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Abstract
Since globalization has increased both production and population, it has also increased environmental damage. This is why 
the development of renewable energy sources is crucial to the survival of humanity and the planet itself. Business patterns 
across the various nations, however, have changed significantly over time. This study examines how environmental taxes and 
renewable energy electricity affect renewable energy consumption in emerging seven economies by using panel dataset over 
the period of 1990 to 2020. Control variables include economic growth, carbon emissions, and environmental innovation. 
The results confirmed the presence of the long-run co-integration association, the existence of slope coefficient heterogene-
ity, and the dependency of cross sections using several panel data methods. Since the data was not normally distributed, a 
new technique known as method of moments quantile regression (MMQR) was applied in this study. The projected results 
contend that the major factors of renewable energy consumption are renewable energy output, environmental taxation, 
economic growth, and carbon emissions. However, eco-friendly innovations drastically cut back on the need for renewable 
energy. Bootstrap quantile regression verifies the results’ reliability, and the panel Granger causality test corroborates that the 
listed factors have a bidirectional causal relationship with renewable energy usage. Furthermore, this research recommends 
boosting spending on renewable electricity, the environmental tax sector, and ecological innovation in order to expand the 
use of renewable energy.

Keywords  Renewable energy electricity · Renewable energy consumption · Environmental taxes · Carbon emissions · 
Economic growth · Eco-innovation

Introduction

In the last few decades, countries have made policies to 
improve energy efficiency without slowing down economic 
growth. This is due to the fact that they have been very 

worried that the environment is getting worse day by day. 
The experts believe that rising carbon dioxide (CO2) emis-
sions around the world are the main cause of environmental 
degradation, global warming, and climate change. Because 
of economic growth and population growth, the world’s 
need for energy is growing quickly (Bhowmik and Govind 
Rajan 2022; Bhowmik et al. 2022a, b). The energy’s mixed 
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efficiency and environmental problems are shifting the focus 
toward fuels with less carbon (Hashmi et al. 2021). Accord-
ing to the IPCC report (Anser et al. 2021), many international 
organizations are taking due steps to address global concerns 
about global warming, climate change, and high CO2 emis-
sions in order to keep the global temperature from rising 
by more than 1.5 °C. However, typical fossil fuels will be 
replaced by a renewable energy system that has little or no 
impact on the environment (Syed et al. 2022). So, in terms 
of climate risk management, building a low-carbon economy 
becomes the most important long-term strategy for growth.

The Paris Climate Agreement (COP21) was signed by 
195 countries to keep the world average temperature increase 
less than 2 °C and thereby alleviate environmental and cli-
mate problems (Syed and Bouri 2022a, b). It is very nec-
essary to know what causes environmental deterioration for 
making sound environmental policy (Bhowmik and Govind 
Rajan 2022; Bhowmik et al. 2022a, b). The introduction of 
environmental taxes (ET), environment-related technologies, 
and their effects on renewable energy (RE), which is gaining 
popularity as a less carbon-intensive and sustainable energy 
source, is one of the most contentious problems connected 
to address these environment-related concerns. The rapid 
growth of once-developing nations now poses a threat to long-
term stability. Sustained economic growth is a challenge for 
developing nations due to rising energy and environmental 
demands as well as global power imbalances. The environ-
ment-friendly methods have positive effects on the world 
besides adding financial and economic benefits. Transitioning 
for energy effectiveness and green energy is being helpful in 
attaining ecological and financial sustainability. Policies and 
methods to tackle environment and energy difficulties (Bhow-
mik and Govind Rajan 2022; Bhowmik et al. 2022a, b), as 
have been underlined in a number of studies, the current body 
of research. Sustainable economic development also requires 
government incentives for renewable electricity and energy. 
Besides, the cost of electricity also has a major bearing on the 
adoption of non-fossil fuel energy consumption.

Energy utilization, economic progress, and environmental 
sustainability have all been studied (Liu et al. 2022a). Most 
analyses have focused on industrialized nations like the USA 
and Europe (Syed et al. 2021; Syed and Bouri 2022a, b). 
Earlier studies on the same topic tended to agree that rising 
economic and energy demand are to be blamed for rising 
CO2 levels. Numerous studies have highlighted the connec-
tion between DGP, non-renewable energy (NRE) sources, 
and CO2 emissions. It is the topic crucial to understanding 
and improving the growth patterns of the E7 economies. 
Natural resource-rich cultures are better able to decrease 
their reliance on fossil fuels and CO2 emissions. According 
to M. Li et al. (2022a), it is validated that implementing 
energy strategies will reduce reliance on NRE sources. The 
energy mix is still heavily impacted by fossil fuel energy 

sources. This explains the long-term viability of both RE 
and NRE sources.

The potential of RE to rebalance the SDGs has been 
emphasized in recent energy economic literature (Mngumi 
et al. 2022). Much of this literature has sought to observe 
the links between the consumption of energy (both renew-
able and non-renewable), environmental degradation, and 
economic development. There are two perspectives to look 
at this work: one way requires dividing this body of work 
into two sub-genres. In the first approach, we will take a look 
at the relationship between economic expansion and energy. 
The second line of inquiry investigates the environmental 
Kuznets curve (EKC) theory, first articulated by Tang et al. 
(2022), and its relevance to the link between the ecosystem 
and economic progress. According to this theory, environ-
mental degradation increases as a country develops but it 
declines after a certain threshold of per capita income is 
reached. Generally speaking, as economies grow, environ-
mental quality get worse, and then start improving (Wei et al. 
2022). This speculative link has been rigorously evaluated 
from theoretical perspective and is supported by the vast 
majority of empirical studies (e.g., Islam et al. 2022; Mur-
shed et al. 2022; Xiang et al. 2022). Over the past few years, 
scholars have paid a great emphasis on the connections 
between rising prosperity and rising energy consumption, as 
well as rising prosperity and ever-increasing environmental 
degradation. Analyses of the growth-energy nexus and the 
environment-growth nexus dominate these studies, whereas 
few studies have attempted to examine both of these connec-
tions simultaneously (Bhardwaj et al. 2022; Irfan et al. 2022; 
Islam et al. 2021). The primary contribution of these studies 
is to develop a comprehensive framework for analyzing the 
interplay between CO2 emissions, economic growth, and 
energy utilization (both renewable and non-renewable). So 
far, no one has cared to prove that RE can boost economic 
growth and cut down on CO2 emissions.

Renewable energy technologies can be further divided 
into two categories: established energy technologies and 
cutting-edge energy technologies (Y. Wang et al. 2022a, b, 
c). Z. Liu et al. (2022b, c) contend that in addition to meet 
the needs of the community and conforming to future and 
existing civic regulations, renewable resources should also 
be safe for the environment, they should be made limitless, 
and inexpensive over long periods of time. The transition 
to a green economy is essential for both short-term and 
long-term social and economic gains that can be derived 
from the renewable distribution that influences rapid green 
development (Yin et al. 2023). Lin et al. (2020) studied the 
association between the proliferation of RE and the price of 
fossil fuels. According to Wang et al. (2022a, b, c), “green 
paradox theory,” an expensive plan to reduce global warm-
ing, may actually increase the use of NRE. In many areas, 
including energy security, social and economic growth, 
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energy supply, and climate change reduction strategies; 
sustainable energy solutions are praised but not utilized 
(Xiao et al. 2022). The health and RE sources of neighbor-
ing communities are put in jeopardy by the noise of wind 
turbines and the potential hazard of solar energy units that 
reflect sunlight (Si et al. 2022).

The advantages of this study have been divided into 
three categories. The first original contribution of this 
study is an explanation of the impact of RE sources, both 
individually and collectively, on the rate of environmentally 
sustainable growth in the seven growing economies 
between 1990 and 2021. Using a sequential empirical 
strategy, this article explores the link between renewable 
energy (hydroelectricity) and non-renewable energy 
(fossil fuel) sources, eco-innovation, GDP (per capita), 
and environmental taxes. Secondly, this study examines 
the impact of hydroelectricity usage on environmental 
sustainability as well as economic growth. If the fact is 
considered important that the E-7 economies have been 
selected for this study despite the fact that several of those 
countries rank among the world’s top polluters and have 
hydroelectricity’s negligible impact on the environment, 
the topic’s significance becomes clear. Only two previous 
studies—one by S. Li et  al. (2022b) and another by Li 
et al., (2023a, b)—have used the method of a “non-linear 
panel smooth transition vector error correction model” to 
assess the influence of electricity consumption on economic 
growth, so the present study makes further valuable 
additions to the small body of already done work. While 
Sharif et al. (2022) analyzed overall electricity demand, 
Irfan et al. (2021) focused on RE sources. In this research, 
the consumption of hydroelectricity has been taken as 
the main variable. Here, we employ two distinct methods 
of analysis—the method of moment quantile regression 
(MMQR) and the bootstrap quintile regression (BSQR), as 
they have been validated by previous studies. Finally, the 
third benefit is that this study answers an important research 
question that aims to find out how much clean environmental 
and economic production is boosted by the use of RE. It 
also tries to seek answer to the question: can the clean 
environmental and economic development rate of the E-7 
countries be increased by using renewable energy sources?

It is not an extravagance to suggest that this study is the 
first of its kind to answer important questions about the fac-
tors influencing renewable energy and this work has signifi-
cant implications for the field to further develop and prosper, 
even in the times when the E7 economies are fighting for 
greater environmental sustainability, and the authorities are 
concerned about the growth of RE. To that end, the empir-
ical results of this analysis will aid the E7 economies in 
developing and enacting appropriate policies for the devel-
opment and improvement of renewable energy sources. The 
estimated findings of this research would be useful not only 

for the E7 economies but also for other developing econo-
mies, considering the fact that scant amount of information 
is available on the factors and causes impacting the adoption 
of renewable energy sources. Therefore, this research paves 
the way for academics to focus on the factors that affect RE, 
and find the ways results of this research be expanded to 
apply to economies still in their early stages? This study uses 
the latest econometric methods, which are more efficient and 
robust than typical regression methods, applied to conduct 
empirical testing.

This is how the rest of the manuscript is structured. 
The “Literature review” section will look at the empirical 
research that is available. The research’s data and methods 
are discussed in the “Data and methodology” section. Find-
ings and comments are detailed in the “Results and discus-
sion” section, while findings and policy implications are 
documented in the “Conclusion and policy implications” 
section.

Literature review

Due to the correlation between economic expansion and ris-
ing energy requirements, modern manufacturing processes 
rely significantly on fossil fuels. Since we are heading in the 
direction where a hybrid energy system is a viable method 
to tackle environmental degradation issues, RE sources have 
developed as a substitute for conventional energy sources 
(Xu et al. 2021). We look at the literature on environmental 
improvements and laws with the current state of renewable 
energy in mind.

Renewable energy consumption—environmental 
taxes nexus

Environmental taxes are a form of pricing policy that aims 
to improve the environment while stimulating economic 
development (Khan et al. 2021). Carbon emissions may 
be reduced by 28% in severely polluted economies if envi-
ronmental levies and environmental technology are imple-
mented. According to research by (Sharif et al. 2020b, 2019), 
carbon taxes have beneficial effects both on the environment 
and the economy. As shown by analyses conducted by Godil 
et al. (2020), who used the computable general equilibrium 
(CGE) approach to analyze environmental policies and took 
a balanced stance towards economic growth and ecologi-
cal reforms. To lower carbon emissions and improve energy 
efficiency, Irfan et al. (2021) investigated the environmental 
tax as an energy policy instrument. The study’s authors used 
a dynamic general equilibrium to show that environmental 
levies had varying effects across different economic sectors.

According to an assessment of GHG legislation 
and emission trading schemes in six major economies 
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conducted by Mishra et al. (2020), emission trading pro-
grams help reduce carbon emissions by an average of 
1.58% per year. Environmental taxes, according to Wan 
et al. (2022), reduce carbon emissions in Greece. They also 
argued that a better environmental outcome might be feasi-
ble, particularly in the EU countries, if various tax rates are 
set for different economic sectors. According to Jian and 
Afshan (2022), only the highest level of environmental tax 
can help cut CO2 emissions in the majority of the nations 
in South America. According to the findings of Sharif et al. 
(2020a, b, 2017), a carbon tax of £50 per metric ton would 
lead to a 37% decrease in Scotland’s CO2 emissions. Using 
the social accounting matrix, Suki et al. (2020) show that 
a US$5 carbon tax per ton results in an 1800-g reduction 
in greenhouse gas emissions. Despite the fact that there 
are many ways in which CO2 can boost GDP, there are still 
examples where it can have a detrimental influence in the 
long run (Sharif et al. 2022).

Renewable energy consumption—economic growth 
nexus

Several scholars have struggled to address the causality 
between energy usage and economic expansion. The 
correlation between primary energy use from various 
sources and GDP for Bulgaria, Hungary, Romania, Poland, 
and Turkey from 1980 to 2012/2013 is confirmed. For 
instance, by the research of Deng et al. (2022), who looked 
at the connection between economic development and 
energy use in India between 1950 and 1996, it is found that 
it is both bidirectional and same-directional process. In his 
research on four countries—India, Indonesia, Thailand, 
and the Philippines—Husnain et al. (2022) demonstrate 
that the correlation between income and energy use is 
not coincidental. Povitkina et al. (2021) make a similar 
observation, demonstrating that a country’s economic 
growth affects the rate at which its petroleum consumption 
increases. Energy consumption and CO2 emissions do not 
lead to economic development, as shown by other experts 
Huang et al. (2022) using different methods. These experts 
recommend that the government should follow energy 
conservation strategies and carbon decline policies because 
they do not impede a country’s economic development. 
Their findings provide crucial evidence for international 
efforts to cut energy consumption.

The benefits and downsides of various RE sources are 
discussed in greater detail by other researchers too (Khur-
shid and Khan 2021). A huge initial investment required 
to turn geothermal energy into a sustainable system is the 
primary argument against it. This means that it is only an 

option for wealthy countries. However, nations like Turkey, 
which have an abundance of geothermal sources, cannot 
afford to stop using polluting energy sources (such as coal) 
or invest in developing methods to harness the renewable 
energy source due to their quickly expanding populations 
and economies (Nosheen et al. 2021). After showing a two-
way causal association between RE and economic growth 
for the period 1980–2016, De Santis et al. (2021) argue that 
Turkey’s sustainable development requires both increased 
production of RE and reduced consumption of conventional 
forms of energy. A multi-criteria study of Italy’s scenario 
suggests that replacing the current method for generating 
hot water and heat with solar thermal panels and heat pumps 
will significantly reduce the country’s final energy consump-
tion (Zhang et al. 2021).

Role of renewable energy electricity, carbon 
emissions, environmental taxes, and eco‑innovation

The theory of ERT anticipates that environmental taxation 
supports the execution of eco-friendly means that mini-
mize the use of NRE resources, and this theory has been 
the topic of heated dispute among scholars concerned with 
environmental sustainability (Ma et al. 2022). Furthermore, 
several studies incorporate economic growth and other cru-
cial aspects to study the effect of green policies and ERT 
on carbon emissions (Hussain et al. 2023). Previous studies 
have shown that the ERT has a deleterious effect on carbon 
emissions (Weimin et al. 2022).

The effects of the environmental tax (ET) on CO2 
emissions in OECD countries, along with other renowned 
factors like financial development and renewable energy, are 
examined (Ahmed et al. 2022a, b, c). Experiment results, 
using the GMM and quantile regression models, confirm 
that ET have a negative impact on ecological degradation. 
Another study that looked at the influence of environmental 
taxes on carbon emissions was undertaken in Vietnam 
(Li et al. 2023a). Multiple factors, such as environmental 
taxation and carbon dioxide emissions from 2001 to 2018, 
were analyzed using multivariate regression. The findings 
state that carbon emissions have decreased dramatically due 
to the increase in environmental tax collection.

Firdaus et al. (2022) studied the connection between 
RE, economic development, and carbon emissions in 
the context of four Nordic nations (Denmark, Norway, 
Finland, and Sweden). The empirical outcomes showed 
that the quality of the ecosystem in the nations examined 
improved as an outcome of the use of RE and technical 
innovation. The association between fossil fuel subsidies 
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and greenhouse gas emissions was studied by Ahmed 
et al. (2022a, b, c) for MENA countries. The research 
found that it was possible that a reduction in gasoline and 
diesel product subsidies of 20 US cents per liter would 
significantly cut CO2 emissions. Evidence from Samour 
et  al. (2022) shows that the usage of oil and coal, as 
well as the agricultural sector, is the primary source of 
GHG emissions in China and India, whereas RE sources 
improve environmental quality.

Ahmed et al. (2022a, b, c) recently presented evidence 
for the effectiveness of environmental policies and eco-
innovations in reducing CO2 emissions in OECD nations. 
The authors proposed innovations, laws, and greener 
investments to achieve greener and cleaner environment 
goals based on the stochastic influences of regression on 
population, prosperity, and technology (STIRPAT) method. 
Following the footsteps of this research, Hunjra et al. (2022) 
looked at the renewable energy-carbon nexus in the context 
of 107 nations as a worldwide sample. Researchers used 
panel co-integration and causality analysis to look at the 
effects of renewable energy at various phases. The research 
concluded that high- and low-income nations alike would 
benefit from switching to RE sources. The association 
between renewable energy electricity (REE), NRE, 
economic growth, and carbon emissions is hotly debated, 
as evidenced by the aforementioned studies. There is a gap 
in the literature about the relationship between rising RE 
electricity, environmental taxes, and eco-innovation and the 
resulting effect on REC and the ecosystem. Secondly, the 
literature has overlooked the fact that RE has a moderating 
effect on economic expansion. To fill in the gaps relating to 
knowledge and information, the present research seeks to 
examine how factors such as environmental taxation, eco-
innovation, and economic progress impact REC.

Literature gap

Several gaps in the literature are reflected by the literature 
review that we will describe in the preceding sections. To 

begin with, there is a lack of information about the factors 
that influence the use of RE, as no prior research has ever 
attempted to determine the factors that can increase REC. 
These factors include the use of renewable energy electricity 
and eco-innovation in the context of the E7 nations, Sec-
ondly, there is a gap in the literature about the association 
between environmental taxes and the generation of electric-
ity by RE sources. However, from the perspective of SDG 
10, enabling the E7 states to fulfill the SDG agenda by 2030 
requires focus on the lopsided distribution of RE produc-
tivity throughout the E7 nations. This work attempts to fill 
these knowledge gaps by developing a novel indicator of 
inequality in renewable energy productivity expressed as 
a Theil Index, and apply it to the problem in identifying 
the factors that contribute to this vitally important kind of 
inequality.

Data and methodology

This research primarily explores the links between REC, 
REE, eco-innovation, environmental taxes, CO2 emissions, 
and economic growth in seven emerging countries (Mexico, 
Indonesia, China, Russia, Turkey, India, and Brazil) from 
1990 to 2020. Table 1 provides detailed descriptions and 
suggested measurements for the model variables that have 
been proposed. Total final energy consumption in kilowatt-
hours (kWh) and kWh consumption from renewable energy 
sources (REC) are two ways to quantify a country's reliance 
on renewable energy in a given year. To calculate the REC 
in kilotons of oil equivalence, multiply the total energy 
consumption in kilograms by the REC, as a percentage of 
the total energy consumption, and then divide it by 100. 
Renewable energy electricity (REE) is the percentage of 
total power generation that comes from renewable sources. 
All of the information about REE comes from the World 
Development Indicators. CO2 emissions are measured in 
million metric tons, and gross domestic product (GDP) 
is calculated in constant 2015 US dollars. Data for the 
analysis of the abovementioned variables can be collected 

Table 1   Variables with measurements

Variables Symbols Measurement Sources

Renewable energy consumption REC Renewable energy consumption (% of total energy consumption) British 
Petroleum 
database

Economic growth GDP GDP growth (annual %) WDI
Eco-innovation EI Research and development expenditure (% of GDP) WDI
CO2 emission CE Million tons of CO2 emissions WDI
Environmental taxes ENT Percentage of total taxes of nations WDI
Renewable energy electricity REE The percentage of total power generation through renewable sources WDI
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from the World Development Indicators (WDI) and British 
petroleum database. GDP is used as a proxy for economic 
growth while it is the total output of a country in a given 
year.

Model specification
The following overarching model was developed for this 
research, with REC as the dependent variable:

Consider the following as an example of how the model, 
we just talked about, can be written in regression form:

Here, the following Eq. (1) demonstrates that GDP, REE, 
ET, EI, and CO2 emissions are the functions of REC. How-
ever, Eq. (2) demonstrates that both the antecedent variables 
and the ET are important determinants of REC. The “i” and 
“t” represent the cross-sections and the time period, respec-
tively; “ε” stands for random error.

Estimation strategy

Descriptive and normality statistics

Before performing an empirical estimation, this report’s 
descriptive statistics will be useful in describing the ana-
lyzed data. Data can be summarized by looking at the mean, 
median, range, minimum, and maximum estimations. More-
over, the standard deviation, defined as a variance between 
each observation and the mean value, is calculated to show 
the range of values for the variable under consideration. In 
addition, this investigation employs two metrics—kurtosis 
and skewness—to evaluate the normalcy of the data. The 
normality test developed by Hadri (2000) is presented in 
its conventional form, but it is augmented by the follow-
ing measures to assess whether or not the data are normally 
distributed:

Skewness (S), number of observations (N), and excess 
kurtosis (K) are defined by the corresponding equation. 
In comparison with performing a skewness analysis and a 
kurtosis analysis independently, this test is more efficient 
because it performs both of these analyses simultaneously. In 
a J.B. test, the null hypothesis stresses that both assessments 
are zero, as it would be expected from a normally distributed 
dataset. If the data pan out as expected, the hypothesis will 

(1)RECit = f
(
REEit,ENTit,GDPit,CO2,it,EIit

)

(2)
RECit = �1 + �2REEit + �3ENTit + �4GDPit + �5CO2,it + �6EIit + �it

(3)J.B =
N

6

(
S2 +

(K − 3)2

4

)

be rejected because it will show that the variables follow an 
atypical distribution.

Testing slope heterogeneity and CD
This research examines panel data characteristics, 
including slope coefficient heterogeneity (SCH) and cross-
sectional dependence (CD), after collecting descriptive and 
normality estimates. Between 1760 and 1840, globalization 
and trade exploded; it allowed some countries to specialize 
in specific goods while let a few other countries to 
concentrate on other certain other matters. As a result of 
this specialization, a few economies are reliant on those 
of others for their continued prosperity. Because of this 
reliance, many nations have chosen policies that may 
eventually cause their economies resemble with those 
of other nations. It has created the complex econometric 
problem of slope homogeneity. As discussed by Shah 
(2020), the results of panel data forecasts may be incorrect 
and deceptive if the slope homogeneity issue occurs. 
The SCH test (Juhl and Lugovskyy 2014) is used in this 
investigation. Efficiently providing both the corrected 
SCH and the non-corrected SCH makes this test useful, 
as shown by the following equation form, derived from 
research in Pesaran (2008):

where Δ̂SCH stands for the homogeneity of the slope coef-
ficient in Eq. (4) and “ASCH” stands for the homogeneity of 
the slope coefficient after the amendment made in Eq. (5).

Slope coefficients are supposed to be standardized under 
the null hypothesis until the point where projections become 
statistically unimportant.

Ignoring the CD of the panel, like the preceding 
specification, may lead to conflicting empirical results 
(Hunjra et al. 2022). This research has used the CD test 
(Pesaran 2015) to establish whether or not the economies of 
the E7 are dependent over time and space. Through analysis 
of Pesaran (2015), we may derive the standard equation for 
CD, which is as follows:

The test’s null hypothesis expresses that the cross sec-
tions are not reliant on each other across the board. But 

(4)Δ̂SCH =

√
N.(2k)−1

(
N−1

�

S − K

)

(5)Δ̂ASCH =
√
N

�
T + 1

2K(T − K − 1)

�
N−1

�

S − 2K

�

(6)CDTest =

√
2T

[N.(N − 1)]1∕2

�N−1

i=1

�N

k=1+i
T
ik

�



46184	 Environmental Science and Pollution Research (2024) 31:46178–46193

1 3

empirically significant estimates are enough to rule out the 
null hypothesis (H0) and point to CD in the panel.

Stationary testing

Identifying the panel’s stationary case follows the calcula-
tion of CSD. In order to ascertain whether or not a panel’s 
data series are stationary, we can use the CADF test statistics 
presented below.

The CSD’s existence is assumed by the CADF, a type of 
IPS unit root test. By averaging the unit-root data from the 
CADF and CIPS tests for each country and cross section, 
we can get the measurements of this test for the entire panel. 
CIPS (cross-sectionally augmented IPS) tests (Phillips and 
Perron 1988) were also used in the investigation. CIPS is 
equipped to handle the CSD, resulting in more trustworthy 
and precise outcomes. It is defined as:

where, as shown, it is a typical cross section, and it is 
written:

CIPS test results are presented as

Co‑integration testing

In this paper, we employ the error correction model (ECM) 
(Engle and Granger 2015) to study the presence of long-
run co-integration across variables in a panel consisting of 
the economies of the Eurozone’s Group of Seven. Effective 
estimates for dealing with CD and intercept heterogeneity 
are provided by this test, which combines panel and group 
mean statistics. Both sets of numbers are evaluated using the 
following tried-and-true methods:

G� =
1

N

∑N

i=1

�̂i
S.E�̂i

, and Ga =
1

N

∑N

i=1

T�̂i
�̂i(1)

, shows the mean 
group statistics, while P� =

�̂

S.E(�̂)
, and Pa = T . �̂ shows the 

panel statistics.

Method of moments quantile regression (MMQR)

It is important to note that all the aforementioned methods 
generate linear correlations between model variables by 
averaging the relevant variables, completely disregarding 

(7)Δyi,t = �i + �∗
i
yi,t−1 + d0yt−1 + d1Δyt + �it�

(8)ΔWi,t = ∅i + ∅iZi,t−1 + ∅iZt−1 +
∑p

l=0
∅ilΔWt−1 +

∑p

l=0
∅ilΔWi,t−1 + �it

(9)Wi,t = ∅1ENT
i,t
+ ∅2EINO

i,t
+ ∅3RE

i,t
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the conditional data distribution in the process. Contrarily, 
quantile regressions for panel datasets use the quantiles of 
the variables to probe for relationships (Martínez-Avila et al. 
2022). Coefficients calculated from quantiles of the depend-
ent variable are presented for evaluation by Khanfar et al. 
(2021), and these coefficients are modified by the means 
of the numerous explanatory factors. Despite the fact that 
conditional measures may be shown to have minimal or no 
influence, this method nevertheless seems to be helpful deal-
ing with probable outliers, which can dislocate the data’s 
whole distribution. Furthermore, while computing, it may 
happen that conventional quantile regressions are unable to 
move across cross sections at different quantile levels. It 
leads to an inaccurate distribution of the dependent variable 
(Magiri et al. 2022). The current work also uses a recent 
estimation approach proposed by Machado and Santos Silva 
(2019) which is known as the “method of moments quantile 
regression” (MMQR). Due to its inability to ascertain the 
heterogeneity that remains unnoticed in each cross section 
of the panel data, quantile regression is, as previously indi-
cated, the least stable to outliers. Moreover, it is interesting 
to note that MMQR seems to perform well with distribu-
tions that deviate from the normality assumption. Its main 
advantage is that it may be used in non-linear models and is 
significantly easier to compute, especially while dealing with 
several endogenous variables. By isolating dependent vari-
ables and allowing specific impacts on people, the MMQR 
enabled the “conditioned heterogeneity of variance effects” 
to generate and influence outcomes. Typical quantile regres-
sions, such as those found in Ahmad et al. (2021), lack this 
quality because their computation consists solely of shift-
ing averages. Furthermore, when data is classified on the 
basis of some individual-specific effects, MMQR is deemed 
more applicable in such context as the ones where variables 
have endogeneity qualities. In the event where the model is 
non-linear, this method is effective (Wu et al. 2022). In com-
parison to other non-linear estimate methods, such as the 
non-linear autoregressive distributed lag (NARDL) model, 
which typically describes non-linear features with exoge-
nous boundaries by not choosing the benchmark standards; 
MMQR performs better since it may incorporate a non-linear 
model. This method also permits asymmetry with respect to 
location, as the parameters of variables are position-depend-
ent under the distribution conditions. These results suggest 
that the MMQR is more legitimate and robust than previous 
methods especially when it comes to the formation of asym-
metrical non-linear links and connections (Khee Pek 2021). 
The MMQR also successfully overcomes the difficulties of 
endogeneity and heterogeneity (Rehman et al. 2022). Since 
the MMQR approach yields non-crossing regression quan-
tile estimates, it is also quite easy to implement. As such, 
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the conditional quantiles QY (τ|X) are estimated to provide 
a framework for the location-scale variation.

The probability P { �I +  Z�

it
Υ > 0} = 1. (α, � ′, and ��Υ

�

)
�

)
�

 
are the parameters to be assessed. The isolated i fixed effects 
are nominated by (αi, δi), i = 1,…, n, and k-vector of docu-
mented elements of X is denoted by Z, which are differenti-
able conversions with element known by:

It is time-independent, uniformly distributed, and may 
be applied to any fixed Xit. Orthogonal to Xit and adjusted to 
meet the moment criteria in Khurana et al., (2021), which 
do not need stringent exogeneity, Uit is distributed indepen-
dently and similarly among persons (i) and throughout time 
(t). Given the above, the following follows logically from 
Eq. (13).

Economic growth, REC, TI, and GL are all independ-
ent variables in Eq. 13 and vector of independent variables 
represented byXit . The quantile distribution of the dependent 
variable Yit (CO2 emissions) is shown as Qy

(
�|Xit

)
 , while 

it is dependent on the value of independent variables. An 
individual’s quantile-fixed effect is represented by the scalar 
coefficient, X′

it
.–αi (�) ≡ αi + �i q (�) . Unlike other least-

square fixed effects, the individual effect does not signify a 
change in the intercept. The conditional distribution of the 
endogenous variable is allowed to shift between quantiles 
due to the temporal invariance of the parameters and their 
varying effects. In order to determine the τ-th quantile of a 
sample, we must first optimize the following: The τ-th sam-
ple quantile is represented by Y ( q(�).
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Granger panel causality and robustness

In this work, the BSQR is employed to verify the MMQR 
method’s empirical findings and add a layer of robustness. 
If one is interested in analyzing confidence intervals and 
tests of significance, BSQR is a substitution method that 
can help. This specification’s benefit is that it dispenses with 
the need for a parametric assumption of an asymptotically 
normal sample distribution in order to gather quantitative 
data. To be more precise, the BSQR (Dumitrescu and Hurlin 
2012) employs computational resources to assess the empiri-
cal sampling distribution of the estimating model, which 
in turn provides beneficial estimating strategies and shows 
empirical results.

The MMQR and BSQR techniques may be able to esti-
mate outcomes for each regressor at a specific scale and 
location, but they cannot identify the causal association 
between variables. Granger panel causality heterogeneity 
test (Dumitrescu and Hurlin 2012) has been used in this 
study to determine the path of causality. When compared to 
other methods, this test is superior in its ability to identify 
TN panels with imbalances. The problems of slope hetero-
geneity and CD, in panel data, are also discussed (Li et al. 
2023b).

Results and discussion

The empirical outcomes assessed using the aforemen-
tioned methods are shown below. Table 2 and Fig. 1 dis-
play some descriptive statistics from this study. According 
to the descriptive statistics, the mean, median, and range 
values for all of the variables are all positive. It demon-
strates the upward trending nature of the variables under 
study. With respect to the latter, the extremes of each vari-
able are both positive and significantly different from one 
another. Since volatility in a time series may be measured 
by taking the standard deviation, this study does just that. 
Since the standard deviation is positive for all variables, the 
estimated outcomes suggest that all variables are unstable. 

Table 2   Descriptive and 
normality statistics

REC GDP CO2 REE ENT EI

Mean 1.3421 12.6474 6.1637 1.4283 0.8424 4.4145
Median 1.4443 12.6066 5.9637 1.3170 0.9067 4.4167
Maximum 1.8567 13.8235 7.3640 2.0785 1.2526 6.4974
Minimum 0.5276 12.0027 5.4008 1.0652 0.1085 3.0688
Std. dev 0.4083 0.3720 0.5048 0.2718 0.2737 0.6874
Skewness -0.6651 1.1757 0.7869 1.4545 -1.1343 0.8753
Kurtosis 2.3953 4.9238 2.8185 3.8485 3.8592 4.5446
Jarque–Bera 20.7918 77.1245 22.9984 79.5642 50.2185 44.5348
Probability 0.000052 0.0000 0.000018 0.0000 0.0000 0.0000
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In addition, the study assesses the skewness and kurtosis 
normality requirements, both of which produce estimated 
values outside of their respective critical ranges of 0 and 
3, respectively. Therefore, the variables are not assumed to 
follow a normal distribution in this analysis. This research 
has used the normality test, which takes into account both 
excess kurtosis and skewness concurrently to examine the 
topic of data normality in depth (Hadri 2000). According to 
the data presented in the study, all of the variables have sta-
tistically significant values at the 1% level. As an outcome, 
we can conclude that the variables adhere to the asymmetric 
distribution and reject the null hypothesis of regularly dis-
tributed data.

The SCH and CD tests are analyzed in this work after 
the descriptive and normality estimates are presented. 
Tables 3 and 4 provide the estimated outcomes for the 
aforementioned parameters. By using the SCH test, we 
discover that the results are highly significant even at 

the 1% level of significance. To conclude, it can be said 
that the slope coefficients are not homogeneous; we must 
therefore reject the null hypothesis of slope homogeneity. 
In contrast, the outcome of the CD test yielded estimates 
that are statistically significant across the board. Since 
cross-sectional reliance is the norm for E7 economies, 
we must also reject the null hypothesis of cross-sectional 
independence. Further evidence of the potential for a 
shock in one nation to affect variables in other countries is 
provided by the existence of CD.

CD and unit root tests

Some commonplace preparatory tests are run to determine 
the time-series features of the variables before estimating the 
unknown parameters. As a first step, we investigate whether 
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Fig. 1   Descriptive and normality statistics in diagram form

Table 3   Slope heterogeneity 
test

Significance level is given by * for 
10%, ** for 5%, and *** for 1%

Model 1

Slope heterogeneity 
test

Statistics

Δ̃ 17.978***

Δ̃Adjusted 20.339**

Table 4   Cross-sectional dependence

Significance level is represented by * for 10%, ** for 5%, and *** for 1%

Variables name Statistic of CD test Prob

GDP 25.224*** 0.000
EI 18.57*** 0.000
REC 18.56*** 0.000
REE 5.728*** 0.000
ENT 23.739*** 0.000
CO2 14.74*** 0.000
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or not the panel exhibits cross-sectional dependence (CD). 
Estimated coefficients may be skewed if the data is depend-
ent over time. Panel data efficiency advantages may be 
severely attenuated if CD, which may occur as an outcome 
of unnoticed common factors, is disregarded. Therefore, 
this issue must be taken into account if accurate coefficient 
estimations are to be generated. To evaluate panel CDs, we 
use the CD test proposed by Pesaran et al., (2004). Table 4 
shows that all quantitative indicators, with the exception 
of oil output, show substantial cross-sectional dependence 
among countries. For this reason, we need to incorporate 
procedures that are robust to the impacts of cross-sectional 
dependency into our unit root and co-integration tests and 
panel estimate methods in order to decrease the probability 
of any size distortions.

When we use standard first-generation unit root testing 
(see Table 5), it is possible to obtain skewed estimates 
because the diagnostic tests confirm the heterogeneity of 
slopes and panel CD. The panel data issues were addressed 
by Tzankova (2020). By using the CIPS unit root test, the 
empirical findings are presented in Table 5. Only one vari-
able, residual end-effect (REE), is statistically significant 
at I (0). It means that the presence of a unit root has been 
rejected. The statistical numbers for REC, GDP, CO2, 
ENT, and EI are all below their critical values, so they are 
marked non-stationary. Owing to this, I(1) is where all of 
these variables are examined because it has statistical val-
ues greater than their critical values. The present analysis 
is able to examine the long-run co-integration connection 
between the variables because all of them reject the null 
hypothesis of unit root presence and are thus considered 
stationary.

We use the panel co-integration test (Pedroni 2004) and 
the bootstrapped panel co-integration test (Westerlund and 
Edgerton 2007) to find whether or not there is a genuine 
long-run link between the variables. In the spirit of Engle 
and Granger’s 2-step technique, Pedroni presents a complete 
framework for assessing panel co-integration. In order to 
account for the variation, Pedroni’s method first eliminates 

potentially confounding short-run factors, and then deter-
ministic tendencies that are unique to each individual. 
Pedroni generates seven alternative test statistics from esti-
mated residuals; these can be “pooled” by “within-dimen-
sion” tests, which assume a single process, or “grouped” or 
“between-dimension” tests, that assume many processes act-
ing independently of one another. Westerlund and Edgerton 
(2007) suggests a method according to which four more tests 
are conducted under the premise that co-integration does 
not exist. Due to the structural rather than residual character 
of the dynamics being tested, the test loosens the imposi-
tion of common factor limits on the tests based on residual 
dynamics. The need for structural dynamics arises from the 
fact that residual-based co-integration tests might lose a lot 
of their efficacy if common factor limitations do not hold 
(Charfeddine and Kahia 2019). By removing this constraint, 
it is no longer necessary for long- and short-term adjustment 
processes to be identical. By employing the bootstrapping 
method, we are able to reduce the impact of cross-sectional 
dependence on our key values, and thereby ensure their 
reliability.

The empirical ECM test results are presented in Table 6. 
This study suggests that there is no long-run equilibrium 
association by assuming that the error correction term is 
equal to zero. In light of the data, the p values for the means 
of the groups (Gt and Ga) and the panels (Pt and Pa) are both 
extremely small. Because the error correction is not zero, the 
co-integration association between the variables must exist, 
and the null hypothesis of the test must be rejected.

Following confirmation of the co-integration of the 
variables of interest, this analysis assesses long-run elas-
ticities. Moment quantile regression, a new technique that 
is useful for handling non-linear data, has been used in this 
work to account for the uneven distribution of the inde-
pendent variables. Table 7 presents empirical outcomes 
from this method. The results show that all the variables 
have positive influences across all quantiles, with the 
exception of the TIN. From the lowest (Q 25th) to the 
highest (Q 90th) quantile, REC increases by 4.555–4.454 
percentage points for each unit rise in GDP, REE, CO2, 
and ENT, and by 0.514–0.627% for each unit increase in 
ENT. But energy is the key factor which makes businesses Table 5   Unit root testing

Significance level is represented by * for 10%, ** for 5%, and *** for 
1%.%. I(0) is for level, and I(1) is for the first

Intercept and trend
Variables 1(0) 1(1)

REC  − 2.280  − 5.010***
GDP  − 1.672  − 3.792***
REE  − 3.150*** –
CO2  − 2.113  − 4.989***
ENT  − 1.335  − 4.674***
EI  − 2.485  − 5.598***

Table 6   Co-integration results

Significance level is represented by * for 10%, ** for 5%, and *** for 1%

Statistics Value Z-value

Gt  − 8.493***  − 16.084
Ga  − 19.069***  − 2.328
Pt  − 23.613***  − 15.045
Pa  − 21.385***  − 4.309
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successful and helps economies expand. One thing is cer-
tain, if traditional fossil fuels are used at their current rate 
of use, they will run out quickly. Largest energy users are 
the industrial and residential sector that are trying to make 
the transition from outdated energy resources and appa-
ratus to RE acceptance as their incomes rise. Thus, afflu-
ence plays a progressive role in the uptake and REC. The 
positive correlation between economic expansion and the 
use of renewable energy sources is empirically authenti-
cated by the results of this study. The outcomes are also 
consistent with the results of Sardianou et al. (2021). In 
addition to the obvious benefits that accrue from a flour-
ishing economy, a rise in income also has a multiplier 
effect on the spread of renewable energy projects, which 
in turn increases the generation and distribution of green 
power. Therefore, the increased amount of renewable sup-
ply promotes the demand for and use of renewable energy. 
Renewable power production may enhance economic 
growth, which boosts investment, that leads to encourag-
ing REC (Abbasi et al. 2022). This phenomenon is also 
supported by empirical research (Sadiq et al. 2022). In 
a similar way, more economic activity is to be blamed 
for increased CO2 emissions. Increased economic and 
financial activity is tied to industrial trade, which, on the 
one hand, helps generate revenue but, on the other, causes 
environmental deterioration due to increased consumption 
of fossil fuels. So, new research suggests that technical 
advancement might greatly encourage renewable energy 
usage, and uncouple economic growth from carbon emis-
sions (Li et al. 2023b). The positive correlation between 
these factors holds true in emerging economies, which are 
at the beginning of a period of rapid economic expan-
sion. Industrial development leading to increased incomes 
boosts the adoption and use of RE. It already has been 
established that as people’s standards of living improve, 
the economy shifts towards a greener, more energy-effi-
cient model of production and consumption. This model 
in turn reduces the rise in CO2 emissions. Now emerging 
economies are also increasingly using energy-efficient 
resources and technology due to strict ecological proce-
dures, manufacturing growth, stronger economic growth, 

and rising ecological deterioration. Sustainable policy ini-
tiatives (Ehigiamusoe et al. 2022) include the steps that 
slow down or reverse environmental deterioration, boost 
the use of RE, and keep the economy and industry grow-
ing. Technology advancement is the only factor on the list 
with a negative impact on REC. The last three quintiles 
see a decrease in REC of 0.50–0.766% for every percent-
age point rise. The main reason why TIN has a negative 
effect on REC now is that emerging economies are con-
cerned with the long-term viability of their rapid economic 
expansion. Thus, the inventions are more important for 
the economy's continued viability than the planets. Cur-
rent analyses are in favor of technical innovation's role in 
promoting and utilizing RE alongside economic growth; 
therefore, it is important to invest in the development of 
environmentally linked technological innovation. The sig-
nificant outcomes of scale and location provide additional 
support for the estimated outcomes, which are determined 
to be highly significant at the 1%, 5%, and 10% levels, 
respectively. In addition, the long-term elasticities of all 
relevant variables are displayed.

This research examined the model’s robustness after the 
long-run elasticities were estimated using the innovative 
MMQR method. Empirical results are presented in Table 8; 
the current study used BSQR to get them. The estimated 
results confirm the positive influence of GDP, REO, CO2, 
and ENT and the negative influence of EI on REC. Thus, 
it validates the model’s robustness. It was found that the 
track of impact continued to be same across quintiles of the 
BSQR and MMQR, even though the size of the influence 
varied. Statistical significance for the empirical estimates 
is obtained at the 1%, 5%, and 10% levels for all quantiles.

Despite the fact that both the MMQR and BSQR meth-
ods offer highly accurate estimates at the individual quantile 
levels, the causal association between the variables is hard 
to be seen in these specifications. Accordingly, the Granger 
causality between the variables is examined by using the 
Granger panel causality heterogeneous test. Table 9 dis-
plays the anticipated findings from the aforementioned 
analysis. The data suggests a two-way causal link among 
GDP-REC, CO2-REC, REE-REC, and EI-REC. All of the 

Table 7   Estimates of quintile 
regression–MMQR

Significance level is represented by * for 10%, ** for 5%, and *** for 1%

Variables Location Scale Quantiles

Q25th Q50th Q75th Q90th

REC 4.518***  − 0.045 4.555*** 4.504*** 4.474*** 4.454***
GDP 0.686***  − 0.035 0.716*** 0.675*** 0.652*** 0.636***
REE 0.557***  − 0.275*** 0.331 0.639*** 0.823*** 0.938***
CO2 0.583***  − 0.053 0.539*** 0.599*** 0.635*** 0.658***
ENT  − 0.254***  − 0.242***  − 0.528  − 0.698***  − 0.804***  − 0.254***
EI  − 1.515*  − 0.259***  − 1.301  − 1.592**  − 1.767**  − 1.876**
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explanatory variables were shown to be viable factors of 
renewable energy; hence, the null hypothesis was rejected. 
As a result, there is the possibility of a spillover effect in 
either the dependent or explanatory variable at any policy 
level. Accordingly, effective policy measures are necessary 
to increase the usage of RE sources without dampening eco-
nomic expansion.

Conclusion and policy implications

Today’s economies, whether they are developing or industri-
alized, have the challenge of addressing rising environmen-
tal degradation without compromising their own growth or 
productivity. According to a significant body of research, 
our dependence on conventional NRE for energy is largely 
to be blamed for the deterioration of our planet. Scholars 
and policymakers have recognized the need to find solutions 
to these problems, and they have placed a premium on the 
research and development of RE sources. That is why the 
current study examines the factors influencing the adoption 
of RE sources by developing countries. This paper examines 

the role that numerous energies and environmental, finan-
cial, and technical issues play in the adoption of RE sources. 
This study uses panel data methodologies, which verify the 
variety of CD and slope coefficients, because it is concerned 
with data from the E7 economies. The results also show that 
every variable is co-integrated. This study uses the unique 
MMQR approach to account for the uneven distribution of 
data and finds that the main drivers of REC in the region are 
increasing power generation from renewable sources, energy 
effectiveness, economic development, and carbon emissions. 
When it comes to providing an all-encompassing picture 
of the relationship between variables at quantile distribu-
tions, MMQR is clearly superior to traditional panel quantile 
regression. This method delivers accurate estimates and is 
very robust against outliers. Quantiles, locations, and scales 
all affect how large these variables actually are. These fac-
tors are connected in some way, as rising prosperity encour-
ages more money to be put into RE and energy efficiency. 
REC increases in various fields, which in turn helps the 
environment and the economy. Emerging economies, on the 
other hand, focus their technical innovation on economic 
sustainability at the expense of environmental recovery. As 
a result, TI reduces demand for renewable energy in these 
countries.

Our study emphases on the effects of environmental 
taxes on GHG emissions under ecological policy measures 
during the period of January 1990–January 2021 in seven 
emerging economies. Environmental taxes (ENT) are the 
most important factor, however they are only moderately 
significant and highly sensitive to definition and approach. 
Long term, the results indicate that a rise in energy taxes and 
imports may be a role in lowering emissions of greenhouse 
gases. However, this leverage could not be generalized, and 
other tools also should be identified and employed, as envi-
ronmental taxes produce varying results in different nations 
(as observed in several research cited in our paper).

Policy implications

It is advocated that more effective steps should be taken by 
government representatives and legislators in these devel-
oping nations to inspire the development and consumption 
of RE across all economic activities, particularly in renew-
able energy power. This article also helps regulators design 
new policies that cut back on NRE use and boost renewable 
energy use in an effort to slow environmental deterioration. 
Increasing energy consumption is a byproduct of rapid eco-
nomic expansion; this article advises policymakers that they 
may best serve the public interest by fueling their expansion 
with sustainable sources of power, and by minimizing their 
impact on the natural world. The effective and economic 
growth of the renewable energy sector should be a primary 
focus of policymakers. Therefore, E7 countries should 

Table 9   Dumitrescu-Hurlin panel causality

Significance level is represented by * for 10%, ** for 5%, and *** for 1%

H0 WaldStats Zstats
P value

GDP-REC 3.3222*** 3.5892 0.0007
REC-GDP 4.3101*** 5.2073 7.E − 07
CO2-REC 2.8891*** 2.8798 0.0071
REC-CO2 4.5503*** 3.5914 0
REE-REC 3.8889*** 4.5173 2.E − 05
REC-REE 2.2157* 1.7771 0.091
ENT-REC 4.5676*** 5.6290 8.E − 08
REC-ENT 3.5097*** 3.8964 0.0003
EI-REC 6.0101*** 4.2625 0
REC-EI 6.7432*** 9.1922 0

Table 8   Robustness estimates–BSQR

Significance level is represented by * for 10%, ** for 5%, and *** for 1%

Variable Quantiles

Q25th Q50th Q75th Q90th

REC 0.756 4.032** 1.23375 1.2285
GDP 1.019*** 0.987*** 0.591*** 0.332**
REE 0.12495 1.058*** 0.734** 0.545**
CO2 0.601** 0.906*** 0.565** 0.607**
ENT  − 0.028  − 0.742***  − 0.649***  − 0.553***
EI  − 1.428  − 3.822***  − 1.239  − 0.116
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compare the upfront cost of renewable energy against the 
cost of reducing carbon emissions. The widespread usage 
of renewable energy sources lays the foundation of a low-
carbon economy and sustained economic expansion. The 
E7 countries need to establish laws and policies to educate 
the public on the importance of environmental taxes and 
eco-innovation. Although it is obvious that policy should 
encourage the use of RE sources in the energy supply, the 
continued use of non-renewable or fossil resources presents 
a significant barrier to this goal. Therefore, avoiding these 
obstructions is of paramount importance, and investing in 
only eco-friendly technologies makes it possible. This focus 
should be maintained across all stages of production, espe-
cially in the industrial sector, and be made appealing by 
subsidies and tax breaks. Further, in order to accomplish 
a continuous decrease in emissions, E7 officials must cre-
ate and apply growth-centered programs and agendas. For 
instance, when their economies grow, these nations will be 
better able to fund clean energy research, adopt stringent 
environmental rules, and educate their citizens about the 
need to protect the planet. Fostering technological advance-
ments and facilitating the exchange of knowledge among the 
E7 countries is also crucial to improving the efficiency of 
renewable energy. This will increase economic output along 
with reducing CO2 emissions in these nations.

Study limitations and suggestions

Although a wide range of topics has been covered, this 
investigation of what influences people to use renewable 
energy sources is particularly thorough. In spite of this, 
there are a few areas which need further investigation and 
the authors of the study have pointed them out as well. For 
instance, future studies must empirically assess how a vari-
ety of environmental, economic and financial issues influ-
ence renewable energy. International trade, foreign direct 
investment, financial development, ecological procedures, 
etc. are all examples of areas where this research might be 
expanded to better understand the elements that could boost 
renewable energy consumption. Moreover, developed-world 
economies, such as the G20 and G7, and time-series data can 
be included in this analysis to better inform policy decisions. 
Besides, alternative panel data methods, such as the cross-
sectional ARDL model, can also be used in future research 
to look into both the short-run and long-run estimates in a 
single stream.
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