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Abstract: Emerging economies and ecosystems rely heavily on fossil fuels, and a country’s energy
dependence is a strong indicator of its reliance on foreign suppliers. This study investigates the impact
of energy dependence on energy intensity, CO2 emission intensity, and the exploitation of renewable
resources in 35 developing and 20 developed nations. It also explores the correlation between
renewable energy, GDP growth, and CO2 emissions. This study utilizes the Generalized Linear
Model (GLM) and the Robust Least Squares (RLS) method to investigate the negative correlation
between renewable energy and policymakers in established and emerging economies. It also employs
distinctive linear panel estimation techniques spanning from 1970 to 2022. This study examines
the impact of renewable energy on economic growth, energy consumption, and CO2 emissions
across four continents. Developing countries see an increase in per capita CO2 emissions when their
utilization of renewable energy exceeds their capacity. Even with the introduction of several proxies
for renewable energy use using changed techniques, this discovery remains valid. Moreover, this is
particularly crucial for industrialized nations with well-established institutions. Energy dependency
has increased the energy and carbon intensity needed for expansion across all components, which
is surprising. The regional study discovered a spillover impact in most regions, indicating that the
consequences of energy reliance are similar in neighboring countries. Regional energy exchange
unions play a vital role in reducing the adverse environmental and economic impacts of energy
dependence, which is essential for the growth of the renewable energy sector and the decrease in
greenhouse gas emissions. Undeveloped countries need to enhance their investment in research and
development to advance technologically.

Keywords: renewable energy; economic growth; CO2 emissions; panel estimation; environment

1. Introduction

Currently, climate warming poses a significant threat to the survival of humanity.
Increasing greenhouse gas emissions from the growth of fossil fuel usage and industrial
activities have been universally acknowledged as a significant factor in global warming [1,2].
Although the energy required for high-value manufacturing and the extraction of natural
resources is beneficial to the economy [3], the waste it produces can have a negative effect
on the environment [4]. Theoretically, the growth of industries significantly influences the
distribution of scarce resources, the progression of economic development, the allocation of
energy consumption, and the pace of environmental degradation [5,6]. Utilizing polluting
energy sources in manufacturing and the growing industrialization of developing regions
have raised environmental CO2 emissions and depleted natural resources [7]. This process
is considered a major energy consumer at its present growth pace. Indeed, high-frequency
power consumption is negatively impacting CO2 emissions in a number of industries, most
notably manufacturing [8,9]. Extensive study has focused on identifying the origins of CO2
emissions and developing measures to mitigate their impact on global warming [10,11].
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The use of non-renewable energy sources, particularly fossil fuels, which supply around
80% of the world’s energy, was found to be a major contributor to chemical emissions [12].
The usage of fossil fuels and other non-renewable energy sources is known to significantly
increase emissions of carbon dioxide [13]. However, renewable energy capacity is projected
to grow by 50% worldwide between 2019 and 2024, which may lessen the impact of
greenhouse gas emissions on ecosystems and people’s well-being [14,15]. In this regard,
one corpus of literature has shown that a decrease in CO2 emissions occurs throughout the
world when renewable energy (REN) sources are used [11,16].

The Environmental Kuznets Curve (EKC) has explored different ideas about CO2
emissions. Developing countries should pursue an alternative development trajectory
instead of the Environmental Kuznets Curve (EKC), which prioritizes fast economic growth
over environmental conservation [17–19]. Giving priority to Gross Domestic Product (GDP)
as the main measure of advancement presents a complicated situation when examining
the relationship between economic activity and sustainable development, especially in
emerging and developed countries. Developing countries generally focus on achieving
quick economic expansion, which can lead to GDP growth through practices such as de-
forestation, overfishing, and fossil fuel use. However, these activities come with a high
environmental and natural resource sustainability cost [20]. Developed countries expe-
rience the issue of separating economic progress from environmental harm. The focus
may shift to technical innovation and green measures to sustain economic growth while
reducing ecological damage. This emphasizes the necessity of a sophisticated strategy for
sustainable development that recognizes the distinct situations of emerging and industrial-
ized nations. In the future, both need different measurements that extend beyond GDP to
include environmental and social welfare. Nations can aim for a future where economic
growth supports long-term sustainability and societal well-being for everyone by adopting
these comprehensive strategies [21].

The relationship between income and environmental degradation is demonstrated
by the Environmental Kuznets Curve (EKC), showing that growth is both the cause and
solution to air pollution [22]. Agricultural output increases with income, leading to a rise
in EKC. Connecting energy policy and economic growth to the energy industry, however,
does not come without consequences. The energy industry’s influence on economic growth
and industrial strategy is not without its repercussions, though. There can be no simul-
taneous protection of the natural world and rapid economic growth, hence the former
must be curbed [23]. A decline in environmental performance is associated with economic
development, according to the most recent analysis of the Environmental Kuznets Curve
(EKC) [24,25]. Given this situation, individuals are more concerned about issues like air
pollution, global warming, and emissions from machinery and factories than they are about
the significant reduction in energy use per person [26,27]. According to the environmen-
tal Kuznets Curve (EKC) hypothesis, economic growth initially leads to environmental
degradation, which is then followed by environmental improvement [28]. The EKC theory
has been extensively studied in studies that evaluate the correlation between GDP growth
and CO2 emissions, but the findings have been contradictory. The research demonstrates a
negative link between GDP and per capita CO2 emissions, lending credence to the EKC
theory [8,29]. Per capita CO2 emissions start to rise again after high-income nations hit a
particular level, according to the second piece of research [2,30,31]. Recent studies indicate
that, in high-income countries, there is a point at which CO2 emissions per person start to
increase again. Thus, reducing environmental damage caused by CO2 emissions can be
achieved by using renewable energy sources and improving energy efficiency.

An effective energy efficiency management program for a corporation can help reduce
environmental risk. Energy management can now be carried out using the same techno-
logical knowledge that has been used to manage other important aspects of the growth of
developing and developed economies, such as industrial value added, energy consumption
per person, and fossil fuel consumption. This study provides practical suggestions for
tactics considering the aspects discussed above. Extensive study has focused on identifying
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the origins of CO2 emissions and developing measures to mitigate their impact on global
warming [10,11]. Since fossil fuels provide around 80% of the world’s energy consumption,
it was concluded that non-renewable energy consumption is a major contributor to CO2
emissions [12]. It is well-established that a significant source of CO2 emissions is the uti-
lization of non-renewable energy sources [13]. The sources and distribution of atmospheric
CO2 have been the subject of extensive research across a wide range of geographical and
chronological scales [32,33]. The analysis found that energy intensity was the main factor
influencing global CO2 emissions, whereas economic growth and population increase were
the key variables driving CO2 emissions at the country level [34].

These studies use various methods and data to explore this impact, with most of
them assuming a linear connection between REN consumption, non-renewable energy
consumption, GDP per capita, and CO2 emissions per capita. Refer to Section 2 for a
detailed overview of the literature [3,35]. This study stands out for its focus on economic
growth. Previous research has also explored the dynamic relationship between energy use
in emerging nations and economic growth [31,36]. This study utilizes newly developed
panel threshold models to examine panel data from 97 nations between 1970 and 2022 to
determine the presence of a nonlinear correlation between three factors and CO2 emis-
sions [37]. Once a country achieves a certain threshold of renewable energy consumption,
there is no adverse relationship between renewable energy consumption and the increase
in carbon dioxide emissions per person [38]. So, when REN consumption increases, only
countries with REN consumption levels above a certain threshold will witness a decrease
in CO2 emissions per capita [39].

From a theoretical perspective, it appears that there is a nonlinear link between the per-
centage of renewable energy sources (REN) used by an individual and their CO2 emissions.
Both the upfront and continuing costs of REN are more than those of traditional energy
sources. At times of heavy energy demand, there may be shortages in supply because
to the lesser storage capacity of REN compared to non-renewable energy sources [40,41].
One such analysis indicated that REN usage did not lead to a decrease in CO2 emissions;
the research covered the years 1984–2007 and included 19 developed and developing
nations [42]. However, due to improvements in technologies [43], REN has lately been
utilized. In addition, REN sources have become more affordable in recent years, and the
quality of REN technology has greatly improved due to significant investments in research
and development [44,45]. Consequently, we anticipate that REN consumption will have a
substantial impact on lowering CO2 emissions, industrial industry energy consumption,
and fossil fuel energy consumption once nations reach a certain REN consumption thresh-
old [27,46]. This is because REN may not have much of an effect on CO2 emissions at lower
consumption levels due to high investment costs and storage issues. The primary finding
of this study is that REN behavior is a dependent variable in the context of growth and CO2
emissions; this finding has implications for the classification of developing and developed
nations by continent.

In certain respects, our paper contributes to the current literature. Firstly, most of the
earlier works on EKC (e.g., Refs. [46–51] among numerous others) use a quadratic term of
GDP per capita to depict the effects of REN. Prior studies have focused on the impact of GDP
per capita on CO2 emissions but have not thoroughly explored the interconnection between
renewable energy (REN), economic growth, energy consumption, and CO2 emissions. This
study utilizes a panel dataset to forecast the correlation among CO2 emissions, energy use
per capita, industries, construction, and fossil fuel energy consumption. It enables the
examination of all possible connections using the Generalized Linear Model (GLM) and
Robust Least Squares (RLS). The study utilizes the Generalized Linear Model (GLM) and
the Robust Least Square (RLS) method to quantify the inverse correlation of REN as the
dependent variable and highlight the impact of policymakers in developing and affluent
nations on a continental level. It considers the effect of CO2 emissions and other gases from
burning fossil fuels in trapping heat and contributing to the rise in both the frequency and
severity of catastrophic storms [52]. Most of the existing research chose to prioritize the
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first-generation unit root test above considering cross-sectional dependence. We conduct
second-generation unit root tests in this paper after verifying cross-sectional dependence.
The variables in the regression model are determined based on the unit root findings.

Subsequent portions of the paper are organized as follows. Section 2 of this research
investigates the factors behind REN and CO2 emissions. Details of the empirical estimation
methods are outlined in Section 3. Details of the dataset used for this investigation are
available in Section 4. Section 5 presents the outcomes of the dynamic linear and threshold
estimations, together with the robustness analysis, cross-sectional dependence, and panel
unit root tests. Section 6 concludes the report and provides policy recommendations.

2. Renewable Energy and CO2 Emissions

Major construction projects and infrastructure, such as roads, bridges, power plants,
dams, cement, and steel, have been proven to have a substantial impact on global warm-
ing [4,11,13,53,54]. Therefore, improving environmental quality will grow, and developing
alternatives is widely acknowledged as a feasible method to reduce CO2 emissions. Conse-
quently, there will be a significant enhancement in environmental quality, and developing
alternatives is widely acknowledged as an effective approach to decrease CO2 emissions.

The energy development levels vary significantly across developing and industrialized
countries, while some impoverished nations possess abundant renewable resources [55].
Emerging and industrialized countries show a notable disparity in energy development,
with some developing nations possessing these abundant renewable resources [9,56]. De-
spite extensive academic research, achieving ambitious goals and executing strategic objec-
tives remains challenging and risky [57–59]. This study contributes in four ways. Insights
from this study are valuable additions to the body of written material. This research sup-
ports the hypothesis that rapid economic growth affects the green economy [2]. While
conclusive research is lacking, it is safe to assume that national market mechanisms are
impacted by the structure of economic growth. Factors such as the role of energy, economic
growth, and the influence of CO2 emissions were discovered to be positively connected
with rapid changes in national structures [60].

The correlation between the implementation of renewable energy and the decrease in
CO2 emissions is a widely studied study topic. Nevertheless, there are substantial gaps
in our comprehension of this process, especially when examining the differences between
emerging and industrialized nations. Previous research has confirmed a negative asso-
ciation between renewable energy consumption and CO2 emissions. Ref. [61] analyzed
panel data indicates that higher utilization of renewable energy results in reduced CO2
emissions per person in developing nations. Refs. [62,63] indicate that renewable energy
has a more pronounced negative effect on CO2 emissions in the leading carbon-emitting
economies. The results support the overall assertion that shifting to renewable energy
sources can be a crucial tactic for addressing climate change [64]. Second, the research gap
highlights the moderating factors and enduring consequences. Despite the presence of
current research, there are still some significant gaps. One important aspect to investigate
further is the discovery of elements that could influence the link between renewable energy
and CO2 emissions. The possible impact of financial development on this connection is em-
phasized [65]. A well-established financial market can improve the efficiency of renewable
energy in decreasing emissions [66]. Additional research is required to investigate other
possible moderators, such as energy efficiency legislation, infrastructure development, and
industrial structure, especially in developing nations. Further research is needed to explore
the long-term effects of implementing renewable energy on CO2 emissions [67]. Current
research indicates a negative link, but further investigation into the enduring impact of
extensive renewable energy integration on emissions is necessary through prolonged in-
vestigations and scenario modeling. Third, the discrepancies between developing and
developed countries are displayed. The research gap pertains to the specific intricacies of
the interaction between renewable energy and CO2 emissions in developing and industri-
alized countries [68]. Although certain studies focus on poor countries, a more thorough
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comprehension is required. Developed countries typically possess advanced infrastructure
and grid systems, potentially impacting the efficiency of incorporating renewable energy
in comparison to developing nations with less developed infrastructure [69]. Developing
nations may require tailored strategies to optimize the CO2 reduction capacity of imple-
menting renewable energy, taking into account their economic circumstances and energy
sources. Additional study is necessary to explore these variations and create customized
approaches that can impact policy decisions to promote the use of renewable energy and
decrease emissions at different developmental phases [70].

Recent study shows that economic expansion has various effects on CO2 emissions in
industrialized and developing nations, highlighting the statistical significance of the rela-
tionship between economic growth and CO2 emissions [71,72]. Some viewpoints suggest
that many industrialized and developing countries have reduced their CO2 emissions by
including CO2 in the products they acquire through international trade [73]. The country
responsible for producing the emissions is held liable. A study using the Generalized Linear
Model (GLM) and Robust Least Square (RLS) approaches found a negative correlation
between CO2 emissions and economic development in developed countries [74,75]. Re-
newable energy use has been shown to greatly reduce CO2 emissions, whereas sustainable
economic growth has been proven to increase CO2 emissions [76]. The research discovered
a reciprocal causal relationship that runs in multiple directions: from renewable energy
consumption to CO2 emissions, technological innovation to CO2 emissions, GDP to renew-
able energy consumption, and renewable energy consumption to technical innovation [77].
Economic diversification and investing natural resource extraction profits in emerging
technology can help progress sustainable development [78]. Although there are other
important criteria than technological progress and ecological security, the double-edged
impact on reducing CO2 emissions has received less attention [52,79].

The expansion of efficiency has lagged behind the changes in infrastructure and devel-
opment, such as urbanization and lifestyle changes, which have contributed to increased
CO2 emissions [48,52,80,81]. Although both economic growth and environmental sus-
tainability are crucial, many see the two as mutually exclusive because of the dangers
posed by the former [82]. In 2020, wind power also prevented the emission of 600 million
tons of CO2 into the air. Although there are systemic challenges to the energy transition,
renewable energy’s promise to bolster sustainable development over the long run is encour-
aging [83,84]. REN has some significant disadvantages, such as expensive investment costs,
limited scientific and technological advancements, demanding infrastructure requirements,
and poor information accessibility. While REN has shown environmental benefits, their
practical advantages are still being debated [42]. There has been a change in attention to-
wards REN sources because of their reduced environmental footprint. Solar photovoltaics
and wind power are considered potential renewable energy sources in relation to CO2
emissions [85,86].

Significant implications for these areas and environmental policy are revealed by this
study’s examination of the links between industrialized and emerging nations in rela-
tion to CO2 emissions, economic growth, renewable energy utilization, industries, and
trade [87,88]. There has been a shift in focus in recent years toward the interdependence of
energy waste, energy transitions, and environmental sustainability as potential causes of
excessive pollution. Strong technical capacities and strict environmental regulations are
hallmarks of both developed and developing nations [89,90]. The industrialized world, de-
spite having a significant capacity to absorb environmental dangers, nonetheless struggles
to effectively regulate and reduce ongoing emissions. Both developed and growing nations
have implemented strict environmental regulations and possess advanced technologies,
giving them a significant capacity to manage environmental threats [26,91]. Industrial-
ized nations’ attempts to control and reduce ongoing emissions are still being obstructed.
Nathaniel and Iheonu used the Augmented Panel Mean Group (APMG) estimator to ana-
lyze the impact of CO2 emissions from renewable energy sources in 19 Sub-Saharan nations.
They found that this sort of energy had a minimal effect on global emissions [92]. Recent
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study indicates that REN must achieve a specific degree of development before it can
effectively reduce CO2 emissions. At this stage, the emphasis will move from reducing the
cost of an energy transition to enhancing energy efficiency.

Firstly, REN sources are gaining popularity due to the increasing integration of the
global economy. Renewable energy sources benefit from economic globalization by gaining
access to financial resources and knowledge from many countries [93,94]. Its secondary
effects improve environmental quality [95]. Developing countries can access environmen-
tally friendly commodities and energy-saving technologies from established renewable
energy enterprises in wealthy countries through liberalized trade. [96]. Additionally, when
nations work together to develop a robust market for REN, a substantial reduction in the
cost of transitioning to this energy source is possible. Secondly, political globalization
promotes eco-friendly legislation and international cooperation in lowering carbon dioxide
emissions. For example, the Paris Agreement to address climate change was approved by
196 UNFCCC parties in 2015. The Paris Accord established a framework for the distribution
of financial and technical assistance to nations [97]. Third, cultural globalization is pro-
moting REN use and environmental conservation as social norms. Because of information
spreading, everyone on every continent now knows how important it is to safeguard the
environment. Therefore, as countries of the globe become more linked, REN should be able
to reduce CO2 emissions to a greater extent. It is still debatable whether or not globalization
changes the connection between REN and CO2 emission levels from OECD countries.

While other studies have investigated the correlation between REN and CO2 emissions
by focusing on exogenous variables like globalization, the present investigation accounts
for endogenous elements, such as REN and CO2 emissions [98,99]. In order to find out
whether globalization has changed the link between REN and CO2 emissions, this study
use the Panel Smooth Transition Regression Model (PSTR) model, where globalization
is the transition variable. One of our objectives is to study the role of globalization in
the relationship between REN and CO2 emissions, since the two are interdependent. In
addition to making strides in their own areas, the aforementioned research provides us
with an opportunity to delve further into the link between REN and CO2 emissions. In
contrast to the aforementioned, our research is focused on understanding how REN can
reduce CO2 emissions dynamically in response to changes in globalization levels.

3. Materials and Methods
3.1. Data and Variables

The data period covers 1970–2022 for a panel consisting of 55 developing and devel-
oped countries (Appendix A). The nations are distributed throughout all continents, with
20 developed nations and 35 developing nations included. The availability of the panel
dataset limited our examination in this study to 55 nations. Out of the overall number
of countries listed, we will only be looking at 12, 4, 26, and 13 in the ECA, MENA, and
East Asia (EAS) regions, respectively. There is a clear division between developing and
developed countries across all four continents. In the EAS, SES, ECA, and MENA regions,
there are 8, 4, 16, and 7 developing countries, and 4, 10, and 6 developed countries, respec-
tively, throughout every continent. Countries’ development in calculating the proportion
of green economic growth due to investments in GDP growth, CO2 emissions, research
and development, and renewable energy was studied. The end product of an econometric
estimation process using a Generalized Linear Model (GLM) and Robust Least Square (RLS)
combination of two stages. In addition to positive benefits in composition and technology,
there is also a positive statistical influence. The fields of economic growth and environ-
mental degradation are two areas where both methods offer substantial benefits [100,101].
Panel datasets can manage a wide range of data distributions, including continuous data,
and are more flexible, resilient, and interpretable than other types of datasets [102,103].
This also makes it easier to understand how the predictors relate to the response variable.
By mitigating the effects of outliers, RLS resistance to outliers improves accuracy over
regular least squares resistance [104,105]. In the end, this provides tools that are robust,
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flexible, and easy to understand for improving the reliability and accuracy of statistical
inferences [106]. The composition impact was found to be much more influential than the
technical effect during the course of the investigation [107]. This study also analyzes how
the most influential potential public funding channels affect green economic growth in rela-
tion to REN. Findings suggest that higher government spending on education will benefit
industries that rely on human capital. Government funding for research and development
can accelerate technological progress.

Data sources and definitions for the explanatory variables used in the analysis are listed
in Appendix B; these are abbreviated in Table 1. Factors to examine when discussing REN
are GDP growth and CO2 emissions. The first diagram illustrates the relationship between
REN, CO2 emissions, and CMIC. The second diagram shows the connections between REN,
CMIC, EPC, and GDPC. The third diagram displays the relationship between REN and IVA.
Each subgroup offers further evidence of its connection to developing and developed states
across different continents. The pragmatic analysis utilizes yearly data from 55 developing
and developed countries spanning from 1970 to 2022. REN provides primary energy
equivalents from hydro (excluding pumped storage), solar, geothermal, tidal, and wave
sources to Total Primary Energy Consumption (TPES). The source includes renewable
municipal waste as well as various biofuels, such as bio-gasoline, biodiesel, liquid biofuels,
and biogases. Biomass, derived from living or recently deceased organisms, serves as
the basis for biofuels. Municipal authorities collect waste from businesses, residences,
and government agencies. Thus, CO2 is not emitted during production, and a greater
REN value is associated with technological advancements and significant expenditures
in infrastructure. CO2 emissions occur during the combustion of fossil fuels and the
production of cement utilizing a mix of solid, liquid, and gaseous fuels, as well as from
flaring gas and gas fuels. EPC calculates the energy generated locally, and energy imported
and stored, minus the energy exported with fuel subsidies. Manufacturing, construction,
water, electricity, and gas all contribute to the industrial value added (IVA) as a proportion
of GDP. The origin value is denoted by International Standard Industrial Classification
(ISIC), versions 3 and 4. GDP per capita (GDPC) is the result of dividing the domestic
product by the midyear population, taking into account the depletion of natural resources.
CO2 emissions from manufacturing industries and construction (CMIC) result from the
combustion of fuel in industrial processes. Fossil fuel energy consumption (FFE) includes
oil, natural gas, and petroleum products.

Extensive manufacturing and export growth negatively influence the environment by
emitting CO2, while CMIC and FFE impact the infrastructure of this large-scale enterprise.
Initially, increasing earnings lead to higher CO2 emissions at every phase of economic
progress. An analysis of panel causality data revealed that REN has significantly influenced
CO2 emissions, IVA, and GDPC, but did not have any effects on CMIC. CO2 emissions
have had a notable impact on EPC, GDPC, and FFE in the SES region. Additionally, in
the ECA region, CO2 emissions have affected EPC. We start by examining all possible
explanatory factors in a panel dataset, utilizing Generalized Linear Models (GLM) if
the data lacks stationarity, and conducting maximum likelihood estimation with various
distributions. QML estimators are dependable as they consistently estimate the conditional
mean of the parameters. The second-generation test applies the panel unit root test to each
variable separately, allowing for serial correlation across different sections. Estimating the
stationarity of each explanatory variable is essential for this purpose. Several unit root tests,
like the IPS Augmented test and cross-sectional panel unit root test, validate the data.
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Table 1. Variables’ descriptions.

Var Descriptions Data Definitions

REN Renewable energy (Metric tons per capita) Renewables’ share of the total primary energy
supply (TPES).

CO2 CO2 emissions (Metric tons per capita)

Combusting fossil fuels and manufacturing cement result in
the production of CO2 emissions. The activities involve the

utilization of solid, liquid, and gas fuels as well as
gas flaring.

CMIC CO2 emissions from manufacturing industries and
construction (% of total fuel combustion)

CO2 emissions from manufacturing and construction
includes fuel combustion emissions.

EPC Energy use per capita (Kilograms of oil equivalent
per capita) Electric power per $1000 GDP

GDPC GDP Per capita growth (Constant 2010 US$)

The GDP per capita is calculated by dividing the GDP by
the midyear population. GDP is the sum of all resident

producers’ gross value added, including product taxes and
excluding product subsidies.

IVA Industry value added (% of GDP) Manufacturing is in ISIC divisions 05-43. It includes mining,
construction, power, water, and gas.

FFE Fossil fuel energy consumption (% of total) Fossil fuels are non-renewable since they require millions of
years to generate and supplies are dwindling fast.

Note: Var is based on variables. Data availability: CO2 emissions, CMIC, EPC, GDPC, IVA, and FFE statistics
from World Bank; REN from Intergovernmental Economic Organization (IEA).

3.2. Econometric Methods

The panel data identification approach includes a wide range of specifications, such as
the Poisson model and Negative Binomial model. The Generalized Linear model (GLM)
assumes that the data processes are stationary. The unit root test evaluates each variable to
determine its stationary level and confirm the reliability of the results. The first-generation
unit root test is conducted separately for each variable. We then calculated the robust
estimation using the least squares method. The same findings were reached by [108],
whose study utilized the Generalized Linear Model (GLM) and Robust Least Square (RLS)
estimation methodologies, along with the Granger causality test, to analyze 102 nations
between 1990 and 2015. In [109], it was found that each of the three regions in China
had a distinct impact on the carbon dioxide emissions resulting from renewable energy
networks. The middle region of China remained mostly unharmed by the negative impacts
of REN that impacted the eastern and western areas of the country. It was theorized that the
difference could be due to a geological factor in the surroundings. The GLM assumptions
imply the first two moments of Yi as a function of the linear predictor, where the Poisson
Count Log : g(µ) = log(µ).

µi = g−1(ηi) (1)

Vi = (∂/wi)Vµ

(
g−1(ηi)

)
(2)

Equation (1) demonstrates that the mean-variance relationship is exhibited by the
equation Vµ(µ), and ∂ > 0 is a possibly known scale factor. Equation (2) indicates that
wi > 0 is the weight that modifies scaling between observations. GLM’s Likelihood
estimator requires only the mean and the link assumption to obtain an estimate, with the
distribution governing the mean–variance connection. The quasi-maximum likelihood
(QML) estimator is a valuable tool for estimating GLM-like models that include the mean-
variance specification of individual variables with an exponential family distribution that
does not meet the distribution conditions (Equations (3) and (4)). The Poisson and Negative
Binomial distributions are both part of the exponential family:

f (yi, µi) = (µ
y
i _exp(−µi)

)
/yi (3)
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f (yi, µi, ki) =

((
T
(

yi +
1
ki

)))(
T(yi + 1)T

(
1
ki

))yi
(1 + kiui)

1/ki (4)

Dispersion is limited to 1 and prior weighting is prohibited. We adhere to the method-
ology of REN in analyzing CO2 emissions, average annual energy consumption, GDP, and
industrial value. The data includes CO2 emissions from manufacturing and construction,
as well as fossil fuel energy consumption.

RENit = α1 + β2iCO2it + β3iCMICit + β4iEPCit + β5iGDPCit + β6i IVAit + β7iFFEit + σit (5)

Equation (5), where REN shows the REN and i = 1, . . ., 53 and t = 1970, . . ., 2022,
specifies the region and time frame for calculating REN based on statistics related to per
capita energy consumption, industrial value added, GDP growth rate, manufacturing
industries, and fossil fuel consumption. It specifies the nation αit fixed effect, β1i − β7i,
are the parameters of elasticities for each explanatory variable of this panel data, and σit
specifies the country fixed effect.

∑i
i=1 γc(riβ)/σπi)

(
xij/πi

)
= 0 j = 1, . . . . . . .., k (6)

Equation (6) indicates the second model for the robust least square by M-Estimation.
If the scale σ is known, then the k-vector of coefficient estimates βM used for solving the k
nonlinear 1st order equations. Regarding β, where γc(.) = ρ,

c(.), the derivative of the ρ,
c(.)

function and xij specify the j-th regresses for i observation. The model first calculated the
S-estimates of the coefficient and scale prior to MM-estimation. It then utilized the scale
as a constant value with the Bi-square function (4.683), resulting in 95% relative efficiency
for normal error. The coefficient’s significance in the equation determines the direction
of causation.

RENit = α1i + α2iCO2t + α3iCMICt + α4iEPCt + α5iGDPCt + α6i IVAt + α7iFFEt + σit (7)

The REN is as in Equation (7), with “i” countries and “t” time period, and α1i − α7i are
the parameters of each variable, with σit the fixed effect of country.

4. Results
4.1. Descriptive Statistics and Unit Root

We utilized linear panel estimation methods to analyze data from developing and
developed economies spanning from 1970 to 2022. The study aimed to investigate the
influence of renewable energy as a dependent variable on economic growth, energy con-
sumption, and CO2 emissions across four continents, with a detailed focus on each country’s
renewable energy sector. Regarding the boxplot element analyzed in Figure 1, the median
is represented by a 95% confidence interval with defined upper and lower whiskers of a
predefined width.

REN predictors are closely linked to countries, as evidenced by the lower whisker of
REN having the least number of outliers compared to FFE, EPC, and GDPC. Extensive
analysis of dispersion in REN has been conducted, as depicted in Figure 2. The MENA
region will require an investment of over $200 billion for a substantial project aimed at
advancing REN and bolstering the socio-economic growth of the area. The impact of CO2
emissions and REN is rather little when compared to the impact of GDPC and EPC.
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Figure 1. Continents distribution of countries. Sources: Authors’ compiling by the continents (EAS,
SES, ECA and MENA).

Figure 2. State dispersal by variables.

Table 2 displays descriptive data for seven variables, probably associated with environ-
mental influences. Let us analyze the facts and pinpoint possible connections. REN likely
refers to a value with a mean of 0.915 and a standard deviation of 1.096. The dataset shows
varying levels of renewable energy usage, with a somewhat positively skewed distribution
(Skewness = 0.336). The CO2 emissions have a mean of 0.809 and a standard deviation of
0.888. The emissions show variability and skewed negatively with a skewness value of
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0.507, indicating that certain data points may be below the average. The CMIC displays a
mean of 1.210 and a standard deviation of 1.021. This suggests a stable trend in the prices
of construction materials. The EPC has a mean of 3.364 and a standard deviation of 3.398.
The high standard deviation indicates substantial variability in energy performance among
the data points. The GDPC has a mean of 4.060 and a low standard deviation of 4.186,
suggesting consistent economic growth across the dataset. The IVA has a mean of 1.530
and a standard deviation of 1.128. There appears to be some diversity in industrial activity
among the data points. The FFE has a high mean of 1.894 and a low standard deviation
of 1.368. The data indicates a steady dependence on fossil fuels throughout the dataset,
showing a modest negative skew with a Skewness value of −1.220. Further investigation
is required to confirm the probable association between REN and CO2 emissions and to
investigate the connections with other variables. The significant standard deviation in
EPC and IVA indicates that these elements could be promising subjects for more research,
particularly regarding their influence on REN or CO2. The continually high FFE indicates a
necessity to investigate options for decreasing reliance on fossil fuels.

Table 2. Descriptive statistics.

Variables Mean Median Max Min St. Dev Skewness Kurtosis Jarque Bera

REN 0.915 0.312 1.953 0.001 1.096 0.336 0.919 3.477

CO2 0.809 0.645 1.827 −1.797 0.888 0.507 1.256 4.234

CMIC 1.210 1.271 1.754 0.001 1.021 −0.257 0.505 1.914

EPC 3.364 3.197 4.343 1.940 3.398 0.444 1.172 4.043

GDPC 4.060 3.681 5.060 2.378 4.186 0.372 1.003 3.666

IVA 1.530 1.586 2.331 0.784 1.128 0.480 1.513 4.656

FFE 1.894 1.936 2.001 0.220 1.368 −1.220 0.601 2.650

Note: Variables’ definitions indicated in Table 1.

Figure 3A,B illustrates the residual presence of REN in various countries by region. The
null hypothesis remains unchallenged in most cases, except for CO2 emissions, IVA, and GDPC.

Figure 3. (A) Regression of East and South Asia. (B) Regression of Central Europe and the Middle East.
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We calculated the Generalized Linear Model (GLM) using Poisson Quasi-likelihood,
followed by the Wald test. The value was evaluated using Negative Binomial (k) with a
family parameter. Panel Least Square (PLS) was conducted before the empirical assessment
of Robust Least Square (RLS) estimations.

4.2. Panel Regression Analysis

The study examines the relationship between REN, CO2 emissions, energy consump-
tion, economic growth of countries, the industrial revolution, energy consumption from
fossil fuels, and energy consumption per capita. In applied economics, the split between
dynamics and statistics is not a division between realism and abstraction, but rather a com-
parable differentiation seen in economic history. It is important to recognize this divergence
as confirmation. The concept of equilibrium is essential in static, dynamic, and statistical
contexts. Equilibrium is crucial in both statics and dynamics. If not handled carefully in
dynamic situations, it can disrupt the balance totally and alter the equilibrium level.

A dynamic model needs to be created with lagged endogenous variables and serially
correlated error, since the static model’s endogenous explanatory variables do not contain
information about the variables’ historical values and the error term is serially and mutually
independent. GLM and RLS estimations use lagged dependent variables as explanatory
factors in the regression equation, demonstrating the dynamic relationship and enabling
the development of a dynamic model for the endogenous variables. These methods
are frequently employed in the dynamic methodologies of numerous associated inquiries.
When analyzing variables independently, it is crucial to consider their dynamic relationship.
When examining mean-variance, the initial time variation is an essential factor to take into
account. The delayed effects of the policy or past information directly influence changes
in variables. When studying developing countries, it is important to analyze the dynamic
lagging, which is rooted in the historical economic foundation and the progress made
through an economic corridor. RLS requires estimation of M, S, and MM in different places
because of the differences in the connection between variables.

4.3. Covariance of GLM

Table 3 shows the covariance that has been computed by Quasi-maximum Likelihood
(QML) z-Statistics in negative binominal log-likelihood with ordinary, Huber–White and
HAC (Newley–West) for different regions. Equation (5) uses a Poisson regression to find
out what values the dependent variable should take. The z-statistics of the coefficient
are significantly positive, including overdispersion in the residuals of individuals. The
presence of overdispersion is k = 0.536 in EAS, 0.047 in South Asia, 0.819 in ECA Central
and 0.0001 in the MENA.
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Table 3. Covariance by GLM.

Reg EAS SES ECA MENA

Cov Ordinary Huber–
White HAC Ordinary Huber–

White HAC Ordinary Huber–
White HAC Ordinary Huber–

White HAC

REN 3.097 *** 3.093 *** 1.742 ** 3.780 *** 4.020 *** 2.433 *** 2.292 *** 2.623 *** 1.215 * −7.922 *** −2.806 *** −2.045 ***

CO2 1.860 ** 1.724 ** 0.935 * 0.192 * 0.314 * 0.221 ** 2.675 *** 2.409 * 1.112 * −5.141 *** −2.030 *** −1.403 *

CMIC −1.430 * −1.310 * −0.599 * −3.074 *** −4.577 *** −2.785 *** 9.092 *** 7.409 *** 3.614 *** 19.493 *** 5.754 *** 2.998 ***

EPC 11.593 *** 9.842 *** 4.767 *** 0.057 * 0.053 * 0.033 * 9.690 *** 6.819 *** 3.133 *** 34.237 *** 8.095 *** 5.247 ***

GDPC 6.140 *** 4.878 *** 2.390 *** −0.709 * −0.557 * −0.443 * −2.540 *** −2.313 *** −1.192 * 15.070 *** 5.304 *** 3.006 ***

IVA −2.439 *** −1.912 *** −0.939 * −2.511 *** −2.673 *** −1.632 * −17.276 *** −20.197 *** −9.407 *** 0.872 * 0.293 * 0.192 *

FEE −3.377 *** −2.003 *** −0.922 * 1.802 ** 1.384 *** 0.928 * 6.319 *** −6.085 *** −3.177 *** −17.054 *** −5.098 *** −2.638 ***

Note: The definition of the variable suggested in Table 1 *** defines the levels of statistical significance at 1% ** 5% * 10%.
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4.4. Robust Least Square

Figure 4A,B indicates the robust regression by M-estimation. S-estimation and MM-
estimation, which employ the REN of the panel dataset with explanatory variables. Before
the estimation of robust regression, the ordinary least squares have been computed in the
work file and findings confirmed using diagnostic influence statistics to examine lever-
ages for the second model. The Bi-square function with a default tuning parameter value
of 4.685 was utilized in each estimation performed using the median absolute deviation
approach, and z-statistics were calculated using the estimated covariance matrix from
the Huber distribution. The impact of switching from least squares to M-estimation on
the estimated coefficients is shown (Table 4). The pursuit of economic progress through
robust regression has unique socio-economic ramifications for both developing and es-
tablished nations. Developing countries frequently prioritize quick economic growth to
reduce poverty and enhance living conditions. This can result in a compromise between
immediate benefits and enduring viability. Actions such as deforestation, overfishing, and
dependence on fossil fuels, although boosting GDP, can worsen income inequality and
societal problems [113]. Environmental deterioration from these practices can harm health
through pollution, disturb traditional livelihoods, and endanger cultural heritage [46].
Furthermore, environmental influences can limit schooling and social mobility chances.
Challenges differ for developed nations.

Table 5 displays the correlation coefficient “r” calculated using the similar deletion
approach compared to the standard method, indicating the strength and direction of the
linear association between variables in various regions. There was a modest positive linear
association between CO2 emissions and REN in ECA central with a correlation coefficient
of 0.129, and a moderate positive link in EAS with a correlation coefficient of 0.443. likewise,
the highest positive uphill linear relationship between EPC to CO2 emissions was 0.921 in
ECA and MENA with 0.733. Furthermore, GDPC and CO2 show the highest attitude in
SES and MENA with 0.892 and 0.873. A highest correlation coefficient greater than 0.8 is
generally considered a strong positive correlation. This means that there is a substantial
linear relationship between EPC and CO2, and between GDPC and CO2. As EPC and
GDPC increase, the CO2 tends also to increase, in a relatively predictable way. A correlation
greater than 0.8 suggests a substantial and likely linear association between two variables.

Figure 4. Cont.
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Figure 4. (A) East and South Asia GDPC and CO2 emissions. (B) Europe and Central Asia GDPC and
CO2 emissions.

In the EAS, the results of robust estimates show statistically more CO2 emissions, IVA,
CMIC and FFE on REN than ordinary panel least squares, and strongly reject the null
hypothesis, where the robust estimation indicates less coefficient value via comparatively
least squares. Consequently, Equation (7) suggests the observation of high leverage for the
relationship between them. EPC and GDPC do not show any change in robust estimation.
Furthermore, the R2 (24.65) and R2 (81.26) adjusted and goodness-of-fit measure indicate
that the model provides approximately 60–90% of the variation in the constant-only model.

Likewise, in the SES, CO2 emissions, EPC and IVA strongly reject the null hypothesis,
suggesting the high leverage relationship among them. GDPC, CMIC and FFE do not reject
the null hypothesis. In ECA central CO2 emissions, IVA and FFE on REN strongly reject the
null hypothesis, where the robust estimation indicates less value relatively to panel least
squares. CMIC has not rejected the null hypothesis and EPC and GDPC show no effect in
robust estimation. In the MENA region, rigorous estimates indicate a significant negative
effect of CMIC and FFE on REN compared to ordinary least squares. The null hypothesis is
strongly rejected, indicating a high leverage in the link between REN, CMIC, and FFE. The
least squares analysis of CO2 emissions and IVA suggests that the null hypothesis is not
rejected. Additionally, the robust estimation indicates no change in EPC and GDPC. The
M-estimation yielded a turning parameter of 4.684, and the results from M-estimation and
MM-estimation are consistently identical across all regions’ robust estimations.
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Table 4. Robust least square.

Reg EAS SES ECA MENA

Cov M-
Estimation

S-
Estimation

MM-
Estimation

M-
Estimation

S-
Estimation

MM-
Estimation

M-
Estimation

S-
Estimation

MM-
Estimation

M-
Estimation

S-
Estimation

MM-
Estimation

REN 10.364 *** 9.031 *** 100.592 *** 4.973 *** 6.791 *** 5.045 *** 2.383 *** 3.387 *** 2.410 *** −3.970 *** −5.955 *** −3.944 ***

CO2 1.271 ** 4.819 *** 0.981 * −2.130 *** −2.593 *** −2.355 *** 1.498 ** 0.078 ** 1.267 ** −0.629 ** −0.292 ** −0.653 **

CMIC −12.280 *** −13.133 *** −12.083 *** −5.573 *** −7.219 *** −5.768 *** 2.859 *** 2.034 *** 2.661 *** −1.032** −0.371 ** −1.019 **

EPC 25.635 *** 21.854 *** 26.080 *** 4.591 *** 2.828 *** 4.615 *** −2.170 *** −0.322 ** −1.774 *** 39.413 *** 39.610 *** 39.126 ***

GDPC 1.849 *** 3.334 *** 2.014 *** 1.697 ** −3.328 *** 1.331 ** −3.697 *** −8.513 *** −4.373 *** −0.338 ** −0.093** −0.333 **

IVA 0.570 *** −2.392 *** 0.798 * 0.676 ** 2.372 *** 1.130 ** −15.921 *** −14.456 *** −15.811 *** 0.847 ** 4.439 *** 0.722 **

FEE −5.910 *** −4.173 *** −6.453 *** 0.156 ** 2.986 *** 0.175 ** 6.701 *** 7.926 *** 7.025 *** 0.128 ** −0.713 ** 0.039 **

Note: The definition of the variable suggested in Table 1 *** defines the levels of statistical significance at 1% ** 5% * 10%.
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Table 5. Continents’ correlation.

Continents Var REN CO2 CMIC EPC GDPC IVA FFE

REN 1.000

EAS

CO2

0.452 ***

SES 0.418 ***

ECA 0.129 ***

MENA 0.253 *** 1.000

EAS

CMIC

−0.072 ** −0.610 ***

SES 0.066 ** −0.046 **

ECA −0.042 ** −0.151 ***

MENA 0.166 *** 0.384 *** 1.000

EAS

EPC

0.222 *** 0.793 *** −0.628 ***

SES 0.441 *** 0.779 *** 0.186 **

ECA 0.105 *** 0.923 *** −0.191 ***

MENA 0.175 *** 0.897 *** 0.317 *** 1.000

EAS

GDPC

0.169 *** 0.788 *** −0.582 *** 0.921 ***

SES 0.277 *** 0.892 *** −0.152 ** 0.737 ***

ECA −0.295 *** 0.409 *** −0.148 *** 0.345 ***

MENA 0.191 *** 0.873 *** 0.481 *** 0.733 *** 1.000

EAS

IVA

0.697 *** 0.415 *** −0.145 *** 0.249 *** 0.078 **

SES 0.239 *** 0.723 *** −0.284 *** 0.291 *** 0.539 ***

ECA 0.432 *** 0.235 *** 0.173 *** 0.253 *** −0.268 ***

MENA 0.652 *** 0.643 *** 0.244 *** 0.549 *** 0.459 *** 1.000

EAS

FFE

0.234 *** 0.643 *** −0.486 *** 0.695 *** 0.592 *** 0.375 ***

SES 0.079 ** 0.786 *** −0.292 *** 0.245 *** 0.717 *** 0.794 ***

ECA 0.369 *** 0.129 *** 0.124 *** 0.040 *** 0.019 ** 0.264 ***

MENA 0.369 *** 0.454 *** −0.120 *** 0.424 *** 0.386 *** 0.462 *** 1.000

Note: The definition of the variable suggested in Table 1. *** defines the levels of statistical significance at 1% **
5% Note: Vars show variables.

5. Discussion

In Figure 4A,B, high economic growth had a favorable impact but led to increased
CO2 emissions in all EAS countries, except Australia, Japan, and New Zealand. Employing
a Panel Autoregressive Distributed Lag (PARDL) model, [48,81,96,114] examined the ef-
fect of transitioning to renewable energy sources on CO2 emissions in developed nations.
Ref. [115] is ideal for examining changes in parameters over time. This research uses the
PSTR model to gain a deeper understanding of energy challenges. Aydin and Cetintas
found an inverted U-shaped relationship between economic advancement and environmen-
tal deterioration while considering REN as the transition variable. Chiu and Lee [116–119]
employed several transition variables to analyze how countries’ risks affect the relation-
ship between energy and finance. Both short-term and long-term evaluations showed
that switching to REN reduced CO2 emissions. Bilgili et al. base their conclusions on re-
search carried out in 17 OECD nations. Ref. [120] illustrated that carbon dioxide emissions
decreased while economic growth grew due to the implementation of renewable energy
sources. Despite the challenge of “GDP”, which results in environmental damage, the social
impacts are typically less noticeable. The long-term effects of climate change, resource
depletion, and environmental degradation jeopardize future generations [46,121,122]. To
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decouple economic activity from environmental impact, investments in green programs
and technology may lead to employment losses in particular sectors. This transformation
offers opportunities for new sectors and green technology, promoting creativity and in-
vestment. Ultimately, ssaustainable development involves a transition from maximizing
GDP to a comprehensive approach that incorporates socio-economic impacts for everybody.
Both developing and developed nations must adopt environmental and social well-being
criteria [52,123]. In the future, developing countries are anticipated to be the origin of
climatic disaster in Asia [107]. Their inadequate infrastructure and limited resources will
hinder their ability to adjust to and maintain economic growth in response to climate
change. This is shown by Singapore’s significant economic growth with comparatively low
CO2 emissions and Brunei’s emissions exceeding the median level.

Ref. [124], conducted on the economies of Brazil, Russia, India, Indonesia, China,
Turkey, and South Africa (BRIICS), found that Renewable Energy Sources (REN) are ben-
eficial for enhancing environmental quality [48,125]. Any environmentally conscious
industrial strategy should prioritize boosting the usage of REN sources and solving issues
related to energy demand, it was agreed. Despite a plethora of research, results about
the ecological effects of REN have been highly variable. Two main ideas arise from the
actual results [126]. The initial set of studies demonstrates that reducing CO2 emissions
and increasing the utilization of renewable energy sources benefit the environment. The
growing utilization of renewable energy sources has adverse effects on the environment,
depletes vital green areas, and worsens pollution, hindering efforts to reduce CO2 emis-
sions [127]. Therefore, it is crucial to examine the influence of REN on CO2 emissions.
Another perspective suggested that REN had no significant effect on the environment, with
certain scholars providing evidence to support this assertion. Ref. [128] posited that nations
with lower per capita wealth did not experience the CO2 emissions reduction advantages
of REN. Reduction effects are significant in countries with both low and high per capita in-
come. Countries with higher revenues are believed to possess the necessary cash, advanced
scientific understanding, and infrastructure to effectively decrease CO2 emissions.

The United Arab Emirates and Qatar, countries with the second-highest ecological
footprint globally, are raising CO2 emissions in the MENA region. Romania saw a 14.6%
decrease in fossil fuel combustion in 2012. Turkmenistan experienced a significant increase
in CO2 emissions from 19 million to 100 million in tonnes between 1997 and 2016, with
an annual growth rate of 10–20%. Hungary and Ukraine are showing slight decreases in
emissions. Applying the Generalized Spatial Two-stage Least Squares (GS2SLS) approach,
Redmehr et al. [129] examined the direct causes of the rise in CO2 emissions from 1995
to 2014 within the framework of ECA. They established a one-way causal link between
REN and CO2 emissions, suggesting that CO2 reduction methods should be integrated into
investment strategies for REN.

CO2 emissions, EPC, IVA, GDPC, CMIC, and FFE make significant exogenous con-
tributions, leading to areas being influenced in different ways. CMIC and FFE have a
significant impact on predictor factors in the EAS and MENA regions, but a minor im-
pact on predicting REN in the SES and ECA regions. A predator is expected to have a
significant endogenous impact on REN in the future, while REN itself shows a minor
endogenous influence by itself. Refs. [48,50,119,130] argue that reducing CO2 emissions
would only become noticeable until the renewable energy supply in total energy supply for
the 20 OECD countries reached 8.39% between 1996 and 2005, as indicated by one analysis.
Efforts to establish a cause-and-effect connection between renewable energy consump-
tion (REC) and CO2 emissions have produced diverse outcomes, potentially influenced
by several factors. Considering the relationship between REC and CO2 emissions, it is
crucial to acknowledge the significant influence of globalization. Globalization has various
environmental advantages, such as encouraging the use of renewable energy sources and
reducing pollution.
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6. Conclusions and Recommendation

Developing and developed countries exemplify economic cooperation within conti-
nents, structured around two cores with varying income levels. The data analysis reveals a
correlation among CO2 consumption, REN, manufacturing industry, construction value
added, fossil fuel, and GDP per capita for the entire group, as well as regional economic
growth and possibilities for energy consumption cooperation among the countries. De-
veloping and industrialized countries on the same continent exhibit distinct economic
behaviors, leading to region-specific policy suggestions for energy. Significant and swift
economic expansion was observed in EAS countries, with a connection identified among
GDPs per capita, industry value added, and REN.

The results from developing countries emphasize the importance of renewable energy
sources (REN) and improving industrial structures. Many developing countries, such as
China, are maintaining economic growth while reducing CO2 emissions. This underscores
the importance of renewable energy sources. To investigate various renewable energy
sources, such as geothermal energy, solar power, hydropower, and wind turbines for
electricity generation, it is necessary to invest in technological advancements and finance.
Continental countries’ trade and financial investments are advancing through initiatives
that involve constructing transportation, energy, and infrastructure for cable networks. The
New Development Bank (NDB) of the BRICS countries, along with the World Bank (WB),
Asian Infrastructure Investment Bank (AIIB), Asian Development Bank (ADB), and China
Development Bank (CDB), should collaborate to support long-term investment in energy
infrastructure through Renewable Energy (REN) development. This collaboration aims
to reduce energy market volatility with the assistance of the International Energy Agency
(IEA) and the Organization of Petroleum Exporting Countries (OPEC).

Renewable energy (REN) development strategies should consider the unique char-
acteristics of each country and region. For example, Chinese enterprises have completed
more than 3100 projects with developing nations in areas such as hydraulics and biomass.
India has had a negative impact on global warming, and there is no statistically significant
correlation between renewable energy consumption and economic growth in SES countries.
Due to their low GDP and relatively low energy use, the United Arab Emirates (UAE) and
Oman exhibit weaker causality in ECA countries. Economic growth and increased diversi-
fication of energy sources have had a profound impact on the MENA area. The conclusion
implies that the most important sources of economic development come from traditional
fossil fuel energy rather than REN, and global energy demand is expanding by an average
of 1 percent per year from 2010 to 2040. Natural gas is expected to see the most significant
economic growth and has become essential in meeting future energy needs. Advancing
developing nations’ economies can involve power-transmission routes, cross-border power
supply networks, continental power grid upgrades, and establishing cross-value-added
enterprises. Additional theoretical analysis of the relationship identified in the empirical
study may provide valuable insights to enhance the formulation of more sophisticated
and comprehensive future policy suggestions. Analyzing the connection revealed in the
empirical study through a theoretical framework might enhance understanding of the
subject and help policymakers adjust relevant policies more comprehensively in the future.

These findings have significant implications for policies and initiatives aimed at achiev-
ing a transition to renewable energy and net-zero emissions. Our research emphasized that
addressing income inequality through income redistribution would result in a substantial in-
crease in the utilization of renewable energy sources, accompanied by a reduction in energy
intensity and non-renewable energy consumption. By implementing redistributive mea-
sures, like taxation, particularly on windfall profits from the extraction of non-renewable
energy, policymakers could generate adequate funds to support welfare programs targeting
low-income households, thereby promoting energy efficiency and a greater demand for
renewable energy sources. Furthermore, managing corruption represents an additional
pathway towards improving energy efficiency and fostering energy transition. To eliminate
inefficiencies in energy policy and prevent misuse of money intended for renewable energy,
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we need to effectively monitor industrialization, per capita energy consumption, and fossil
fuel usage, especially in the energy sector. Promoting the absence of consequences for
corrupt practices could foster moral hazard and impede the implementation of policies,
programs, and initiatives aimed at attaining the net-zero objective via the utilization of
renewable energy sources and energy efficiency. Despite the fact that this study investigates
the ways in which the adoption of renewable energy affects CO2 emissions, particularly
from important industries such as manufacturing and construction, it is quite likely that
it does not capture the complete picture. There is a possibility that it may not take into
consideration the differences that exist between developed and developing economies, as
well as the impact of particular policies and technological breakthroughs. Another factor
that can have an effect on these correlations is that it is also possible that the findings are not
as thorough as they may be because of the measurements and timeframe that were selected
for interpretation. Despite providing a moderate empirical contribution to policy concerns
around the attainment of energy transition and net zero, this study is not without its
constraints. For our research, we used a global sample of 55 countries. Although utilizing
a sizable sample size enhances the validity of generalizations and conclusions, it is likely
that the policy recommendations it generates do not pertain to specific countries. Because
of this limitation, more research can look into the link between REN, economic growth,
energy use, and the interaction of CO2 emissions in developing and industrialized nations
by using analytical methods that are specific to each nation. Further investigation into
the adoption of renewable energy sources can be conducted by targeting certain sectors,
taking socioeconomic aspects into account, and investigating the effects of regulations,
new technology, and funding methods. To fully comprehend the energy transition in both
established and emerging economies, it is necessary to make regional assessments, case
studies, and long-term assessment of climate change and socioeconomic benefits. By doing
so, policymakers would have a far better understanding of the political and economic
factors that make it difficult to achieve carbon neutrality and complete the energy transition
by the year 2050. Nonetheless, our findings may help shape global energy transition and
net-zero policies through their policy implications.
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Appendix A

Table A1. Countries classification by continents.

EAS SES ECA MENA

20 Developed countries

Australia Cyprus Bahrain

Brunei Darussalam Czech Republic Kuwait

New Zealand Estonia Oman

Singapore Greece Qatar

Hungary Saudi Arabia

Latvia United Arab Emirates

Lithuania

Poland

Slovak Republic

Slovenia

35 Developing countries

China Afghanistan Albania Egypt

Indonesia Bangladesh Armenia Iran

Jamaica Nepal Azerbaijan Iraq

Malaysia Pakistan Belarus Tunisia

Myanmar Bosnia and Herzegovina Syrian Arab Republic

Philippines Bulgaria Lebanon

Thailand Georgia Yemen

Vietnam Kazakhstan

Macedonia FYR

Montenegro

Romania

Russian Federation

Serbia

Turkey

Ukraine

Uzbekistan

Appendix B

Data availability: CO2 emissions, CMIC, EPC, GDPC, IVA, and FFE statistics from
https://databank.worldbank.org/home.aspx; REN from https://data.oecd.org/energy/
renewable-energy.htm.

Appendix C

https://databank.worldbank.org/home.aspx
https://data.oecd.org/energy/renewable-energy.htm
https://data.oecd.org/energy/renewable-energy.htm
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Table A2. The unit root of individual variables.

Individual Intercept Individual Intercept and Trend

Var
CR Individual Root

Hadri
CR Individual Root

HadriLLC IPS ADF PP LLC Breitung IPS ADF PP

REN −45.081 *** −14.655 *** 277.811 *** 319.731 *** 8.561 *** −41.623 *** −1.624 *** −11.946 *** 474.533 *** 262.246 *** 8.890 ***

CO2 3.793 3.378 112.976 174.445 *** 14.834 *** −0.049 6.733 0.1345 146.778 *** 223.562 *** 14.875 ***

CMIC −4.591 *** −2.782 *** 165.829 *** 198.960 *** 20.743 *** −0.883 0.589 −0.671 138.004 *** 161.442 *** 13.319 ***

EPC 0.821 −1.927 *** 246.719 *** 170.106 *** 22.295 *** −8.444 *** 7.478 −4.858 *** 487.043 *** 508.021 *** 17.956 ***

GDPC 7.889 10.048 * 65.195 * 44.285 28.153 *** 2.286 * 5.111 3.553 105.392 * 88.310 12.075 ***

IVA −3.238 *** −2.456 *** 130.173 ** 148.074 *** 16.561 *** 1.618 1.532 1.144 93.617 100.423 14.261 ***

FFE −23.229 *** −6.334 *** 143.534 *** 173.255 *** 27.032 *** −41.326 *** 5.076 −7.894 ** 380.645 *** 396.682 *** 16.261 ***

1st Difference

Var LLC IPS ADF PP Hadri LLC Breitung IPS ADF PP

REN −32.655 *** −35.511 *** 982.475 *** 1436.691 *** 3.203 *** −26.232 *** −12.969 *** −28.873 *** 1067.373 *** 2195.09 *** 14.318 ***

CO2 −16.64 *** −21.214 *** 690.793 *** 1491.563 *** 0.814 * −15.710 *** −7.088 *** −15.851 *** 578.604 *** 1538.474 *** 4.917 ***

CMIC −19.291 *** −26.095 *** 825.346 *** 1444.552 *** 0.834 −15.844 *** −13.674 *** −20.958 *** 688.297 *** 2357.971 *** 8.227 ***

EPC −16.810 *** −20.811 *** 670.102 *** 1147.910 *** 2.535 *** −13.042 *** −7.679 *** −16.7054 *** 554.147 *** 1320.893 *** 3.396 ***

GDPC −7.350 *** −13.544 *** 449.304 *** 620.338 *** −2.216 * −8.883 *** −7.504 *** −12.234 *** 401.142 *** 607.094 *** 2.035 ***

IVA −13.510 *** −19.119 *** 600.795 *** 1055.217 *** −0.070 *** −10.398 *** −10.417 *** −15.742 *** 496.242 *** 1155.780 *** 4.247 ***

FFE 47.808 * −18.366 *** 947.362 *** 1391.544 *** 5.573 *** 96.177 −7.014 *** −10.535 *** 940.241 *** 2310.390 *** 8.933 ***

Sources: Authors’ computation. The user has calculated the individual impacts of exogenous variables using preset lags of 1 in Newely–West automatic bandwidth selection and Bartlett
kernel. The probability for Fisher tests follows an asymptotic square distribution. The definition of variables in Table 1 indicates significance levels at 1%, 5%, and 10% denoted by ***, **,
and *, respectively.
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Appendix D

Individual Intercept Individual Intercept and
Individual Trend No Intercept or Trend

Statistic Weighted
Statistics Statistic Weighted

Statistics Statistic Weighted
Statistics

Panel v-Statistic 0.018 * −3.087 * −1.621 * −5.502 0.071 * −3.047 *

Panel
rho-Statistic 1.960 * 2.227 * 3.349 * 5.075 2.175 * 1.213 *

Panel
PP-Statistic −4.011 *** −6.898 *** −4.834 *** −6.201 *** −2.899 *** −6.859 ***

Panel
ADF-Statistic −0.399 * −4.414 *** −1.057 * −5.301 *** −0.434 * −3.353 ***

Alternative hypothesis: individual AR coefs. (between-dimension)

Individual intercept Individual intercept and
individual trend No intercept or trend

Group
rho-Statistic 5.901 7.801 4.528

Group
rho-Statistic −13.944 *** −12.481 *** −12.697 ***

Group
rho-Statistic −9.249 *** −8.129 *** −4.723 ***

*** defines the levels of statistical significance at 1%, * defines the levels of statistical significance at 10%.

Specified with lag length 1 with Newey–West automatic bandwidth (Bartlett Kernel).
Furthermore, the Kao Residual Cointegration (t-Statistics) are −8.129 *** (ADF), 16.394
(Residual variance) and 10.121 (HAC Variance).
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