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Abstract

This study aims to examine the association between economic growth and energy consumption (renewable and nonrenew-
able). The data was collected from 80 developing countries comprising countries from all income over the 1990 to 2020
period. On methodological aspects, this study identifies the diverse impact of variables at different quantiles through novel
methods of movement quantile regression (MMQR) approach and long-run coefficient estimations through fully modified
ordinary least squares, fixed effects ordinary least squares, and dynamic ordinary least squares. According to the primary
findings, the growth hypothesis exists in developing countries as both nonrenewable energy and renewable energy impact
economic growth positively in MMQR estimation (for renewable energy at all quintiles and nonrenewable energy at lower
quantiles), whereas the feedback hypothesis exists in (Dumitrescu and Hurlin Econ Model 29(4):1450-1460, 2012) Granger
causality approach. The findings exposed that the economic renewable and non-renewable energy consumption has a positive
impact on economic growth in developing countries. Based on the results, we recommend that developing countries prioritize
investments in renewable energy for their production and expansion. Moreover, the provision of tax exemptions, subsidies,
and feed-in tariffs are the right policy options towards the encouragement of the renewable energy sector and ultimately for
the growth of the developing countries.
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Introduction

Academic research in the domain of energy focuses on the
energy consumption-economic growth relationship (Arouri
et al., 2012; Gozgor et al. 2018; Khan et al. 2020; Lin &
Benjamin 2018; Waheed et al. 2019; Xiang et al. 2021).
Four basic hypotheses have been proposed in the literature
to explain this association: conservation hypothesis, growth
hypothesis, feedback hypothesis, and neutrality hypothesis.
The growth hypothesis asserts that increasing consump-
tion of energy drives economic growth. If there had been
a one-way causal association between economic growth
and energy use in a country, it shows the validity of the
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growth hypothesis. The conservation hypothesis states that
as income rises, so does the energy use. There will be a
one-way association between economic growth and energy
use for this theory to be valid. According to this hypoth-
esis, conservative energy policy does not impact economic
growth (Chien et al. 2021a, b, ¢, d, e). A two-way causal
association between energy use and economic growth vali-
dates the feedback hypothesis. According to this argument,
economic growth will be slowed because of the conservative
energy strategy. It is stressed that this reduction will nega-
tively impact energy consumption. The neutrality hypoth-
esis assumes either no or minimal effect of energy usage on
economic growth. The theory asserts that conserving energy
does not impact economic growth detrimentally (Baloch
et al. 2021; Tuna & Tuna 2019).

The idea of sustainable development motivates schol-
ars to focus on the link of economic growth with energy
resources. Many economies have decided to save energy
and increase foreign direct investment (FDI) and exports,
making energy consumption studies more appealing. How-
ever, renewable energy is a crucial factor in such studies.
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Researchers and scholars have become more interested in
studying how renewable energy affects economic growth as
sustainable development has grown (Chien et al. 2021a, b, c,
d, e; Omri et al. 2015). In recent years, clean energy sources
have grown in importance in the global energy consumption
mix as a result of the growing detrimental effects of climate
change, favorable administration policies, and unpredictable
energy prices that encourage renewable energy use. Accord-
ing to the IPCC (Special Report on Climate Change Miti-
gation and Renewable Energy Resources), the supply of
energy services has resulted in significant increases in
FDI and improvements in renewable energy could help
achieve many important goals of sustainable develop-
ment, including economic and social development,
energy security, access to energy, and reduced health
and environmental consequences, in addition to miti-
gating the consequences of climate change. The use of
renewable energy increases economic development while
preventing environmental degradation. Nonrenewable
energy, on the other side, cannot maintain the quality of
the environment in both developed and developing coun-
tries (Mohsin et al., 2021a, b). According to forecasts
from the IEA (2018), the contribution of renewable in
fulfilling the world’s energy needs will expand by 1/5th
in the coming 5 years, reaching 12.4% in the year 2023
(Chen et al. 2020; Chien et al. 2021c).

The increasing trend in FDI in the country leads
towards the high investment intention and put a posi-
tive impact on the economic growth (Chien et al., 2021a,
b, c, d, e). Whether and to what extent of FDI, exports
and population growth have detrimental impact on eco-
nomic growth is critical for any country, particularly for
developing countries. Although a lot of previous stud-
ies investigating the nexus between economic growth
and consumption of energy have been conducted, the
link between non-renewable and renewable energy and
growth for emerging countries has received very lit-
tle attention (Nawaz, et al. 2021a, b; Ito 2017). In fact,
many developing countries have invested in renewable
energy sources in the same way they do in the rest of
the energy sector. As a result, worldwide investments in
renewable resources are on the rise. Most countries that
do not have sufficient fossil resources, such as China,
India, Japan, and the USA, are attempting to fulfill their
energy requirements by importing it from other countries
and investing heavily in renewable energy. Investment
in renewable energy resources led the way in emerging
countries in 2019, leaving developed countries in the
dust. As a result, China led the world in annual invest-
ment, capacity additions, and output in 2019. China also
leads the world in PV solar, solar water heating, and
wind energy capacity. Indonesia has bio-diesel poten-
tial, Turkey has geothermal energy potential, and Brazil

has hydroelectric potential in the top row (Li et al. 2021,
Syzdykova et al. 2021). The EIA report discusses the sig-
nificance of green or alternative energy sources. Accord-
ing to the report, worldwide energy demand will increase
by 48% by 2040 (Fu et al. 2021; Liu et al. 2022).

Considering the above facts, the current study explores
the association of economic growth with renewable and
non-renewable energy usage from 1990 to 2021 for a
panel of 80 developing economies belonging to differ-
ent income groups classified by the World Bank in 2022.
The study’s originality arises mainly because the model
is rarely used in combination, particularly in the role of
economic factors such as FDI, exports, and population
growth on economic growth in developing countries. The
study’s key distinction identifies its contribution to the
existing research on the subject. It uses panel data from
80 developing markets and disaggregated samples of low-
and high-income countries. Previous research has either
focused on developed countries (Apergis & Payne 2011;
Cevik et al. 2021; Nawaz et al. 2021a, b; Salari et al.
2021; Tugcu et al. 2012), but the current study employs
panel data comprising of the countries belonging to all
four income groups and a wide range of geographical
regions around the world and focuses on long-term eco-
nomic growth. It is significant because the developing
countries are working to have transitioned from tradi-
tional energy sources, which are primarily based on the
fossil fuel use, towards renewable energy resources to
contribute to international efforts to protect the environ-
ment and promote long-term economic development (Fu
et al. 2021; Nawaz et al. 2021a, b). And last and more
importantly, the study is novel in terms of its methodo-
logical contributions; i.e., the study employs the newly
introduced method of movements quantile regression
(MMQR) (Machado & Silva 2019) to estimate the said
objective, which has various advantages as compared to
employing traditional panel data estimation techniques
(See Sect. 3 for details).

The current study contributes to the knowledge of
existing literature related to renewable energy and eco-
nomic growth, non-renewable energy and economic
growth, FDI and economic growth, exports and economic
growth, and population and economic growth. In addi-
tion, it is one of the first attempts that examine the joint
impact of renewable energy, non-renewable energy, FDI,
exports, and population growth on economic growth. In
addition, the investigation of renewable energy, non-
renewable energy, FDI, exports, and population growth
on the economic growth in 80 developing countries is
also a significant contribution to the existing literature.
The basic purpose of the study is to examine all the
developing countries, but due to data availability con-
straints, only 80 developing countries are examined in
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this study. In addition, the second purpose of the study
is to examine the high economic growth countries among
developing countries. Thus, the study selected the 80
countries producing high economic growth. Finally, the
current article has also used the MMQR method that is
also used by limited studies, and it is a new approach to
investigate the association among variables. This tech-
nique is considered an effective technique when deal-
ing with potential outliers, which can disrupt the data’s
overall distribution. In addition, the MMQR allowed
the “conditional heterogeneity of variance effects” to
generate and affect outcomes by extracting dependent
variables and permitting particular effects on individu-
als. Moreover, a study conducted by Ozcan and Ozturk
(2019) investigated the renewable energy consump-
tion on the economic growth and recommended that
the future studies should also explore this area because
the energy consumption and economic growth are fre-
quently changing phenomena. In addition, Destek and
Sinha (2020) examined the role of renewable and non-
renewable energy on economic growth. They suggested
that the upcoming articles should add other factors that
influence economic growth. The present study fulfils this
gap and adds the FDI, exports, and population growth
factors to predict economic growth. Finally, a study by
Ntanos et al. (2018) conducted a study on renewable
energy and economic growth using European countries
and recommended that future studies should add develop-
ing countries and this study fulfils this gap and examines
the renewable energy impact on economic growth using
80 developing countries.

We organized the rest of the study subsequently: the
next second section briefly reviews the relevant existing
literature. The third section is about data and employs
empirical methodology. Results and discussions are
given in the fourth section. Finally, we conclude our
study in the fifth section and recommend some worthy
policies based on empirical findings.

Existing literature

Many components of sustainable development are seen
to work in conjunction with renewable energy (Sari &
Soytas 2004; Shair et al. 2021). As a result, sustainable
development based on renewable energy sources is at the
forefront of international policy. In keeping renewable
energy consumption viable and agreeable to other social
criteria of development, Bugaje (2006) emphasized con-
sidering the following:

e Suitable resource management to ensure environ-
mental sustainability.

@ Springer

e Because of the disadvantaged rural communities,
economic sustainability is achieved through service
development and infrastructure that keeps affordabil-
ity at the forefront.

e Ensure the impoverished benefit and the concerns
and incomes of the women, legal rights for everyone,
and the rights of children are all promoted and valued.
e Managerial sustainability is achieved through
the insurance of the administrative capacity for the
program implementation is available and would be
expanded or sustained over time.

The literature on the energy use and GDP or economic
growth relationship can be broken down into two catego-
ries (Taghizadeh-Hesary & Yoshino 2020; Mohsin et al.
2021a, b; Sun et al. 2020). The first thread analyzes the
relationship between economic growth and energy use
and validates different hypotheses. Among them, Anto-
nakakis et al. (2017) examined the dynamic association
between FDI, economic growth, and use of energy in
106 economies belonging to different income groups
over the 1971 to 2011 period by applying the panel
vector autoregressive model and its variants and found
feedback hypothesis valid to be in these countries. Saidi
et al. (2017) studied the causal nexus between economic
growth and energy consumption and found bidirectional
in 53 global economies from 1990 to 2014. The results of
VECM showed that a bidirectional or feedback hypoth-
esis was present between the consumption of energy
and economic growth. Similarly, for India, applying a
non-linear ARDL bound testing approach observed the
feedback hypothesis between energy consumption and
economic growth from 1960 to 2015. Coers and Sanders
(2013) observed the feedback hypothesis for 30 OECD
countries through the VECM approach. Hwang and Yoo
(2014) examined the energy consumption-economic
growth relationship in Indonesia from 1965 to 2006
through the VECM approach and observed the feedback
hypothesis. Kyophilavong et al. (2015) for Thailand,
Akkemik and Goksal (2012) for ASEAN, and Belke
et al. (2011) for OECD countries validated the feedback
hypothesis. In addition, the study by Wang et al. (2018)
conducted the study on renewable energy and economic
growth and exposed that renewable energy usage has a
positive impact on the country's economic growth. More-
over, Chen et al. (2020) and Cevik et al. (2021) also
investigated the association between economic growth
and renewable energy and revealed that renewable energy
usage has a positive linkage with the economic growth
of the country.

Conservative hypothesis was observed for Malaysia
in the study by Islam et al. (2013) from 1971 to 2009.
Similarly, over the 1970 to 2003 period, Lise and Van
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Montfort (2007) observed a conservative hypothesis
between economic growth and energy consumption in
Turkey. Some earlier studies observed the growth hypoth-
esis between energy consumption and economic growth
like Destek and Sinha (2020) observed in OECD coun-
tries; Apergis and Payne (2009) in the Commonwealth
of independent states, American countries; Tang et al.
(2016) in Vietnam, and some studies found no causal
association or neutrality hypothesis between consump-
tion of energy and economic growth including Yildirim
et al. (2012) for OECD countries; Azam et al. (2015) for
ASEAN countries; T. Chang et al. (2013) for Asian coun-
tries; and Jafari et al. (2012) for Indonesia.

The second thread of the existing literature focuses
on renewable energy use-economic growth relation-
ships. Like energy consumption, the four hypotheses
have been validated by different studies for renewable
energy-growth nexus in developing and advanced coun-
tries. For instance, Inglesi-Lotz (2016) analyzed the
renewable energy effects on growth in 4 OECD econo-
mies from 1990 to 2010 through fixed effect estimation
and revealed that the use of renewable energy impacted
economic development positively, a confirmation of the
growth hypothesis. In addition, Yildirim et al. (2019)
conducted a study on the energy consumption and eco-
nomic growth in BRICS countries and exposed that the
energy consumption has a significant impact on the eco-
nomic growth. Bowden and Payne (2010) studied how
consumption of non-renewable and renewable energy,
labor, and capital affected GDP in the USA over the 1949
to 2006 period through the multivariate model framework
and Toda Yamamoto approach. Their results showed
positive uni-directional causality from residential renew-
able energy and industrial use of non-renewable energy
towards economic growth, which supported the growth
hypothesis. Pao and Fu (2013) investigated the causal
relationship of non-renewable energy consumption and
renewable energy consumption with economic growth
in Brazil over the 1980 to 2009 period within a produc-
tion function framework that includes labor and capital.
Their findings demonstrated that all variables had a long-
term link. Furthermore, Granger causality tests support
a one-way causal link of overall renewable energy with
economic development supporting the growth hypoth-
esis. While studying 38 countries with higher levels of
renewable energy usage over the 1991 to 2012 period,
Bhattacharya et al. (2016) analyzed how renewable
energy affected economic growth through fully modified
ordinary least squares (FMOLS) and dynamic ordinary
least squares (DOLS) estimation. The growth hypoth-
esis was found to exist in their study. Moreover, Cevik
et al. (2021) conducted a study on renewable and non-
renewable energy sources on the economic growth in the
USA and exposed that both the energy consumption has

a significant and positive role on the economic growth.
Omri et al. (2015) studied the relation between non-
renewable energy and renewable energy with economic
growth in industrialized and underdeveloped countries
over the 1990 to 2010 period and found that both kinds
of energy exerted a positive influence on economic
growth. Similarly, taking South Asian economies as case
studies, Rahman and Velayutham (2020) estimated the
non-renewable energy, renewable energy, and economic
growth relationship from 1990 to 2014. According to
the findings of FMOLS and DOLS, nonrenewable and
renewable energy positively affected economic growth,
confirming the growth hypothesis in South Asian coun-
tries. Moreover, Abbasi et al. (2020) conducted a study
on the non-renewable energy impact on economic growth
and exposed that non-renewable energy usage has a posi-
tive impact on the country's economic growth. In addi-
tion, a study by Asiedu et al. (2021) also investigated the
association among the non-renewable energy usage and
economic growth and revealed that the non-renewable
energy usage has a positive linkage with the economic
growth of the country.

Some of the studies found a feedback hypothesis
between economic growth and the use of clean or non-
renewable energy. Among these studies, Apergis et al.
(2010) estimated the causal relationship between eco-
nomic growth, renewable, and nuclear energy consump-
tion and over the 1984-2007 period in a panel of 19
emerging and developed economies. Their findings also
reveal that nuclear energy usage had a detrimental influ-
ence on economic growth, but renewable energy con-
sumption had a beneficial effect. Short-run causality test
evident that feedback hypothesis between use of nuclear
and renewable energy and growth was present. Asiedu
et al. (2021) studied the association between renewable
and non-renewable energy consumption and economic
growth in European economies over the period 1990
to 2018. Granger causality analysis found a feedback
hypothesis between economic growth and non-renewa-
ble and renewable energy (Soava et al., 2018), which
scrutinized the data for European countries from 1995
to 2015 period to study the renewable energy growth
nexus. According to the findings of FMOLS estimations,
the growth hypothesis and Granger causality results
feedback hypothesis existed in these economies. Saint
Akadiri, Alola, Akadiri, and Alola (2019) applied ARDL
model to the data of European countries’ panel spanning
over 1995 to 2015 period to examine renewable energy
growth hypothesis, and results of panel Granger causal-
ity indicated that bidirectional or feedback hypothesis
existed in these economies. The feedback hypothesis was
concluded by Kahia et al. (2016) in MENA countries
and Long et al. (2015) for China. Moreover, Nawaz et al.

@ Springer



582

Environmental Science and Pollution Research (2023) 30:578-593

(2021a, b) investigated the impact of renewable energy
on economic growth and exposed that when the country
produces more products, they consume more renewable
energy; thus, the high renewable energy is an indication
of high economic growth. In addition, Yao et al. (2019)
also examined the renewable energy role on economic
growth and indicated that the high renewable energy
usage produces high production in the country, which
means high consumption of renewable energy indicates
high economic growth.

In continuation, some of the studies found a conserva-
tive hypothesis between the consumption of energy of
both types and economic growth. Caraiani et al. (2015)
studied renewable energy-economic growth nexus in 5
European economies over the 1980 to 2013 period, and
the findings from the Engle-Granger causality method
indicated the presence of the conservation hypothesis.
Similarly, analyzing the data for Turkey by applying the
Toda-Yamamoto approach and ARDL analysis (Ocal
& Aslan, 2013) found that the conservation hypothesis
is present between renewable energy use and growth.
Destek and Aslan (2017) analyzed the performance of
renewable and non-renewable energy on development in
17 developing economies over the 1980-2012 period and
provided the evidence for different hypotheses for dif-
ferent economies, including conservative hypotheses for
Peru, Portugal, and Egypt. Applying the vector auto-cor-
rection mechanism (VECM), Aneja et al. (2017) studied
the relationship between economic growth and consump-
tion of both energy types. It concluded the presence of a
conservative hypothesis. In contrast, Payne (2011) ana-
lyzed the biomass energy-economic growth relationship
in the USA within the multivariate framework of Toda
Yamamoto and observed no causal association or neutral-
ity hypothesis between biomass energy and economic
growth. Alper and Oguz (2016) investigated the causal-
ity among renewable energy, labor, and capital for EU
member economies from 1990 to 2009 through ARDL
and found that the neutrality hypothesis was present for
Cyprus, Hungary, Estonia, Slovenia, and Poland. Men-
egaki (2011) found the neutrality hypothesis existed for
European countries (Salim & Rafiq 2012) for Africa and
(Yildirim et al., 2012) for the USA.

In addition, Adedoyin et al. (2020a, b) present their
arguments about the relationship between FDI, ICTs,
air transportation, and energy and economic growth rel-
evant to industry 4.0. The evidence for presenting study
hypotheses was collected from the United States (US)
from 1981 to 2017. The study implies that FDI has a pos-
itive relationship with economic growth. In economies
where foreign investment increases, the economic prac-
tices can be run through industry 4.0 technologies that
require a significant investment. So, economic growth
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accelerates. Raza et al. (2021) investigate the relationship
between FDI and economic growth. The study sample
comprised OECD countries for the period spanning from
1996 to 2013. The authors employed the fixed effect
model and the generalized method of moments (GMM)
estimator to analyze and find a positive relationship
between FDI and economic growth. Kalaitzi and Cleeve
(2018) identify the relationship between exports and
economic growth. The information for exports and eco-
nomic growth and their relationship was collected from
UAE from 1981 to 2012. Unit root tests, the Johansen
cointegration test, the multivariate Granger causality
test, and a modified Wald test were employed to test the
relationship. The research presented the outcome that
exports positively impact economic growth, and there
is a bidirectional causality relationship. Furuoka (2018)
examines the relationship of exports with the country’s
economic growth. A survey was conducted to Sub-Saha-
ran Africa for the empirical analysis of the concerned
factor relationship. An innovative econometric methodol-
ogy was employed with the Fourier ADF, causality tests,
and a rolling causality test method. The results showed
a significant positive relationship between exports and
economic growth.

A study was conducted by Azam et al. (2020) to test
the validity of Malthusian and Kremer’s theories with the
analysis of the relationship between population growth
and economic growth in the developing economy of
India. The autoregressive distributed lag approach was
applied to test the data about the impacts of population
growth on economic growth collected from India from
1980 to 2018. This empirical research confirms Mal-
thusian and Kremer’s theories, meaning a significant
positive relationship between population growth and
economic growth in both short and long-term periods.
Kuhe (2019) investigates the connection between popu-
lation growth and economic growth. The study reveals
that Nigeria was selected as a case study to analyze pop-
ulation growth and economic growth relationship, and
time-series data was used from 1960 to 2015. A unit
root test Dickey-Fuller generalized least squares, error
correction mode, Engle-Granger cointegration test, fully
modified least squares, and VAR Granger causality test
were employed. This research found a positive relation
between population growth and economic growth.

Research gap

The inconsistent results show that no clear conclusion
exists on the renewable energy economic growth nexus.
The findings are contradictory because of the differ-
ence in periods, techniques, and settings. Some articles
employ traditional panel data approaches to study the
renewable energy-growth nexus, i.e., various ordinary
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least squares, i.e., FMOLS, DOLS, Pedroni, and Kao
Panel co-integration test and various types of time series
estimations. To our knowledge, none of the recent studies
about energy and particularly renewable energy growth
nexus can be found that estimated this relationship by
employing panel quantile regression techniques. Thus,
to fill in the research gap, our study uses MMQR regres-
sion for the empirical estimation to conclude renewable
energy and economic growth relationship because they
outperform traditional approaches addressing distribu-
tional heterogeneity. Furthermore, according to Sharif
et al. (2020), a quantile regression method can provide
fascinating results concerning the relationship between
two variables that are not normally revealed by OLS
regression analysis.

Data and econometric methodology

In accordance with the research goal, GDP is the depend-
ent variable and renewable energy is the primary explana-
tory variable that is taken in the model. Nonrenewable
energy FDI, exports, and population growth have been
taken as the control variables in the model. A balanced
panel data set of 80 developing countries have been col-
lected from the World Development Indicators (WDI).
The basic purpose of the study is to examine all the
developing countries, but due to data availability con-
straints, only 80 developing countries are examined in
this study. Moreover, the current study has developed
the groups of countries according to their income, i.e.,
lower middle income, low income, middle-, and high-
income developing economies to eliminate the differ-
ent economic condition effects on the results. In addi-
tion, the data is extracted over the period 1990 to 2020
because the researchers want to examine the latest years
to expand the scope and significance of the study (a list of
countries has been provided in the Appendix). Countries
belonging to all income groups are selected to reveal the
true picture of the issue in all groups of the developing
countries. Economic growth is measured by GDP con-
stant US$ (2015), FDI measured as the net inflows (% of
GDP), exports is measured as the exports of goods and
services (% of GDP), and population growth is measured
as the annual percentage growth. The consumption of fos-
sil fuels measures non-renewable energy as a per cent
of the total energy consumption, and renewable energy
consumption as the per cent of the consumption of total
energy is the measure of renewable energy consumption
in our study. This study has examined only five factors
such as renewable energy consumption, non-renewable
energy consumption, FDI, exports, and population growth
because the basic motive of the study is to examine the

renewable energy role in the economic growth and the rel-
evant factors such as non-renewable energy consumption
and production are also added in the study. The functional
model of the study is specified as

GDP = f(REN, NREN, FDIL, EXP, PG) (1)

where REN denotes renewable energy consumption,
NREN stands for non-renewable energy consumption, FDI
denotes foreign direct investment, EXP stands for exports,
and PG denotes population growth.

The model in its econometric form is expressed as
follows:

GDP;, = ay + p,REN;, + p,NREN,, + p;FDI,, + f,EXP,, + psPG;, + ¢, (2)

Heterogeneous panel estimation techniques

The present study applies three different types of method-
ologies established for panel research designs with hetero-
geneity to achieve consistent and reliable results, namely,
the FE-OLS (fixed effects ordinary least squares), DOLS
(dynamic ordinary least squares), and the FMOLS (fully
modified ordinary least squares). The purpose of using
different approaches is to draw comparisons and ensure
internal consistency that can be attained when all three
approaches reveal identical results. The FE-OLS estimation
technique is based on Driscoll and Kraay’s standard errors
that can produce accurate results when auto-correlation lasts
for a fixed time and has cross-section dependency (CSD)
of a specific level (Adebayo et al. 2022). Since the cross-
sectional units present in the panel series differ in terms of
their mean and co-integration equilibrium, Pedroni (2004)
proposed the FM-OLS, which consists of an intercept for
each cross-section individual and maintains a “heteroge-
neous correlation in error-terms” for each cross-section in
the panel dataset. Furthermore, the DOLS technique pro-
posed by Kao and Chiang (2001) is an enhanced approach
for panel estimations. Panel DOLS executes significantly
under the designs of short-run dynamic and can achieve
an outstanding improvement in estimation accuracy over
that of single-equation DOLS with even a modest number
of cross-sectional units. It is a better estimation technique
than FMOLS and FE-OLS, which are based on Monte-
Carlo simulations in small panels. The FMOLS method pro-
vides consistent evaluations for small sample size and also
provides a check for robustness of the results. In order to
attain asymptotic competences, this method modifies least
squares to explain effects of serial correlation and test for
the endogeneity that result from the co-integrating relation-
ships existence. Furthermore, D-OLS can deal effectively
with endogeneity by extending differentials between lead
and lagged data (Fareed et al. 2022).
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Methods of moment quantile regression

It must be emphasized that the methodologies mentioned
above compute linear correlations between model vari-
ables using variables mean, and therefore ignoring the
conditional data distribution. The methods of quantile
regressions for panel datasets, on the other hand, inves-
tigate associations by moving through different quantiles
of the variables (Sarkodie & Strezov, 2019). Koenker and
Hallock (2001) proposed the procedure of evaluating the
coefficients computed from the quantiles asymmetries of
the dependent variable and are simultaneously affected
by the mean of the various explanatory variables. This
strategy appears to be as effective when dealing with
potential outliers, which can disrupt the data’s overall
distribution (An et al. 2021), whilst this technique has
the capability of producing consistent results even while
conditional measures are determined to have minor or
limited effects (Binder & Coad 2011). In addition, tra-
ditional quantile regressions cannot move across cross-
sections at various levels of quantiles when computing,
which results in an incorrect distribution of the dependent
variable (Ike et al. 2020). Furthermore, the current work
employs a novel estimate method known as “the method of
moments quantile regression” (MMQR), which was pro-
posed by Machado and Silva (2019). Quantile regression,
as previously stated, is the least stable to outliers due to
its inability to determine the heterogeneity that remains
unobserved in all cross-sections of the panel data. In
addition, it is notable that MMQR appears to work well
with non-normal distributions. In contrast, it has the ben-
efit of being applicable to non-linear models and being
computationally much simpler, especially in models with
multiple endogenous variables. The MMQR allowed the
“conditional heterogeneity of variance effects” to gener-
ate and affect outcomes by extracting dependent variables
and permitting particular effects on individuals. Typical
quantile regressions by Koenker (2004) do not have this
property because they compute by simply moving the
averages around. Furthermore, when the data is catego-
rized on the foundation of some individual-specific effects,
MMQR is said to be more appropriate in the setting where
variables have endogeneity qualities. This approach is effi-
cient in case of non-linearity of the model (Aziz et al.
2020). Because MMQR can include a nonlinear model, it
outperforms other nonlinear estimation techniques, such
as the non-linear autoregressive distributed lag (NARDL)
model that often explains non-linear properties exogenous
parameters by not selecting the benchmark standards. Fur-
thermore, because the parameters of variables are sensitive
to their position within the distribution conditions, this
methodology allows for asymmetry depending on location.
Based on these findings, the MMQR appears to be more
legitimate and robust, particularly in terms of the forma-
tion of asymmetrical nonlinear links and connections
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(Elbatanony et al., 2021), as well as addressing the chal-
lenges of heterogeneity and endogeneity (An et al. 2021);
the result generated by MMQR, which provides structure
quantiles, is intuitive and non-crossing. The current article
has taken the 10% quantile because Eq. (3) describes the
quantile evaluations that are conditional on a scale for a
specific location Q, (5!X'it)

Yie = @+Xy® + (& + Z'10P) Uy, 3)

In the above equation, p (#i+Z’it w > 0)=1 is probability
and (¢, F, 4, J)" are calculated on the bases of the param-
eters. (ai, #i),=1 to N represents the distinct individual fixed
effects, and Z is the k vector of specified modules of X.
Evident alterations/variations with j are as below:

Z=7(X)j=12 ...k )

Beyond time-period (¢) and individuals (i), U,, and X", are
identically scattered. U,, is momentum conditions (standard-
ized) orthogonal to X';,. Alternatively, we can write Eq. (3)
as follows;

0,(! X'it) = (& + 4,(8)) + X0+ Z', w q(5) )

In Eq. (5), the vector of the descriptive variable is
represented by )"('i,, i.e., GDP, REN, NREN FDI, EXP,
and PG. Qy (dl X'it) is the distribution at Y,, quantile,
and PG is a constraint on the independent variable's
position. X';,. di (8) = ¢i+ i q (8), which is a sca-
lar that shows &’ fixed effects of quantiles in separate
i. q(6) shows sample individual quantiles which are
obtained by resolving the optimization;

Min, = Z Z mé(R;, — (4; + Z’,-,V)f]) (6)

70 (R)=(6— 1) RT (R less than 0)+ TRI (R greater than
0) denotes the estimated operator.

Empirical findings and discussions

Table 1 reports the descriptive statistics analysis of all the
series. The mean values of GDP, REN, NREN, and FDI
are 617,008, 31.66, 64.96, and 80.744, respectively. The
descriptive statistics also report all variables’ median, mini-
mum, and maximum values.

It is necessary to confirm certain characteristics of time
series and cross-sectional variables before predicting long-
run coefficients. For this purpose, the second generation
CIPS test proposed by Pesaran (2007) have been applied.
Unit root tests at a 1% significance level reveal that GDP,
FDI, REN, EXP, PG, and NREN have the order of integra-
tion at level, i.e., I (1), as shown in Tables 2 and 3.
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Zf‘a'::‘:tgcspa“el descriptive Variables GDP REN NREN FDI EXP PG
Mean 617,008 31.661 64.96 3.103 43.95 1.957
St. deviation 245,627 28.744 88.90 3.985 28.681 1.644
Minimum -61.87 1.070 34.98 —5.288 8.257 0.226
Maximum 1234 96.041 98.90 33.566 104.805 7.776
Observations 2480 2480 2480 2480 2480 2480

Table 3 presents the CD test findings, which reveal that at
a 1% significance level, all series are substantially dependent
across cross-sections.

Pedroni (2004) and Westerlund (2007) bootstrap cointe-
gration tests strongly reject the null hypothesis (HO) of no
cointegration, as seen in Tables 4 and 5, indicating strong
favor for the existence of cointegration. This indicates that
variables of the model are long-run cointegrated. So, we
estimate long-run coefficients after confirming the long-run
cointegration relationship.

However, it is critical to stress that our framework suf-
fers from a CSD problem. Therefore, the panel estima-
tion approach should incorporate efficient procedures
in the presence of CSD to eliminate the distortions in
size that may occur. To comply, our study uses a variety

of heterogeneous panel estimate approaches (DOLS,
FMOLS, FE-OLS, and MMQR) to address these concerns
effectively. Table 6 summarizes the results of the FE-
OLS, D-OLS, and FMOLS estimation procedures before
going on to MMQR. In all three specifications, the signif-
icance, magnitude, and sign of coefficients are essentially
or substantially the same. It supports the accuracy of the
three models’ estimates. All the variables are statistically
significant at a 1% level and affect our dependent variable
either positively or negatively. Table 6 reveals that renew-
able energy boosts economic growth by 2.08 units in
FMOLS, 1.35 units in D-OLS, and 2.07 units in FE-OLS.
In contrast, nonrenewable energy consumption increases
economic growth by 1.87 units in FMOLS, 1.76 units in
DOLS, and 1.83 units in FE-OLS. This result validates

Table 2 Im Pesaran and Shin

2003) unit oot test Variables Level First difference
( ) unit root tes [1(0)] (1]
Intercept Intercept and trend Intercept Intercept and trend
GDP 49712 2.2240 —6.6651%%%* —7.8753%**
REN 3.5207 7.8054 —7.3771%%%* —4.9987***
NREN 1.6116 3.0413 —3.5120%%* —9.0751%**
FDI 7.9281 7.3657 —3.3346%%%* —8.7231%**
EXP 3.983 2.673 —3.983%%* —5.892%#*
PG 3.901 4.902 —3.762%%* —6.92]%%**

Author’s computation

Note: *** significant at 1% level

Table 3 CSD and CIPS test results

Variables CSD CIPS

t-stat P-value 1(0) 1(1)
FDI 24.775 0.000 1.762 — 1.894:%:
NREN 25.981 0.000 0.574 —3.37 ]
REN 23.907 0.000 0.449 — 4,778
EXP 22.902 0.000 1.342 —5.872%%:%
PG 24.013 0.000 1.021 —5.920%*

Table 4 Pedroni (2004) long run cointegration results

Estimates t-stats p-value
GDP=f (REN, NREN, FDI, EXP, PG)

Panel v statistic 0.9672 0.000
Panel rho statistic 4.0321 0.000
Panel PP statistic 4.899 0.000
Panel ADF statistic —-3.591 0.0001
H1: individual AR coefficient

Group- rho stat —1.129 0.0076
Group-PP stat —1.4202 0.0420
Group-ADF stat —4.361 0.009

Note: *** significant at 1% level

HO=no cointegration. Source: Author’s estimation
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Table 5 (Westerlund, 2007) Bootstrap panel cointegration test results

Stats Value Z value Prob value
Gt —4.009 —8.867 0.000
Ga —3.983 —14.345 0.000
Pt —4.923 —15.740 0.000
Pa —1.386 —-9.0679 0.000

Author’s calculation

Table 6 Estimation findings of FE-OLS D-OLS and FM-OLS for
developing economy—dependent variable: GDP

Variables FMOLS DOLS FE-OLS

REN 2.081%** (0.000) 1.351*%* (0.008) 2.074*** (0.000)
NREN 1.873*** (0.000) 1.761*%* (0.000) 1.834*** (0.000)
FDI 0.982*** (0.000)  0.550*** (0.000) 0.436*** (0.000)
EXP 0.764*** (0.000)  1.902*** (0.000) 0.910*** (0.000)
PG 1.012%#* (0.000)  0.281**%* (0.000)  1.019%*** (0.000)

Source: Authors’ calculation

Note: *** significant at 1% level

the growth hypothesis, suggesting that a one-way associa-
tion runs from energy use to economic growth is present
in developing countries. It reveals that energy consump-
tion (both nonrenewable and renewable) has an important
role in economic growth in both direct and indirect ways
by complementing the labor and capital in production
processes. The results for both country and panel level
studies (i.e., Saidi & Omri 2020; Destek & Sinha 2020;
Chang & Fang 2022; Adedoyin et al. 2020a, b) are in
line with our study for renewable energy and the find-
ings of Okumus et al. (2021); Tugcu et al. (2012); Pegkas
(2020); and Asif et al. (2021) for nonrenewable energy
but the findings of Asiedu et al. (2021) and Abbasi et al.
(2020) are in sharp contrast with our results. Therefore,
the conclusions obtained to confirm the positive impact
of the decisions that follow an increase in renewable
energy consumption on economic growth. Many relevant

Table 7 MMQ findings

programs and future decisions can be implemented. How-
ever, FDI leads to an increase in economic growth in all
three model specifications. A unit increase in FDI leads
to 0.982 units increase in FMOLS, 0.55 units in DOLS,
and 0.436 in FE-OLS. In addition, a unit increase in EXP
leads to 0.764 units increase in FMOLS, 1.902 units in
DOLS, and 0.910 in FE-OLS. Finally, a unit increase in
PG leads to 1.012 units increase in FMOLS, 0.281 units
in DOLS, and 1.019 in FE-OLS. This is consistent with
the notion that pollution can reduce output directly by
lowering the productivity of man-made labor and capital.
Hence, pollution acts like a negative externality. Consist-
ent with the findings of previous studies (Borhan et al.
2012; Abdollahi 2020), there are lost working days due to
health issues; the quality of industrial apparatuses dete-
riorates due to air pollution.

After estimating the long-run coefficient by FMOLS,
FE-OLS, and DOLS techniques, now we proceed toward
MMQR estimations. The estimated findings are reported in
Table 7.

First of all, renewable energy is found to significantly
affect GDP at all quantiles, i.e., (0.10-0.90), similar to
the previous estimations. It indicates that a rise in the
consumption of renewable energy helps countries grow
substantially. However, the coefficient for nonrenew-
able energy is statistically significant and positive at
lower quantiles ranging over (0.10-0.30) only, and at
medium to higher quantiles ranging from 0.40 to 0.90,
it becomes negative and insignificant. A possible reason
for this result is that in many low-income economies,
energy consumption is low compared to developed econ-
omies. These economies mostly rely on agriculture and
do not mainly rely on energy resources for production
activities (Asif et al. 2021). And last, unlike FMOLS,
FE-OLS, and DOLS, FDI, EXP, and GDP are found
to exert an insignificant impact on GDP in developing
economies at all quantiles (0.10—0.90). The long-run co-
integration connection indicates the presence of at least
uni-directional granger causality. Therefore, towards

Variables Location Scale Quantiles

Developing 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.90
economies

REN 0.533%**  (0.530%**  (0.463%** 0.537%*%  0.425%**  (.543**%*%  0481%*F*  0.266%**  (0.379%*F*  (.483%**

NREN 0.064 0.031 0.042 0.086 0.025 0.028 0.021 0.006 0.020 0.016

FDI 0.018 0.017 0.091 0.010 0.041 0.07 0.02 0.015 0.059 0.035

EXP 0.029 0.092 0.036 0.012 0.024 0.037 0.083 0.026 0.012 0.026

PG 0.045 0.054 0.058 0.072 0.012 0.063 0.031 0.024 0.011 0.043

Authors own calculation

***Significance at 1% level
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the end of our empirical estimation, the Dumitrescu and
Hurlin (2012) test for panel causality was employed to
estimate the causal association among the study vari-
ables. Table 8 below provides us with the short-run find-
ings of the panel causality test. A bidirectional causality
between economic growth and renewable energy use and
economic growth and nonrenewable energy use is evident
from the results that confirm the feedback hypothesis
between energy and economic growth. However, unidi-
rectional causality between GDP and FDI, GDP and EXP,
and GDP and PG are observed in the causality analysis.

Discussions

The results of the current article indicated that renewable
energy usage has a positive impact on economic growth
because high energy consumption results in increased
production, which increases economic growth. This
outcome is similar to the Ntanos et al. (2018) who also
investigated that renewable energy usage has played a
positive role in economic growth because it enhances the
country’s production. This result is also matched with
Ozcan and Ozturk (2019) who examined that the high
usage of renewable energy increases production in the
country that enhances economic growth. In addition, the
results also indicated that non-renewable energy usage
has a positive impact on economic growth because the
high energy consumption results in high production that
increases economic growth. This finding is in line with
Long et al. (2015), who also investigated that non-renew-
able energy usage has played a positive role in economic
growth because it enhances production. Moreover, this
output is similar to Asiedu et al. (2021) who also exam-
ined that the high usage of non-renewable energy results
in increased production that enhances economic growth.
Finally, the results also revealed that the increased FDI
has a positive impact on the country’s economy because
the high FDI enhance the country capacity to produce
and has a positive impact on economic growth. This out-
put is matched with Ito (2017) who also investigated that
the high FDI affect the country’s economic grooming.
In addition, this result is also similar to the Nawaz et al.
(2021a, b), who also revealed that the high FDI reduces
the country’s economic growth.

The results indicated that FDI has a positive impact on
economic growth. These results are in line with Sultanuz-
zaman et al. (2018), which show that the countries where
policies are made and implemented to encourage for-
eign entities to invest enjoy progress in all the economic

Table 8 Results of panel causality test

Developing countries

P-value
0.000
0.030

Stats

HO

5.6123
5.0093

REN does not homogenously cause GDP

GDP does not homogenously cause REN

0.041

2.8840
9.6195
5.5560
1.5106
1.0920
6.9019
5.8921
1.0902

NREN does not homogenously cause GDP

0.000
0.013

GDP does not homogenously cause NREN

FDI does not homogenously cause GDP

0.090

GDP does not homogenously cause FDI

0.134
0.000
0.005

EXP does not homogenously cause GDP

GDP does not homogenously cause EXP

PG does not homogenously cause GDP

0.105

GDP does not homogenously cause PG
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sectors related to human capital development and capital
formation. So, it creates physical and human resources
for the economy and let it get a high rate of growth. These
results are also supported by Erdogan et al. (2020), which
indicates that FDI increase contributes to the financial
resources of the companies within the country. With the
increased financial resources, firm management improves,
and business operations can be carried on effectively.
Hence, individual firms’ economic performance con-
tributes to the country’s economic growth. The results
revealed that exports have a positive impact on economic
growth. These results agree with Igbal et al. (2022), which
highlight that by encouraging exports from the country,
improvement is brought in the productivity of factors of
production. Thus, economic growth is accelerated with the
improvement in the production performance of individual
businesses. These results are also supported by Gizaw
et al. (2022), which examine that with the rise in exports,
the government and individual businesses can generate
earnings in the foreign exchange, which they could use for
the improvement of business practices. Hence, the increase
in exports increases the country’s economic growth.

The results indicated that population growth has a
positive impact on economic growth. These results match
with Nkalu et al. (2019), which proclaim that human cap-
ital improvement depends on the country’s population
growth. When the population growth is high, the coun-
try makes rapid economic growth. These results are also
supported by Regmi and Rehman (2021), which stress
the same notion that in the country where the popula-
tion growth is high, the economic activities are greater
in number, and there is fluency in the undertaking of
these practices. So, the country is likely to progress in
the overall production of goods and services. That is why
the increase in production enhances economic growth.

Conclusion

In the current energy economics literature, the efficiency
of renewable energy in balancing economic growth and
environmental quality is becoming a hot topic. Therefore,
the present study presented an analysis of the impact
of renewable and nonrenewable energy on economic
growth. Our study is based on 80 developing economies
belonging to all four income groups, i.e., lower middle
income, low income, middle-, and high-income develop-
ing economies. Panel data from 1990 to 2020 has been
analyzed through FMOLS, DOLS, and FE-OLS estima-
tions. Heterogeneous linear estimate approaches show

@ Springer

variability in coefficient magnitude while remaining
close to the size determined by the various specifica-
tions. To comply, we use the MMQR method to assess
the diverse effects of the independent variable across a
wide quantile range in the conditional allocation of GDP.
Results show that using both types of energy positively
affects economic growth in FMOLS, DOLS, FE-OLS,
and MMQR. A positive effect of FDI on GDP has been
observed in three estimations. The growth hypothesis
exists at all quantiles in terms of renewable energy con-
sumption and only at lower quantiles (0.10-0.30) for the
consumption of non-renewable energy in developing
countries. Thus, the current article concluded that the
developing countries had used both renewable and non-
renewable energy, which is the reason for their positive
impact on economic growth. In addition, this study also
concluded that the developing countries also produce
high FDI, which is the reason for the positive impact on
the economic growth.

Policy implications

Overall, our findings suggest that developing-country
policymakers should prioritize investments in the renew-
able energy industry, which helps increase energy self-
sufficiency and produce long-term employment and
economic growth. Countries need to accept economic
and technical support from wealthy countries to achieve
this goal. On the other hand, governments in developing
countries are required not only to construct renewable
energy systems but also to expand them (such as wind,
solar, small-scale biomass, and hydro plants) according
to climatic and geographical conditions. However, fossil
fuel taxes and incentives are also being used to boost
the renewable energy sector (tax exemption, subsidies,
feed-in tariffs). Currently, the most important policies
for promoting renewable energy are subsidies for manu-
facturing and importing alternative sources of energy,
provision of loans at lower rate of interest to start and
adopt this technology, and permitting the exchange of
agreements to produce electricity from these sources.
Fixing tariffs and ensuring price assurances for clean
and green power generation are also important aspects of
these strategies. The current article also recommended to
the regulators that they should establish policies related
to reducing FDI and exports that significantly impacted
the country’s economic growth. The study also suggested
that the authorities should focus on renewable energy
consumption to reduce non-renewable energy consump-
tion, which leads to high economic growth.
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Appendix
Table 9.

Table 9 List of 80 developing countries belonging to all income groups

Afghanistan  Burundi Congo, Repub- India Myanmar Armenia Turkey Montenegro Chile Jamaica
lic
Burkina Faso Malawi Rawanda Indonesia  Lesotho  Bostwana St. Lucia Moldova Croatia Brazil
Chad Madagascar  Sudan Comoros  Nepal Argentina Russian Federa- Malaysia Uruguay Fiji
tion
Liberia Niger Angola Iran Pakistan ~ China Thailand Bahamas Saudi Arabia Grenada
Mali Sierra Leone Algeria Mongolia  Zambia Colombia Tonga Bahrain KoreaRep  Peru
Mozambique Togo Bangladesh Senegal Nigeria Gabon Paraguay Seychelles Oman Jamaica
Uganda Korea Bhutan Sri Lanka Nicaragua Mauritius Panama Brunei Darus-  Taiwan St.Lucia
salam
Guinea South Sudan Bolivia Philippines Albania ~ Guyana  Mexico Kuwait Haiti Maldives
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