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Abstract: Energy is life blood of all economies and an indispensable prerequisite for all economic
activities and consequently factors influencing the energy consumption are of vital importance.
Therefore, this study investigates the effect of education together with financial development on
energy consumption in sample of BRICS economies over the 1990-2019 period by means of second-
generation cointegration and causality analyses thanks to the small number of empirical studies. The
causality analysis unveils a one-way causal effect from education to primary energy consumption,
but an insignificant causality between financial development and primary energy consumption. The
cointegration analysis uncovers a strong positive effect of education at panel level and in all BRICS
economies in the long-term, but financial sector development has a significant positive influence
on primary energy use only in South Africa in the long-term. The findings of the study reveal that
education considerably increases the primary energy use in the BRICS economies through economic
growth channel, but financial sector development has not been a significant determinant of primary
energy use yet. However, the BRICS economies should attach more importance to green technology
and energy focused growth for sustainable growth and development.

Keywords: education; financial development; primary energy use; panel causality analysis; panel
cointegration analysis

1. Introduction

Energy is a prerequisite for almost all economic activities of production and consump-
tion. Therefore, all countries at different stages of economic development need the energy
to keep their economies grow. The world energy use has also been raised substantially
in line with the considerable increases in global economic growth and population as of
Industrial revolution and the world energy consumption is anticipated to go up about 50%
during the 2018-2050 [1]. However, world energy requirement has been largely met from
the primary energy types such as oil, coal, natural gas, and wind energy. The share of oil,
coal, natural gas, and renewables in total primary energy use in 2020 was 31.2%, 27.2%,
24.7%, and 5.7% respectively [2]. The dependency on non-renewables seems to continue in
the near future despite the intensive struggles for development of renewables.

The specification of factors underlying primary energy use are important for sus-
tainable economic growth and development given high dependence on non-renewables.
Therefore, factors underlying energy consumption have been widely investigated in the
related literature and economic growth, GDP per capita, investment, financial development,
urbanization, globalization, trade openness, foreign direct investments have been found to
significant determinants of energy consumption [3-6]. However, the effect of education,
also a significant factor for economic growth in the context of endogenous growth theories,
on energy consumption has been relatively little explored. Therefore, this paper is focused
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on the influence of education together with financial development on primary energy
consumption given the gap in the empirical literature.

Education can influence the energy use through several channels. First, education can
raise the energy consumption by fostering the economic growth. Secondly, education is
expected to make the production and technology more efficient and can reduce the energy
consumption depending on development levels of the countries, because the developed
countries try to decrease the energy consumption for environmental sustainability [7].
Thirdly, education can decrease the energy consumption by raising the environmental
awareness of the individuals and direct them to use green energy sources and energy
efficient devices [7]. The net effect of education on energy use varies based on which
effects outweigh.

Financial sector development, as a determinant of economic growth, can also foster the
energy use through economic growth. Financial sector development may also increase the
energy consumption by procuring the funds for purchases of goods such as cars, refrigera-
tors, and houses etc. [8,9]. On the contrary, financial sector development can decrease the
energy consumption by procuring the funds to the firms for development of technologies
and products with relatively higher energy efficiency [10]. Furthermore, financial develop-
ment can provide individuals and firms with the hedging opportunities against for energy
price fluctuations. As a result, the net effect of financial sector development on energy
consumption can be theoretically varied based on which effects outweigh. Lastly, energy
use can also influence financial development by fostering the demand towards financial
products through buy and use of durables and houses [11].

The objective of the study is to explore the influence of education and financial sector
development on primary energy use in the BRICS economies, drivers of global economic
growth and development. This study purposes to make a contribution to the related lit-
erature in three ways. The nexus of education and energy use has been relatively little
explored in the empirical literature. In this context, only a few searchers (e.g., see [7,12])
have analyzed the interplay between education and energy consumption and some schol-
ars (e.g., see [13-16]) have investigated the effect of education on renewable energy use.
Therefore, this article targets to make a contribution to the related literature by analyzing
the nexus. Secondly, this study is one of the first studies to analyze the interaction between
education and primary energy use in sample of BRICS economies, significant drivers of the
global economy. Thirdly, employment of second generation cointegration and causality
tests and AMG (augmented mean group) estimator leads us to acquire relatively more
robust findings. In the remaining particle of the article, the empirical studies about the
interaction among education, financial development, and primary energy use is summa-
rized in Section 2; Section 3 explains the variables and method; Section 4 performs the
econometric applications and argues the findings within the scope of related literature and
the paper is concluded with Section 5.

2. Literature Review

The global economy and population have significantly increased as of Industrial revo-
lution, but also environmental problems and considerable decreases in natural resources
have accompanied the economic and population growth. Therefore, the United Nations has
pioneered the efforts to protect the environment and natural resources at the international
level as of 1970s. In this context, the 17 Sustainable Development Goals (SDGs) launched
by the United Nations in 2015 is a universal call to protect the world, end poverty and
ensure that all people enjoy peace and prosperity by 2030 and quality education, affordable
and clean energy, clean water and sanitation, sustainable cities and communities, climate
action, life on land and life below water are among the 17 SDGs [17].

Energy is a significant factor underlying sustainable development. Therefore, determi-
nants of primary energy and renewable are important for achievement of sustainable devel-
opment goals. The factors influencing the energy use have been commonly investigated in
the literature, but the influence of economic growth, GDP per capita, investment, financial
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development, urbanization, globalization, trade openness, foreign direct investments on
energy use have been generally investigated [3-6]. On the other hand, economic growth,
real GDP, sectoral composition, financial development, human capital, urban population,
intellectual property rights, trade liberalization, CO; emissions, and non-renewable energy
prices, have been documented as the drivers of renewable energy consumption [18-22].

The influence of education on energy consumption have relatively little explored
in the empirical literature. Therefore, the influence of education together with financial
development on primary energy use is investigated in this study. Only a few searchers
have analyzed the interplay between education and energy consumption and discovered a
one-way causal effect from education to energy consumption [7,12]. In this context, Inglesi-
Lotz and Morales [7] analyzed the interaction between primary energy use and secondary
education enrolment in 11 developing and 10 developed countries over the 1980-2013 term
by Granger causality test and reached a one-way causal effect from education to primary
energy use. In another study, Rej and Nag [12] also investigated the nexus between energy
consumption and educational attainment proxied by education index in India over the
1990-2016 term via Johansen-Juselius cointegration test and discovered a unidirectional
causal effect from education to energy use. In addition to this, some studies have examined
the nexus between education and renewable energy use and found out a positive effect of
education on renewable energy consumption [13-16].

Furthermore, some studies have examined the mutual nexus between energy con-
sumption and human development in the empirical literature, but have found out mixed
findings. In this context, Ouedraogo [23] analyzed the nexus between energy use and
human development in 15 developing economies for the 1988-2008 term through causality
and cointegration analyses and revealed insignificant short-term relationship between two
variables, but a negative relationship between energy use and human development in the
long term. However, Rej and Nag [24] uncovered a one-way causal effect from human devel-
opment to energy consumption in India for the 1990-2016 period via vector error correction
model. On the other hand, Lekana and Ikiemi [25] revealed a positive influence of energy
use on human development in economies of the Economic and Monetary Community of
Central Africa over the 1990-2019 period through regression analysis. Some studies have
also investigated the nexus between renewables and human development and discovered
a two-way causal interplay between renewables and human development [26-28].

The finance-energy nexus has been investigated by relatively more researchers, but
mixed findings have been revealed based on countries” economic development levels,
research methods and study period in harmony with the theoretical expectations. Most of
the studies displayed in Table 1 such as Kakar et al. [29], Bekhet et al. [30], Kahouli [31],
Mukhtarov et al. [32], Ma and Fu [33], Aslan et al. [34], and Godil et al. [35] have found
a positive effect of financial sector development on energy consumption. On the other
hand, relatively few studies such as Chtioui [36], Chang [37], Ozdeser et al. [38] have
revealed a negative effect of financial sector development on energy consumption. An
insignificant relationship between two variables was revealed by Topcu and Payne [39]
and Denisova [40]. Furthermore, some researchers have examined the causal interplay
between energy consumption and financial development, but have revealed different
causality between two variables. A one-way causal effect from energy use to financial
development for Asian economies was discovered by Furuoka [41], a one-way causal
effect from financial development for Turkey was disclosed by Caglar and Kubar [42] and
Ayaydin et al. [43] and a two-way causal interplay between two series for Pakistan was
reached by Shahbaz et al. [44] and a one-way causal effect from financial sector develop-
ment to primary energy use for EU transition members was revealed by Bayar et al. [45].
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Table 1. Literature summary about finance-energy use nexus.

Influence of Financial Sector

Study Country, Study Period Method Development on Energy Use
Sadorsky [11] Centra.l and Eastern European Regression approach Positive
countries
Kakar et al. [29] Pakistan, 1980-2009 Time series analysis Positive
Gulf Cooperation Council Simultaneous equation .
Bekhet et al. [30] economies, 1980-2019 model Positive
. South Mediterranean .
Kahouli [31] economies, 19952015 ARDL and VECM approach  Positive
Mukhtarov et al. [32] Kazakhstan, 1993-2014 Vector error correction Positive

model

Ma and Fu [33]

120 countries, 1991-2014

Regression approach

Positive in developing countries;
insignificant impact in
developed countries

G7 economies and emerging

Stock market development had a
positive impact in both group
countries, but banking sector had

Aslan et al. [34] economies, 1990-2015 VAR approach a positive impact in emerging
economies and negative in
G7 economies

Godil et al. [35] India, 1995-2018 ARDL approach Positive

Chtioui [36] Tunisia, 1972-2010 Cointegration and VECM Negative

Chang [37] 53 countries Regression approach Negative

Ozdeser et al. [38] Nigeria, 1960-2019 ARDL approach Negative

Topcu and Payne [39]

32 high income countries,
1990-2014

Regression approach

Insignificant interaction

Denisova [40]

Germany, 1990-2018

Regression approach

Insignificant interaction

EU transition economies,

Cointegration and causality

Bayar et al. [45] 19962017 analysis Positive
Xu [46] China, 1999-2009 Regression approach Positive
Shahbaz and Lean [47] Tunisia, 1971-2008 Time series analysis Positive and bilateral causality

Vector error correction

Islam et al. [48] Malaysia, 1971-2009 Positive
model
. Gulf Cooperation Council . . o
Al-mulali and Lee [49] economies, 1980-2019 Pedroni cointegration test Positive
Mahalik et al. [50] Saudi Arabia, 1971-2011 ARDL approach Positive
Mukhtarov et al. [51] Azerbaijan, 1992-2015 Johansen Cointegration Positive
Janpolat et al. [52] 32 Belt and Road countries, Pedroni and Kao Positive

2000-2015

cointegration test

To sum up, there have been studies investigating the interaction between human
capital, human development, primary and renewable energy consumption in the empirical
literature as seen in the literature summary, but only Inglesi-Lotz and Morales [7] and
Rej and Nag [12] directly analyzed the interaction between education and energy use in
the related literature. Therefore, this article aims to make a contribution to the empirical
literature taking notice of the research gap, sample and employment of second-generation
econometric tests.
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3. Data and Research Method

The paper investigates the effect of education together with financial development
on primary energy use considering the significant effect of education on human capital,
technological development, innovation, and entrepreneurship (e.g., see Pegkas and Tsama-
dias [53] and Maneejuk and Yamaka [54]). The variable of primary energy consumption
(ENERGY) is substituted with primary energy as gigajoule per capita. On the other hand,
education (EDU) is represented by education index of UNDP (United Nations Develop-
ment Programme) [55] and financial development (FD) is substituted with annual financial
development index by IMF [56]. The financial development index is produced taking the
access, efficiency, and depth of financial institutions and markets into consideration and
gets values between 0-1 (higher value indicates more developed financial system) (see
Svirydzenka [57] for the index methodology). The data of primary energy consumption per
capita, education, and financial sector development is respectively procured from BP [2],
UNDP [55], and IMF [56]. All variables are yearly and study term is 1990-2019, because
the variable of education existed for all countries in the sample for 1990-2019 period.

The sample of the research is formed from 5 BRICS (Brazil, Russia, India, China, and
South Africa). The statistical software packages of EViews 11.0, Gauss 12.0, and Stata 15.0
were employed for the econometric applications.

The main econometric model for panel AMG estimation is as following:

Vit = Bixir + Ui 1)

where y is the dependent variable of primary energy (ENERGY) and x includes the inde-
pendent variables of education level (EDU) and financial development (FD) and §; is the
country-specific slope on the dependent variable. Lastly, u consists of the unobservables
and the error terms.

The research hypotheses are as follows:

Hypothesis (1). There is a relationship between education level and primary energy consumption.

Hypothesis (2). There is a relationship between financial sector development and primary
energy consumption.

The descriptive characteristics of the dataset are displayed in Table 2. The mean of
primary energy use, education index, and financial development index are respectively
100.189 gigajoule per capita, 0.5915, and 0.455. However, especially primary energy use
considerably changes among the BRICS economies, but education index and financial
development index are relatively stable among the BRICS economies.

Table 2. Descriptive characteristics for series.

Characteristic Observations ENERGY EDU FD
Mean 150 100.189 0.5915 0.455
Maximum 150 244.970 0.823 0.657
Minimum 150 9.434 0.127 0.191
Standard Deviation 150 78.779 0.592 0.111

In the econometric analysis, the cointegration relationship between education, fi-
nancial development, and primary energy use is investigated through Westerlund and
Edgerton [58] bootstrap cointegration taking heterogeneity and cross-sectional dependency
into consideration unlike the first-generation cointegration tests. Furthermore, the causal-
ity between education, financial development, and primary energy use is analyzed by
Dumitrescu and Hurlin [59] causality test takes notice of heterogeneity and produces the
efficient results under cross-sectional independence unlike the traditional Granger causal-
ity test. Lastly, the AMG estimator also takes notice of heterogeneity and cross-sectional
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dependence and produces the robust estimations in case of endogeneity problem resulting
from error term.

In the application part of the article, econometric tests of cross-sectional independence,
homogeneity, and stationarity were performed and thereafter, cointegration analysis was
implemented. Cross-sectional dependence hypothesizes that countries in a sample are
not affected by shocks in a country in sample. Any shock in a country may quite likely
influence the other countries of the sample in diverse ways thanks to the ongoing high
economic, social, political, and cultural globalization. Hence, panel-data econometric
models mainly have substantial cross-section dependence [60]. In the study, the availability
of cross-sectional dependence was investigated by means of LM (Lagrange multiplies),
LM CD (cross-section dependence), and LM,,;. (bias-adjusted LM test) tests, respectively,
by Breusch and Pagan [61], Pesaran [62], and Pesaran et al. [63]. On the other hand,
the subsistence of homogeneity was investigated with delta tilde tests by Pesaran and
Yamagata [64].

The subsistence of unit root in the variable is investigated by CIPS (Cross-Sectionally
augmented IPS (Im-Pesaran-Shin [65]) unit root test by Pesaran [66] due to the subsistence
of cross-sectional dependence. In the unit root test, the CADF (Cross-sectional Augmented
Dickey Fuller) test statistics are firstly calculated for all cross-sections, and then the CIPS
test statistics are calculated through taking the arithmetic averages of the CADF statistics.
The CADF test statistics are calculated as follows:

AyiMiy; 1

o (Ayhﬁiyiq) v

tN,T) = @

v —_ — — — — — — — — /!
where M = (1,47,7,_1), T = (L1,...,1), 87 = (873, A, A7), Tyq = o+ Fi1)
and 72 — Ay M Dy

= WMy,

—1
The CIPS test statistics are calculated by the following equation:
N
CIPS=N"'Y #(N,T) 3)
i=1

A significant cointegration relationship among two or more non-stationary time or
panel data series indicate that non-trivial linear combination of the series is stationary [67]
and the cointegration test is necessary to check whether the variables under consideration
share a common trend consisting of a long term relationship [68]. The cointegration nexus
among education, financial development, and primary energy use is analyzed by Wester-
lund and Edgerton [58] bootstrap cointegration which takes heterogeneity, cross-sectional
dependency, heteroscedasticity, and autocorrelation into consideration and produces rela-
tively more robust results for small sample sizes [58]. The critical values, generated from
the bootstrapping process, instead of asymptotic probability values from standard normal
distribution are based on if there exists cross-sectional dependency [58].

Westerlund and Edgerton [58] cointegration test follows the lagrange multiplier (LM)
process of McCoskey ve Kao [69] and scalar variable of y;; is generated by following
Equation (4):

Vit = & + Xit i + Zit 4)
where t (time dimension) = 1, ..., T and i (cross-section dimension) = 1, ..., N.
zit(error term) = uy + vy and vy = Z]t-:l njj (nl-j represents the error term with independent
normal distribution, zero mean and variance of (Tl-i ). The hypotheses of the cointegration

test are as follows:

Hy = 0 = 0 (There exists significant cointegration among the series for all cross-sections).
Hy = 07 > 0 (There exists insignificant cointegration among the series for some cross-sections).
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Westerlund and Edgerton [58] cointegration test calculates the LM test statistic through
Equation (5):

1 Y&
LMY = o5 ) ) @ 252 (5)
i=1t=1

where S;; indicates the partial sum of z;; and zbi_z denotes the long-term variance of ;.

The cointegration coefficients are calculated with AMG estimator by Eberhardt and
Teal [70] taking cross-sectional dependence, and heterogeneity into consideration and the
estimator generates panel and country level cointegration coefficients. The AMG estimator
takes notice of common factor and dynamic effects in the variables and generates efficient
estimation for unbalanced panels and can be employed in case of endogeneity problem
resulting from error term [71]. The AMG estimator is formed by adding common dynamic
effect to each cross-section regression to calculate the cross-sectional dependency:

Vit = Bixie + it (6)

Uit = 0 + Aify + €t )

where A} is factor loadings and f; is unobservable factor.

The AMG estimator is produced from a two-stage process. In the first stage, first-
differencing of the variables of is taken and T — 1 time dummies (D;) are added to the
model and the model is estimated through a FD-OLS regression.

T
Ayir = bixj; + Z ctADy + ey — & = 1 (8)
t=2

In the second stage, #; is included in Equation (6) and in turn Equation (9) is obtained
by adding to each of N standard country regressions:

Vit = &; + Bixi + cit + diily + e )
bamc = N1Y_b; (10)
7

Last, the causal interplay among education, financial development, and primary
energy use is investigated by Dumitrescu and Hurlin [59] causality test. The causality
analysis originally developed by Granger [72] indicates whether a variable gives useful
information in estimation of future values of another variable [73]. Holtz-Eakin et al. [74]
employs the causality analysis for panel data models and tests the null hypothesis of
absence of homogeneous Granger causality versus alternative hypothesis of homogeneous
Granger causality. However, Dumitrescu and Hurlin [59] improves the causality analysis to
test the absence of a homogeneous Granger causality relationship under the null hypothesis
against the alternative hypothesis that this relationship exists in at least one cross-section.

Dumitrescu and Hurlin [59] causality test takes notice of the following linear heteroge-
nous model in Equation (11) for each cross-section in case X and Y represent the stationary
process for N cross-sections during T period:

5w K0

Vie =i+ Y Yiek+ Y B Xip—k +Eir (11)
k=1 k=1

(K)

1

where §; = (Bi(l),Bi(z),Bfg’) ...,B
(k)

stant and lag parameters <'yi ) and regression slope coefficients (Bfk)) are postulated to

). The individual effects («;) are assumed to be con-

varies among the cross-sections. The lag length (K) is assumed to be constant for the cross-
sections. The null and alternative hypotheses tested from Equation (11) are as following;:

Hy=pgi=0Vi=1,...,N



Sustainability 2022, 14, 7377 8 of 14

og%a (12)

Hy=pi=0Vi=1,...,N
=B #0Vi=N;+1,...,N

4. Empirical Analysis

In the econometric section of the research, econometric tests of cross-sectional de-
pendence and heterogeneity to set the suitable tests of cointegration and unit root are
implemented. The subsistence of cross-sectional dependence is explored by LM, LM CD,
and LM,4;. tests, and the tests’ results are reported in Table 3. The null hypothesis of cross-
sectional independence is denied, and the availability of cross-sectional dependence is thus
revealed. The availability of homogeneity is investigated by delta tilde and adjusted delta
tilde tests and two tests’ results are reported in Table 3. The null hypothesis of homogeneity
is denied, and the absence of homogeneity is thus found.

Table 3. Cross-sectional dependence and heterogeneity tests” results.

Test Test Statistic Probability Value
LM 37.69 0.000
LMCD* 2.695 0.0070
LM, * 17.55 0.000
A 20.718 0.000
Agdj. 22.255 0.000

* two-sided test.

The subsistence of unit root in the ENERGY, EDU, and FD is investigated by the CIPS
unit root test due to the subsistence of cross-sectional dependence, and the test findings
are reported in Table 4. The null hypothesis (there exists unit root in the series) of the unit
root test is accepted for three variables at their level values, because the CIPS test statistics
are found to be lower than the critical values. But, the CIPS test statistics are found to be
higher than the critical values for the unit root analysis with the first-differenced values of
the variables, and in turn null hypothesis is declined and three series are found to be I(1).

Table 4. CIPS test results.

Variables Constant Constant + Trend
ENERGY —1.959 —2.062
D(ENERGY) —3.164 *** —3.475 ***
EDU —1.975 —1.670
D(EDU) —3.681 *** —3.644 ***

FD —1.901 —2.261
D(FD) —4.718 *** —4.705 ***

*** It is significant at 1% significance level.

The cointegration nexus among education, financial development, and primary energy
use is investigated by means of Westerlund and Edgerton [58] cointegration test thanks to
presence of cross-section dependency and heterogeneity between the variables and the test
findings are depicted in Table 5. The probability values based on bootstrapping process is
found to be higher than 5% and in turn presence of significant cointegration relationship
among education, financial development, and primary energy use is concluded.
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Table 5. Bootstrap cointegration test results.

Constant Constant + Trend

Asymptotic Bootstrap . Asymptotic Bootstrap
p-Value p-Value Test Statistic p-Value p-Value

0.130 0.048 0.940 1.979 0.024 0.818
Note: The critical values based on bootstrapping are produced from 10,000 repetitions.

Test Statistic

The slope coefficients are predicted by AMG estimator and estimated coefficients
were reported in Table 6. The panel coefficients demonstrate that educational attainment
had a significant positive effect on primary energy consumption in the long-term. On the
other hand, country level coefficients denote that educational attainment have a positive
influence on primary energy consumption in all BRICS economies, but financial sector
development raised the primary energy consumption only in South Africa.

Table 6. Estimation results of cointegration coefficients.

Countries EDU FD
Brazil 0.970 *** 0.185
China 2.685 *** 0.204
India 3.607 *** 0.012
Russian Federation 1.835 ** 0.309
South Africa 2.999 *** 0.849 **
Panel 1.685* 0.230

** ** % respectively denotes that it is significant at 1%, 5% and 10% significance level.

Educational attainment can differently influence the primary energy use via diverse
channels. A positive effect of education on primary energy use is expected through eco-
nomic growth channel and a negative effect of education on primary energy use is expected
through development of green technologies, energy efficient technologies, and improve-
ments in environmental awareness. However, a strong positive effect of educational attain-
ment on primary energy use in the BRICS economies is revealed and the positive effect of
education on primary energy use is found to be relatively higher in India, South Africa, and
China. India, China, and Brazil have respectively achieved the largest progress in education
during the study period as seen in Table 7. Therefore, the higher effect of education on
primary energy use can be resulted from the nexus of education-economic growth.

Table 7. Evolution of education in the BRICS economies.

Countries Year Education Index Change (%)
Brazil 1990 0.463

2019 0.694 49.89
China 1990 0.405

2019 0.657 62.22
India 1990 0.311

2019 0.555 78.45
Russia 1990 0.663

2019 0.823 24.13
South Africa 1990 0.532

2019 0.724 36.09

Source: UNDP [55].

On the other hand, the effect of education on primary energy use is found to be
relatively lower in Brazil although Brazil has experienced a significant progress in education.
This contradiction is probably resulted from relatively higher renewable energy share in
total final energy consumption, because the share of renewable energy use in total final
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energy consumption in Brazil, China, India, Russia, and South Africa in 2018 is respectively
47.06%, 13.12%, 31.68%, 3.18%, and 10.34% [75]. Our findings indicate economic growth
channel dominates the other channels in the impact of education on primary energy use.

The findings are also consistent with findings of Inglesi-Lotz and Morales [7] and Rej
and Nag [12], because Inglesi-Lotz and Morales [7] reveals a causality from education to
energy consumption, but higher education level increases the energy consumption in the
developing countries and decreases the energy consumption in the developed countries. On
the other hand, a significant effect of education on energy consumption in the long run in
an emerging market of India is disclosed by Rej and Nag [12]. Furthermore, the researchers
investigating the interaction between human development and energy consumption or
renewable energy consumption have reached mixed findings based on development levels
of the countries [23-28]. Furthermore, the positive influence of education on primary energy
consumption also points out that BRICS economies have not reached the technological
level and environmental awareness of the developed countries to decrease the primary
energy use.

Financial development has potential to affect the primary energy use through various
channels such economic growth, stimulation of demand towards durables and other
devices consuming energy, and increases the investments in energy efficient technologies,
and renewables. The BRICS economies have experienced considerable improvement
in financial development as presented in Table 8, but a significant positive influence of
financial development on primary energy use is obtained only for South Africa and financial
development has an insignificant influence on primary energy use at panel level and in
other BRICS economies.

Table 8. Evolution of financial system in the BRICS economies.

Countries Year Financial Development Index Change (%)
Brazil 1990 0.2080

2019 0.6574 216.07
China 1990 0.2784

2019 0.6301 126.33
India 1990 0.2044

2019 0.4298 110.31
Russia 1990 0.3707

2019 0.4806 29.62
South Africa 1990 0.3249

2019 0.6418 97.57

Source: IMF [56].

The empirical literature on the nexus of finance-energy in Table 1 have mainly revealed
mixed findings. However, the findings are found to be inconsistent with the most of the
related literature, but to be consistent with only Topcu and Payne [39] and Denisova [40].
This contradiction can be resulted from that financial system has not reached the threshold
level to foster energy consumption.

The causality among education, financial development, and primary energy con-
sumption is examined via Dumitrescu and Hurlin [59] causality test, and test findings
are reported in Table 9. The causality analysis unveils a one-way significant causality
from educational attainment to primary energy consumption. The causality analysis also
indicates that financial sector development has an insignificant influence on primary energy
use in the short term.
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Table 9. Results of causality test.

Null Hypothesis: W-Stat. Zbar-Stat. Prob.
D(EDU) - D(ENERGY) 2.56001 2.00439 0.0450
D(ENERGY) - D(EDU) 1.14712 0.08186 0.9348

D(FD) -» D(ENERGY) 0.43807 —0.88294 0.3773
D(ENERGY) - D(FD) 1.03835 —0.06614 0.9473

The findings of causality analysis between education and energy consumption are
disclosed to be consistent with the limited literature of Inglesi-Lotz and Morales [7] and
Rej and Nag [12]. But the findings of causality analysis between finance and energy are
inconsistent with the related literature, because different significant interaction between
financial development and energy consumption has been disclosed [41-45].

5. Conclusions

Energy is an essential factor for almost economic activities such as consumption
and production. Furthermore, world energy requirement has been procured from non-
renewables for a long time and the trend is not anticipated to change in the next a few
decades. Therefore, identification the factors underlying primary energy use is critical for
right policy making by public and private representatives. Therefore, the influence of edu-
cation together with financial development on primary energy consumption is investigated
by means of causality and cointegration tests regarding the gap in the empirical literature.

In the econometric analysis, a significant one-way causality running from education
to primary energy consumption is unveiled. The causality analysis indicates that education
has significant influence on primary energy use in the short-term, but financial sector
development does not have a significant influence on primary energy use in the short
run. The findings of causality analysis between education and energy consumption are
consistent with Inglesi-Lotz and Morales [7] and Rej and Nag [12], but the findings between
finance and energy are mainly inconsistent with the related literature [41-45].

Then, a significant cointegration interaction among education, financial sector develop-
ment, and primary energy consumption is revealed and then cointegration coefficients are
estimated. The panel cointegration coefficients disclose that education has a positive influ-
ence on primary energy use in the long run, but financial sector development does not have
a significant influence on primary energy use. On the other hand, country level coefficients
denote that education has a strong positive influence on primary energy consumption in
the long-term mainly through economic growth channel. The findings about the nexus
between education and energy are consistent with findings of Inglesi-Lotz and Morales [7]
and Rej and Nag [12]. On the other hand, financial sector also has a positive influence on
primary energy use in all BRICS economies, but it is significant only in South Africa and
the findings are inconsistent with the most of the empirical literature, but consistent with
only Topcu and Payne [39] and Denisova [40].

Our findings indicate that education has a significant influence on primary energy use
in short and long-term and the interplay between education and energy is mainly resulted
from the economic growth channel, but, financial sector development has not had a signifi-
cant influence on primary energy use in short and long-term yet. However, education and
financial sector development have potential to decrease the primary energy use especially
through making a contribution to development of energy efficient technologies, renewables,
and environmental awareness over time. Therefore, the BRICS economies make benefit of
education together with environmental awareness programs to decrease the positive effect
of education on primary energy use. Furthermore, educational policies should be designed
to improve the green technologies and energy. Future studies can be focused on the role of
education in the interaction between technological development and energy consumption.



Sustainability 2022, 14, 7377 12 of 14

Author Contributions: M.H.O., G.S. and Y.B. contributed to the article equally. G.S., M.H.O. and
Y.B. together determined the scope and research methods of the article, performed the analyses and
argued the findings. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The open access datasets employed in the analyses can be reached from
the following links: https://www.bp.com/en/global/corporate/energy-economics/statistical-review-
of-world-energy.html (accessed on 12 February 2022); https://data.imf.org/?sk=f8032e80-b36c-43b1
-ac26-493c5b1cd33b (accessed on 12 February 2022); https:/ /ec.europa.eu/eurostat/databrowser/view /
EDAT_LFSE_03__custom_2519144/default/table?lang=en (accessed on 12 February 2022).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. The U.S. Energy Information Administration. EIA Projects Nearly 50% Increase in World Energy Usage by 2050, Led by Growth
in Asia. 2019. Available online: https://www.eia.gov/todayinenergy/detail. php?id=41433 (accessed on 15 February 2022).

2. BP Statistical Review of World Energy 2021, 70th ed.; BP: London, UK, 2021. Available online: https://www.bp.com/content/dam/
bp/business-sites/en/global /corporate/pdfs/energy-economics/statistical-review /bp-stats-review-2021-full-report.pdf
(accessed on 12 February 2022).

3. Shahbaz, M.; Khan, S.; Tahir, M.I. The Dynamic Links between Energy Consumption, Economic Growth, Financial Development
and Trade in China: Fresh Evidence from Multivariate Framework Analysis. Energy Econ. 2013, 40, 8-21. [CrossRef]

4. Shahbaz, M.; Lahiani, A.; Abosedra, S.; Hammoudeh, S. The Role of Globalization in Energy Consumption: A Quantile
Cointegrating Regression Approach. Energy Econ. 2018, 71, 161-170. [CrossRef]

5. Zeng, S.; Liu, Y,; Ding, J.; Xu, D. An Empirical Analysis of Energy Consumption, FDI and High Quality Development Based on
Time Series Data of Zhejiang Province. Int. |. Environ. Res. Public Health 2020, 17, 3321. [CrossRef] [PubMed]

6. Dokas, I.; Panagiotidis, M.; Papadamou, S.; Spyromitros, E. The Determinants of Energy and Electricity Consumption in
Developed and Developing Countries: International Evidence. Energies 2022, 15, 2558. [CrossRef]

7. Inglesi-Lotz, R.; Morales, L.D.D. The Effect of Education on a Country’s Energy Consumption: Evidence from Developed and
Developing Countries. ERSA Working Paper 678. 2017. Available online: https://www.econrsa.org/system/files /publications/
working_papers/working_paper_678.pdf (accessed on 15 February 2022).

8. Sadorsky, P. The Impact of Financial Development on Energy Consumption in Emerging Economies. Energy Policy 2010, 38,
2528-2535. [CrossRef]

9.  Zhang, Y.J. The Impact of Financial Development on Carbon Emissions: An Empirical Analysis in China. Energy Policy 2011, 39,
2197-2203. [CrossRef]

10. Kim, J.; Park, K. Financial Development and Deployment of Renewable Energy Technologies. Energy Econ. 2016, 59, 238-250.
[CrossRef]

11.  Sadorsky, P. Financial Development and Energy Consumption in Central and Eastern Europe Frontier Economies. Energy Policy
2011, 39, 999-1006. [CrossRef]

12.  Rej, S.;; Nag, B. Does Educational Progress Impact Energy Consumption? A Causality Test for India. Int. ]. Energy Sect. Manag.
2022, 16, 414-428. [CrossRef]

13.  Mehrara, M.; Rezaei, S.; Davoud, H.R. Determinants of Renewable Energy Consumption among ECO Countries: Based on
Bayesian Model Averaging and Weighted-Average Least Square. Int. Lett. Soc. Humanist. Sci. 2015, 54, 96-109. [CrossRef]

14. Ozgicek, O.; Agpak, F. The Role of Education on Renewable Energy Use: Evidence from Poisson Pseudo Maximum Likelihood
Estimations. J. Bus. Econ. Policy 2017, 4, 49-61.

15.  Gholami, J.; Villanthenkodath, M.A.; Velan, N. Can Educational Attainment Promote Renewable Energy Consumption? Evidence
from Heterogeneous Panel Models. Int. J. Energy Sect. Manag. 2022, ahead-of-print. [CrossRef]

16. Sart, G.; Bayar, Y.; Sezgin, FH.; Danilina, M. Impact of Educational Attainment on Renewable Energy Use: Evidence from
Emerging Market Economies. Energies 2022, 15, 2695. [CrossRef]

17.  United Nations Development Programme (UNDP). Sustainable Development Goals. 2022. Available online: https://www.
undp.org/sustainable-development-goals?utm_source=EN&utm_medium=GSR&utm_content=US_UNDP_PaidSearch_
Brand_English&utm_campaign=CENTRAL&c_src=CENTRAL&c_src2=GSR&gclid=Cj0KCQjw1ZeUBhDyARIsAOzAqQL2
tZDNNvCr7hhExecetLY9fkuPmlfjW]264d3CHFh9GXS9DSE-tcsaAiymEALw_wcB (accessed on 17 May 2022).

18. Akintande, O.].; Olubusoye, O.E.; Adenikinju, A.F,; Olanrewaju, B.T. Modeling the Determinants of Renewable Energy Consump-
tion: Evidence from the Five Most Populous Nations in Africa. Energy 2020, 206, 117992. [CrossRef]

19. Tee, W.-S.; Chin, L.; Abdul-Rahim, A.S. Determinants of Renewable Energy Production: Do Intellectual Property Rights Matter?

Energies 2021, 14, 5707. [CrossRef]


https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://data.imf.org/?sk=f8032e80-b36c-43b1-ac26-493c5b1cd33b
https://data.imf.org/?sk=f8032e80-b36c-43b1-ac26-493c5b1cd33b
https://ec.europa.eu/eurostat/databrowser/view/EDAT_LFSE_03__custom_2519144/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/EDAT_LFSE_03__custom_2519144/default/table?lang=en
https://www.eia.gov/todayinenergy/detail.php?id=41433
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2021-full-report.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2021-full-report.pdf
http://doi.org/10.1016/j.eneco.2013.06.006
http://doi.org/10.1016/j.eneco.2018.02.009
http://doi.org/10.3390/ijerph17093321
http://www.ncbi.nlm.nih.gov/pubmed/32397629
http://doi.org/10.3390/en15072558
https://www.econrsa.org/system/files/publications/working_papers/working_paper_678.pdf
https://www.econrsa.org/system/files/publications/working_papers/working_paper_678.pdf
http://doi.org/10.1016/j.enpol.2009.12.048
http://doi.org/10.1016/j.enpol.2011.02.026
http://doi.org/10.1016/j.eneco.2016.08.012
http://doi.org/10.1016/j.enpol.2010.11.034
http://doi.org/10.1108/IJESM-07-2020-0021
http://doi.org/10.18052/www.scipress.com/ILSHS.54.96
http://doi.org/10.1108/IJESM-06-2021-0015
http://doi.org/10.3390/en15072695
https://www.undp.org/sustainable-development-goals?utm_source=EN&utm_medium=GSR&utm_content=US_UNDP_PaidSearch_Brand_English&utm_campaign=CENTRAL&c_src=CENTRAL&c_src2=GSR&gclid=Cj0KCQjw1ZeUBhDyARIsAOzAqQL2tZDNNvCr7hhExecetLY9fkuPmlfjWJ264d3CHFh9GxS9DfE-tcsaAiymEALw_wcB
https://www.undp.org/sustainable-development-goals?utm_source=EN&utm_medium=GSR&utm_content=US_UNDP_PaidSearch_Brand_English&utm_campaign=CENTRAL&c_src=CENTRAL&c_src2=GSR&gclid=Cj0KCQjw1ZeUBhDyARIsAOzAqQL2tZDNNvCr7hhExecetLY9fkuPmlfjWJ264d3CHFh9GxS9DfE-tcsaAiymEALw_wcB
https://www.undp.org/sustainable-development-goals?utm_source=EN&utm_medium=GSR&utm_content=US_UNDP_PaidSearch_Brand_English&utm_campaign=CENTRAL&c_src=CENTRAL&c_src2=GSR&gclid=Cj0KCQjw1ZeUBhDyARIsAOzAqQL2tZDNNvCr7hhExecetLY9fkuPmlfjWJ264d3CHFh9GxS9DfE-tcsaAiymEALw_wcB
https://www.undp.org/sustainable-development-goals?utm_source=EN&utm_medium=GSR&utm_content=US_UNDP_PaidSearch_Brand_English&utm_campaign=CENTRAL&c_src=CENTRAL&c_src2=GSR&gclid=Cj0KCQjw1ZeUBhDyARIsAOzAqQL2tZDNNvCr7hhExecetLY9fkuPmlfjWJ264d3CHFh9GxS9DfE-tcsaAiymEALw_wcB
http://doi.org/10.1016/j.energy.2020.117992
http://doi.org/10.3390/en14185707

Sustainability 2022, 14, 7377 13 of 14

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

Ponce, P.; Lépez-Sanchez, M.; Guerrero-Riofrio, P.; Flores-Chamba, J. Determinants of Renewable and Non-renewable Energy
Consumption in Hydroelectric Countries. Environ. Sci. Pollut. Res. Int. 2020, 27, 29554-29566. [CrossRef]

Omri, A.; Nguyen, D.K. On the Determinants of Renewable Energy Consumption: International Evidence. Energy 2014, 72,
554-560. [CrossRef]

Bekun, EV,; Alola, A.A. Determinants of Renewable Energy Consumption in Agrarian Sub-Sahara African Economies. Energy
Ecol. Environ. 2022, 7, 227-235. [CrossRef]

Ouedraogo, N.S. Energy Consumption and Human Development: Evidence from A Panel Cointegration and Error Correction
Model. Energy 2013, 63, 28—41. [CrossRef]

Rej, S.; Nag, B. Does Socio-economic Development Impact Energy Consumption? A Causality Test for India. J. Energy Dev. 2018,
44,143-159.

Lekana, H.H.; Ikiemi, C.B.S. Effect of Energy Consumption on Human Development in the Countries of the Economic and
Monetary Community of Central Africa (EMCCA). Theor. Econ. Lett. 2021, 11, 404-421. [CrossRef]

Kazar, G.; Kazar, A. The renewable energy production-economic development nexus. Int. J. Energy Econ. Policy 2014, 4, 312-319.
Sasmaz, M.U.; Sakar, E.; Yayla, Y.E.; Akkucuk, U. The Relationship between Renewable Energy and Human Development in
OECD Countries: A Panel Data Analysis. Sustainability 2020, 12, 7450. [CrossRef]

Azam, A.; Rafiq, M.; Shafique, M.; Yuan, J.; Salem, S. Human Development Index, ICT, and Renewable Energy-Growth Nexus for
Sustainable Development: A Novel PVAR Analysis. Front. Energy Res. 2021, 9, 760758. [CrossRef]

Kakar, Z.K.; Khilji, B.A.; Khan, B.J. Financial Development and Energy Consumption: Empirical Evidence from Pakistan. Int. J.
Trade Econ. Financ. 2011, 2, 469-471. [CrossRef]

Bekhet, H.A.; Matar, A.; Yasmin, T. CO, Emissions, Energy Consumption, Economic Growth, and Financial Development in GCC
Countries: Dynamic Simultaneous Equation Models. Renew. Sustain. Energy Rev. 2017, 70, 117-132. [CrossRef]

Kahouli, B. The short and long run causality relationship among economic growth, energy consumption and financial develop-
ment: Evidence from South Mediterranean Countries (SMCs). Energy Econ. 2017, 68, 19-30. [CrossRef]

Mukhtarov, S.; Humbatova, S.; Seyfullayev, I.; Kalbiyev, Y. The Effect of Financial Development on Energy Consumption in the
Case of Kazakhstan. J. Appl. Econ. 2020, 23, 75-88. [CrossRef]

Ma, X; Fu, Q. The Influence of Financial Development on Energy Consumption: Worldwide Evidence. Int. ]. Environ. Res. Public Health
2020, 17, 1428. [CrossRef]

Aslan, A.; Gozbasi, O.; Altinoz, B.; Altuntas, M. Impact of Financial Development and Economic Growth on Energy Consumption:
A Panel Vector Autoregressive Analysis for the Comparison of G7 and Top 10 Emerging Market Economies. Energy Environ. 2021,
32, 1315-1330. [CrossRef]

Godil, D.I; Sharif, A.; Ali, M.I,; Ozturk, I.; Usman, R. The Role of Financial Development, R&D Expenditure, Globalization
and Institutional Quality in Energy Consumption in India: New Evidence from the QARDL approach. J. Environ. Manag. 2021,
285, 112208. [CrossRef]

Chtioui, S. Does Economic Growth and Financial Development Spur Energy Consumption in Tunisia? . Econ. Int. Financ. 2012, 4,
150-158. [CrossRef]

Chang, S.C. Effects of Financial Developments and Income on Energy Consumption. Int. Rev. Econ. Financ. 2015, 35, 28—44.
[CrossRef]

Ozdeser, H.; Somoye, O.A.; Seraj, M. The Impact of Financial Development on Energy Consumption in Nigeria. OPEC Energy Rev.
2021, 45, 240-256. [CrossRef]

Topcu, M.; Payne, J.E. The Financial Development-Energy Consumption Nexus Revisited. Energy Sources Part B Econ. Plan. Policy
2017, 12, 822-830. [CrossRef]

Denisova, V. Financial Development and Energy Consumption: Evidence from Germany. Int. . Energy Econ. Policy 2020, 10,
35-39. [CrossRef]

Furuoka, F. Electricity Consumption and Economic Development in Asia: New Data and New Methods. Asian-Pac. Econ. Lit.
2015, 29, 102-125. [CrossRef]

Caglar, A.E.; Kubar, Y. Finansal Gelisme Enerji Tiiketimini Destekler mi? J. Suleyman Demirel Univ. Inst. Soc. Sci. 2017, 27, 96-121.
Ayaydin, H.; Barut, A.; Cam, A; Pala, F. Finansal Gelisme ve Enerji Tiiketimi arasinda Sakli Es Biittinlesme Higkisi var Midir?
Kafkas Univ. Iktisadi Ve Idari Bilim. Fak. Derg. 2019, 10, 927-943. [CrossRef]

Shahbaz, M.; Hoang, T.H.V.; Mahalik, M.K.; Roubaud, D. Energy Consumption, Financial Development and Economic Growth in
India: New Evidence from A Nonlinear and Asymmetric Analysis. Energy Econ. 2017, 63, 199-212. [CrossRef]

Bayar, Y.; Ozkaya, M.H.; Herta, L.; Gavriletea, M.D. Financial Development, Financial Inclusion and Primary Energy Use:
Evidence from the European Union Transition Economies. Energies 2021, 14, 3638. [CrossRef]

Xu, S. The Impact of Financial Development on Energy Consumption in China: Based on SYS-GMM Estimation. Adv. Mater. Res.
2012, 524-527,2977-2981. [CrossRef]

Shahbaz, M.; Lean, H.H. Does Financial Development Increase Energy Consumption? The Role of Industrialization and
Urbanization in Tunisia. Energy Policy 2012, 40, 473-479. [CrossRef]

Islam, F; Shahbaz, M.; Ahmed, A.U.; Alam, M.M. Financial Development and Energy Consumption Nexus in Malaysia: A
Multivariate Time Series Analysis. Econ. Model. 2013, 30, 435-441. [CrossRef]


http://doi.org/10.1007/s11356-020-09238-6
http://doi.org/10.1016/j.energy.2014.05.081
http://doi.org/10.1007/s40974-022-00243-8
http://doi.org/10.1016/j.energy.2013.09.067
http://doi.org/10.4236/tel.2021.113027
http://doi.org/10.3390/su12187450
http://doi.org/10.3389/fenrg.2021.760758
http://doi.org/10.7763/IJTEF.2011.V2.150
http://doi.org/10.1016/j.rser.2016.11.089
http://doi.org/10.1016/j.eneco.2017.09.013
http://doi.org/10.1080/15140326.2019.1709690
http://doi.org/10.3390/ijerph17041428
http://doi.org/10.1177/0958305X211004113
http://doi.org/10.1016/j.jenvman.2021.112208
http://doi.org/10.5897/JEIF12.014
http://doi.org/10.1016/j.iref.2014.08.011
http://doi.org/10.1111/opec.12198
http://doi.org/10.1080/15567249.2017.1300959
http://doi.org/10.32479/ijeep.8603
http://doi.org/10.1111/apel.12093
http://doi.org/10.36543/kauiibfd.2019.039
http://doi.org/10.1016/j.eneco.2017.01.023
http://doi.org/10.3390/en14123638
http://doi.org/10.4028/www.scientific.net/AMR.524-527.2977
http://doi.org/10.1016/j.enpol.2011.10.050
http://doi.org/10.1016/j.econmod.2012.09.033

Sustainability 2022, 14, 7377 14 of 14

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

75.

Al-Mulali, U.; Lee, ].Y. Estimating the Impact of the Financial Development on Energy Consumption: Evidence from the GCC
(Gulf Cooperation Council) Countries. Energy 2013, 60, 215-221. [CrossRef]

Mabhalik, M.K.; Babu, M.S.; Loganathan, N.; Shahbaz, M. Does Financial Development Intensify Energy Consumption in Saudi
Arabia? Renew. Sustain. Energy Rev. 2017, 75, 1022-1034. [CrossRef]

Mukhtarov, S.; Mikayilov, ].I,; Mammadov, J.; Mammadov, E. The Impact of Financial Development on Energy Consumption:
Evidence from An Oil-rich Economy. Energies 2018, 11, 1536. [CrossRef]

Janpolat, K.; Odilova, S.; Nodira, A.; Salahodjaev, R.; Khachaturov, A. Financial Development and Energy Consumption Nexus in
32 Belt and Road Economies. Int. ]. Energy Econ. Policy 2021, 11, 368-373. [CrossRef]

Pegkas, P.; Tsamadias, C. Does Higher Education Affect Economic Growth? The Case of Greece. Int. Econ. ]. 2014, 28, 425-444.
[CrossRef]

Maneejuk, P.; Yamaka, W. The Impact of Higher Education on Economic Growth in ASEAN-5 Countries. Sustainability 2021,
13, 520. [CrossRef]

United Nations Development Programme (UNDP). Human Development Data Center. 2022. Available online: https://hdr.undp.
org/en/data (accessed on 12 February 2022).

International Monetary Fund (IMF). Financial Development Index Database. 2022. Available online: https://data.imf.org/?sk=f8
032e80-b36c-43b1-ac26-493c5b1cd33b (accessed on 12 February 2022).

Svirydzenka, K. Introducing a New Broad-Based Index of Financial Development; IMF Working Paper 16/5; International Monetary
Fund: Washington, DC, USA, 2016. [CrossRef]

Westerlund, J.; Edgerton, D.L. A Panel Bootstrap Cointegration Test. Econ. Lett. 2007, 97, 185-190. [CrossRef]

Dumitrescu, E.I; Hurlin, C. Testing for Granger Non-causality in Heterogeneous Panels. Econ. Model. 2012, 29, 1450-1460.
[CrossRef]

De Hoyos, R.E.; Sarafidis, V. Testing for Cross-Sectional Dependence in Panel-Data Models. Stata . 2006, 6, 482-496. [CrossRef]
Breusch, T.S.; Pagan, A.R. The Lagrange Multiplier Test and Its Applications to Model Specification Tests in Econometrics.
Rev. Econ. Stud. 1980, 47, 239-253. [CrossRef]

Pesaran, M.H. General Diagnostic Tests for Cross-Section Dependence in Panels; Working Paper, CWPE 0435; University of Cambridge:
Cambridge, UK, 2004.

Pesaran, M.H.; Ullah, A.; Yamagata, T.A. A Bias-Adjusted LM Test of Error Cross-section Independence. Econom. J. 2008, 11,
105-127. [CrossRef]

Pesaran, M.H.; Yamagata, T. Testing Slope Homogeneity in Large Panels. ]. Econom. 2008, 142, 50-93. [CrossRef]

Im, K.S.; Pesaran, M.H.; Shin, Y. Testing for Unit Roots in Heterogeneous Panels. ]. Econom. 2003, 115, 53-74. [CrossRef]
Pesaran, M.H. A Simple Panel Unit Root Test in the Presence of Cross-Section Dependence. J. Appl. Econom. 2007, 22, 265-312.
[CrossRef]

Mensah, E.K.; Triacca, U.; Bondzie, E.A.; Fosu, G.O. Crude Oil Price, Exchange Rate and Gross Domestic Product Nexus in an
Emerging Market: A Cointegration Analysis. OPEC Energy Rev. 2016, 40, 212-231. [CrossRef]

Mensah, E.K.; Asamoah, L.A.; Ahiadorme, ].W. On the Impact of Exchange Rate Uncertainty on Private Investment in Ghana.
Int. |. Financ. Econ. 2021, 26, 208-217. [CrossRef]

McCoskey, S.; Kao, C. A Residual-based Test of the Null of Cointegration in Panel Data. Econom. Rev. 1998, 17, 57-84. [CrossRef]
Eberhart, M.; Teal, F. Productivity Analysis in the Global Manufacturing Production; Department of Economics, University of Oxford:
Oxford, UK, 2010.

Eberhart, M.; Bond, S.R. Cross-Sectional Dependence in Non-Stationary Panel Models: A Novel Estimator. In Proceedings of the
5th Nordic Econometric Meetings, Lund, Sweden, 29-31 October 2009.

Granger, C. Investigating Causal Relations by Econometric Models and Cross-spectral Methods. Econometrica 1969, 37, 424-438.
[CrossRef]

Holtz-Eakin, D.; Newey, W.; Rosen, S. Estimating Vector Autoregression with Panel Data. Econometrica 1988, 56, 1371-1395.
[CrossRef]

Schurz, G.; Gebharter, A. Causality as a Theoretical Concept: Explanatory Warrant and Empirical Content of the Theory of Causal
Nets. Synthese 2016, 193, 1073-1103. [CrossRef]

World Bank. Renewable Energy Consumption (% of Total Final Energy Consumption). 2022. Available online: https://data.
worldbank.org/indicator/EG.FEC.RNEW.ZS (accessed on 16 May 2022).


http://doi.org/10.1016/j.energy.2013.07.067
http://doi.org/10.1016/j.rser.2016.11.081
http://doi.org/10.3390/en11061536
http://doi.org/10.32479/ijeep.10862
http://doi.org/10.1080/10168737.2014.894551
http://doi.org/10.3390/su13020520
https://hdr.undp.org/en/data
https://hdr.undp.org/en/data
https://data.imf.org/?sk=f8032e80-b36c-43b1-ac26-493c5b1cd33b
https://data.imf.org/?sk=f8032e80-b36c-43b1-ac26-493c5b1cd33b
http://doi.org/10.5089/9781513583709.001
http://doi.org/10.1016/j.econlet.2007.03.003
http://doi.org/10.1016/j.econmod.2012.02.014
http://doi.org/10.1177/1536867X0600600403
http://doi.org/10.2307/2297111
http://doi.org/10.1111/j.1368-423X.2007.00227.x
http://doi.org/10.1016/j.jeconom.2007.05.010
http://doi.org/10.1016/S0304-4076(03)00092-7
http://doi.org/10.1002/jae.951
http://doi.org/10.1111/opec.12076
http://doi.org/10.1002/ijfe.1785
http://doi.org/10.1080/07474939808800403
http://doi.org/10.2307/1912791
http://doi.org/10.2307/1913103
http://doi.org/10.1007/s11229-014-0630-z
https://data.worldbank.org/indicator/EG.FEC.RNEW.ZS
https://data.worldbank.org/indicator/EG.FEC.RNEW.ZS

	Introduction 
	Literature Review 
	Data and Research Method 
	Empirical Analysis 
	Conclusions 
	References

