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Non-parametric research methods to measure energy
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emerging economies
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Southwest Minzu University, Chengdu, PR China

ABSTRACT
This study aims to analyse the connection between energy effi-
ciency and renewable energy consumption in the emerging seven
(E7) economies during the period 1990–2020. This study also
examines the impact of economic growth, carbon emissions and
technological innovation on renewable energy. This study
employs various panel data approaches that validate the irregular
distribution of data and the heterogeneous slopes coefficients.
The cross-section dependence test confirms that cross-section
dependence is present in the study variables. While these varia-
bles are cointegrated. Using non-parametric panel data
approaches, the moments’ quantile regression results unveil that
economic growth is positively associated with renewable energy
in all quantiles. Whereas energy efficiency and carbon emissions
showed mixed results, negatively affect renewable energy con-
sumption in the lower quantiles, insignificant in the medium
quantiles and positive in the higher quantiles. On the other hand,
technological innovation is found negatively related to renewable
energy consumption. Bidirectional causal association is found
between explanatory variables and renewable energy consump-
tion. Based on the empirical findings, this study suggests policies
to divert economic growth from fossil fuel energy consumption,
enhancing investment in the renewable energy sector, promoting
energy efficiency and investment in environmental-related tech-
nologies to promote renewable energy.
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1. Introduction

Energy is a critical source for industrial and residential sectors development, and it
must be utilised efficiently, with minimal damage to the environment, even at the
minimum expense (Abeykoon et al., 2021). Economic progress has always been linked
to rising energy utilisation and pollution emissions, resulting in substantial environ-
mental consequences and a strong reliance on fossil fuels (Qudrat-Ullah et al., 2021).
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There has been a growing risk to the environment in recent times, particularly in
light of the already noticeable rise in global temperatures. As a result of such
increased environmental issues, technical advancements in natural resources utilisa-
tion for energy have arisen and their accessibility to all productive economic and
manufacturing sectors (Renna & Materi, 2021). In other words, economies across the
globe are targeting renewable energy investment, production and consumption to
tackle the issue of climate change and environmental degradation (Jiang et al., 2022;
Luan et al., 2022). The attention of governments and policy-makers towards renew-
able energy generation and consumption attract the scholarly attention towards the
exploration of the critical factors affecting renewable energy consumption. Following
the trend, this study also tends to discover the influential factors affecting renewable
energy in the emerging economies since these economies are struggling to achieve
sustainable development via expanding production and industrial sector.

At all stages, energy conservation, appropriate energy usage and effective utilisation
of power sources are critical. The necessity of energy conservation and efficiency
methods is demonstrated because of the need to cut energy bills, reduce energy
dependency on other economies of the globe, reduce pollution emissions and the pro-
curement of emissions right to the Kyoto Protocol commitments. Energy efficiency,
which includes household, industrial and governmental energy savings, is vital for
countries worldwide to fulfil their respective climate change and energy objectives (la
Cruz-Lovera et al., 2017). Energy efficiency is still the most cost-effective way to
accomplish national climate change targets. Energy efficiency is a critical strategy for
achieving carbon-free economic growth and mitigating environmental change. This
can be described as using less energy to produce a similar quantity of output (Akram
et al., 2020). Since energy efficiency initiatives have a great potentiality in reducing
carbon (CO2) emissions, economies are curious about the link between energy effi-
ciency and economic growth. Energy efficiency is a priority for underdeveloped coun-
tries, particularly to meet the development needs of energy usage to develop their
economies (Cantore et al., 2016).

Energy consumption (particularly for fossil fuels) has grown rapidly in recent years
(Al-Mulali et al., 2015), and is expected to continue to expand at a rate of 48% from
2017 till 2040. (World Energy Outlook (WEO), 2017). Since developing economies
rely heavily on fossil fuels to attain fast economic growth, these nations are consid-
ered responsible for most of the increase in energy consumption. For instance, the
emerging seven economies are responsible for a major portion of the global economy
and environmental degradation. Some of these emerging economies, such as China
and India are among the top pollution emission economies globally. As these econo-
mies have paid more attention to economic growth, it is expected that these econo-
mies will account for 152,617 billion dollars in 2050. Beside the fact that these
economies have paid less attention to environmental sustainability, yet initiatives have
been taken to reduce emissions via adopting energy efficiency, renewable energy con-
sumption, and technological innovations as tools. Whereas the literature covers such
aspects of renewable energy, energy efficiency and technological innovation regarding
its economic and environmental impacts. What captures the idea of this paper is
whether any association exists between energy efficiency and renewable energy?
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Which is noted as relatively ignored in the existing literature. Besides, the existing lit-
erature covers the association of technological innovation and carbon emissions with
that of economic growth. Still, they ignored the possible factors that influence renew-
able energy consumption, which is an important indicator of sustainable environment
and substitute for traditional energy resources. Therefore, it is crucial to discover the
significant factors affecting renewable energy consumption. Empirical results of this
study will open the doors for a new debate among the scholars regarding the discov-
eries of factors helping renewable energy growth.

The primary objective of this study is to analyse the association between energy
efficiency and renewable energy consumption in emerging economies. Since the aca-
demic literature is extensive regarding the influence of renewable energy and energy
efficiency on environmental quality. Still it lacks empirical evidence regarding the
association between these two (energy efficiency and renewable energy consumption)
variables. Therefore it is crucial to analyse the specific influence as well as the causal
nexus between the two. In addition, this study also aims to reinvestigate the associ-
ation between economic growth and renewable energy consumption. Although, the
literature provides empirical results along with the policy suggestions. Yet, this study
noted contradictory findings regarding the said association, which requires further
empirical evidence for valid policy implications. Furthermore, the empirical estimates
regarding the influence of Renewable Energy on CO2 emissions are already discov-
ered by many studies as mentioned in the literature. However, no study is found that
could consider the impact of CO2 emissions on renewable energy consumption in
any region, which is an important factor in achieving carbon neutrality. The last
objective of this study is to examine the nexus of technological innovation and
renewable energy consumption. Although the scholars and policy-makers are well-
known of the substantial effects of technological innovation in various economic and
environmental indicators. Yet, this study tends to explore the influence of tech-innov-
ation on the indicator of energy as well.

Following the persistent research gap and objectives of the study stated above, this
study plays a vital and pioneering role regarding the exploration of nexus between
energy efficiency and renewable energy consumption, which is a novel contribution
to the existing literature. Since the governments and policy-makers have established
policies that are targeting environmental sustainability, and promoting energy effi-
ciency as well as renewable energy consumption. Thus, the empirical results could
help authorities to take serious and appropriate steps towards environmental sustain-
ability and renewable energy promotion. Concerning economic growth and renewable
energy nexus, the existing empirical results provide contradictory results, which could
adversely affect the economy and could be harmful for the policy construction
regarding renewable energy production, consumption and implementation. Therefore,
the empirical results of this study could provide a clear path for the policy-makers in
emerging countries that could lead them towards sustainable development.
Furthermore, this study is also significant in terms of discovering the mostly over-
looked question of whether carbon emissions plays any role in renewable energy con-
sumption. Which is one of the novel contribution of this study and could open the
doors for a new debate in the academic. Moreover, the studies have empirically
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investigated the impact of technological innovation on environmental quality and
economic growth. Still, the literature lacks empirical evidence regarding the impact of
technological innovation on renewable energy. Hence, this study as a while, is a novel
contribution to the existing literature that provides innovative and appropriate policy
implications for scholars and decision-makers.

The rest of the paper is organised in the following four sections: Section 2 presents
relevant literature review; Section 3 depicts data and the methodology adopted for
empirical analysis; Section 4 shows empirical estimates and discussion on the results;
Section 5 portrays conclusion and policy Implications.

2. Literature review

Since the last few decades, the issue of climate change, global warming and environ-
mental degradation is on the rise, which attracts the scholarly and policy level atten-
tion to construct and implement policies to achieve low carbon economy. Specifically,
natural resources are the one that are used for running industrial sector and eco-
nomic activities, which have a substantial influence on economic growth of the coun-
try (Rahim et al., 2021). However, the economic growth further expand the industrial
production, which demands more energy and pollute environment (Qin, Raheem,
et al., 2021). Apart from economic, there are various financial and energy related fac-
tors that causes increase in the environmental degradation, which are also harmful to
human health (Cai et al., 2022; Wei et al., 2022). As a result, scholars have suggested
that renewable energy generation, environmental related taxes, investment in energy
industry and environmental related research and development to tackle the issue of
increased pollution and enhance renewable energy use for environmental sustainabil-
ity (Jiang et al., 2022; Luan et al., 2022; Qin, Hou, et al., 2021; Shahzad et al., 2021).

2.1. Relationship between renewable energy and energy efficiency

Prevailing literature on energy efficiency and renewable energy association is very
scarce. However, to evaluate the association between efficient energy and renewable
energy, it is obligatory to know energy efficiency? According to the Environmental
and Energy study institute (EESI),1 Energy efficiency is termed as utilising less energy
to do the same task that helps reduce carbon emissions and costs on the domestic
and worldwide level. Renewable energy sources can acquire an efficient form of
energy. The energy demand is on the increase to meet the development needs and
welfare of the people. As climate change is a hazard to global development, the world
can be environmentally friendly if the energy sources are converted to a renewable
form of energy (Riti & Shu, 2016). Increasing the efficient forms of energy use such
as conversion to renewable energy reduces dependence on fossil fuel and its hostile
consequences on the environment. Several policy analysts preferred that energy effi-
ciency is necessary for eliminating externalities. It will also reduce pollution emissions
that cause climate change (Vine, 2008). Bayar and Gavriletea (2019) investigated that
energy efficiency and renewable energy have an inverse association with carbon diox-
ide emissions and affect economic growth in the short-run (Ponce & Khan, 2021).
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The practices for energy efficiency are the portion of sustainable energy policy,
whereas renewable energy and energy efficiency are binary pillars of sustainable pol-
icy. Gielen et al. (2019) recommended that both are necessary and their synergies are
essential. Energy efficiency is required to sluggish the energy demand growth that
breaks fossil fuel usage, which is the mainstay of development in several underprivil-
eged economies. Specific energy efficiency standards can be adopted to stimulate
growth, climate mitigation, and renewable energy consumption (Geller et al., 2004).
Riti and Shu (2016) suggested that energy-efficient products are necessary for an eco-
friendly environment. The energy efficiency and renewable energy initiatives have
both direct and indirect benefits to the economy. It will stimulate investment oppor-
tunities, create employment opportunities, enhance people’s health, and increase
productivity in the economy (EPA, 2018).

2.2. How do carbon emissions and economic growth influence
renewable energy?

The connection between carbon emissions, economic growth and renewable energy
has gained much attention from world researchers and analysts over the years due to
global warming and its harmful impacts on this planet. Interest has been increased
theoretically and empirically. Predominant literature on this field can be classified
into three groups for a better and clear understanding of the topic. First, there will be
some casual association between economic growth and renewable energy consump-
tion, while the second would be related to the relationship between carbon emissions
and renewable energy consumption. Third, the last but not least would be on com-
bined abovementioned associations to detect the links among carbon emissions, eco-
nomic growth and renewable energy.

For the association between economic growth and renewable energy consumption,
the studies like Mardani et al. (2019), and Acaravci and Ozturk (2010) found that
there is bi-directional causality between the growth of the economy and renewable
energy consumption. Further, the positive and significant association is due to
increasing capital formation (Chien & Hu, 2008). Bhattacharya et al. (2016) applied
renewable energy attractive index for 38 energy consumption countries to determine
the relation. Their panel findings indicated a positive influence of renewable energy
on economic growth. For the subsequent group, studies like Gielen et al. (2019),
Ponce and Khan (2021), Omri and Nguyen (2014) and Chen et al. (2019) investigated
that carbon and renewable energy have a negative association between them. CO2

emissions are the chief cause of renewable energy consumption. Technologies made
with renewable technologies (i.e., solar PVs) will be fruitful in reducing emissions as
they can become a key element in reducing GHG and carbon emissions. Lastly, the
combined associations among carbon emissions, economic growth and renewable
energy are mentioned. For instance, Padhan et al. (2020) examined the impact of
GDP, oil price and CO2 emissions on renewable energy consumption for 30
‘Organization of Economic Cooperation and Development (OECD)’ economies. Their
empirical findings suggest that GDP and carbon emissions affect renewable energy
consumption while oil prices affect energy consumption over the influence of fossil
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fuels. They have a long-run association among the variables. Precisely, the real GDP
income, carbon emissions and renewable consumption have a significantly positive
relationship. Due to economic globalisation increase in the use of advanced technol-
ogy ultimately leads to an increase in renewable energy consumption. Likewise,
Antonakakis et al. (2017) examined intense response function in 106 countries from
1971 to 2011. They applied panel autoregression and the outcomes revealed causality
between renewable energy consumption and economic growth i.e., bidirectional,
which is due to the presence of feedback theory behind it. The feedback theory relates
to the bi-directional causality of renewable energy consumption and the growth of
the economy (GDP). They discovered that augmented economic growth leads to
increasing GHG emissions. Furthermore, renewable energy consumption can also
promote economic growth more sustainably. The outcomes of the aforementioned
research can be dissimilar due to differences in sample periods of different countries,
including different econometric techniques for estimating. Governments, energy insti-
tutions and agencies require efficiency for low carbon-growth economies internation-
ally for sustainable economic and environmental development. Apart from the
discussion regarding the factors affecting renewable energy consumption, some pf the
recent studies explored the factors affecting energy demand. Specifically, Fang et al.
(2021) utilised the augmented mean group estimator and asserted that economic
growth is a substantial factor that enhance energy demand in the OECD economies
during 1978–2016. However, it is economic complexity and real energy prices that
exhibit negative impact on the energy demand of the said region. In the same line,
Lu et al. (2021) reveals that young age dependency, overall age dependency and
urbanisation reduces energy demand in BRICS economies. Whereas, economic
growth and old age dependency substantially enhances energy demand for both
renewables and non-renewables. In case of Saudi Arabia, Mahalik et al. (2017) discov-
ered the inverted U-shaped association between financial development and energy
demand. On the contrary to earlier studies, this studies reveal that economic growth
adversely, whereas capital and urbanisation are the significant factor of increased
energy demand. In case of renewable energy, the study of Gozgor et al. (2020) illus-
trates that per capita emissions, per capita income, urbanisation and oil prices signifi-
cantly enhances its demand. Hence, the study suggested policies for improved
economic growth and urbanisation to increase renewable energy demand.

2.3. Empirical shreds of evidence related to emerging economies

Salim and Rafiq (2012) analysed the factors of renewable energy consumption in six
world emerging economies. Their empirical findings suggested that there is a long-
run association between renewable energy and income that is determined by emis-
sions and income. Applying FMOLS, DOLS & Granger causality techniques, they rec-
ommended that increasing energy efficiency and renewable share can substantially
reduce carbon emissions in emerging economies (Turkey, Brazil, Indonesia, China,
Philippines and India). Khan et al. (2019) examined green ideology in Asian emerging
economies. Their outcomes revealed that very scarce literature is present on renew-
able energy and green ideology to resolve environmental concerns. Nibedita and Irfan
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(2021) inspected the energy efficiency strategy in the case of the world’s largest
emerging economies. Their findings exposed that there is a negative long-run influ-
ence of diversity in energy, on energy efficiency. Moreover, they emphasised that
increasing 1% of energy efficiency could condense emissions by at least 1.2%.
Therefore, low carbon strategies are needed to be promoted in Russia, India, Brazil,
China, Mexico, Indonesia and Turkey (emerging economies). In a predictive analysis
of carbon emissions in another study of emerging economies like China, Brazil,
South Africa and India, the authors claimed that these countries were the highest car-
bon emitter and severely susceptible countries to receive negative impacts of climate
change. The empirical outcomes discovered that the intensity of emissions would be
continued in these countries. Environmental green technology (renewable energy)
might help reduce carbon emissions and attain economic growth goals alongside
(Ahmed et al., 2020). An additional case of emerging economies, Rahman et al.
(2022), examined that carbon dioxide emissions are increasing due to higher con-
sumption of energy, industrial activity and hasty globalisation. However, only one
increase in renewable energy decreases 0.003 units of carbon intensity, concluding
that green energies and technologies are a practicable solution for carbon reduction
in emerging economies.

3. Data and methodology

3.1. Data and model specification

Based on the objectives and literature above, this study uses five variables: renewable
energy consumption (REC) is the focus variable. While the main independent vari-
able in this study is regarded as energy efficiency (ENEF). In addition, economic
growth captured by gross domestic product (GDP), environmental quality represented
via carbon (CO2) emissions and technological innovation are the secondary inde-
pendent variables. These variables are collected from one source, covering the period
from 1990 to 2020 for seven emerging (E7) economies, including Mexico, Brazil,
China, Indonesia, Russia, Turkey and India. The primary reason behind the selection
of emerging economies is that the progress of the E7 nations has been measured rela-
tive to the size of the G7 economies, which included many of the world’s greatest
countries in the 20th century. In 2011, it was expected that the E7 will have greater
economies than the industrialised (G7) economies by 2020 (Dunkley, 2011). By 2014,
the E7 economies had surpassed the G7 nations in terms of purchasing power parity
(PPP) (Nadda et al., 2017). According to further estimates, the E7 represented 80% of
the G7 by PPP in 2016 (Park, 2016). In 2016, it was anticipated that by 2030, the
economies of the E7 will be greater than those of the G7 (Hodges, 2016). As per
Xing (2016), it is anticipated that by 2050, the E7 may be 75% bigger than the G7 in
terms of PPP. Since the higher economic growth and income level tends the govern-
ments and general public to utilise environmentally friendly energy resources for
environmental recovery and pollution prevention. Therefore, these economies have
the potential to enhance renewable energy consumption. Besides, the existing litera-
ture is silent in the terms of empirical evidence relevant to the E7 economies, which
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is the need of the time. Specifications of variables along with the data source is pro-
vided in Table 1.

The theoretical notion through which energy efficiency, economic growth, carbon
emissions and technological innovation affect renewable energy is provided in this sec-
tion. Federal and local investments in renewable energy and energy efficiency may pro-
vide major advantages, such as reduced fuel and power prices, higher grid dependability,
improved air quality and public health and more employment possibilities.2 In addition
to saving money, increasing energy efficiency reduces your need for renewable energy,
which may make your trip to net-zero emissions less costly.3 Further, it decreases the
environmental effect of producing, distributing and deploying renewable energy. Apart
from reducing the cost, energy efficiency could promote the use of renewable energy in
the competition of lowering environmental degradation. Therefore, it is assumed that
energy efficiency could play a vital role in the enhancement of renewable energy con-
sumption. Nonetheless, the economic growth, technological innovation and carbon emis-
sions are interlinked through various channels. For instance, the higher economic growth
relied on increased industrial production and expansion. Due to which, the emerging
economies are utilising traditional fossil fuel and non-renewable energy resources. As a
result, the carbon emissions level increases, that causes climate change and global warm-
ing (Shahzad et al., 2021). Economies across the globe realises the harmful impacts of
increased carbon emissions level. Due to which, economies increases their investments in
environmentally friendly resources and technologies. Consequently, the increased invest-
ment for environmental recovery tends to increase the utilisation of renewable energy
resources that causes no harm to the environment in terms of carbon emissions.
Therefore, the economic growth, carbon emissions and technological innovations are
expected to play a vital role in renewable energy consumption.

In order to empirically analyse the said nexus, this study constructed the follow-
ing model:

Model

RECit ¼ f ðENEFit ,GDPit ,CO2, it ,TIitÞ

Table 1. Variables specifications and sources.
Variable Specification Source

REC The proportion of gross inland REC to total (primary)
gross inland energy consumption estimated over a
calendar year and measured as % of total energy
consumption.

https://databank.world-bank.org/source/world-
development-indicators

GDP The gross domestic product (GDP) is a financial
measure of the market value of all final services and
products made over a specific time period and
measured as constant US$ 2015.

https://databank.world-bank.org/source/world-
development-indicators

CO2 The release of CO2 into the atmosphere due to combustion
of fossil energy and measured as kiloton (kt).

https://databank.world-bank.org/source/world-
development-indicators

ENEF Using less energy to accomplish the same task and is
measured GDP per unit of energy use (PPP $ per kg
of oil equivalent).

https://databank.world-bank.org/source/world-
development-indicators

TI The number of patents by non-residents and residents. https://databank.world-bank.org/source/world-
development-indicators

Source: collected by the authors.
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However, the above general model could be transformed into econometric or
regression form for empirical examination, given as:

RECit ¼ h1 þ h2ENEFit þ h3GDPit þ h4CO2, it þ h5TIit þ eit (1)

where the above equation reveals that GDP, CO2, ENEF and TI is the function of
REC: Whereas h0s are the coefficients of estimates. Besides, e is the random error
component, while t and i in the subscript represents time and cross-sections,
respectively.

3.2. Estimation strategy

This research provides descriptive statistics, including the mean, median and range
(maximum and minimum) values to summarise the data. In addition, we calculate
the standard deviation, which reflects the difference of observational value and the
mean value of a variable. Besides, the skewness and Kurtosis evaluated to measure
the data normality. In contrast, the extended measurement of data normality is also
used for the data distribution. Specifically, we used the normality test developed by
Jarque and Bera (1987) (J.B hereafter), which is provided in its conventional form as
follows:

J:B ¼ N
6

S2 þ ðK�3Þ2
4

� �
(2)

The preceding equation shows that the number of observations is captured by N, S
represents skewness and K is excess Kurtosis. In a J.B test, the null hypothesis asserts
that both estimates are zero and illustrates the data is normally distributed.

Once the descriptive and normality estimates are obtained, this research examines
panel data properties, including slope coefficient heterogeneity (SCH) and cross-sec-
tion dependency. Ignoring the panel data diagnostic tests could lead to the unpro-
ductive results (Breitung, 2005; Le & Bao, 2020). This research employs Pesaran and
Yamagata (2008) SCH test to address the SCH problem. Because this test offers both
the SCH and adjusted SCH (ASCH), it is efficient, given as:

D̂SCH ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N:ð2kÞ�1

q
N�1Ś� Kð Þ (3)

D̂ASCH ¼
ffiffiffiffi
N

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

T þ 1
2KðT � K � 1Þ

s
N�1Ś� 2Kð Þ (4)

where D̂SCH is the slope coefficient homogeneity from Equation (3), and D̂ASCH is the
adjusted slope coefficient homogeneity. Where the null hypothesis assumes homogen-
ous slopes coefficients till the estimates are insignificant. Besides, neglecting the
cross-section dependence (CD) also lead to conflicting predictions in empirical
research (Campello et al., 2019). Hence, we apply the Pesaran (2021) CD test to see
cross-sectional interdependence in the E-7 economies. The conventional equation for
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cross-sectional dependency is as follows:

CDTest ¼
ffiffiffiffiffiffi
2T

p

½N: N � 1ð Þ�1=2
XN�1

i¼1

XN
k¼1þi

Tik (5)

The test’s null proposition shows that cross-sections are not dependent across
the panel.

With cross-sectional dependence and heterogeneous slope coefficients, this research
may employ an estimator that can handle both panel data challenges. Accordingly,
we employed Pesaran’s (2007) cross-sectionally augmented IPS (CIPS). Prior to
Pesaran (2007), Pesaran (2006) proposed factor modelling to deal with cross-section
dependence. This tool estimates cross-sectional averages as a representation of com-
mon unobserved components. Pesaran (2007) uses the mean and first difference of
lagged cross-sections to expand the Augmented Dickey-Fuller (ADF) regression. This
strategy is effective in addressing cross-section dependency even though the panel is
imbalanced (T>N or N>T). The cross-section ADF regression equation in its
standard form is given as:

Dyi, t ¼ hi þ b�i yi, t�1 þ d0yt�1 þ d1Dyt þ eit (6)

where yt captures the mean of N observation. To deal with the serial correlation
issue, the prior Equation (6) may be augmented via adding the first difference lags of
yt and yit , given as:

Dyit ¼ hi þ b�i yi, t�1 þ d0yt�1 þ
Xn
j¼0

djþ1Dyt�j þ
Xn
k¼1

ckDyi, t�k þ eit (7)

Hence, the Pesaran (2007) CIPS may be analysed in the selected panel economies
by using the t-statistics’ average for every unit of cross-section (CADFi). The CIPS in
an equation form is given as:

CIPS ¼ N�1
XN
i¼1

CADFi (8)

This (CIPS) test assumes the existence of a unit root in the time series as a null
proposition.

This research used the Westerlund (2007) error correction model (ECM) to analyse
long-run cointegration here between variables in the panel of E-7 economies. By
combining panel and group mean statistics, this test delivers efficient estimates for
handling cross-sectional dependency along with slope heterogeneity. The following is
the typical form of assessing both statistics:

The mean group statistics are Gs ¼ 1
N

PN
i¼1

â i
S:Eâ i

, and Ga ¼ 1
N

PN
i¼1

Tâ i
â ið1Þ , while

the panel statistics may be obtained as, Ps ¼ â

S:E bðaÞ , and Pa ¼ T:â: Apart from the

Westerlund (2007) ECM, this study also employed the Westerlund and Edgerton
panel cointegration test with structural breaks, that not only provides statistics
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estimates for no shift, mean shift and regime shift, but also identifies the periods of
structural breaks in a time-series of the panel data. Both the under-discussion tests
assume the no cointegration association between the selected variables in the model.
Whereas the significant estimates could reject the null hypothesis, which concludes
the presence of cointegration.

Koenker and Bassett (1978) first presented panel quantile regression, which esti-
mates conditional variance and dependent mean, based on explanatory parameter val-
ues. If the dataset has atypical distribution qualities, quantile regression yields
efficient estimates. Due to the data’s irregular distributional patterns, we used
Machado and Silva (2019) novel method of moment’s quantile regression (MMQR
from now). This new technique examines quantile numbers’ redistributive and het-
erogeneous features (Sarkodie & Strezov, 2019). A basic equation may be used to get
the conditional quantile location-scale QyðsjXÞ variant estimation:

Yit ¼ hi þ #Xit þ di þ q:�Zit

� �
lit (9)

where Equation (9) refers to P di þ q:�Zit > 0
� �

¼ 1: While h, #, d and q are the esti-
mated coefficients. Here, i in the subscript refers to fixed effect as shown in hi and
di: Besides, the k-vector of standard elements of X is depicted by Z, a distinguishing
modification with l component, given as follows:

Zl ¼ Zl Xð Þ, l ¼ 1, 2, . . . , k (10)

In the above equation, Xit is distributed independently and identically for every
specific i and t (time). Similarly, lit is orthogonal to Xit and is dispersed across time
and fixed cross-section (Machado & Silva, 2019). This helps stabilise elements and
prevents intense exogenous behaviour. Hence, the priorly discussed Equation (1) may
be transformed as follows:

Qy sXitð Þ ¼ hi þ diq sð Þð Þ þ #Xit þ q�Zitq sð Þ (11)

where Equation (11) indicates that Xit is the vector of regressors that captures
GDPit, CO2, it , ENEFit , and TIit: All these variables are taken on natural log form for
empirical examination. The left side of prior equation indicates vector of dependent vari-
able, i.e., Yit – captures REC and may be defined as conditional on explanatory variable’s
location and Xit: Additionally, �hi sð Þ � hi þ di q sð Þ is scalar coefficient demonstrating
fixed effect of s quantiles for individual cross-section (i). In contrast, individual effects do
not cause a change in the intercept like existing least-square fixed effects. Because the
variables are time-invariant, heterogeneous impacts are likely to change. Finally, q sð Þ des-
ignates the quantiles’ s-th sample, where this study takes into account four, i.e., 25th,
50th, 75th and 90th quantiles to investigates the case. The quantile equation utilised in this
investigation may be expressed as follows:

minq
X

i

X
t
cs Rit � di þ q�Zit

� �
q

� �
(12)
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where cs Að Þ ¼ s� 1ð ÞAI A � 0f g þ TAI A > 0f g, exposes the check function.
This work employs bootstrap quantile regression (BSQR) in addition to MMQR as

a robustness instrument and to validate the empirical findings of the former method.
BSQR is a substitutional way to analyse confidence intervals and significance tests.
The advantage of this specification is that it resamples the data to acquire the statis-
tical findings while removing the parametric assumption of asymptotically normal
sample distribution (Efron & Tibshirani, 1994).

Although the MMQR and BSQR technique gives estimated output for each regres-
sor at a certain location and scale but not the causal relationship between variables.
This investigation used the Granger panel causality heterogeneity test of Dumitrescu
and Hurlin (2012) to identify causality. This test is more efficient and stronger in
addressing imbalanced panels (T 6¼ N). It also addresses panel data heterogeneity and
cross-sectional dependency issues (Banday & Aneja, 2020).

4. Results and discussion

This section begins with evaluating descriptive and normality statistics as reported in
Table 2. The mean, median and the range values are found positive for all the study
variables, including REC, GDP, CO2, ENEF and TI: Whereas a slight difference has
been observed in the mean and median values. Yet, a substantial difference has been
found in the minimum and maximum values, demonstrating the existence of volatil-
ity in each variable under study. In this sense, the standard deviation of each specific
variable has been calculated, which is 0.390 for REC, 0.346 for GDP, 0.479 for CO2,
0.263 for ENEF and 0.644 for TI: These values demonstrate that every observation
deviates from the given value from the mean value. On the other hand, the statistical
estimates for the normality test are also provided in the same table. That is, skewness
and Kurtosis are found different than their formulated values, i.e., 1 and 3, respect-
ively. This reveals that all the variables are not normally distributed. However, the J.B
test estimates asserted that statistical values are significant at the 1% level, rejecting
the null hypothesis of normally distributed data. The said test concludes that both the
skewness and excess Kurtosis are not equal to zero, leading to the rejection of prop-
osition and the results that disclosed that the data is non-normally distributed.

After the descriptive and normality statistics, this study estimated the slope coeffi-
cient heterogeneity and cross-section dependence, provided in Table 3 and Table 4,
respectively. As discussed earlier, an economy depends on other economies for

Table 2. Descriptive and normality statistics.
REC GDP CO2 ENEF TI

Mean 1.285179 12.02869 5.859259 0.791935 4.180236
Median 1.383857 11.99486 5.677518 0.861725 4.189616
Maximum 1.768289 13.15522 7.013404 1.192992 6.188085
Minimum 0.502495 11.43123 5.143702 0.103363 2.922725
Std. Dev. 0.390032 0.346430 0.478638 0.262637 0.644145
Skewness �0.655101 1.090950 0.741007 �1.063910 0.772699
Kurtosis 2.290813 4.633790 2.662172 3.563654 4.214440
Jarque-Bera 19.42127 65.01215 20.21680 42.39661 33.80228
Probability 0.000061 0.000000 0.000041 0.000000 0.000000

Source: calculated by the authors.
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various reasons: it may be financial, economic, environmental, social, technological,
among others. Due to these reasons, a state or economy may resemble other econo-
mies. However, neglecting such an issue in panel data estimations could lead to
biased estimates (Campello et al., 2019; Le & Bao, 2020). Therefore, it is important to
investigate the slope heterogeneity and cross-section dependence of the emerging
economies that will lead to adopting an appropriate unit root testing approach. The
estimated results for SCH and ASCH captured by � D and �DAdjusted, respectively,
are found highly statistically significant. This rejects the null hypothesis of slopes
being homogenous; instead, the alternative hypothesis demonstrates that the slope
coefficients are heterogeneous. On the other hand, the values for all the variables are
found highly statistically significant at 1% level, which is enough evidence for reject-
ing the null proposition of Pesaran (2021) CD test. Concluding that all the variables
are cross-sectionally dependent. Since the slopes are heterogenous and cross-section
dependence is present in the panel, an appropriate unit root estimator is required to
deal with the mentioned panel data issues.

Since the Pesaran and Yamagata (2008) SCH test validates the slope coefficients
are heterogeneous, the Pesaran (2021) CD test confirms the cross-sectional depend-
ency among the variables under consideration. Therefore, this study adopts the
Pesaran (2007) unit root testing approach that deals with the existing panel data
issues, including slope heterogeneity and cross-section dependence. The estimated
results of the CD test are shown in Table 5, indicating that all the variables are non-
stationary at I(0). This reveals that the unit root is present in the study variables at
levelled data. However, all the variables revealed statistically significant estimates at
I(1), significant at 1% level – demonstrating no unit root for the variables in both the
intercept and trend. The stationary data allows the current study to investigate the
cointegration between the variables empirically.

Table 6 provides empirical results for the cointegration association between the
variables obtained via employing the Westerlund (2007) specifications. Concerning
the null proposition of the said test, it is assumed that the ECT is zero. Whereas, the
statistical value of Gs, Ga, Ps and Pa are highly statistically significant at the 1% level.
On the other hand, the empirical results of the Westerlund and Edgerton (2008)

Table 3. Slope heterogeneity.
Slope heterogeneity test Statistics

� D 17.019���
�DAdjusted 19.028���
Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%.
Source: calculated by the authors.

Table 4. Cross-section dependence.
Cross-section dependence

REC GDP

17.321��� 23.141���
CO2 ENEF
14.22��� 22.828���
TI
17.847���
Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%.
Source: calculated by the authors.
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panel cointegration with structural breaks are reported in Table 7, along with the
detected structural breaks. The empirical results of the said test asserted that the stat-
istical values for no break, mean shift and regime shift are highly statistically signifi-
cant at 1% level. Besides, the structural breaks identified in this test is also reported,
which are 1998, 2002, 2008, 2010 and 2014. These significant estimates reject the said
test’s proposition and conclude that the error correction is present, demonstrating
that the long-run cointegration association exists between the variables. Therefore, we
are allowed to estimate the long-run association of explanatory variables with the
dependent variable (REC).

Since the cointegration association is found between the study variables, therefore,
we are allowed to analyse the specific influence of each explanatory variable on
(REC). Prior to that, this study noted that all the variables followed the irregular dis-
tribution paths. In this regard, the current study utilises an appropriate approach that
deals with the issue of data’s non-normality. Specifically, we employed the moment’s
quantile regression (MMQR) approach and the results are displayed in Table 8. The
primary advantage of this estimator is that it analyzes the influence of an explanatory
variable at a specific location, scale and quantile. The examined results reveal that
economic growth captured by GDP and energy efficiency (ENEF) positively and stat-
istically significant impact on REC: Whereas, the CO2 emissions and TI negatively
and significantly affects REC at various quantiles. To be more specific, a 1% increase
in the GDP enhance REC by 0.396–2.076%, which is statistically significant at 1%

Table 5. Unit root testing (Pesaran, 2007).

Variables

Intercept and trend

Ið0Þ Ið1Þ
REC �2.152 �4.761���
GDP �1.620 �3.613���
CO2 �1.976 �4.764���
ENEF �1.232 �4.564���
TI �2.505 �5.406���
Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%. I(0) is for level, and I(1) is for the first.
Source: calculated by the authors.

Table 6. Cointegration results (Westerlund, 2007).
Statistics Value Z-value

Gs �6.786��� �12.367
Ga �18.212��� �3.100
Ps �19.071��� �11.676
Pa �23.025��� �6.120

Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%.
Source: calculated by the authors.

Table 7. Westerlund and Edgerton panel cointegration analysis with structural breaks.
Test No break Mean shift Regime shift

ZuðNÞ �6.43��� �6.09��� �5.04���
pvalue (0.000) (0.000) (0.000)
ZsðNÞ �6.25��� �6.01��� �5.08���
pvalue (0.000) (0.000) (0.000)
Detected break years
1998 2002 2008 2010 2014

Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%, while () contains P-value.
Source: calculated by the authors.
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level. The magnitude of impact and the significance level is noted declining from
lower (Q0.25) quantile(s) to upper (Q0.90) quantile(s). The positive influence demon-
strates that enhancement in the income level leads to increased demand and renew-
able energy consumption. Such findings are consistent with the earlier findings of
Bhattacharya et al. (2016) in 38 energy-consuming economies and Padhan et al.
(2020) in OECD economies. Specifically, the economic growth in a country enhances
the general public’s purchasing power and increases the saving and investment levels.
In this sense, the individual level income and aggregate investments are more devoted
to the adoption of renewables and structural transformation of the industrial sector.
This improves the economic growth level and enhances the environmental quality of
the region (Mardani et al., 2019). On the other hand, the CO2 emissions exhibit
mixed influence on REC: That is, a 1% increase in the CO2 emission reduces REC by
0.420% in Q0.25 at 1% level of significance level, while enhancing REC by 0.262% in
the upper quantile (Q0.90) at 5% level of significance. This demonstrates that in the
lower quantiles, the CO2 are negatively associated with REC due to lower levels of
emissions. As the level of emissions increases, consumption of renewable energy also
enhances due to controlling environmental degradation. The negative association
between CO2 emissions and REC are consistent with the earlier studies of Omri and
Nguyen (2014), Gielen et al. (2019) and Ponce and Khan (2021). Besides, the impact
of CO2 emissions on REC are negative in Q0.50 and positive in Q0.75, but insignificant
in both the quantiles.

On the other hand, ENEF is found in mixed association with REC and TI is hav-
ing a negative association with the REC: Specifically, a 1% increase in the ENEF sig-
nificantly enhances REC by 0.361 and 0.459% in Q0.75 and Q0.90. However, ENEF
adversely affects REC by 0.304 in the first quantile. These results are statistically sig-
nificant at 5%, 1% and 10% levels, respectively. The mixed influence asserted that
demand for renewables is not very attractive at the lower level of energy efficiency.
However, at a higher level of energy efficiency, the demand and consumption of
renewable energy are also enhanced. Since both of these measures are used to tackle
environmental issues and climate change, including CO2 and GHG emissions (Riti &
Shu, 2016). As depicted by the latter quantiles, increasing the energy efficiency leads
to enhancement in renewable energy use and adoption, which simultaneously leads to
lower demand for fossil fuel consumption and enhances environmental quality by

Table 8. Estimates of quantile regression – MMQR.

Variable Location Scale

Quantiles

Q0.25 Q0.50 Q0.75 Q0.90

GDP 1.382���
[0.224]

�0.706���
[0.101]

2.076���
[0.263]

1.274���
[0.251]

0.613���
[0.226]

0.396� [0.223]

CO2 �0.138
[0.122]

0.287���
[0.055]

�0.420���
[0.143]

�0.094
[0.129]

0.174 [0.123] 0.262��
[0.124]

ENEF 0.012 [0.143] 0.321���
[0.064]

�0.304�
[0.167]

0.061 [0.151] 0.361��
[0.144]

0.459���
[0.146]

TI �0.790���
[0.116]

0.137���
[0.052]

�0.924���
[0.137]

�0.769���
[0.117]

�0.640���
[0.117]

�0.598���
[0.122]

Constant �11.234���
[0.012]

6.268���
[0.907]

�17.401���
[2.361]

�10.277���
[2.245]

�4.407��
[2.024]

�2.483
[2.009]

Note: REC is dependent variable. Significance level is denoted by ���, �� and � for 1%, 5% and 10%.
Source: calculated by the authors.
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tackling the emission level (Bayar & Gavriletea, 2019; Vine, 2008). In addition, the TI
exhibits a negative impact on the REC particularly in the emerging seven economies.
Specifically, a 1% increase in the TI lowers REC by 0.598–0.924%, where it is noted that
the magnitude level of the impact is decreasing from lower to upper quantile. Since the
study economies are emerging economies, more attention is paid to the growth and sus-
tainability of economic growth. Therefore, the technological innovation in these econo-
mies is diverted to the production and industrial sector, where the primary focus is on
enhancing production levels and expanding the industrial sector. However, the industrial
sector in these economies is more dependent on fossil fuel economies, which promote
fossil fuel energy and reduce renewable energy consumption. The specific influence of
each explanatory variable on REC is reported in Figure 1.

Once the empirical results of the MMQR are obtained, this study also test the
robustness of the model via employing the bootstrap quantile regression (BSQR).
Since the BSQR also deals the issue of data’s non-normality. Therefore, it is efficient
to utilise the said approach, for which the empirical results are reported in Table 9.
The BSQR results asserted that economic growth (GDP), carbon emissions and
energy efficiency significantly enhances renewable energy consumption in the con-
cerned group of economies. Thus, these variables are the significant factors of renew-
able energy. However, the technological innovation is found to have adverse impact
in renewable energy consumption. The estimated results of BSQR are highly statistic-
ally significant at 1% level, which also validates the empirical findings of MMQR, and
are consistent the studies mentioned earlier.

Nonetheless, the MMQR provides the specific influence of regressors on the REC:
However, this specification does not show the causal association between the variables.

Figure 1. Graphical representation of quantiles.
Source: drawn by the authors.

2436 N. YE ET AL.



In this regard, current study employed the Dumitrescu and Hurlin (2012) panel Granger
causality test and the estimates are provided in Table 10. The results indicate that there
are significant causalities from GDP, CO2, ENEF and TI to REC: However, the feedback
effect is also found from REC all other variables at 5% and 1% significance levels. In
other words, any policy changes in any of the explanatory variables could significantly
cause changes in REC: At the same time, policy changes in the latter could also influence
policies regarding the explanatory variables. Not only in this study, but the earlier studies
also found that there is a bidirectional causal nexus between economic growth and
renewable energy. Consistent with the studies of Acaravci and Ozturk (2010) and
Mardani et al. (2019), the bidirectional association between these variables is due to the
feedback theory, as mentioned by Antonakakis et al. (2017).

5. Conclusion and policy implications

This study analyzes the nexus of energy efficiency and renewable energy consumption
in the case of emerging economies. Also, this study considers the impact of economic
growth, carbon emissions and technological innovation on renewable energy con-
sumption during the last three decades. Using non-parametric panel data approaches,
this study employed a slope heterogenous test, that reveals that the slopes are hetero-
geneous across the panel. Besides, the panel cross-section dependence validates that
the cross-section dependence is present in the panel of emerging economies. Based
on these results, a second-generation unit root test is utilised, which asserted that all
the variables are stationary at first difference. On the other hand, the J.B test affirms
that all the variables follow the property of non-normal distribution, which could
provide misleading results. Therefore, this study employed the MMQR approach to
tackle the non-normality issue. The findings unveil that economic growth positively
influences renewable energy consumption at all quantiles. Enhancement in the
income level substantially promotes the use of renewables due to affordability and a

Table 9. Robust test results – BSQR.
Variable Coefficient Standard error T-statistics p > jtj
GDP 2.270��� 0.532 4.26 0.000
CO2 0.237��� 0.018 12.554 0.000
ENEF 0.114��� 0.018 6.33 0.000
TI �1.193��� 0.281 �4.24 0.000
Constant �19.565��� 5.317 �3.68 0.000

Note: REC is dependent variable. Significance level is denoted by ���, �� and � for 1%, 5% and 10%.
Source: calculated by the authors.

Table 10. Dumitrescu-Hurlin panel causality.
H0 WaldStats �Zstats p� value

GDP ⇏ REC 2.913��� 2.96348 0.0030
REC ⇏ GDP 3.615��� 4.10177 4.E-05
CO2⇏ REC 2.394�� 2.12302 0.0338
REC⇏ CO2 4.061��� 4.03571 0.0000
ENEF ⇏ REC 3.837��� 4.46030 8.E-06
REC ⇏ ENEF 2.938��� 3.00421 0.0027
TI ⇏ REC 5.349��� 4.43000 0.0000
REC ⇏ TI 5.847��� 7.71644 1.E-14

Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%.
Source: calculated by the authors.
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high level of investment in the renewable energy sector. On the other hand, the impact
of CO2 emissions and energy efficiency is mixed across quantiles. In other words, CO2

emissions and energy efficiency significantly reduce renewable energy consumption in
the lower quantile, while significantly enhancing renewable energy consumption in
upper quantiles. However, the medium quantiles showed an insignificant impact of
these variables on renewable energy. The mixed impact reveals that a lower level of
CO2 emissions and energy efficiency reduces demand for renewable energy, making
flexible policies regarding environmental quality possible. However, as the emissions
level enhances, renewable energy requirements enhance, and the energy efficiency pro-
motes the culture of renewable energy adoption at the household level and at the
industrial level. Hence, the higher level of CO2 emissions and energy efficiency is posi-
tively associated with increased renewable energy consumption. Based on the fact that
the emerging economies are more concerned about economic growth and sustainability.
Due to this, these countries’ primary focus is diverted towards economic growth main-
tenance – leads to enhanced production levels and expanding the industrial sector.
Therefore, technologies regarding growth are adopted that are more energy-intensive
and could be obtained from traditional fossil fuel energy sources. In this sense, demand
for fossil fuel energy increases and renewable energy consumption reduces, which is
alarming for the environmental sustainability of emerging economies.

Based on the empirical results, this study suggests policies that could provide a path
for developing the renewable energy sector and renewables’ consumption. Particular, eco-
nomic growth could be used to reduce fossil fuel energy or fossil energy-based industry.
The higher level of income shall be directed towards the structural transformation of the
industrial sector. Subsidization of the industries for renewable energy consumption and
imposing high taxes on those utilising fossil fuel energy could be a priority policy meas-
ure for the emerging economies. In addition, the existing literature unveils that both
energy efficiency and renewable energy could be used as prominent factors for reducing
environmental degradation and emissions levels. While this study formulates that
enhancement in energy efficiency could also enhance renewable energy consumption.
Therefore, policies could adopt energy efficiency tools and techniques to reduce energy
demand and the use of non-renewable energy, particularly in developing economies.
Besides, implementing policies for improving energy efficiency leads to a substantial
increase in renewable energy consumption, which is not only beneficial for environmen-
tal recovery, but also contributes to economic and sustainable development. Lastly, this
study noted that technological innovation adversely affects renewable energy consump-
tion. Therefore, policies must adopt technological improvement by considering the envir-
onmental quality forcing adoption and consumption of renewable energy. Since the E7
are emerging economies and mainly focuses on the development of industrial sector.
Therefore, these economies should enhance investment in the environmental related
technological innovation, which could help increase the use of renewable energy and pre-
vent pollution level without effecting the economic progress.
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Notes

1. Visit https://www.eesi.org/topics/energy-efficiency/description.
2. For more details, visit: https://www.epa.gov/sites/default/files/2018-07/documents/mbg_1_

multiplebenefits.pdf.
3. For more information, visit: https://100percentrenewables.com.au/importance-of-energy-

efficiency-in-reaching-net-zero-emissions/.
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