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Abstract

More than any other nations, the crude oil-exporting countries and especially the Organization of the Petroleum Exporting
Countries (OPEC) are likely to experience a more difficult energy-transitioning regime because of the economies’ high depen-
dence on crude oil revenue. By using the Pooled Mean Group (PMG) Autoregressive Distributed Lag Models (ARDL) approach,
this study examines the impact of the energy transition albeit from conventional to clean energy on carbon emissions in 11
members of the OPEC. While engaging the aforementioned objective, the study further examined the validity of the
Environmental Kuznets Curve (EKC) hypothesis amidst urbanization drive among the countries. The result from the long-run
estimates shows that fossil fuel utilization exerts a positively significant on environmental degradation in the selected countries,
while the observed negative impact of renewable energy utilization and urbanization on carbon dioxide emission (CO,) was
insignificant in both the short and long run. The implication is that the current energy transition policy of the OPEC states is not
sufficient at driving the states’ environmental sustainability agenda. In addition, the EKC was not valid in the panel of the OPEC
countries for the period of study, rather a U-shaped relation is established between income level and environmental degradation.
Thus, this further posits that there is a setback in the push for environmental quality especially when there is an improvement in
economic well-being through income growth in the OPEC states. Moreover, findings from the panel causality test show that there
is no causality running from both fossil fuel and renewable energy consumption to the income level among the countries. On the
contrary, a uni-directional causality was obtained from income level to renewable energy consumption, while urbanization
strongly Granger causes fossil fuel use and CO, emissions among the countries. As such, it is concluded that energy conservation
policies can be implemented to reduce extreme dependence on fossil fuel use with little or no detrimental consequences, thus
positioning the countries for economic prosperity in a sustainable environment.
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amajor part of the challenges posing significant threats on not
only the existence of life but also on the quality of life on our
planet as more evidence is being revealed in recent times
Hakan Acet (Hopke 2009; Perera 2017; Hill 2020). Human activities that
hakanacet @selcuk.cdu.tr are often premised on the realization of economic growth
agenda have been closely linked to the growing trends in the
global environmental carbon emissions over the years espe-
cially in the periods of industrial revolutions as experienced in
many nations when energy demand was mainly met by the
burning of coal in powering industrial plants (Clark and Jacks
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2007; Fernihough and O'Rourke 2014; Finkelman and Tian
2018).

Although coal dominated the primary source of energy in
the 1780s, however, the global energy market saw an era of
change from huge dependence on coal to oil and gas with the
aid of refining technology as more nations discover fossil
fuels deposits in commercial quantity, thus making oil and
gas to account for over 50% of global energy mix since mid-
1960s (Hughes and Rudolph 2011; Zou et al. 2016). Thus, the
global attention in the energy markets began to gradually shift
to the use of fossil fuels, and many countries that are endowed
with vast deposit became enriched from factors like increased
foreign direct investments through the energy industry, larger
volume of trade, and occasional windfalls in periods of booms
and fluctuations (Moshiri 2015; Smith 2019). Following this
development, the share of global greenhouse gas (GHG) emis-
sions from the burning of fossil fuels have grown with gases
like carbon dioxide (CO,) and methane (CHy4) accounting for
a substantial amount of the total global greenhouse effect in
recent times (Agbulut et al. 2019).

Since its inception in 1960, the Organization of Petroleum
Exporting Countries (OPEC) has been one of the world’s
biggest energy cartels with 7 African countries out of the total
of 13 member countries as of the last quarter of 2020. Member
countries include Algeria, Angola, Congo, Equatorial Guinea,
Gabon, the Islamic Republic of Iran, Irag, Kuwait, Libya,
Nigeria, Saudi Arabia, the United Arab Emirates, and
Venezuela. In the last quarter of 2019, OPEC member coun-
tries accounted for about 79.11% of the total 1,551 billion
barrels (bn b) of globally proven oil reverse and about
35.47% of the total estimated 206.2 trillion standard cubic
meters (tr s cu m) of globally proven natural gas reserves
(OPEC 2020).

Crude oil plays an important role in the global economy,
and it is the backbone of most of the OPEC member countries
across the globe. For instance, the Middle East accounts for
48.3% of the total proven oil reserve in the world out of which
OPEC member countries of the region like Saudi Arabia, Iran,
Iraq, Kuwait, and UAE account for about 17.2%, 9.0%, 8.5%,
5.9%, and 5.7% of the global proven oil reserves, respectively
(BP 2019). Besides, at the end of 2019, about 8.15% of the
world’s total proven oil reserves are in Africa out of which
OPEC member countries like Libya, Nigeria, Algeria, and
Angola account for up to 84.77% of the continent’ entire
proven oil reserves (OPEC 2020). At the end of 2018,
Venezuela, another OPEC member, holds about 17.5% of
the total 18.8% of the globally proven oil reserves in the
South and Central America region (BP 2019).

The vast majority of the member countries in the OPEC
economic block still have a huge economic dependence on
fossil fuels. In these countries, crude oil energy largely
remained the major driver of the economy through foreign
exchange earnings and as the primary source of energy for

growing energy demand. Hence, in the quest to address the
challenge of maintaining the balance between economic
growth agenda and environmental sustainability among these
countries, this study provides insight into the energy transition
drive in the panel of 11 (Algeria, Angola, Congo, Gabon, the
Islamic Republic of Iran, Iraq, Libya, Nigeria, Saudi Arabia,
the United Arab Emirates, and Venezuela) OPEC members. In
recent years, except for Gabon, there has been an upward
trend of carbon emissions in the examined countries (see
Fig. 1 in Appendix), thus suggesting potential challenges in
the environmental sustainability agenda of the member states.
To establish the challenges to the environmental sustainability
agenda, as an objective, the role of conventional and renew-
able energy utilization in addition to income and urbanization
on carbon emission was explored. By providing an insight
into the role of urban population growth, in addition to the
energy transition drive, this study is designed to contribute a
significant perspective to the existing Environmental Kuznets
Curve (EKC) literature.

The study consists of 4 major parts starting with the intro-
duction in the first part. The second part provides a brief re-
view of related studies on the subject matter of the nexus
between environmental pollution, energy utilization types, ur-
banization, and economic growth. The third part presents a
full detail of the adopted method of empirical analysis, while
part four concludes the study with relevant notes on policy
directions.

Literature review

Economic literature has witnessed substantial growth in
energy-related researches in this decade, and this is partly
due to the level of urgency required to tackle the growing
concerns on the dangers of increasing carbon emissions.
Several factors have been associated with the rise in the level
of global GHG emissions, thus leading to the attraction of
numerous studies on the adoption of potential strategies for
mitigating global GHGs emissions over a target period of time
(Randers 2012). For instance, and especially in urban growth,
energy demand often rises as nations struggle to lift their cit-
izens from poverty, unemployment, and other socioeconomic
challenges through economic growth agenda that are often
predicated on manufacturing and industrial expansion (Wu
et al. 2019; Ogbeide-Osaretin 2020). Importantly, the role of
urbanization in environmental sustainability has been exam-
ined for different cases in the literature (Al-Mulali and Ozturk
2015; Farhani and Ozturk 2015; Shahbaz et al. 2017). For
instance, Shahbaz et al. (2017) identified that urbanization is
responsible for the increase in energy demand in Pakistan.
However, there could be an environmental cost associated
with increased demand for the use of unclean energy as dem-
onstrated by the negative relationship between fossil fuel
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energy consumption and carbon emission in many studies.
Dogan and Ozturk (2017) observed that an increase in CO,
emissions in the USA is enhanced by a rise in non-renewable
energy consumption. Similar results have also been confirmed
in other countries and economic zones across the globe. The
study of Haseeb et al. (2017) from a panel analysis on the
BRICS countries revealed that energy consumption Granger
causes the emission of CO, in the cases of China, India, and
Brazil. The study of Al-Mulali et al. (2013) also confirmed the
existence of a two-way causal relationship between CO, emis-
sion and energy consumption among a group of the Middle
East and North African (MENA) countries on both the short-
run and the long-run basis. Bekun et al. (2019) observed that
energy consumption through fossil fuels creates destructive
impacts on the sustainability of the environment among 16
European Union (EU) countries. The study of Sarkodie and
Strezov (2019) also concluded that CO, emissions are strong-
ly positively impacted by energy consumption among five
developing countries including Iran, Indonesia, India, South
Africa, and China. On the other hand, the utilization of cleaner
energy sources and technologies is one of the generally ac-
ceptable environmental sustainability policies that has been
expressed in extant studies (Alola et al. 2019; Usman et al.
2020a).

Although increasing demand for unclean energy consump-
tion to stimulate growth has been closely linked to the lower
environmental quality vis-a-vis the rising level of GHG emis-
sions in many countries, however, it has also been proven that
the adverse effect of carbon emission on environmental qual-
ity could be taken care of at certain levels of income as an
economy experience growth over time according to the pop-
ular Environmental Kuznets Curve (EKC) (Kuznets 1955).
The validity of the EKC has been tested in many countries,
and there is no consensus on its validity as the curve is influ-
enced by diverse factors in different economies. The theoret-
ical background that underpinned the EKC hypothesis with
regard to the tradeoff between environmental sustainability
and nations’ economic performances vis-a-vis income levels
has been discussed in contemporary studies (Udemba 2020a;
Udemba 2020b).

Ben Jebli et al. (2015) conducted a panel analysis of
a group of 24 sub-Saharan African countries, and their
results suggested that the EKC does not hold in the case
of these countries. The study of Shahbaz et al. (2019)
through the application of the Generalized Method of
Moments (GMM) confirms the validity of the EKC for
MENA countries. The study of Dogan and Inglesi-Lotz
(2020) shows that the inverted U shape for carbon
emission as demonstrated by EKC is only valid when
overall economic growth is used as a proxy for eco-
nomic structure in the case of EU countries, but on
the other hand, the EKC becomes invalid when the eco-
nomic structure is captured by industrial share.
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Moreover, the role of renewable energy and urbaniza-
tion in environmental pollution has been examined in
the context of the EKC hypothesis (Shahbaz et al.
2014; Apergis and Ozturk 2015; Alam et al. 2016; Al-
Mulali et al. 2016a, 2016b).

In the light of the foregoing, this study provides a joint
analysis of the panel of data collected on related issues from
these countries using robust econometric techniques while
also paying adequate attention to the individual differences
among the represented member countries in the study.

Data and methodology
Data

Data were obtained from the World Bank development indi-
cator (WDI 2019) and British Petroleum Statistical Review of
World Energy (BP 2019) for the eleven (11) OPEC member
countries between 1990 and 2014. The countries included in
the study are Algeria, Angola, Congo, Gabon, the Islamic
Republic of Iran, Iraq, Libya, Nigeria, Saudi Arabia, the
United Arab Emirates, and Venezuela. The scope of the study
concerning the data span and the decision to exclude two other
member countries, namely, Equatorial Guinea and Kuwait, is
mainly prompted by data availability. In addition, we provid-
ed the country-specific statistical properties of the examined
variables in logarithmic terms (Table 1). A panel data analysis
was conducted under the framework of the Autoregressive
Distributed Lag Modeling (ARDL) as developed by Pesaran
et al. (1999) in line with the application in contemporary lit-
erature (Shahbaz et al. 2016; Da Silva et al. 2018; Mert et al.
2019).

Method

The simple multivariate form of interactions among the vari-
ables in the study was captured in Eq. (1) as follows:

Ln(COM) = ﬁo =+ BILHFOF” + BanRWEit + ﬁ3LnYi,

+ BalnY?; + BsLnURN, + wy (1)

In Eq. (1), the amount of carbon dioxide emitted in metric
tons per capita was used as a proxy for carbon emission such
that CO,,, denoted the amount of carbon emitted in a country i
at time £. FOF and RWE represent the amount of fossil fuel
energy consumption and renewable energy consumption as a
percent of the total final energy consumption in each country
respectively. Y denotes the real per capita income for each
country measured at constant 2010 USS$.
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Table 1 Statistical properties of the variables

Carbon emission Income Urbanization Fossil energy Renewable energy

Algeria

Mean 0.4947 1.5123 1.7863 1.9991 —0.4796
Maximum 0.5724 2.2553 1.8465 1.9999 -0.2330
Minimum 0.4278 1.1696 1.7167 1.9983 —1.1634
Std. Dev. 0.0385 0.2870 0.0402 0.0004 0.2202
Angola

Mean 0.2129 3.2380 1.7072 1.4834 1.8173
Maximum 0.2213 10.5988 1.6840 1.8855 1.8855
Minimum —0.5404 0.6370 1.3449 1.7049 1.7049
Std. Dev. —0.1243 3.3356 0.0692 0.1141 0.0615
Congo

Mean —0.2904 1.0610 1.7748 1.4722 1.8207
Maximum —0.0877 1.4600 1.6237 1.9039 1.9039
Minimum -0.7597 0.7565 1.1993 1.7415 1.7415
Std. Dev. 0.1911 0.2367 0.0243 0.1244 0.0443
Gabon

Mean 0.5560 2.0006 1.9008 1.4247 1.8936
Maximum 0.6919 2.3893 1.9428 1.5656 1.9450
Minimum 0.4332 1.6744 1.8397 1.2165 1.8430
Std. Dev. 0.0874 0.2441 0.0305 0.1165 0.0350
Iran

Mean 0.7647 24315 1.8124 1.9965 —0.0321
Maximum 0.9254 3.5115 1.8623 1.9985 0.1842
Minimum 0.5722 1.5244 1.7507 1.9942 —0.3581
Std. Dev. 0.1196 0.5799 0.0348 0.0013 0.1408
Iraq

Mean 0.5493 2.1938 1.8386 1.9941 -0.1522
Maximum 0.6985 4.6984 1.8444 1.9992 0.4072
Minimum 0.3477 1.5029 1.8350 1.9822 —0.4895
Std. Dev. 0.0833 0.8630 0.0027 0.0055 03157
Libya

Mean 0.9411 1.8453 1.8860 1.9960 0.3196
Maximum 0.9999 2.1097 1.8977 1.9969 0.4954
Minimum 0.8031 1.3730 1.8792 1.9951 0.1954
Std. Dev. 0.0362 0.2036 0.0057 0.0004 0.0771
Nigeria

Mean —0.2662 1.7586 1.5674 1.2849 1.9359
Maximum —0.0921 2.8222 1.6719 1.3588 1.9486
Minimum —0.5058 1.2864 1.4725 1.2002 1.9188
Std. Dev. 0.1468 0.4637 0.0628 0.0390 0.0075
Saudi Arabia

Mean 1.1865 2.4968 1.9041 1.9997 —1.9663
Maximum 1.2887 2.7179 1.9189 2.0000 —1.4204
Minimum 1.0211 2.2426 1.8841 1.9965 —2.2212
Std. Dev. 0.0793 0.1716 0.0097 0.0009 0.2462
United Arab Emirate

Mean 14173 2.9250 1.9100 1.9927 - 1.3220
Maximum 1.5553 3.2322 1.9313 2.0000 —0.7250
Minimum 1.2684 2.4858 1.8939 1.9351 —5.0000
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Table 1 (continued)

Carbon emission Income Urbanization Fossil energy Renewable energy
Std. Dev. 0.0696 0.2737 0.0128 0.0173 1.1132
Venezuela
Mean 0.7998 1.7329 1.9401 1.9478 1.1301
Maximum 0.8866 3.2434 1.9452 1.9566 1.2180
Minimum 0.7122 0.4421 1.9257 1.9367 1.0583
Std. Dev. 0.0418 0.8504 0.0063 0.0050 0.0339
Number of observations 275 275 275 275 275

Std. Dev is the standard deviation

Theoretical framework

Theoretically, the implied model used in the current study is
based on the augmentation of the STIRPAT (Stochastic
Impact by Regression on Population, Affluence and
Technology) from the IPAT (Integrated Population,
Affluence and Technology) model. In the extant literature,
the STIRPAT model has been augmented to accommodate
urban population expansion, economic development, energy
consumption, and in the framework of the EKC hypothesis
(Shahbaz et al. 2017; Akadiri et al. 2020; Alola and Joshua
2020; Usman et al. 2020b).

In this current case, we used ¥ to capture what happens in
the scenario of an increased income level among countries
such that 3, is expected to be negative in value when [3;
assumes a positive value for the EKC hypothesis to be valid
among the countries (Shahbaz et al. 2016; Dogan and Ozturk
2017; Shahbaz et al. 2019). Also, URN represents the urban
population measured as a percentage of the total population in
each country. This variable was factored into the model to
check for the possible effects of urbanization within the inter-
action among the variables for the study as obtainable in con-
temporary studies (Farhani and Ozturk 2015; Haseeb et al.
2017; Zhao et al. 2019; Asongu et al. 2020). To ensure inter-
pretations of coefficients as elasticities in the model, all the
data have been converted into natural logarithms. Firstly, the
integration order of the panel of variables is investigated be-
fore checking for the existence of cointegration relationships
among variables. Then, we estimate the long-run coefficients
before reporting the direction of causality between the
variables.

Estimation and results
Unit root test
Unit root tests (see Table 2) are often conducted to clearly

understand the statistical properties of variables before
proceeding on testing for cointegration among variables
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in time series analysis (Bekun et al. 2019; Onifade et al.
2020a; Onifade et al. 2020b). This study utilizes a com-
bination of different unit root test procedures to maximize
the strengths of each procedure before arriving at a con-
clusion on the order of integration of the variables. The
null hypothesis that there is a presence of unit root was
tested against the alternative of no unit root among the
cross sections of variables in the model. The combined
panel unit root tests that were conducted summarize the
output of the test from the Fisher Augmented Dickey and
Fuller (1979), Phillips and Perron (1988), Breitung
(2000), Levin et al. (2002), and Im et al. (2003). While
the test of Levin et al. (2002) assumes homogeneity in
autoregressive coefficients among country samples, thus
requiring a bias correction terms to take care of heteroge-
neous variance among sample observations across coun-
tries, the Breitung (2000) on the other hand applies a
variable transformation approach to cater for variance het-
erogeneity across observations. Each of the approaches
has its strengths and weaknesses, but a decision arrived
at from the combination of all is useful for making valid
conclusions regarding the order of integration of the
variables.

The unit root test was reported for the model with
both intercept and trend. The superscripts p, ¢, and r
denote estimates significance at 10%, 5%, and 1% sig-
nificance level, respectively. CO, represents the amount
of carbon emission and Y and Y denote per capita
income and square value of income level, respectively.
URN represents the level of urbanization, while FOF
and RWE denote fossil energy and renewable energy,
respectively. Variables are in natural log form

Based on the unit root test result from all the techniques,
there is sufficient evidence to reject the null hypothesis of unit
root presence in all variables at the level except in the cases of
fossil fuel proxy (FOF) and real per capita income (Y) where
there is no evidence and little evidence to reject the null hy-
pothesis, respectively. The test at first difference shows that all
the variables are integrated of order one I(1). Hence, the
cointegration test was carried out.
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Table 2  Unit root test results
Levels
Variables CO, FOF RWE Y Y? URN
LLC - 1.552697 0.37634 —25.5229" —3.32440" - 6.57704 " —3.63887"
Breitung —291434" 0.47732 2.16039 2.07644 1.88240 2.13167
IPS - 1.13675 0.32177 —12.4452" - 127734 —3.15188 " —2.36827"
Fisher-ADF 29.9940 18.6200 284.944 " 26.9839 48.8034 " 67.1567"
Fisher-PP 53.7794 " 24.6250 92.1587" 99.4184 " 550.062 " 294.079 "
First difference
LLC - 8.17937" —5.96244" —439377" —4.43811" —2.03185¢ -743521"
Bg - 837316 " —4.88139" —3.14270 " —3.66103 " —3.99319" 0.08250
IPS —8.60489 " -6.71977" —20.0536 " —4.69915 " —3.70186 " -32.6707"
Fisher-ADF 105.281" 83.0277" 342259 " 62.0048 " 52.6063 " 289.125"
Fisher-PP 706.701 " 384.686 " 244.162 " 166.162 " 199.495 " 107.758 "

Panel cointegration test

The linear combination of non-stationary variables is known
to be capable of generating a stationary process in time series
analysis (Nwaka and Onifade 2015; Haseeb et al. 2017; Taiwo
etal. 2020; Coban et al. 2020). Thus, the Pedroni (1999, 2004)
cointegration approach that allows for heterogeneity across
sample observation was applied to ascertain the existence of
a cointegration relationship between the underlying variables
in the model. The technique consists of two categories of test
statistics, namely, the panel cointegration statistics and the
group mean panel cointegration statistics. Under these two
categories are the seven test statistics upon which inference
is made regarding the presence of cointegration among vari-
ables. The seven statistics include the panel v-statistics, the
rho statistics, the PP-statistics, the ADF-statistics, the group
rho statistics, the group PP-statistics, and the group ADF-sta-
tistics. The test follows the model specification as shown in
Eq. (2).

4
ij =7 + Spit + Z‘(sinqit + Mt (2)
p=i

From Eq. (2), the cointegrating vectors are expected to be
heterogeneous across observations such that i denotes the in-
dividual country represented in the panel over the observed
period of time ¢. The yu;, is the residual estimate for the unit root
test with the null hypothesis that there is no long-run equilib-
rium against the alternative of cointegration among variables.
The cointegration results are provided in Table 3.

The superscripts p, ¢, and r denote estimates significance at
10%, 5%, and 1% significance level, respectively

From the results, there is enough evidence to reject the
hypothesis of no cointegration among the variables given the
statistical significance of a combination of the various test

statistics. As such, there is an existence of a long-run relation-
ship among the variables, and the cointegrating long-run co-
efficient can be obtained.

Panel ARDL

The Autoregressive Distributed Lag Model (ARDL) Pooled
Mean Group (PMG) method as proposed by Pesaran et al.
(1999) was applied to obtain the cointegrating long-run coef-
ficients among the interacting variables in Eq. (1) following a
generalized ARDL model as express in Eq. (3).

P q
Y, = Z_(SiYitfj + 'ZO ﬂiniti/' + @+ &ir (3)
Jj=i j=

From Eq. (3), Y;;1s the dependent variable, while X;, exits as
a vector with the possibility of a mixed order of integration
among variables [1(0) or I(1)]. ; and 3;; are the slope of the
lagged explained variables and the slopes of the vectors, re-
spectively. ¢; captures the unit-specific fixed effects such that
i and ¢ ranges from 1 to N™ numbers of countries and 1 to the
T™ period of time. p and ¢ are the optimum lags as selected by
the information criterion, and &;; denotes the error term. The
error correction model follows the specifications in Eq. (4).

-1
AY, = ﬂi{Yi(t—l)_Qf’iXit} + Zl TAY i)
=

q-1
+ ZO ByAXii—p + @i + € (4)
=

From Eq. (4), the vector of the long-run relationship is
denoted by ¢,, while the error correction term (ECT) is cap-
tured by {Y;,—1)— ¢:Xi}. The coefficient ¥; represents the
group-specific speed of adjustment which is expected to be
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Table 3 Panel cointegration test results

Alternative hypothesis: common AR coeffs. (within-dimension)

Statistic

Panel v-statistic —1.050574

Panel rho-statistic 1.258230

Panel PP-statistic —7.143438

Panel ADF-statistic —3.308578

Alternative hypothesis: individual AR coeffs. (between-dimension)
Statistic

Group rho-statistic 3.071025

Group PP-statistic —10.44611

Group ADF-statistic —4.170604

Prob. Weighted statistic Prob.
0.8533 —3.830932 0.9999
0.8958 2.518684 0.9941
0.0000 " — 7.648205 0.0000 "
0.0005 " —6.223536 0.0000 "
Prob.

0.9989

0.0000 "

0.0000 "

less than 0, such that ¥;= — (1 —=§;). m; and 3; capture the
short-run coefficients. The PMG applies both pooling and
averaging, thus generating consistent estimates of the mean
of short-run coefficients. The estimated coefficients are pro-
vided in Table 4.

The subscripts ***, ** and * represent the significance of
estimates at 1%, 5%, and 10% levels, respectively. Y and Y?
denote per capita income and square value of income level,
respectively. URN represents the level of urbanization, while
FOF and RWE denote fossil energy and renewable energy,
respectively. ECT is the error correction term. Variables are in
natural log form

Table 4 PMG/ARDL results

Long-run estimates

Variables Coefficients P-value
LnFOF 0.2462 0.0029 "
LnRWE —0.0058 0.7101
LnY -0.1118 0.0001"
LnY? 0.0091 0.0000 "
LnURN —2.7069 0.0000 "
Short-run estimates

ECT —0.4863 0.0000 "
DLnFOF 7.2612 0.2695
DLnRWE 0.1072 0.7522
DLnY 0.2566 0.7443
DLnY? -0.1204 0.5488
DLnURN - 51.0500 0.1314
C 2.7978 0.0000 "

The superscript » denotes estimates significance at a 1% significance
level, respectively. ¥ and ¥* denote per capita income and square value
of income level, respectively. URN represents the level of urbanization,
while FOF and RWE denote fossil energy and renewable energy, respec-
tively. ECT is the error correction term. Variables are in natural log form

@ Springer

From Table 4, fossil fuel use is significant and positively
impacts the amount of CO, emitted into the environment for
the group of countries in the study, while urbanization miti-
gates environmental degradation in the panel countries, espe-
cially in the long run. To be precise, urbanization exerts the
biggest impact on the rate of environmental degradation by
carbon emission among the countries as a percentage rise in
the rate of urbanization is expected to trigger a reduction in the
rate of carbon dioxide emission up to about 2.71%, while a 1%
rise in fossil fuel consumption is expected to also trigger car-
bon emission by about 0.25%. This finding is in line with the
established nexus among these variables in the literature
(Dogan and Ozturk 2017; Mert et al. 2019; Bekun et al.
2019; Udemba and Agha 2020). In contrast, an increase in
renewable energy consumption is expected to help in curbing
carbon dioxide emissions, but the impact is not statistically
significant in the long run. However, the result projects a
tendency of achieving a desirable energy-transitioning goal
in the panel of OPEC economies, especially if the right policy
is in place. This result follows the expected negative nexus
between renewable energy consumption and CO, emission in
the literature (Haseeb et al. 2017; Mert et al. 2019). The po-
tential negative impact further implies that the current level of
renewable energy use among these countries is still grossly
inadequate to create a significant cushioning effect on carbon
emission among these nations. A close look at the energy
consumption statistics for the study shows that most of the
countries have increasingly become fossil fuel-dependent over
the years with renewable energy consumption notably consti-
tuting less than 1% of the total final energy consumption on
the average in some countries including Saudi Arabi, Algeria,
Iran, Iraq, and the UAE.

Furthermore, in the long run, there was insufficient evi-
dence to support the validity of the Environmental Kuznets
Curve (EKC) among the countries with regard to the expected
cushioning effect of rising income on environmental degrada-
tion. Based on the finding, even when income level doubles
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Table 5 Individual country cross section results Table 5 (continued)
Countries Coefficients P values Countries Coefficients P values
Algeria ECT = — 0. 896%** 0.000 InURN = — 1.987 0.976
InFOF = 8.660 099 Venezuela ECT = — 0. 304% 0.001
InREW = 0.046%** 0.002 InFOF = 1.450 0.702
InY =0.291 0.325 INREW = — (.377%%x* 0.004
; . !
InY~ = 0.073%* 0.030 InY = 0.224%* 0.045
InURN = - 131.11 0.900 InY? = — 0.027%%* 0.004
Angola ECT = — 1. 270%%* 0.000 InURN = 14.416 0.957
InFOF = - 0.652 0.335
InREW =2.247 0.550
InY =— 0.039%* 0.013
InY? = — 0.008** 0.000 . . 2 :
IURN = — 107.661 0.560 arfrflf)n.g tile cogtntrles as 1tn the. case (t)f Sl( ), Fhe els.témta.lted f}?_
Congo HOT = — 0. 236+ 0,000 efficient posits a positive impact, thus invalidating the
InFOF = 0.624* 0.060 inverted U-shape hypothesis of EKC among the countries
InREW = 1.269 0.354 (rather validating a U-shaped relationship between income
InY =2.761 0.293 and environmental degradation). This finding corroborates
_— sk .. .
%EERﬁ _17'631541 10 gggg some of the empirical studies where the EKC has not been
Gabon ECT = — 0. 495%++ 0' 000 upheld for some countries that are included in the panel of this
InFOF = — 0.195%%* 0,001 study (Ben Jebli et al. 2015; Acar et al. 2018), but the result
InREW = 0.717 0.018 provides contrary evidence to the findings of Shahbaz et al.
lﬂY2= -0.168 0.620 (2019) on a group of countries which covers some of the
— skl . . . . .
}EERI_\IO—OIS 2 » 8822 countries that are included in this study. This could be as a
' , ) result of individual-specific differences of other countries that
Iran ECT = - 0. 076%** 0.000 . . .
IFOF = 8.541 0.959 are included in their study and the adopted method of data
InREW = 0.023 0.194 analysis. The speed of adjustment to equilibrium followed
InY =~ 0.269 0.357 the expected sign, and it is highly significant in the model. It
Iny* =0.053 0.013 is expected that short-run disequilibrium is adjusted to a long-
InURN = - 5.671 0.957 e
, run equilibrium state at an average speed of about 49%
Iraq ECT =— 0. 691%%* 0.002 1
InFOF = — 22.086 0914 annuatly. o o
INREW = — (.152:%%x 0.002 Besides, the estimation further revealed short-run implica-
lnY2= 0.032 0433 tions for each specific country (see Table 5). For instance, the
Iny™ = =0.009*** 0.002 EKC hypothesis is valid only in Venezuela, and there is a
InURN = —2.943 0.995 . .- . .
. potential for the validity of the EKC hypothesis in Saudi
Libya ECT = — 0. 475%%*%* 0.000 Arabia. I C d Aleeria. In additi there i tati
InFOF = 66.627 0975 \rabia, Iraq, Congo, and Algeria. In addition, there is a statis-
InREW = — 0.281 0.162 tically significant evidence of having a desirable transition
lnY2= —-0.235 0.644 from conventional energy to low carbon or renewable energy
InY” =0.079 0.126 only in Venezuela, the United Arab Emirates, Iraq, and
InURN = 17.575 0910 .
o Algeria.
Nigeria ECT =—0. 027** 0.019
InFOF = 1.074 0.158
InREW =-2.315 0.888 Panel causality
InY =—1.457 0.184
InY? = 0.365%+* 0.003 o . .
InURN = — 16.077 0.938 The direction of causality among the variables was explored to
Saudi Arabia ECT = — 0. 21 5% 0.000 make further consolidation and diagnostics on the results. The
InFOF = 15.205 0.929 result of the panel causality test is detailed in Table 6.
InREW = 0.007 0417 From the Granger causality test, there is no causality
InY =—4.505 0.833 . . . .
InY? = 0.881 0339 observed running from either fossil fuel consumption or
InURN = 21.724 0.951 renewable energy consumption to the income level
United Arab Emirate ECT = — 0. 663%** 0.000 among the countries. On the contrary, a uni-directional
InFOF = 0.237 0.722 causality was obtained from income level to renewable
InREW == 0.004*** 0.000 energy consumption among the countries. Furthermore,
InY =6.189 0.616 bi-directi 1 lit btained bet bani
InY? = — 1.022% 0065 a bi-directional causality was obtained between urbani-

zation and three other variables, namely, fossil fuel
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consumption, renewable energy consumption, and CO,
emission. Thus, urbanization can be said to be a central
factor in energy-related developments vis-a-vis con-
sumption and environmental pollution among these
countries.

Conclusion and policy directions

This study applied the Pooled Mean Group (PMG) estimator
under the framework of the Autoregressive Distributed Lag
Model (ARDL) to examine the dynamic nexus between ener-
gy consumption, carbon emission, and economic growth
among OPEC member countries, namely, Algeria, Angola,
Congo, Gabon, the Islamic Republic of Iran, Iraq, Libya,
Nigeria, Saudi Arabia, the United Arab Emirates, and
Venezuela. Fossil fuel and renewable energy were used as a
proxy for energy consumption, while real GDP per capita and
carbon dioxide emissions were used as a proxy for economic
growth and carbon emission, respectively. Also, the urban
population measured as a percentage of the total population
was introduced to examine the impact of urbanization among
the country for the study.

The result from the long-run estimates shows that
fossil fuel utilization exerts a significant and positive
impact on carbon emission in the long run, while the
observed negative impact of renewable energy consump-
tion on carbon emission was insignificant for the group
of countries in the study. The Environmental Kuznets
Curve (EKC) was not valid among the countries for
the period of study, rather a U-shaped relationship be-
tween income and carbon emission is validated. The
result further opined that urbanization is a catalyst for
carbon emission reduction in the examined panel coun-
tries. Based on the panel causality test, urbanization was
found to be Granger causing the consumption of fossil
fuel and renewable energy among the countries which
in turn increases carbon emission in the countries, thus
strengthening the information regarding the positive im-
pact of urbanization on carbon dioxide emission as
projected in the obtained long-run coefficients.

Hence, it is strongly recommended that carefully de-
signed energy conservation policies should be mapped
out and strategically implemented for environmental
sustainability among the countries that are included in
the study. Based on the finding, income level is
Granger causing renewable energy consumption among
the countries, and this nexus reflects a better position
for implementation of energy conservation policies with-
out risking the detrimental effects of energy conserva-
tion on the general economic growth and income level
(Ozcan and Ozturk 2019). Furthermore, the present ease
of accessing fossil fuel energy offers a huge advantage

@ Springer

to the OPEC member countries as they can easily earn
foreign exchange through direct trade in energy and
inflow of foreign direct investment from other countries.
It is strongly recommended that this opportunity should
be harness to ensure adequate investment in renewable
energy to promote a green policy agenda. This in turn
would also help to guarantee the needed sustainable
economic growth and development in the wake of a
possible energy revolution that could culminate the tran-
sition from dependence on fossil foil to cleaner forms of
energy (Zou et al. 2016). Coincidentally, a majority of
these OPEC member countries have a huge opportunity
to harness the vast potential of renewable energy
sources like wind and solar energy due to their natural
endowments vis-a-vis their geographical location and
climatic conditions.

Finally, the result of the study reveals that urbaniza-
tion is not just critical to the rise in carbon emission
alone, it is also a critical factor to income level among
these countries as the bulk of economic activities in the
majority of the countries is domicile and clustered in
the major urban centers. As such, effective urban plan-
ning that is based on environmental protection agendas
are very critical to the management and control of the
threats posed by environmental degradation as the level
of urbanization rises among the selected OPEC member
countries. While governments are doing their best to
ensure a reduction in the dependence on the use of
fossil fuel in the wake of rapid urbanization by provid-
ing alternative clean energy sources that are accessible
for both industrial and residential purposes, there is also
a need to ensure that proper awareness is provided to
the populace on the urgency of the need for environ-
mental protection.
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Fig. 1 Country-specific plots illustrating the trend of carbon emission in the 11 OPEC states
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