
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rero20

Economic Research-Ekonomska Istraživanja

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/rero20

Novel research methods to evaluate renewable
energy investment and environment: evidence
from global data

Xiangchen Yan

To cite this article: Xiangchen Yan (2023) Novel research methods to evaluate renewable
energy investment and environment: evidence from global data, Economic Research-
Ekonomska Istraživanja, 36:2, 2124430, DOI: 10.1080/1331677X.2022.2124430

To link to this article:  https://doi.org/10.1080/1331677X.2022.2124430

© 2022 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 04 Oct 2022.

Submit your article to this journal 

Article views: 350

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=rero20
https://www.tandfonline.com/loi/rero20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1331677X.2022.2124430
https://doi.org/10.1080/1331677X.2022.2124430
https://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/1331677X.2022.2124430
https://www.tandfonline.com/doi/mlt/10.1080/1331677X.2022.2124430
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2022.2124430&domain=pdf&date_stamp=2022-10-04
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2022.2124430&domain=pdf&date_stamp=2022-10-04


Novel research methods to evaluate renewable energy
investment and environment: evidence from global data

Xiangchen Yan

School of Economics and Finance, Xi’an Jiaotong University, Xi’an, China

ABSTRACT
The global economy is facing a severe threat of global warming
and climate change, where the primary cause of these issues is
regarded as the carbon dioxide emissions. To eradicate such issues,
this study tends to explore the global energy use, economic
growth, renewable electricity and carbon emission throughout
1990–2020. Using various time-series econometric specifications,
this study validates the stationarity of all these variables for the
long-run estimations. Besides, this study detects the issue of data
non-normality, due to which this study opted the novel and effi-
cient quantile-on-quantile regression. The estimated outcomes
asserted that energy use and economic growth significantly and
severely enhance global carbon emissions at higher quantiles,
whereas the magnitude of the influence is found weaker in the
lower and lower-middle quantiles, thus validating energy use and
economic growth as the factors of increased environmental deg-
radation. On the contrary, renewable electricity significantly
reduces the carbon emissions level only in the lower as and middle
quantile, while the influence non-negative at the higher quantiles.
This study recommends the use of renewable energy, increase
renewable’s investment, research and development, adoption
energy efficient approaches to reduce fossil energy.
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1. Introduction

Economic growth stability, environmental degradation, and energy use are among the
top issue for all economies across the globe. The fifth report of the
Intergovernmental Panel on Climate Change (IPCC) in 2013 stated that global cli-
mate change would have a strong and considerable influence on national economic
and social development. Likewise, the report believed that carbon dioxide (CO2)
emissions via the combustion of fossil fuels were the primary driver of climate change
and global warming. More than a hundred nations have signed the ‘Kyoto Protocol’
in 1997, which established the objectives of CO2 emissions reduction for the major
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industrialised economies in order to preserve mankind from the global warming
threat (Shahzad et al., 2021). Developing and/or emerging economies perceive car-
bon-intensive energy limits as harmful to their attempts to expand their economies,
implying that industrial or developed economies should enhance funding for initia-
tives to counteract global warming caused mostly by their industrial processes
(Shahbaz, Hye, et al., 2013; Wang et al., 2021). Since the world economy’s growth
and prosperity is becoming heavily dependent on carbon-intensive energy, limiting
energy usage or a reduction in power supply has major implications for income.

Controlling CO2 emissions in oil-producing emerging nations, where natural gas
and petroleum consumption and production are the important driving force of eco-
nomic development, maybe difficult since it may ultimately impede the growth of the
economy (Shahbaz, Tiwari, et al., 2013). Additionally, exogenous shocks such as pro-
duction quotas and oil prices cause structural changes in the production as well as
utilisation of petroleum products, resulting in an uneven reaction of growth and
related environmental degradation, the implications of which vary by country
(Awodumi & Adewuyi, 2020). Still, the global economic growth is reported as 3.7%
as of 2018 just before the Covid-19 pandemic (World Economic Outlook, 2020).
Also, the International Energy Agency revealed that demand for energy raised by
2.3%, which is recorded as the fastest pace of the decade. This further pushes growth
of energy-related carbon emissions by 1.7%, which harms the globe’s environmental
quality due to its contribution to global warming.

As a matter of fact, the literature widely emphasises on the adverse impact of
increased economic growth on energy consumption enhancement, which leads to
environmental degradation and climate change via enhancing CO2 emissions.1 Still,
economies are hesitant to minimise pollution at the expense of higher income. In
other terms, continued economic progress is dependent on greater energy consump-
tion, which leads to higher CO2 emissions. Based on such persistency of the environ-
mental issue, this study observed the exploration of the stated problem for various
time series (country level) and panel economies (Ghazouani et al., 2020; Shahzad,
Ferraz, et al., 2022). However, very limited attention has been paid to the prevailing
issue from a global perspective, which motivates this study to empirically examine the
stated problem at a wider scale. Therefore, this study tends attract the scholars atten-
tion towards the hidden facts about the association of CO2, economic growth, and
non-renewable energy consumption at a global level (Shahzad, Elheddad, et al., 2022).

Nonetheless, the scholars have identified economic expansion and energy utilisa-
tion as the primary drivers of increased CO2 emissions level. Yet, the scholars and
policy-makers believe that the use of renewable energy resources could overcome the
issue of an increased level of CO2 emission while rebalancing economic growth in the
world (Balsalobre-Lorente, 2018; Gielen, 2019). To be more specific, renewable energy
can be produced by utilising the renewable natural resources such as solar, hydro,
geothermal, etc. where generally renewable electricity is produced. Further, this
renewable energy could be used in various industrial and manufacturing sectors,
which could fulfil the energy requirement and reduce the use of traditiona fossil fuel
and natural resources extraction. Besides fulfilling the energy need, renewable energy
also helps in reducing the emissions level (Gielen, 2019). As a result, the growth of
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renewable energy has caught the interest of many countries, particularly the devel-
oped countries. In particular, the climate and energy framework European Union
established 2030s objectives for increasing renewable energy contribution (at least 32
percent) and encouraging energy efficiency (at least 32.5 percent) . Indeed, the growth
of renewable energy is regarded as one sound solution for reducing CO2 emissions
and achieving sustainable development goals (Lee, 2019). Yet, the authors observed a
wide gap in the scientific research regarding the global level research although various
studies have attempted to provide empirical evidence for countries and groups of
countries. However, this study feels that these results are insufficient for a global level
policy implication and need further research for appropriate and timely implications
for controlling such global level issues.

This study aims to analyse the global level environmental conditions in response
to the total energy used. Since the existing studies in the literature have widely antici-
pated in the country level or a panel level analysis of the association. However, the
primary aim of this study is to investigate the global level data, which is quite a novel
research area and contribution to the existing studies by analysing the most updated
available dataset. Another aim of this study is to examine the influence of global eco-
nomic growth on the global CO2 emissions. Since the global economy is rapidly
increasing since the last few decades. However, along with the economic growth, it is
observed that the increased economic growth is more diverted towards the develop-
ment of industrial sectors across the globe, where the use of non-renewable energy is
more common. On the other hand, some developed economies have initiated projects
for curbing environmental degradation and promoting environmental quality.
However, such use of renewable energy is yet to develop at a mega level. Therefore,
this study also aims to analyse whether renewable electricity could influence the
environmental quality of the globe. Following the said objective, it could be men-
tioned that this study is a novel contribution to the existing literature since it enables
scholars and policy-makers to adopt and implement policies for global concern,
rather than the country-level policies.

The remaining study is organised in four sections: where Section-2 provides review
if relevant literature covering all the variables under consideration; Section-3 presents
data and methodology used to obtain empirical results; the obtained results are pre-
sented and discussed in Section-4; Section-5 represents the conclusion and policy
implications.

2. Literature review

This section deals with some shreds of literature review related to the research. For
topic clarity, it comprises three parts to understand the association between carbon
emissions and energy use, economic growth, and renewable electricity.

Saboori and Sulaiman (2013), in their research, states that there is bi-directional
causality between carbon dioxide emissions and energy consumption in all five
ASEAN economies. In the short run, energy consumption causes carbon emissions;
increasing consumption levels lead to increased emissions. In the long run, it is the
inverse that increasing carbon emissions lead to higher consumption levels
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(Chontanawat, 2020). Zou and Zhang (2020), in their case study of the Chinese thirty
regions, investigated the carbon emissions, energy consumption, and economic
growth for the year 2000 to the year 2017. They determined that energy consumption
and carbon emissions are interconnected, due to which there exists a negative spill-
over effect on carbon emissions in the provinces of the country. Their empirical out-
comes show a statistically positive impact on the emissions while negative spillover
impacts the surroundings. They concluded that energy consumption is an important
factor in determining the positive association. Another novel study of ten Central &
Eastern European countries from the year 2000 to 2017 estimated the bi-directional
causality among GDP growth and the variables of financial development. The authors
stated that rising financial development leads to increasing Carbon emission dis-
charge. There is a positive and significant impact on energy consumption in CO2

emissions (Manta et al., 2020). Golove and Schipper (1997) analysed the historical
trends for carbon emissions and energy consumption. They suggested that the high
levels of economic activity led to increased emissions. Increasing urbanisation has
created rising demand for energy. Several studies highlighted that energy consump-
tion and emissions usually came from households. Due to this, household emissions,
including carbon and GHG (Greenhouse Gas), have constantly increased. They con-
cluded that carbon behaviour and socioeconomic conditions directly or indirectly
impact household emissions (Rafique et al., 2022; Zhao et al., 2022). They emphasised
that education and effective government policies can be effective in reducing those
emissions in high-risk areas (Ye et al., 2017). Additionally, another statistical analysis
of the next eleven economies depicted the causality between carbon emissions, energy
consumption, and the economy’s growth. In the case of the United States, the authors
found a Granger cause of energy consumption on carbon emissions respectively
(Shahbaz et al., 2016).

Mardani et al. (2019), in their review study of 175 articles, applied the meta-ana-
lysis PRISMA method for analysing the association between carbon emissions and
economic growth. It is a comprehensive overview of research articles that illustrates
the bi-directional causality of economic growth trends and carbon dioxide emission
from the year 1995 to the year 2017. They stated that causality exists when economic
growth varies (increase or decrease), stimulating carbon emissions at high or low lev-
els. However, a potential decrease in emissions might have opposed impact on the
growth of the economy. Acaravci and Ozturk (2010), in their study, applied the
autoregressive distributive lag (ARDL) approach to determine the casual association
among carbon emissions, economic growth, and energy consumption. There is a
positive association between GDP growth and carbon emissions in the long run and
a negative association between carbon estimates and per capita GDP growth square.
Further, the findings validate some countries’ environmental Kuznets (EKC) hypoth-
esis. In a time-series analysis of carbon emissions and economic growth of the next
eleven countries for the period of 1972 to 2013. The paper emphasises that changes
in economic growth policies and other advancements in the country cause changes
among the variables (Shahbaz et al., 2016). In the case of India, a novel study from
the period of 1971 to 2006, Ghosh (2010) investigated that there is only short-run
causality (unidirectional) between economic growth to supply of energy to carbon
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emissions while there isn’t any casualty between variables in the long-run analysis.
Another research depicted that the economic growth of a country increases carbon
emissions and there is an N-shaped EKC association between them (Balsalobre-
Lorente, 2018). Antonakakis et al. (2017) examined the dynamic inter-association
between carbon emissions, GDP, and energy consumption in 106 countries. They
concluded that continuous growth of the economy escalates GHG emissions. Saboori
and Sulaiman (2013) investigated the non-linear but significant effect of economic
growth and carbon emissions in Thailand and Singapore, indicating that income con-
tribution is less towards carbon emissions over time. The findings were mixed for dif-
ferent countries due to different levels of economic development. Further, they
insisted that economic growth is not a solution to decrease carbon emissions in some
countries. The Granger causality tests in ASEAN countries and unidirectional causal-
ity existed from emissions to economic growth in the long run (Lean & Smyth,
2010). Models were tested to analyse the environmental Kuznets hypothesis and
authors recommended that economic growth does not reduce emissions or consump-
tion of energy that causes environmental problems (Richmond & Kaufmann, 2006).

Since the issue of carbon emissions prevails in the last few decades, therefore, stud-
ies have suggested renewable energy as remedial measure for reduced emissions and
environmental recovery (Cai et al., 2022; Luan et al., 2022; Qin, Hou, et al., 2021;
Qin, Raheem, et al., 2021; Shahzad et al., 2021). The recent strand of literature exten-
sively explores the role of renewable energy and renewable electricity in the environ-
mental quality. Also, clean environment even helps in reducing the human health
related issues in the pandemic period (Sharma, Tiwari, Jain, et al., 2021). For
instance, the recent study of Sharma, Tiwari, Erkut, et al. (2021) explored that renew-
able energy although enhances environmental sustainability, still, development of
renewable energy decline economic growth of the 27 European Union countries.
Also, renewables help in reducing the harmful impact of pesticides, which is a major
contributor of GHG emissions. Two-thirds of global energy demand can be supplied
by renewable energy and can help in reducing GHG emissions (Gielen, 2019).
Renewable electricity consumption, natural resources, and energy revolution enhance
environmental conditions. There is a negative association between renewable electri-
city energy and carbon dioxide emissions. This stresses paying more attention to
renewable energy consumption towards improving environmental quality. Germany,
France, Italy, and United Kingdom has made significant improvement in this regard.
Moreover, the econometric outcomes support the concept that natural resources and
renewable energy reduce carbon emissions, depicting an inverse association between
them (Balsalobre-Lorente, 2018). Gielen (2019) stated that transition towards renew-
able energy from conventional energy is necessary for socio-economic advantages and
reduction of carbon and GHG emissions worldwide. Further, the increasing transmis-
sion towards renewable electricity will increase the supply of renewable resources to
meet the global energy demand. Renewable energy is crucial for reducing carbon and
GHG emissions. Robalino-L�opez et al. (2014), in their study elaborated the model for
carbon emissions from the year 1980 up to the year 2020. They suggested that carbon
emissions can be controlled if there is enough increase in the Gross domestic product
along with the renewable energy usage plus prolific fossil fuel technology. The study
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claimed that carbon is the crucial contributor to GHG emissions. In another notable
research in the case of China, which is efficient in adopting renewable green energies
and is becoming a world leader in deploying and investing in green energies in the
future, Centre for strategic and international studies (CSIS). China has approved goals
for renewable electricity development (Chiu, 2017). According to Qi et al. (2014),
long-term emission targets prevent emission leakage in the country (China). They
have an increasing contribution in non-fossil fuel energy for reducing carbon emis-
sions. Furthermore, the authors investigated that carbon emissions and renewable
energy has an inverse relationship. Every 1 percent increase in renewable energy leads
to decreased carbon emissions (Zheng et al., 2021). They applied the quantile regres-
sion and the findings depicted that the direct effect of energy on emissions is less
than the indirect effect that GDP influences the GHG emissions.

Following the above literature strand, this study noted that the available literature
provides contradictory findings in terms of the nexus between carbon emissions and
economic growth; where several studies claimed that positive association, while other
argued the negative impact between them. Besides, all the studies are observed biased
regarding the association between fossil fuel energy consumption and carbon emis-
sions by utilising traditional approaches. Therefore, there is a need for exploring the
said nexus via novel approach. Moreover there is limited literature available regarding
renewable electricity, where the literature completely ignores the global case. In this
context, the current study tends to explore the association between these variables at
a global level.

3. Data and methodology

3.1. Theoretical framework and data

The global economy is rapidly expanding, and it is anticipated that this expansion
will continue over time. Several economies throughout the world are dependent on
agriculture, with agriculture being the primary dominating industry in these nations.
However, owing to the recent resurgence of the industrial sector, agricultural land is
diminishing. In addition, high population growth promotes deforestation. Increases in
economic development and industrial sector energy use lead to environmental deteri-
oration. The global economy is confronted with a tremendous energy demands,
which is typically met via the utilisation of conventional energy sources. Such energy
sources release CO2, which contributes to the degradation of the environment.
Whereas environmental deterioration affects the global environment and human
health, since it is an universal challenge. As a matter of fact, massive quantities of
GHG emissions, such as CO2, methane, and nitrous oxide, are to blame for environ-
mental damage. CO2 emissions are increased by the everyday usage of fossil fuels,
enormous smoke releases from industries, and the utilisation of wood as a source of
energy. Emissions of CO2 have consequences for the economy and other industries,
like forestry and agriculture among others. On the other hand, renewable energy is
regarded as a promising tool to recover from the increased pollution and CO2 emis-
sions level. For instance, the in the developed economies, the budget helps in financ-
ing the renewable energy sector, which is used to replace the traditional energy sector
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such as coal, oil, and natural gas. Specifically, the renewable energy sector help econo-
mies to accomplish their energy need from the renewable energy resources – gener-
ally known as renewable electricity. As a result, the pollution intensive industries are
replaced by energy efficient, technologically advanced, and renewable energy resour-
ces. Consequently, the extraction of natural resources dropped down and so is the
consumption of such resources. Thus, the level of CO2 emissions, which is directly
linked to the consumption non-renewable energy resources reduces and the economy
tends to achieve environmental sustainability and carbon neutrality. Besides, the lit-
erature also provides evidence regarding the beneficial role of renewable energy on
environmental quality and sustainability.

Based on the theoretical underpinning and objectives of the study, the current
research used four variables, where the focus variable is the global environmental quality
and captured by CO2 emissions. The scholars and researchers are focussed on control-
ling CO2 emissions since it is considered the primary factor of climate change, global
warming, and environmental degradation (Sarwar et al., 2019; Shahzad et al., 2021). The
variable CO2 is emissions due to the combustion of fossil fuel and is measured in kilo-
ton (kt) The world economy is observed as rapidly increasing over time, which moti-
vates the industrialists and investors to invest in the industrial sectors’ expansion.
Therefore, the industrial sector is more biased towards the use of non-renewable energy,
which could enhance the global CO2 emissions level. In this sense, current study uses
economic growth – captured by gross domestic product (GDP) measured as constant
US$2015 and energy use measured as kilowatt-hours (kWh). Moreover, the existing
studies demonstrated that renewable energy could be used as a remedial measure to
reduce environmental pollution (Balsalobre-Lorente, 2018; Gielen, 2019; Qi et al., 2014),
where renewable electricity is a primary factor. Therefore, this study uses electricity
from renewable energy ELREC, measured as a percentage of the total energy used. Data
for all the variables are obtained from the World Development Indicators of World
Bank (2022), covering the period from 1990 to 2020.

3.2. Data normality and descriptive statistics

In order to empirically analyse the time series data, we firstly provide the data in a
summarised form. Specifically, the descriptive statistics for all the variables are calcu-
lated, including mean, median, and range (maximum and minimum) values. Besides,
the deviation of observations from the mean values is also calculated – termed as
standard deviation and indicates volatility in a variable throughout time. In addition,
the data normality is also analysed, for which the skewness and Kurtosis are utilised.
However, the comprehensive measure for data normality is the Jarque and Bera
(1987) normality test, which undertakes both the skewness and excess Kurtosis to
indicate whether the data is regular or irregular. The standard equation form of the
said test is given as:

J:B ¼ N
6

S2 þ ðK�3Þ2
4

� �
, (1)
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This test holds the null hypothesis that skewness and Kurtosis are equal to zero.
However, the statistically significant estimate could lead to adopting an alternative
hypothesis (non-normal distribution of the data.

3.2.1. Unit root testing
Stationarity in time series is a conventional issue in the econometric investigation. Before
estimating the empirical model, it is important to analyse the stationarity or presence of
unit root of the time series. In applied econometric analysis, conventional approaches are
based on the normality proposition, indicating that the mean as well as variance are per-
sistent across time (Khan et al., 2020). However, some numerous economic factors and
indicators follows the property of non-normality or irregular distribution – referred to be
the unit root component. However, in the non-stationary data, the conventional estimating
approaches such as ordinary least square regression provides inaccurate and biased esti-
mates. In this regard, the Dickey and Fuller (1979) proposed augmented Dickey-Fuller
(ADF) unit root specifications, which is employed in this research work. This particular
test is used to confirm the stationary property of all variables.

3.2.2. Quantile-on-quantile (QQ) regression
Current study employed QQ specification as per the suggestions and explanations of
Sim and Zhou (2015). This technique is the generalisation of traditional quantile
regression approach that analyzes the influence of one variable’s quantiles over
another variable’s quantiles. The QQ approach further combines two techniques,
firstly, quantile regression – analyse the influence of regressors on the response vari-
able and secondly, non-parametric analysis. At first, the quantile regression is sug-
gested by Koenker and Bassett (1978), which is an innovation to the conventional
OLS regression models, where the averages of variables are compared. On the other
hand, quantile regression may explain greater variance in quantiles, which allow
economists to predict with lower margin of errors. Additionally, as discussed and pre-
sented by Stone (1977) and Cleveland (1979), classical regression reduces dimension-
ality to satisfy linear models, causing a loss in prediction ability. Conversely, the
prediction power increases when the quantiles of regressors are contrasted to the
focus variable’s quantiles, as allowed by the QQ technique, since more variation is
explained between the constructs (Shahzad et al., 2017). A standard equation for a
non-parametric QQ regression model is as follows:

CO2, t ¼ bh vtð Þ þ lht (2)

The prior equation depicts a framework where the CO2 emissions are captures
environmental degradation of the country in the available time period captured by t.
Besides, vt is a vector that denotes a set of regressors separately, including GDP, EU,
and ELREC across the selected time. Moreover, h shows the hth quantile based on
the standard conditional distribution, which is CO2 emissions in this study. Besides,
the component lht indicates error term of the quantiles where the conditional hth is
proposed equal to zero. Lastly, the bh :ð Þ components of the equation are a unknown
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function due to lacking of information regarding the association between regressor(s)
and dependent variable.

The QQ technique is related to the total behaviour of the constructions while
examining the connection among multiple factors. In other words, whether positive
or negative, all shocks to the v have an identical influence on CO2 emissions. The
sort of disruptions in v, for instance, may be negative or positive, and the CO2 could
react non-uniformly or uniformly.

In order to evaluate the effects of hth quantile of CO2 on the sth quantile of vt,
the mentioned Eq. (2) is evaluated in conjunction with the vt applying regression
analysis. In addition, because bh :ð Þ is undefined, the predicted first-order Taylor
expansion function is shown below:

bh vtð Þ � bh vsð Þ þ b
�h vsð Þ vt � vsð Þ, (3)

where b
�h captures the partial derivatives of bh Xtð Þ for every single regressor – also

known as the marginal or response effect. Further, the parameters are double indexed
which as shown priorly in the Eq. (3): i.e., bh vsð Þ and b

�h vsð Þ stands for h and s,
respectively. Additionally, bh vsð Þ and b

�h vsð Þ are the functions of vs, which itself is a
function of s indicating that bhð:Þ and b

�hð:Þ are the functions of h and s: Moreover,
the function bh Xsð Þ and b

�h Xsð Þ may be consequently transformed to b1ðh, sÞ and
b2ðh, sÞ: Thus, the transformed version of Eq. (3) could be presented below:

bh vsð Þ ¼ b1 h, sð Þ þ b2 h, sð Þ vt � vsð Þ, (4)

where the prior mentioned equation could adopt the following form after adjusting
in the Eq. (2):

CO2, t ¼ b1 h, sð Þ þ b2 h, sð Þ vt � vsð Þ þ lht , (5)

(*)

where (�) below the prior equation indicates hth conditional quantile for CO2 emis-
sions. As mentioned earlier, the under discussion conditional quantile is different that
the traditional conditioned quantiles due to double indexing: b1 and b2 in terms of h
and s, that shows hth quantile of CO2 emissions with the sth quantile of v: The fluc-
tuations may be present in the among the hth quantiles of CO2 emissions and the sth
quantile of v, where no linear relation could be expected at a particular time between
the variables. Hence, Eq. (5) examines the total interconnectedness using the distribu-
tion-based dependencies of the variables under consideration. Additionally, in the
under-discussion equation, the parameters vt and vs may be replaced with their pre-
dicted complements, i.e., v̂t and v̂s , respectively. Thus, b1 and b2 are the predicted
coefficients of the linear regression, which could be estimated via b1and b2 and can
be analysed through the minimisation problem given as:

minb1, b2

Xn
i¼1

qh CO2, t � b1 � b2ðv̂t � v̂sÞ
� �

� K
Fn vtð Þ� s

h

� �
, (6)
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where qhðuÞ illustrates the quantile loss, which may be explained as qh uð Þ ¼
u h� I u > 0ð Þð Þ, and ‘I’ is the function represents unusual indicators. Moreover, K(�)
reveals the kernel function where h captures the kernel bandwidth parameters.

In the current study, we utilised the Gaussian kernel to examine the weight of the
vs neighbourhood, which is a widely studied, popular and used kernel functions in
the fields of economics as well as finance. Beside the benefit of being symmetric, this
function has an advantage of simple to use and analyse, where lower weights are
allotted to further observations. The mentioned distances and weights between the
function’s distribution of v̂t is here negatively related, which is presented as Fnðv̂tÞ ¼
1
n

Pn
k¼1 Iðv̂k > v̂tÞ, where the distribution function’s value deals with the quantile of

v̂s , captured by s:

3.2.3. Frequency domain causality test
This study also aims to assess the causal effects of economic growth, energy use, and
electricity from renewable energy on global CO2 emissions at different frequencies. In
this sense, the frequency domain causality test developed by Breitung and Candelon
(2006) is used in this investigation. This test extends the earlier work of Geweke
(1982) and Hosoya (1991). The key contrast here between frequency domain and
time-domain techniques is that the ‘time-domain’ approach indicates whether a given
fluctuation exists within a time-series, while the ‘frequency-domain’ method evaluates
the degree of a specific variability in time-series (Gokmenoglu et al., 2019). As per
Breitung and Candelon (2006; hereafter B.C), the frequency domain eliminates sea-
sonality-based variations inside the small sample. Additionally, the B.C frequency
domain testing may detect nonlinearities, causal cycles, and causalities among tem-
poral components at both frequencies, i.e., low and high (Guan et al., 2020). In other
terms, the B.C. frequency domain causation test distinguishes between long-run (per-
manent) and short-run (temporal) causality across time-series.

The econometric equation for the B.C frequency domain analysis is as follows: let
Xt ¼ Ht , Ct , Dtð Þ, where X t reflects the three-dimensional vector of endogenous
and stationary observed variables at time (t ¼ 1, . . . ,T). The proposition of this study
is that Xt has a finite order VAR interpretation, which is described as below:

h Lð Þ:Xt ¼ et, (7)

where hðLÞ is a 3� 3 lagged polynomial with p-order and presented as h Lð Þ ¼
I � h1L1 � . . .� hpLp, having LkXt ¼ Xt�k: Further, the residual term is depicted
with et via following the white noise and expected as zero and et:�et ¼

P
: It is

important to note that
P

is symmetric as well as positive. Following the study of
Breitung and Candelon (2006), there are no deterministic terms involved in the pri-
orly mentioned equation.

Since
P

is symmetric as well as positive, yet the Cholesky decomposition occurs
�G:G ¼ P�1: Here, the lower triangular and the upper triangular matrix are depicted
by the component G and �G, respectively. In this case, E gt:�gtð Þ ¼ I, whereas gt ¼
G:et: The MA representation after following Cholesky decomposition could be
expressed as:
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Xt ¼
Ht

Ct

Dt

2
4

3
5 ¼ h Lð Þ:et ¼

h11ðLÞ
h21ðLÞ
h31ðLÞ

h12ðLÞ
h22ðLÞ
h32ðLÞ

2
4

3
5 e1t

e2t
e3t

2
4

3
5, (8)

Xt ¼
Ht

Ct

Dt

2
4

3
5 ¼ W Lð Þ:gt ¼

W11ðLÞ
W21ðLÞ
W31ðLÞ

W12ðLÞ
W22ðLÞ
W32ðLÞ

2
4

3
5 g1t

g2t
g3t

2
4

3
5, (9)

From the prior equations, / Lð Þ ¼ hðLÞ�1 and W Lð Þ ¼ / Lð ÞG�1: Using the repre-
sentation, the spectral density of Ht may be presented as:

fH xð Þ ¼ 1
2p

f W11 e�ixð Þ�� ��2 þ W12 e�ixð Þ�� ��2 (10)

where Ht could be depicted as the sum of two non-correlated processes of MA, as
illustrated in Eqs. (8) and (9), the intrinsic component motivated by the prior imple-
mentation of Ht and the elements carrying the predictive capacity of the Ct and Dt

factors. At every specific frequency x, the ability of prediction of the Ct and Dt char-
acteristics in relation to the forecasting component of the spectrum can be deter-
mined only using the fundamental component. The null hypothesis of no Granger
causality is examined in the series. For instance, Ct does not Granger cause Ht at fre-
quency if the predicting element of the Ht spectrum at frequency x is zero. This
improves Geweke (1982) and Hosoya (1991) causality tests for the ‘x’ and ‘y’ parame-
ters, expressed as follows:

Mx!y xð Þ ¼ ln
2pfy xð Þ

W11 e�ixð Þ�� ��2
" #

(11)

¼ ln 1þ W12 e�ixð Þ�� ��2
W11 e�ixð Þ�� ��2

2
4

3
5 (12)

When W12 e�ixð Þ�� ��2 ¼ 0, the prior equation associated to the measures of Geweke
will be zero.

4. Results and discussion

The section of empirical results is initiated with descriptive statistics and the normal-
ity estimates as reported in Table 1. Specifically, the mean and median values for all
the variables are found positive and have a small difference between the two. This
indicates that all the variables are moving progressively. In their words, economic
growth is in the increasing trend along with the increasing energy use, CO2 emis-
sions, and electricity from renewable energy globally. This statement is also noted
from the range values of the variables, which are also found positive. Besides, the
standard deviation of the variables is also provided that demonstrates volatility in a
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particular variable or the deviation of observation from the mean value. In this sense,
the standard deviation of the standard deviation for GDP (2.04E13) is noted as the
highest of all variables, followed by CO2 emissions (5678957.0), energy use (197.3034)
and the smallest deviation in electricity from renewable energy (2.137490). Besides,
the parameters for indicating normality of the variables are also evaluated, where the
statistics for skewness and Kurtosis are provided in the under-discussion table.
However, this study employed the Jarque and Bera (1987) normality test that allows
for skewness and excess Kurtosis at the same time. The empirical findings ofthe
Jarque-Bera test reveals that the probability values for GDP, CO2 emissions, and EU
are insignificant, while significant only for ELREC, which rejects the null proposition
of normal distribution of data. Hence, only ELREC is found irregularly distributed,
whereas GDP, CO2 emissions, and the EU are normally distributed.

In order to empirically analyse time series data, stationarity is a traditional issue to
deal with. In this sense, current study utilised the Dickey and Fuller (1979) proposed
ADF unit root testing specifications and the empirical results are provided in Table 2.
The results indicate that only GDP is stationary at level [I(0)], while other variables
are non-stationary at level. Therefore, this study tested the stationarity at first differ-
ence [I(1)], which leads to the rejection of null (presence of unit root). Hence, the
significant estimates asserted that CO2 emissions, EU, and ELREC is stationary. Thus,
the stationary data allows the current study to analyse the association between the
variables under-consideration empirically.

Since the Jarque and Bera (1987) estimates reveal that the variables follow a mixed
path regarding distribution. Therefore, current study used the QQ regression that
deals with the irregularity issue of time series. Figure 1 depicts a graphical representa-
tion of the relationship between EU and global CO2 emissions. According to Xu
et al. (2021), the deeper blue colour represents a smaller coefficient value of impact,

Table 2. Unit root test.
Augmented Dicky-Fuller unit root test

Variables I(0) I(1)

CO2 �1.902 �5.746���
GDP �3.218� –
EU �2.676 �6.861���
ELREC �2.506 �6.250���
Note:

�
is 10% significance level, �� is 5%, and

���
is 1%. I(0) is level data and I(1) is for first difference.

Source: author’s own estimations on the data extracted from the given sources.

Table 1. Descriptive statistics and normality test.
GDP CO2 EU ELREC

Mean 4.58Eþ 13 24405818 1630.424 2.087084
Median 4.10Eþ 13 22451917 1625.123 1.203530
Maximum 8.46Eþ 13 34041046 1919.992 6.765609
Minimum 1.80Eþ 13 15272289 1337.612 0.246678
Std. Dev. 2.04Eþ 13 5678957.0 197.3034 2.137490
Skewness 0.445902 0.450680 0.132168 1.136240
Kurtosis 1.925223 1.871232 1.580755 2.775172
Jarque-Bera 4.225996 4.520895 4.515617 11.29855
Probability 0.120875 0.104304 0.104579 0.003520

Source: author’s own estimations on the data extracted from the given sources.

12 X. YAN



while the heavier red colour represents a greater magnitude value of regressor on the
focus variable. The results of the said figure demonstrate a positive association
between EU and CO2 emissions across the quantiles. However, the magnitude value
is different throughout different quantiles. However, the magnitude value of EU is
positive in lower, medium and higher quantiles. Whereas the lower quantiles asserted
that lower energy use is related to lower CO2 emissions, the higher quantile asserted
that, the higher use of energy leads to higher emissions of CO2 globally. Such find-
ings are consistent to the earlier study of Golove and Schipper (1997) as well as the
recent studies of Chontanawat (2020), Zou and Zhang (2020), and Manta et al.
(2020) for various developed and developing regions. The primary contributor to
urban air pollution is the release of air contaminants from the burning of fossil fuels.
The biggest cause of greenhouse gas emissions is also the combustion of fossil fuels.
There is a fixed chance that oil will leak during any petroleum handling activity,
either on land or in water, causing water pollution. Additionally, mining can contam-
inate water, which is an additional form of pollution to the environment.
Modifications in groundwater flow brought on by mining activities frequently expose
previously unpolluted streams to specific mineral substances that drain from the soil
and result in acid mine drainage. Another by-product of several kinds of energy use
is solid waste. Apart from the soil and water, the combustion of fossil fuel is regarded
as the driver of CO2 emissions in the atmosphere. It is well known that the industrial
sector in emerging as well as developed economies are run by the traditional non-
renewable energy, which is harmful in terms of increasing the pollution level and
contributes to the formation of GHGs. In this case, the primary reason for the posi-
tive association of energy use and CO2 emissions is that most countries across the
globe are more attributed to economic growth maintenance and sustainability, where
the industrial sector plays a substantial role in this regard. However, to run the indus-
trial sector, these economies heavily depend upon traditional fossil fuel consumption,
which is easy to use and produce. On the other hand, using such fossil fuel energy

Figure 1. Quantile-on-quantile regression for CO2 emissions and EU.
Note: The z-axis presents the coefficient values, the x-axis shows energy use, and the y-axis represents CO2 emissions.
Source: author’s own estimations on the data extracted from the given sources.
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sources significantly and adversely affects the global environmental quality via
increased CO2 emissions. However, the increased production level and industrial
expansion significantly promote non-renewable energy, which further fuel the CO2
emissions and leads to global level issues such as climate change, global warming,
and environmental degradation.

Figure 2 indicates QQ results for the association between global economic growth
and global CO2 emissions throughout the study time period. The findings demon-
strate a positive association between economic growth and CO2 emissions.
Nonetheless, the impact of economic growth is found heterogeneous across quantiles.
The findings asserted that the lower quantile of GDP exhibit lower impact on the
CO2 emissions. However, economic growth enhancement is positively associated with
the increased global CO2 emissions between 1990 and 2020. However, the higher
quantiles (0.7� 1) reported that economic growth enhancement significantly pro-
motes economic growth by 7.35–7.55%. These results are consistent with the existing
studies of Shahbaz et al. (2016) and Antonakakis et al. (2017) in a global sample of
106 economies. Enhanced economic growth significantly enhances the per capita
income level of all the countries across the globe. However, the enhanced income
level further increases the savings and investment at individual and aggregate levels.
Whereas an increase in the investment level is mostly devoted to the increase of
production level and the expansion of the industrial sector, which uses higher non-
renewable energy use to fulfil the energy requirements. Whereas such energy con-
sumption is a significant factor of CO2 emissions globally. Environmental degradation
is correlated with increased economic growth. When industrial activities rise in less
developed nations, more energy-intensive goods are produced and more pollutants
are emitted (Jiang et al., 2020). Losses from air pollution are mostly concentrated in a
limited number of industry sectors: the top four sectors (agricultural, utilities, produc-
tion, and transport) are responsible for even more than 75% of all air pollution-

Figure 2. Quantile-on-quantile regression for CO2 emissions and GDP.
Note: The z-axis presents the coefficient values, the x-axis shows gross domestic product, and the y-axis represents
CO2 emissions.
Source: author’s own estimations on the data extracted from the given sources.

14 X. YAN



related harm but only contributes slightly more than 20 percent of GDP.2 Thus, it is
concluded that enhancement in economic growth is a prominent factor of increased
environmental degradation. As per Saboori and Sulaiman (2013), economic growth is
the leading source of increased pollution levels, and it cannot be a solution for curb-
ing the emissions level.

A general perception is regarding the association of renewable energy consumption
and carbon emissions is that renewable energy and renewable electricity are the
promising factors of reduced CO2 and GHG emissions in the countries (Balsalobre-
Lorente, 2018; Gielen, 2019; Robalino-L�opez et al., 2014). The reduction of CO2

emissions and GHG emissions could significantly lead to the sustainability of envir-
onmental quality. However, the findings this study is contradictory in this sense. The
empirical outcomes for the association between electricity from renewable energy and
CO2 emissions are provided in Figure 3. The results suggested that enhancement in
the electricity from renewable energy does not significantly reduce CO2 emissions,
instead increases emissions. The primary reason for the positive association between
the two is that most of the global sample countries are developing and emerging
economies, where the ratio of renewable energy is much lower, relatively to a few
developed economies such as the USA and Japan. Therefore, renewable electricity
does not lower the global level CO2 emissions. Besides, the literature also shows a
lower direct effect of energy consumption on CO2 emissions than the indirect effect
of economic growth on the emissions level (Zheng et al., 2021). Further, the study
noted that at the lower and middle quantiles, renewable electricity is negatively
related to the CO2 emissions. In other words, renewable electricity generation signifi-
cantly reduces the pollution level in the initial stages. However, this significant impact
becomes insignificant and even transformed into positive association by preferring
higher economic growth over the environmental sustainability. The negative associ-
ation between the renewables and emissions is consistent to the existing literature of

Figure 3. Quantile-on-quantile regression for CO2 emissions and ELREC.
Note: The z-axis presents the coefficient values, the x-axis shows electricity from renewable energy, and the y-axis rep-
resents CO2 emissions.
Source: author’s own estimations on the data extracted from the given sources.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 15



Cai et al. (2022), Sharma, Tiwari, Erkut, et al. (2021), Gielen (2019), and Qi et al.
(2014). Thus, it is concluded that renewable energy could have a role in the reduction
of emissions level. Yet, the increased economic growth motivates the countries as well
as industries to expand and increase the production level via utilising the non-renew-
able energy sources, which is a primary source of increased pollution of the globe.

Since the QQ regression lacks the property of depicting the causal association
between the variables under study. Therefore, the current study employed the fre-
quency domain causality test suggested by Breitung and Candelon (2006). This test
captures the long-run, medium-run, and short-run causal impact of EU, GDP, and
ELREC on the global CO2 emissions. The estimated results obtained are reported in
Table 3. The empirical findings reveal that EU, GDP, and ELREC are significantly
causes CO2 emissions in all the runs (i.e., long-run, medium-run and long-run).
However, the significance level is heterogeneous across different runs. Specifically,
EU is noted to cause CO2 emissions in the long-run ðx ¼ 0:05Þ at 10% level of sig-
nificance, in the medium-run ðx ¼ 1:50Þ at 5% level, and in the short-run ðx ¼
2:50Þ at 10% level, which is also presented in Figure 4. These findings are consistent
to the findings of Saboori and Sulaiman (2013) and Manta et al. (2020) reveals
energy use significantly causes pollution emissions in the country. Therefore, it is
now validated that one of the primary reasons of increased CO2 emissions is the
non-renewable energy use. Besides, the causal impact of GDP on CO2 emissions is
more significant in the long-run than the medium-run and short-run. Therefore,
the impact of economic growth could be seen as more substantial and adverse in
the long-run, regarding environmental quality as depicted in Figure 5. Such findings
are consistent with the study of Mardani et al. (2019) and Ghosh (2010) that valid-
ate the short-run causality from economic growth to CO2 emissions. Lastly, the
ELREC is also found a significant factor in CO2 emissions from a global perspective.
Whereas the causal influence is highly significant in the medium- and short-run,
but less significant in the long-run, as shown in Figure 6. This demonstrates that
the short-run ELREC significantly promotes emissions due to the lower level of
renewable energy technologies and higher use of non-renewable energy. While in
the long-run, the significance level is reducing for increased CO2 emissions due to
the consistent development in technology, research and development, and renewable
energy use. Therefore, the CO2 emissions could be controlled by enhancing the use
of renewable energy.

Table 3. Frequency domain causality test (2006).

Causality
Long run

ðx ¼ 0:05Þ(p-value)
Medium Run

ðx ¼ 1:50Þ(p-value)

Short run
(x¼ 2.50)
(p-value)

EU ! CO2 5.0825
(0.0788)�

5.3017
(0.0164)��

5.5718
(0.0617)�

GDP ! CO2 6.4245
(0.0403)��

4.8706
(0.0876)�

5.0328
(0.0808)�

ELREC ! CO2 4.6108
(0.0997)�

18.6961
(0.0001)���

17.7353
(0.0001)���

Note:
�
,
��

and
���

indicates 10%, 5%, and 1% significance level.
Source: author’s own estimations on the data extracted from the given sources.
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5. Conclusion and policy implications

This study investigates the association of global energy use and environmental deg-
radation over the period of 1990–2020. This study also examines global economic
growth and global electricity from renewable energy to global environmental quality
captured by CO2 emissions. In this regard, time series approaches are used, where
the variables followed mixed order of integration regarding stationarity. Besides, the
Jarque-Bera normality test illustrates that some variables follow the normal

Figure 4. Frequency domain causality for EU and CO2 emissions.
Source: author’s own estimations on the data extracted from the given sources.

Figure 5. Frequency domain causality for GDP and CO2 emissions.
Source: author’s own estimations on the data extracted from the given sources.
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distribution property while others follow the abnormal distribution. This motivates to
utilise QQ regression to analyse the said nexus at various quantiles empirically. The
estimated results asserted that renewable energy’s economic growth, energy use, and
electricity significantly enhances global CO2 emission levels throughout the selected
quantiles. Interestingly, the estimates reveal that the magnitude of the influence is
stronger in the upper quantiles of the explanatory variables. Besides, this study also
utilised the time-frequency domain causality test, which validates a significant causal
impact from economic growth, energy use and electricity from renewable energy to
CO2 emissions. In other words, economic growth enhances the purchasing power of
consumers, per capita income, savings and investment level, which increases the pro-
duction level and industrial expansion. This process requires a high level of energy to
fulfil the requirements of production and industrial expansion requirements. Whereas
most of the global energy demand is fulfilled via non-renewable energy sources,
which produces pollution (CO2, GHG, and other emissions) and leads to global cli-
mate change, global warming and environmental degradation. Moreover, there are
fewer economies in the world utilising renewable energy while most of the regions
are fossil fuel energy intensive and dependent economies. As a matter of fact, the
influence of renewable energy electricity on CO2 emissions is positive, which is
alarming from a global perspective and needs immediate environmental recov-
ery policies.

Based on the empirical findings, this study suggests policies that could be advanta-
geous for global environmental sustainability. Firstly, policies are required that could
restrict dependency on pollution-intensive energy use. Instead, economies should
adopt energy-saving and energy-efficient approaches to reduce fossil fuel energy con-
sumption, which will help reduce carbon emissions in the region and promote envir-
onmental quality. Secondly, economic growth should be used as a factor of
environmental sustainability. Generally, the increased income level is dedicated to
increased production and industrial sector expansion, where traditional non-renew-
able energy is utilised to fulfil energy requirements. Therefore, policies are required
to promote investment in environmentally friendly energy resources and technologies

Figure 6. Frequency domain causality for ELREC and CO2 emissions.
Source: author’s own estimations on the data extracted from the given sources.
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to enhance global environmental quality. Lastly, the use of renewable energy electri-
city shall be promoted to help reduce the global emission level. Specifically, policies
should adopt structural transformation of the industrial sector, where renewable
energy and renewable electricity shall be used to reduce fossil fuel dependency and
consumption and promote global environmental quality and sustainability.
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Notes

1. See for instance Saboori and Sulaiman (2013), Antonakakis et al. (2017), Chontanawat
(2020), Zou and Zhang (2020).

2. Visit https://earth.stanford.edu/news/how-much-does-air-pollution-cost-us#gs.9unreu
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