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Abstract: Renewable energy has become a crucial factor for circular economies, sustainable devel-
opment, and the environment given the limited non-renewable energy reserves and global environ-
mental degradation mainly resulting from non-renewable energy use. This study explores the effect
of educational attainment and economic growth on renewable energy use in a sample of selected
emerging markets over the 2000–2018 period through causality and cointegration analyses. Causality
analysis points out a significant unidirectional causality from indicators of educational attainment
and economic growth to renewable energy use. In other words, educational attainment indicators
and economic growth are significant determinants of renewable energy in the short run. Furthermore,
the cointegration analysis ascertains a positive influence of indicators of educational attainment and
economic growth on renewable energy use in the long run. The findings of both analyses indicate
that educational attainment and economic growth have a significant impact on renewable energy use
in the short and long term. Therefore, the policies fostering educational attainment can be used as
instruments to increase the share of renewable energy use in total energy consumption.

Keywords: educational attainment; economic growth; renewable energy; circular economy; panel
causality analysis; panel cointegration analysis

1. Introduction

The world population, global production in primary, secondary, tertiary, and quater-
nary sectors of economies, and consumption in these sectors are steadily increasing across
the world. As a consequence, energy demand is also going up in direct proportion to the
increases in population, production, and consumption. The global energy requirement
is already met by non-renewable energy sources to a great extent. The shares of oil, coal,
natural gas, and nuclear energy in global primary energy consumption of 2020 were, re-
spectively, 31.2%, 27.2%, 24.7%, and 4.3% [1], although significant contraction in global
energy consumption was experienced due to the ongoing COVID-19 pandemic. On the
other hand, the share of renewable energy sources in global primary energy consumption
was 5.7% in 2020 [1]. The global energy supply increased 2.6 times between 1971 and 2019,
but its structure considerably changed. The share of oil decreased from 44% to 31%, the
share of coal remained steady with 26.8%, but the share of natural gas increased from 16%
to 23% during the 1971–2019 period [2].

Renewable energy sources took second place in world electricity production after
coal in 2019, and natural gas followed the renewable energy sources [2]. Furthermore, it
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is expected that renewable electricity production will be increased and will meet the 95%
increases in world power capacity by 2026 [2]. China is the leader at renewable electricity
production, with Europe, the United States, and India following China. Furthermore, these
developed and emerging economies have also made the highest energy investments in the
world [3,4]. Renewable energy production requires high investments, but a dollar spent on
wind and solar photovoltaic use requires four times more electricity than 10 years ago due
to rapid technological improvements and cost reductions [4].

The world has already met a large part of its energy requirement from non-renewable
energy and this trend is not expected to change in the near future. However, decreasing non-
renewable energy reserves and environmental concerns about fossil energy consumption
have encouraged countries toward clean energy sources because the energy sector is the
main source of global emissions and climate change. CO2 emissions from energy and
industry have also increased by 60% since the United Nations Framework Convention
on Climate of 1992 [5]. Furthermore, the sustainable development goal of affordable and
clean energy by the United Nations General Assembly suggests that the share of renewable
energy use in energy consumption should be increased [6]. Renewable energy is also an
important component of the circular economy because renewable energy production leads
to no waste and raises the provision of limited energy sources [7].

In this context, renewable energy, together with energy efficiency have become the
critical factors for decarbonization, sustainable economic growth, and a circular economy.
Therefore, researchers and policy-makers have focused on institutional, economic, and
social determinants of renewable energy production and in turn institutions, economic free-
dom and its components, economic growth, real GDP (gross domestic product) per capita,
human capital, human development, energy investments, energy dependence, intellectual
property rights, urbanization, research & development expenditures, technological devel-
opment, population growth, trade openness, environment policies, CO2 emissions, cultural
acceptance of renewable energy, and energy saving habits have been documented as the
factors underlying renewable energy use and production in the relevant literature [8–15].
Furthermore, energy access is crucial for education, human development, access to infor-
mation, food security, and provision of basic needs of individuals, and sustainable growth
and development [16]. In this regard, renewable energy access is also important for a
sustainable environment, economic growth and development, and human development
through providing a healthier life [17]. Furthermore, a lower education level is generally
associated with lower income and environmental consciousness and less tendency to ac-
cept new technologies and in turn reluctance towards renewable energy [18]. On the other
hand, renewable energy production needs financing and technological development and in
turn higher economic performance, education levels, and human development. Therefore,
a reciprocal interaction between educational attainment and renewable development is
hereby expected in theoretical terms.

In the article, the effect of educational attainment and economic growth on renewable
energy use was investigated in a sample of emerging economies through causality and
cointegration tests. On the one hand, emerging economies such as China, India, Brazil,
and Russia are driving the global economy; on the other hand, China, Brazil, and India
are among the global leaders in producing renewable energy [1]. Therefore, the nexus
of educational attainment and renewable energy was analyzed in a sample of emerging
market economies. The study intends to make a contribution to the related literature in two
ways. First, only a few researchers have investigated the relationship between educational
attainment proxied by secondary and/or tertiary school enrollment and renewable energy
at panel level without taking the country’s specific characteristics into consideration. How-
ever, our study investigates the interaction between educational attainment and renewable
energy at both country level and panel level, considering county specific characteristics
and in turn purposes to contribute to the related literature. Secondly, the empirical studies
have generally employed first generation econometric tests, which disregard cross-sectional
dependence and heterogeneity. However, we utilize a second generation cointegration test
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and estimator, which take cross-sectional dependence and heterogeneity into account, as
compatible with the dataset’s characteristics, and these tests lead us to attain relatively
reliable consequences.

The study is formed as follows: the theoretical background and empirical literature
about relationship among educational attainment, economic growth, and renewable energy
are presented in Section 2. Section 3 explains the dataset and analysis method and Section 4
implements the analysis. The article eventuates in Section 5.

2. Literature Review

Renewable energy is crucial for circular economy, sustainable environment and de-
velopment. Therefore, a determination of factors underlying the renewable energy is
informative for the design of optimal energy policies. In the literature, the researchers have
generally investigated the impact of institutions and economic variables such as economic
growth, human capital, research and development expenditures, and globalization on
renewable energy. However, the impact of educational attainment, one of the main inputs
to human capital, human development, and technological innovation and development,
which affect economic growth, on renewable energy has been relatively little explored by
the researchers as seen in the following literature review.

The scholars investigating the effect of educational attainment on renewable energy
production and consumption have mainly revealed the positive influence of educational
attainment on renewable energy (e.g., see [18–21]). However, the studies presented in
Table 1 have focused on the panel level interaction between education and renewable
energy, and none of them have conducted the country level analysis despite the differences
in country specific characteristics. Furthermore, we explored the literature about the
relationship between human development and renewable energy because educational
attainment is a critical input to human development, but the findings of these studies
have differed among the countries or country groups depending on the country’s specific
characteristics [22–27].

Table 1. Literature summary about the nexus between educational attainment/human development
and renewable energy use.

Study Sample; Study Period Method Evaluation

Özçiçek ve Ağpak [18]
62 countries;
1990–2014

Pseudo Poisson maximum
likelihood method

A positive effect of secondary and
tertiary enrollment rate on non-hydro

renewable energy was revealed.
However, the authors only conducted a

panel level analysis.

Mehrara et al. [19]
9 Economic Cooperation
Organization countries;

1992–2011
Regression analysis

A positive effect of tertiary school
enrollment on renewable energy use was
discovered. However, the authors only

conducted a panel level analysis.

Gholami et al. [20]
South Asian Association
of Regional Cooperation

countries; 1995–2015

Westerlund cointegration test
and Granger causality test

Human capital index increased the
renewable energy use and a unilateral
causality from human capital index to

renewable energy consumption.
However, the authors only estimated the

panel cointegration coefficients.



Energies 2022, 15, 2695 4 of 15

Table 1. Cont.

Study Sample; Study Period Method Evaluation

Inglesi-Lotz and
Morales [21]

21 countries;
1980–2013

Pedroni cointegration test and
Granger causality test

A unilateral causality from secondary
education enrollment to primary energy
consumption was discovered. However,
the authors employed a first generation

cointegration test and traditional Granger
causality test and did not examine the
relationship between education and

renewable energy use.

Kazar and Kazar [22] 154 countries; 2005–2010
and 1980–2010

Causality and
regression analyses

A bidirectional causality between human
development and renewable energy, and

a long-run positive effect of human
development on renewable energy

production was discovered.

Sasmaz et. al. [23] 28 OECD member states;
1990–2017

Second generation
cointegration and

causality tests

A bidirectional causality between human
development and renewable energy and
a positive impact of renewable energy on
human development in the long run was

discovered.

Azam et al. [24] 30 developing countries;
1990–2017 Panel vector autoregressive

A bilateral causality between human
development and renewable energy was

discovered.

Satrovic [25] Turkey; 1992–2015 Cointegration and
causality analyses

A unidirectional causality from
renewable energy to human

development was discovered.

Soukiazis et al. [8] 28 OECD members;
2004–2015

Simultaneous equation
system approach

Human capital had a positive influence
on renewable energy consumption.

Ergun et al. [28] 21 African countries;
1990–2013

Causality and
regression analyses

A bilateral causality between human
development and renewable energy use,

and negative impact of human
development on renewable energy use

was discovered.

Wang et al. [26] Pakistan; 1990–2014 Two-stage least square
An insignificant effect of renewable

energy on human development
was discovered.

Lekana and Ikiemi [27]

Economic and Monetary
Community of Central

African economies;
1990–2019

Cointegration analysis
An insignificant effect of renewable
energy use on human development

was discovered.

In this context, Mehrara et al. [19] researched the determinants of renewable energy
demand in 9 Economic Cooperation Organization countries for the 1992–2011 period
through regression analysis, and their findings revealed that the tertiary school enrollment
rate positively affected renewable energy use. On the other hand, Özçiçek ve Ağpak [18]
explored the effect of educational attainment proxied by secondary and tertiary enrollment
rate on non-hydro renewable energy (that is, renewable energy obtained from biomass,
geothermal, solar, and wind, except hydropower) consumption in 62 countries for the
1990–2014 period through the pseudo Poisson maximum likelihood method and obtained a
positive effect of both indicators of educational attainment on non-hydro renewable energy
use, with the effect increasing in relatively higher education levels. Gholami et al. [20]
explored the impact of education, as represented by human capital index and based on
schooling years, education returns, and economic growth, on renewable energy use in
South Asian Association of Regional Cooperation countries for the 1995–2015 period
through a second generation cointegration test and causality analyses, and reached the
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conclusion that education and economic growth increased the renewable energy use and
that there was a unilateral causality from education and economic growth to renewable
energy consumption. In other words, education and economic growth had a significant
impact on renewable energy use, and both education and economic growth were significant
determinants of renewable energy use. Inglesi-Lotz and Morales [21] also explored the
relationship between education proxied by secondary education enrollment and primary
energy consumption in 10 developed and 11 developing economies for the 1980–2013
period through first generation cointegration and causality tests, and identified a unilateral
causality from education to energy consumption.

Some scholars have analyzed the interaction between human development and re-
newable energy, but their findings have stayed inconclusive. A mutual interaction between
human development and renewable energy is expected at theoretical terms, because on
the one hand, human development needs energy, and on the other hand renewable energy
requires human development [16]. However, the causality between human development
and renewable energy use can be varied depending on country-specific characteristics. In
this context, Kazar and Kazar [22], Sasmaz et. al. [23], and Azam et al. [24] discovered a
bidirectional causality between human development and renewable energy use as compati-
ble with theoretical expectations; however, Satrovic ([25] found a one-way causality from
renewable energy to human development. Furthermore, Wang et al. [26] and Lekana and
Ikiemi [27] disclosed no significant effects of renewable energy on human development.

Kazar and Kazar [22] investigated the relationship between renewable energy pro-
duction and human development in a panel of 154 countries for the 2005–2010 period
and the 1980–2010 period through causality and regression analyses, and discovered a
bidirectional causality between two variables for the 2005–2010 period; however, human
development would raise the renewable energy production in the long run. On the other
hand, Sasmaz et. al. [23] examined the short- and long-run interaction between human
development and renewable energy in 28 OECD (Organisation for Economic Co-operation
and Development) countries for the 1990–2017 period through causality and cointegration
tests, and found a bidirectional causality between human development and renewable en-
ergy in the short run and a positive impact of renewable energy on human development in
the long run. Azam et al. [24] also explored the interaction between human development,
ICT (information and communication technologies), economic growth, and renewable
energy in 30 developing countries for the 1990–2017 period through a PVAR (panel vector
autoregressive) approach, and the causality analysis revealed a bilateral causality between
human development and renewable energy.

Satrovic [25] researched the interaction between renewable energy and human devel-
opment in Turkey for 1992–2015 duration via cointegration and causality analyses and
revealed a significant one-way causality from renewable energy to human development.
On the other hand, Soukiazis et al. [8] investigated the interaction between renewable en-
ergy, economic indicators, and pollution emissions in 28 OECD members for the 2004–2015
period via a simultaneous equation system approach, and human capital had a positive
influence on renewable energy consumption.

However, Ergun et al. [28] explored the determinants of renewable energy use in
21 African countries over the 1990–2013 period via causality and regression analyses and
reached a bilateral causality between human development and renewable energy use,
showed a negative impact of human development and economic growth on renewable
energy use. Furthermore, Wang et al. [26] discovered that renewable energy did not have a
significant impact on human development in Pakistan. Lekana and Ikiemi [27] investigated
the effect of energy use on human development in Economic and Monetary Community
of Central African economies for the 1990–2019 period via cointegration analysis and
discovered an insignificant effect of renewable energy use on human development in
the sample.

Lastly, the energy–economic growth nexus has been extensively researched in the
related literature, but stayed inconclusive. The four hypotheses on the energy–economic
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growth nexus are suggested as growth hypothesis (unilateral causality from energy con-
sumption to economic growth), conservation hypothesis (unilateral causality from eco-
nomic growth to energy consumption), feedback hypothesis (a bidirectional causality be-
tween energy consumption and economic growth), and neutrality hypothesis (insignificant
causality between energy consumption and economic growth) [8]. However, a consensus
has not been reached on these hypotheses given the findings of related empirical literature.
Mutumba et al. [29] concluded that growth hypothesis, conservation hypothesis, feedback
hypothesis, and neutrality hypothesis accounted for 43.8%, 27.2%, 18.5%, 10.5% of country
specific studies, respectively.

3. Data and Method

This study examined the impact of educational attainment and economic growth on
renewable energy use in 15 emerging markets through cointegration and causality tests.
Renewable energy use was proxied by renewable energy consumption as a percentage of
total final energy consumption and obtained from the World Bank [30]. On the other hand,
educational attainment was represented by the tertiary school enrollment rate of World
Bank [31] and education index of UNDP (United Nations Development Programme) [32].
Tertiary school enrollment rate is the rate of total enrollment to the population of the
age group officially corresponding to the tertiary education [30] and education index as
calculated as an average of mean years of schooling and expected schooling years [32]. In
the selection of tertiary school enrollment, we evaluated that higher education may have a
relatively higher impact on economic growth, human capital, technological development,
and institutions that have been documented as significant determinants of renewable energy.
Furthermore, Mehrara et al. [19] and Özçiçek ve Ağpak [18] also proxied the educational
attainment by tertiary education enrollment rate. On the other hand, education index of
UNDP [32] was included in the model for the robustness check of the findings. Lastly,
economic growth as a control variable included in the econometric model was represented
by GDP per capita based on constant 2015 US$ and provided by the World Bank [33]. All
series in Table 2 were annual and covered the 2000–2018 period. The logarithmic forms of
the series (indicated with LN) were used in the econometric analyses.

Table 2. Dataset description.

Variables Description Source

RNW Renewable energy consumption (% of
total final energy consumption) World Bank [30]

HEDU School enrollment, tertiary (% gross) World Bank [31]
EDU Education index UNDP [32]
GDP GDP per capita (constant 2015 US$) World Bank [33]

The study sample was formed from emerging economies, which are the key drivers of
the current global growth and the main energy consumers in the world. In this context,
we used the classification of the MSCI (Morgan Stanley Capital International, New York,
NY, USA) [34], which evaluates global equity markets and classifies each country as a
developed, emerging, frontier, or standalone market. Hence, the study sample consisted
of 15 emerging markets (Brazil, Chile, China, Colombia, Czech Republic, Egypt, Greece,
Hungary, India, Indonesia, Korea, Malaysia, Mexico, Poland, Russia, except Kuwait, Peru,
Philippines, Qatar, Saudi Arabia, South Africa, Taiwan, Thailand, Turkey, and United Arab
Emirates) based on the data non-availability.

The descriptive statistics of the dataset are denoted in Table 3. The mean of renewable
energy was 17.684% of total final energy use in the sample, but very changeable among
the countries. The average of tertiary school enrollment rate was 49.616%, but, similarly,
this rate was very changeable from country to country. On other hand, the mean of
education index was 0.687 and, relatively, much less changeable. Lastly, the mean of real
GDP per capita was USD 9817.696 and the most changeable indicator among the emerging
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markets. Furthermore, country-level summary characteristics are presented in Table A1 at
Appendix A and the distribution of the series at country level can be seen from Table A1.

Table 3. Descriptive statistics for variables.

Characteristic RNW HEDU EDU GDP

Mean 17.684 49.616 0.687 9817.695
Median 11.376 43.930 0.684 8929.301

Maximum 51.858 142.852 0.893 31,040.66
Minimum 0.6922 7.590 0.379 757.6687

Standard Deviation 14.768 27.167 0.124 6487.550
Skewness 0.774 0.799 −0.241 0.949523
Kurtosis 2.245 3.207 2.058 3.650753

In the empirical analysis part of the article, the steps in Figure 1 were followed. The
pre-tests of cross-sectional dependence, heterogeneity, and unit root were firstly applied.
Then, cointegration and causality analyses were implemented.
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The cross-sectional independence means that the countries in the panel are not in-
fluenced by any shock to a country in the panel. However, any shock to a country in the
panel can generally affect the remaining countries in different ways due to current high
trade and financial globalization. Therefore, panel-data models generally exhibit significant
cross-section dependence [35]. In this context, the existence of cross-sectional independence
was examined via LM (Lagrange multiplies), CD (cross-section dependence), and LMadj.
(bias-adjusted LM test) tests, respectively, by Breusch and Pagan [36], Pesaran [37], and
Pesaran et al. [38].

LM test statistic is calculated as following:

LM = T
N−1

∑
i=1

N

∑
j=i+1

ρ̂2
ij ∼ χN(N−1)/2 (1)

In the above equation, ρ̂ is the sample estimation of pairwise correlation of the residu-
als. The null hypothesis of the test suggests cross-sectional independence, and the test is
used when the time dimension of the dataset is higher than the cross-section dimension of
the dataset [37].
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CD test is an improved version of LM and used with higher T and N values, and
the null hypothesis suggests cross-sectional independence. The test statistic is calculated
as follows:

CD =

√
2T

N(N − 1)

N−1

∑
i=1

N

∑
j=i+1

ρ̂2
ij ∼ N(0, 1) (2)

LM and CD tests produce the biased results when the group average is zero and the
individual average is not zero. The LMadj. test eliminated the bias by adding the variance
and mean to the test statistic [38]. The null hypothesis suggests cross-section independence,
and the test statistic is calculated as follows:

LMadj. =

(
2

N(N − 1)

)1/2 N−1

∑
i=1

N

∑
j=i+1

ρ̂2
ij

(
(T − K− 1)ρ̂2

ij − µ̂Tij

vTij

)
∼ N(0, 1) (3)

In the above equation, µ̂Tij and vTij represent the mean and variance, respectively.
The entity of homogeneity, that is, the homogeneity of slope coefficients, was examined

with delta tilde tests by Pesaran and Yamagata [39]. The null hypothesis of both tests
suggests the entity of homogeneity, and the test statistics of the delta tilde test and adjusted
delta tilde test for small samples are calculated as follows:

∼
∆ =

√
N

(
N−1Š− k√

2k

)
∼ N(0, 1) (4)

∼
∆adj. =

√
N

N−1Š− E
(

Z̃jt

)
√

Var
(

Z̃jt

) ∼ N(0, 1) (5)

The cointegration interaction among indicators of educational attainment, economic
growth, and renewable energy use was investigated via a Westerlund and Edgerton [40]
bootstrap cointegration test by considering the sample size, presence of cross-sectional
dependence, and heterogeneity. The Westerlund and Edgerton [40] bootstrap cointegration
test, a second generation cointegration test, takes autocorrelation, heteroscedasticity, and
cross-sectional dependency into consideration and gives relatively stronger results for
small samples. Furthermore, the critical values derived from the bootstrapping process
are regarded instead of asymptotic probability values from standard normal distribution,
which is very susceptible to serial correlation [40].

Furthermore, the long-run panel and cross-sectional coefficients were estimated by
a FMOLS (Fully Modified Ordinary Least Squares) estimator, which corrects the serial
correlation and endogeneity bias and considers the heterogeneity, by Pedroni [41]. The
FMOLS estimator is an improved version of the ordinary least squares method and corrects
the serial correlation and endogeneity bias. The panel FMOLS estimator is as follows:

β̂∗GFM = N−1
N

∑
i=“

β∗FMi
(6)

β∗FMi
indicates the cross-sectional coefficients in the above equation. Lastly, the causal

connection between education indicators, economic growth, and renewable energy use was
investigated by a Dumitrescu and Hurlin [42] causality test, which takes heterogeneity into
consideration and generated robust findings under cross-sectional dependence.

4. Results and Discussion

In the empirical analysis part of the article, pre-tests of cross-sectional dependence
and heterogeneity to specify the appropriate tests of unit root, cointegration, and causality
were firstly investigated. In this context, the existence of cross-sectional independence was
examined via LM, CD, and LMadj. (bias-adjusted LM test) tests, respectively, by Breusch
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and Pagan [36], Pesaran [37], and Pesaran et al. [38], and the tests’ consequences were
denoted in Table 4. The null hypothesis (there exists cross-sectional independence) was
declined, and the entity of cross-sectional dependence was thereby reached.

Table 4. Cross-sectional dependence tests’ results.

Test Test Statistic Probability Value

LM 212.1 0.000
CD * 13.22 0.000

LMadj. * 31.92 0.000
* two-sided test.

The entity of homogeneity was examined with delta tilde tests by Pesaran and Yama-
gata [39], and both tests’ consequences were denoted in Table 5. The null hypothesis (There
exists homogeneity) was declined, and the entity of heterogeneity was thereby reached.

Table 5. Homogeneity tests’ results.

Test Test Statistic Probability Value
∼
∆ 15.224 0.000
∼
∆adj. 19.304 0.000

∼
∆
∼
∆adj. The entity of unit root in the series of LNRNW, LNHEDU, LNEDU, and LNGDP

was examined with CIPS (Cross-Sectional IPS) [43] unit root test via a Pesaran [44] test in
view of cross-sectional dependence, and the unit root test consequences were denoted in
Table 6. The test consequences indicated that the variables of LNRNW, LNHEDU, LNEDU,
and LNGDP were I (1).

Table 6. CIPS unit root test results.

Variables
Level First Differences

Constant Constant + Trend Constant Constant + Trend

LNRNW −1.286 −1.317 −7.647 ** −8.124 **
LNHEDU −1.534 −1.631 −9.215 ** −9.519 **
LNEDU −1.289 −1.305 −8.204 ** −8.662 **
LNGDP −1.411 −1.508 −9.338 ** −9.501 **

** It is significant at 5% significance level.

The cointegration interaction between indicators of educational attainment, economic
growth, and renewable energy was investigated by means of a Westerlund and Edger-
ton [40] bootstrap cointegration test that took sample size and cross-sectional dependency
into consideration, and the cointegration test consequences are depicted Table 7. The
null hypothesis (there exists a cointegration among indicators of educational attainment,
economic growth, and renewable energy use) was accepted and a significant cointegration
interaction among four variables was thereby revealed.

Table 7. Bootstrap cointegration test results.

Constant Constant + Trend

Test Statistic Asymptotic
p-Value

Bootstrap
p-Value Test Statistic Asymptotic

p-Value
Bootstrap
p-Value

9.174 0.315 0.439 10.452 0.387 0.482
Note: Bootstrap critical values were generated from 10.000 repetitions, and asymptotic probability values were
procured from standard normal distribution.
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The cointegration coefficients were estimated by FMOLS estimator and the estimations
were depicted in Table 8. The panel cointegration coefficients pointed out that indicators of
educational attainment and economic growth had a positive effect on renewable energy use.
The cross-sectional cointegration coefficients also disclosed that tertiary school enrollment
positively influenced the renewable energy use in all countries except Colombia, Egypt,
and Indonesia, and that education index also positively influenced the renewable energy
use in all countries except Indonesia and Malaysia. Lastly, economic growth positively
influenced the renewable energy use in all countries in the sample. Furthermore, the
panel cointegration coefficients indicated that education index had the largest impact on
renewable energy use in the long run.

Table 8. Estimation results of cointegration coefficients.

Countries LNHEDU LNEDU LNGPD

Brazil 0.183 ** 0.213 ** 0.198 **
Chile 0.167 ** 0.204 ** 0.193 **
China 0.154 ** 0.137 ** 0.187 **

Colombia 0.160 0.218 ** 0.134 **
Czech Republic 0.179 ** 0.240 ** 0.181 **

Egypt 0.142 0.138 ** 0.156 **
Greece 0.176 ** 0.210 ** 0.162 **

Hungary 0.168 ** 0.231 ** 0.142 **
India 0.130 ** 0.116 ** 0.139 **

Indonesia 0.135 0.154 0.143 **
Korea 0.186 ** 0.243 ** 0.201 **

Malaysia 0.135 ** 0.125 0.136 **
Mexico 0.151 ** 0.143 ** 0.148 **
Poland 0.179 ** 0.253 ** 0.209 **
Russia 0.190 ** 0.261 ** 0.212 **
Panel 0.164 ** 0.204 ** 0.172 **

** it is significant at 5% significance level.

The main factors underlying renewable energy use and energy mix have been doc-
umented as economic growth, real GDP per person, human capital and development,
technological development, and institutional quality. The educational attainment has been
theoretically and empirically suggested as a significant determinant of economic growth
and development, human capital, innovation, and technological development, which are
also significant determinants of renewable energy consumption [45–50]. Therefore, edu-
cational attainment is also theoretically expected to influence the renewable energy use
through these channels.

In this context, educational attainment can positively influence the renewable energy
use via the supply and demand channels mentioned above. Technological development,
financing, and human capital level are critical factors for renewable energy production
at the supply side, and positive improvements in human capital, technological develop-
ment, and financing can foster the renewable energy production [18]. In addition to this,
environmental awareness and human capital highly dependent on educational attainment
are the significant factors underlying renewable energy use at the demand side [51]. In
the empirical literature, only a few scholars have investigated the effect of educational
attainment on renewable energy consumption and reached a positive effect of educational
attainment and human development on renewable energy use in parallel with the theoreti-
cal expectations [8,18–21]. However, Ergun et al. [28] discovered that the negative impact
of human development on renewable energy use mainly resulted from the low economic
development of the countries in the sample.

China, Brazil, India, Greece, Chile, Indonesia, Colombia, Czechia, and Mexico, respec-
tively, raised their rates of tertiary school enrollment by 566.689%, 209.043%, 195.103%,
181.292%, 156.941%, 144.078%, 125.900%, 124.944%, and 102.639 during the study period,
and similarly considerable improvements were achieved in the education index [31,32].
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Therefore, considerable improvements in educational attainment also made a significant
contribution to renewable energy use in harmony with the relevant theoretical and em-
pirical findings. On the other hand, the positive effect of economic growth on renewable
energy supported the conservation hypothesis, which suggests a unidirectional causality
from economic growth to energy consumption. In other words, economic growth had a sig-
nificant impact on renewable energy use and, in turn, energy consumption was determined
by economic growth. Therefore, energy conservation policies would not have a significant
impact on economic growth [8].

The causality among indicators of educational attainment, economic growth, and
renewable energy was investigated by means of a Dumitrescu and Hurlin [42] causality
test, and the causality test consequences are depicted in Table 9. The causality analysis
pointed out a unilateral causality from both indicators of educational attainment and
economic growth to renewable energy use. In other words, educational attainment, and
economic growth were also found to be significant determinants of renewable energy use
in the short run, but renewable energy use had an insignificant effect on these variables.

Table 9. Causality test results.

Null Hypothesis Test Test Statistics Probability Value

D(LNHEDU) 9
D(LNRNW)

WHnc 6.745 0.000
ZHnc 6.916 0.000
Ztild 7.131 0.000

D(LBRNW) 9
D(LNHEDU)

WHnc 2.780 0.140
ZHnc 3.112 0.152
Ztild 3.245 0.128

D(LNEDU) 9
D(LNRNW)

WHnc 8.505 0.000
ZHnc 8.874 0.000
Ztild 9.015 0.000

D(LBRNW) 9
D(LNEDU)

WHnc 1.842 0.205
ZHnc 1.905 0.319
Ztild 2.131 0.250

D(LNGDP) 9
D(LNRNW)

WHnc 7.438 0.000
ZHnc 8.113 0.000
Ztild 8.239 0.000

D(LNRNW) 9
D(LNGDP)

WHnc 2.673 0.124
ZHnc 2.982 0.167
Ztild 3.104 0.155

Hnc: Homogenous Non-Causality.

The findings of the article about causality interaction between educational attainment
and renewable energy use were found to be similar with the findings of Inglesi-Lotz and
Morales [21] and Gholami et al. [20].

However, the studies about the interaction between human development, including
life expectancy index, education index, and gross national income index and renewable
energy use, have reached different conclusions. Kazar and Kazar [22], Sasmaz et. al. [23],
Azam et al. [24], and Ergun et al. [28] discovered a bidirectional causality between human
development and renewable energy use, and Satrovic ([25] found a one-way causality
from renewable energy to human development. On the other hand, Wang et al. [26] and
Lekana and Ikiemi [27] disclosed no significant effects of renewable energy on human
development. The contradiction among the findings by the researchers can be substantially
credited to the different nature of the variables and the countries’ respective economic
development levels.
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5. Conclusions and Policy Implications

The globalized economy has been dependent on non-renewable energy sources for
a long time and changes in this trend are not expected in the short run. However, global
environmental degradation, limited non-renewable energy sources, and energy security
have galvanized the countries into improving their capacity for renewable energy produc-
tion. Renewable energy has become a crucial factor for circular economies, sustainable
development, and the environment. Therefore, many researchers have generally researched
the determinants of renewable energy production and consumption. In this article, we
investigated the effect of educational attainment and economic growth on renewable energy
use in emerging market economies such as China, India, Brazil, and Russia, including the
drivers of global economic growth and renewable energy production via causality and
cointegration tests, which are compatible with the dataset’s characteristics. However, the
availability of renewable energy use and tertiary school enrollment data led us to limit the
sample size to 15 countries and the study period to the years 2000–2018.

The following consequences were obtained from causality and cointegration analyses:

• The causality analysis pointed out a unidirectional causality from indicators of educa-
tional attainment and economic growth to renewable energy use.

• In other words, educational attainment had a significant effect on renewable energy
use in the short run.

• The cointegration analysis discovered a positive influence of indicators of educational
attainment and economic growth on renewable energy use in the long run.

• Conservation hypothesis was found to be valid for the sample given the findings of
causality and cointegration tests. Therefore, policies of energy conservation would
have an insignificant impact on economic growth.

• Educational attainment is a significant instrument for renewable energy use through
fostering innovation, technological development, economic growth, and institutional
and social development in the long run.

• Educational policies fostering the educational attainment will also make a contribution
to the sustainable environment and development by increasing the renewable energy
in the long run.

• The positive impact of educational attainment on renewable energy use can be credited
to various factors, such as innovation, technological development, economic growth,
and institutional and social development. In this context, future studies can analyze the
interaction between educational attainment and renewable energy use by decomposing
the aforementioned effects of educational attainment.
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Appendix A

Table A1. Country summary characteristics.

Country Variables Mean Std. Deviation Minimum Maximum

Brazil

RNW 45.068 2.138 41.44 49.04
HEDU 36.504 12.624 17.23 53.26
EDU 0.627 0.039 0.58 0.69
GDP 8073.58 870.081 6787.68 9247.59

Chile

RNW 29.481 2.993 24.11 33.07
HEDU 63.183 19.247 35.38 90.90
EDU 0.744 0.0439 0.66 0.81
GDP 11,568.969 1808.875 8685.32 13,901.02

China

RNW 16.565 6.1419 11.34 29.60
HEDU 27.015 13.823 7.59 50.60
EDU 0.579 0.058 0.48 0.65
GDP 5412.692 2440.506 2193.89 9688.47

Colombia

RNW 30.0963 1.4771 27.24 32.53
HEDU 39.4581 11.3879 24.49 56.43
EDU 0.610 0.053 0.53 0.68
GDP 5119.892 856.891 3961.93 6271.88

Czechia

RNW 10.521 3.393 5.94 14.86
HEDU 54.068 13.238 28.35 65.67
EDU 0.838 0.0480 0.74 0.89
GDP 16,036.891 2119.032 12,312.50 19,685.49

Egypt

RNW 5.904 0.941 4.74 7.82
HEDU 30.959 2.933 26.82 38.90
EDU 0.5425 0.047 0.47 0.61
GDP 3216.751 407.024 2610.48 3831.20

Greece

RNW 11.466 4.141 7.11 17.86
HEDU 98.524 27.366 50.78 142.85
EDU 0.778 0.050 0.67 0.83
GDP 20,291.651 2243.880 17,762.18 24,081.66

Hungary

RNW 10.893 4.599 4.63 17.18
HEDU 55.635 9.797 35.94 68.28
EDU 0.799 0.029 0.74 0.83
GDP 11,518.595 1362.843 8967.37 14,368.64

India

RNW 42.488 6.932 31.69 51.86
HEDU 17.921 7.206 9.51 28.06
EDU 0.471 0.059 0.38 0.56
GDP 1223.046 362.231 757.67 1915.44

Indonesia

RNW 35.455 7.717 20.86 45.62
HEDU 24.034 8.135 14.18 36.44
EDU 0.581 0.039 0.52 0.64
GDP 2677.459 603.356 1867.55 3732.87

Korea

RNW 1.537 0.865 0.69 3.18
HEDU 93.646 8.195 76.66 104.28
EDU 0.842 0.027 0.79 0.87
GDP 24,280.313 4363.833 16,992.48 31,040.66

Malaysia

RNW 3.3627 0.966 1.96 5.31
HEDU 34.975 7.026 25.00 46.76
EDU 0.666 0.044 0.61 0.72
GDP 8312.314 1492.009 6286.13 11,067.85
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Table A1. Cont.

Country Variables Mean Std. Deviation Minimum Maximum

Mexico

RNW 9.846 0.829 8.97 12.17
HEDU 28.227 6.193 20.49 41.52
EDU 0.627 0.045 0.54 0.69
GDP 9137.895 430.895 8568.62 9945.78

Poland

RNW 9.175 1.931 6.93 11.87
HEDU 66.085 6.906 49.67 74.76
EDU 0.825 0.027 0.78 0.87
GDP 10,396.778 2186.146 7356.78 14,332.92

Russia

RNW 3.410 0.165 3.18 3.67
HEDU 74.010 6.933 55.80 84.58
EDU 0.777 0.028 0.72 0.82
GDP 9998.596 1822.477 6491.07 11,875.73
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