich households.
This study can be extended to a multivariate framework by adding other possible influential
variables to the models, to avoid possible bias due to omitted variables in the bivariate
analysis, which can be considered a limitation of this work.
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