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Abstract

This study examines the relationship between renewable energy consumption (REC) and
carbon dioxide (CO;) emissions and investigates the moderating role of country-level gov-
ernance in 39 Renewable Energy Country Attractiveness Index (RECAI) economies over the
19962020 period. Drawing on institutional and environmental governance theories, this
study evaluates whether governance strengthens the environmental benefits of renewable-
energy consumption. Unlike previous studies that primarily focus on aggregate governance
measures, this study separately examines six governance dimensions: control of corruption,
political stability, rule of law, government effectiveness, regulatory quality, and voice and
accountability. Using panel data from the World Bank, the analysis employs fixed-effects
estimation and validates the findings through robust regression, the generalized method
of moments (GMM), and panel-corrected standard error (PCSE) approaches. The results
indicate that renewable energy consumption significantly reduces both CO, emissions per
capita and total CO, emissions in the long run. The findings further show that governance
significantly moderates the renewable energy—CO, emissions relationship, with stronger
governance enhancing the emission-reducing effect of renewable energy consumption.
Governance mitigates the environmental impacts associated with urbanization and indus-
trialization, highlighting the importance of institutional quality in managing the structural
drivers of emissions. The robustness analyses confirm the consistency of the main results
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1. Introduction

Climate change has gained immense popularity over the past few decades. Climate
change refers to long-term alterations in weather, temperatures, and other atmospheric
conditions. Currently, the world is experiencing the unavoidable effects of climate change,
such as rising sea levels, uncertain weather conditions, coastal flooding, heatwaves, and
bushfires [1]. Prominent climate change is primarily caused by greenhouse gas (GHG)
emissions, including several poisonous gases such as carbon dioxide (CO;), methane (CH4),
and nitrogen (NOx) [2]; the concentration of CO; is larger than that of other poisonous
gases in GHG emissions. Global GHG emissions reached a record high of 57.1 gigatons
of CO, equivalent (GtCO,e) in 2023, marking a 1.3% increase (0.7 GtCO,e) compared to
the previous year [3]. Fossil fuels are the leading drivers of global climate change and are
responsible for over 75% of global GHG emissions and nearly 90% of CO, emissions [3].
Reducing CO, emissions is essential for achieving the climate targets set in the Paris
Agreement. GHGs have profound effects on both the environment and human health. To
address these challenges, international frameworks such as the Kyoto Protocol (established
in 1997) and the Paris Agreement (adopted in 2015) have been developed to mitigate GHG
emissions and protect environmental and public health [4].

Governance plays a significant role in reducing CO, emissions [5]. Consequently,
the government and decision-makers can propose measures that encourage the adoption
of RE sources for energy consumption, thereby reducing the need for environmental
mitigation [6]. According to the BP energy outlook, by 2050, the proportion of fossil fuels in
primary energy will have decreased from approximately 80% in 2019 to —55-20% globally,
and the proportion of RE in primary energy will have grown rapidly from around 10%
in 2019 to between 35 and 65% by 2050, which will compensate for the reduction in NRE
and control its adverse impact on the environment [7]. Previous research has extensively
highlighted the dual role of RE consumption (REC) in addressing environmental concerns.
Several studies emphasize that RE not only reduces CO, emissions but also serves as a
sustainable pathway for economic growth without causing harm to the environment [8-11].

The reduction in dependence on fossil fuels cannot be achieved solely by increasing
the number of renewable energy sources [10,11]. Many factors can either strengthen or
weaken the association between REC and CO, emissions. Effective governance is one of
the factors that can enhance the relationship between REC and CO, emissions [2]. The
current scholarly discourse and academic debate on environmental sustainability have
moved away from traditional policy definitions to a more dynamic empirical investigation
of the relationship between renewable energy and CO, emissions and the important,
though complex, moderating effect of country-level governance [10-13]. The latest studies
from the past three years (2024 to 2026) highlight a strong long-term balance in which
the transition towards renewable energy is a key driver in reducing carbon footprints in
various economic sectors, including the BRICS countries [14,15], as well as in Asia-Pacific
countries (APAC) [13]. However, the effectiveness of this transition has increasingly been
theorized to depend upon the notion of ‘institutional quality,” which is a multi-dimensional
concept that includes regulatory effectiveness, transparency, and policy stability [16].

Meanwhile, some recent empirical studies provide evidence of a persistent “synergy
gap” [17], while other studies with high impact show that strong governance structures
can greatly enhance the decarbonization potential of green innovations and renewable
adoption [13,18]. Specifically, some findings indicate that in some emerging contexts, the
relationship between renewable energy and the environment is not well moderated by the
intervention of institutions, which means there is insufficient synergy between existing
institutional frameworks and the green technological transition [17]. The inconsistencies
suggest that the shift towards carbon neutrality is not just a simple replacement of energy
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sources, but is rooted in “institutional forces” that reduce policy uncertainty and help
promote green growth [16,19]. Other emerging themes, including the relationship between
green technology innovation, environmental policy stringency, and the goal of net zero,
further emphasize the need to match governance and the goals of Sustainable Development
(SDGs 7 and 13) [16,19]. Despite these developments, there is still a great deal of scholarly
discussion about the role of governance as an essential catalyst or as a parallel driver of
environmental quality [17,18].

Moreover, researchers [20,21] have concentrated on the role of governance in miti-
gating CO, emissions and have shown that good governance can effectively control CO,
emissions in the environment. Simionescu et al. [22] showed that different governance indi-
cators, such as regulatory quality, control of corruption, and the rule of law, play significant
roles in minimizing environmental deterioration, in contrast to “voice and accountability,
political stability, and government effectiveness,” which do not impact environmental
pollution. This theoretical paradox requires a more micro-level study of the mediating role
of particular aspects of governance in enhancing the effectiveness of renewable energy
use. To our knowledge, no study has estimated the interaction between each governance
indicator—voice and accountability (VA), rule of law (RL), regulatory quality (RQ), gov-
ernance effectiveness (GE), control of corruption (CC), political stability (PS)—and all of
these explanatory variables (REC, fossil fuel energy consumption, gross domestic product
(GDP), urbanization, and industrialization). Therefore, this study aims to fill this gap by
examining the institutional channels for enabling the realization of carbon neutrality in
measurable terms based on renewable potential.

Considering the aforementioned research gap in the literature, this study’s research
objectives are as follows. First, we analyze the relationship between REC and CO; emis-
sions in 39 countries. Second, we examined the moderating effect of governance on this
relationship. Additionally, we aim to provide valuable insights to policymakers to assist
them in understanding the moderating role of governance and aid in developing policies
to control the adverse impact of global CO, emissions.

This study contributes to the literature in several ways. First, although previous stud-
ies have extensively examined the relationship between renewable energy consumption,
governance, and environmental quality, most existing research treats governance either
as a composite index or investigates its moderating role only in the renewable energy—
environment nexus. Along the same lines, [23] estimated the interaction of governance
indicators with REC. Consequently, little is known about how the individual dimensions of
governance influence the effectiveness of other major determinants of CO, emissions. To
address this gap, the present study separately examines six governance dimensions—voice
and accountability, political stability, government effectiveness, regulatory quality, rule of
law, and control of corruption—and evaluates their moderating effects on the impact of
renewable energy and fossil fuel consumption, economic growth, urbanization, and indus-
trialization on CO, emissions. This approach provides a nuanced understanding of the
specific institutional channels through which governance shapes environmental outcomes.

Second, unlike prior studies that focus exclusively on whether governance strengthens
the environmental benefits of renewable energy, this study develops a broader institutional
perspective by investigating whether governance conditions the environmental impact of
multiple economic and structural drivers of carbon emissions. This study identifies which
governance dimensions are most effective in enhancing environmental sustainability and
mitigating the adverse effects of economic development activities.

Third, this study introduces a distinctive sample selection strategy based on the Renew-
able Energy Country Attractiveness Index (RECAI). Rather than relying on geographically
defined or randomly selected country groups, the analysis focuses on 39 countries identified
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by RECAI as the most attractive destinations for renewable energy investment and develop-
ment. These countries account for a substantial share of global renewable energy capacity,
investment flows, and clean energy deployment. Examining this strategically selected
group enables the study to assess whether governance quality enhances the environmental
effectiveness of renewable energy in economies that are actively leading the global energy
transition. This provides evidence that is particularly relevant to policymakers seeking to
accelerate decarbonization through renewable energy expansion.

Fourth, this study employs two complementary measures of carbon emissions, namely,
CO; emissions per capita and total CO, emissions in kilotons, to capture both individual-
level and aggregate environmental impacts. Finally, the robustness of the findings is
verified using multiple estimation techniques, including fixed effects, robust regression,
generalized method of moments (GMM), and panel-corrected standard errors (PCSEs),
ensuring the reliability and consistency of the empirical results.

The remainder of this paper is organized as follows. Section 2 discusses the reviewed
literature, followed by Section 3, which discusses the theoretical framework, data and
methods. Section 4 presents the data analysis and its findings, along with the conclusion.
The potential policy implications are highlighted in Section 5.

2. Literature Review
2.1. Theoretical Underpinning

Drawing lessons from Institutional Theory [24], the Environmental Kuznets Curve
perspective, and the energy transition literature, this study explains the relationship be-
tween structural drivers and the consumption of renewable energy at the country level,
while considering the role of governance conditions.

According to Institutional Theory, focusing on the quality of institutional frame-
works that influence policy formulation, implementation, and enforcement, in addition to
structural conditions, shapes economic and environmental outcomes [25]. Furthermore,
institutional quality, such as governance effectiveness, regulatory quality, and rule of law,
has a significant impact on environmental performance and energy transition [24,26]. Policy
and regulatory support are crucial in facilitating policy implementation and mitigating
institutional inefficiencies, which in turn leads to enhanced renewable energy penetration,
especially when good governance frameworks are well established [16,18]. In this sense,
governance is a contextual moderator that determines a country’s capacity to respond to
environmental challenges and economic opportunities [27].

The Environmental Kuznets Curve provides a conceptual framework suggesting that
the relationship between economic development and environmental degradation may
evolve over different stages of development [28]. In the early stages of development,
environmental degradation may increase with economic expansion, whereas higher in-
come levels may eventually facilitate environmental improvements through technological
progress, structural transformation, and stronger environmental regulations [19,20,24].
In the present study, the EKC is discussed only as a theoretical perspective to motivate
the interaction between economic development, institutional quality, and environmental
sustainability. Since the empirical model does not include a nonlinear income specification
(e.g., GDP squared), the study does not seek to formally test the EKC hypothesis.

The literature on energy transition and policy implementation also shows that the
benefits of structural drivers such as urbanization or industrialization are not necessarily
associated with higher absolute use of renewables, but depend on the capacity of institu-
tions and the effectiveness of policies [20]. Good governance and infrastructure planning
can either strengthen or facilitate fossil fuel dependency or sustainable energy systems,
depending on the nature of urbanization [29,30]. Likewise, industrialization can drive the
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uptake of clean technologies with robust governance structures and policies [21]. Good
governance means that energy needs from urban and industrial growth are met using
sustainable energy sources instead of carbon-emitting energy sources [24].

This perspective is extended, and governance is understood as a conditioning factor
that influences the intensity and direction of the links between emissions, GDP, urbanization,
industrialization, and renewable energy consumption [31,32]. High-quality governance im-
proves the positive effects of environmental pressure and economic capacity on renewable
energy adoption by boosting policy responsiveness, strengthening regulatory enforcement,
and minimizing inefficiencies [29,31]. However, weak governance can be a challenge for
shifting to renewable energy because of the effect of policies and resource allocation [24].
Governance is a crucial moderating factor between structural and economic parameters
and sustainable energy outcomes [24,27].

Based on the theoretical perspectives discussed above, an empirical model was con-
structed to capture both the direct and conditional determinants of carbon emissions.
Renewable energy consumption (REC) is expected to reduce CO, emissions because it
substitutes fossil-fuel-based energy sources and promotes cleaner production processes.
In contrast, fossil fuel consumption is expected to increase CO, emissions because of its
direct contribution to greenhouse gas generation. The Environmental Kuznets Curve (EKC)
perspective suggests that economic growth may initially increase environmental degra-
dation through higher production and energy demand, although improved institutional
quality may eventually facilitate cleaner technologies and more sustainable growth patterns.
Similarly, urbanization and industrialization can increase emissions through expanded
economic activities and energy consumption; however, their environmental effects can
be mitigated when supported by effective governance, environmental regulations, and
sustainable infrastructure planning.

Institutional Theory further suggests that governance quality influences not only en-
vironmental outcomes directly but also the effectiveness of economic and energy-related
policies. Consequently, governance indicators were incorporated as independent and mod-
erating variables. Strong governance, reflected through effective institutions, regulatory
quality, rule of law, political stability, control of corruption, and public accountability, is ex-
pected to strengthen the emission-reducing effects of renewable energy consumption while
simultaneously weakening the adverse environmental impacts of fossil fuel consumption,
economic growth, urbanization and industrialization. Therefore, the interaction terms
included in the empirical model were designed to capture how governance conditions the
relationship between these structural drivers and carbon emissions.

2.2. Renewable Energy Consumption (REC) and CO, Emission Linkage

The relationship between renewable energy consumption (REC) and CO; emissions
has attracted considerable scholarly attention; however, empirical evidence remains in-
conclusive. A substantial body of literature reports a negative relationship between REC
and CO, emissions, suggesting that increased renewable energy adoption contributes to
environmental sustainability by reducing dependence on fossil fuels and lowering green-
house gas emissions [33-36]. Recent studies further support this view by demonstrating
that renewable energy deployment reduces carbon intensity by substituting conventional
energy sources and promoting cleaner production systems. For example, renewable energy
generation from solar, wind, hydropower, and geothermal sources has been shown to
significantly reduce national carbon emissions, while the substitution effect of renewable
energy reduces reliance on carbon-intensive fuels and improves the environmental quality.

However, some studies have reported conflicting findings. Saidi and Omri [10] found
no long-term relationship between renewable energy consumption and CO, emissions, while
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other studies suggest that the impact of renewable energy may vary depending on economic
conditions, institutional environments, and stages of energy transition [10,37,38]. Moreover,
although renewable energy technologies generate substantially lower emissions during
operation, their environmental effects are not entirely emission-free because emissions may
arise during the manufacturing, installation, maintenance, and disposal stages. These mixed
findings suggest that the environmental effectiveness of renewable energy may depend on
contextual factors beyond energy consumption.

Renewable energy is widely recognized as an effective mechanism for mitigating
carbon emissions and improving environmental quality. According to Erkut [39], renew-
able energy represents an innovative and environmentally friendly technological solution
that contributes to reducing carbon emissions and enhances environmental sustainability.
Empirical evidence from both EU and non-EU member countries within the Union for
the Mediterranean reveals similar outcomes regarding the impact of renewable energy
consumption on carbon emissions. Specifically, renewable energy utilization exhibited
a significant relationship with carbon emissions across both groups, suggesting that the
adoption of renewable energy technologies is no longer exclusive to developed European
economies but has become increasingly accessible beyond the EU. Furthermore, the magni-
tude of the influence of renewable energy on economic growth remains comparable across
these regions.

Similarly, Dong et al. [40] argued that renewable energy exerts a scale effect on carbon
emission efficiency. Their findings indicate that the impact of renewable energy devel-
opment initially constrains carbon emission efficiency but subsequently promotes it as
investment levels rise. Although provinces such as Sichuan, Yunnan, and Qinghai reached
an optimal range of renewable energy development by 2018, only Sichuan achieved a corre-
sponding optimal level of carbon emission efficiency. This suggests that renewable energy
development alone is insufficient to enhance environmental performance and must be
complemented by broader institutional, technological, and policy measures to be effective.
This study further highlights regional disparities, showing that the eastern region achieved
the highest carbon emission efficiency despite having the lowest threshold of renewable
energy development, whereas the western region displayed the opposite pattern.

Recent evidence by Kongkuah and Alessa [41] reinforces the environmental bene-
fits of renewable energy by demonstrating that increased renewable energy generation
significantly reduces carbon intensity at the national level, even after accounting for de-
mographic characteristics and persistence. Their findings show that both aggregate re-
newable energy production and specific renewable technologies, including solar, wind,
hydropower, and geothermal energy, are negatively associated with carbon emissions. Like-
wise, Mukhtarov et al. [42] explain this relationship through the substitution effect, whereby
renewable energy gradually replaces conventional fossil fuel-based energy sources. As
renewable energy consumption increases, dependence on carbon-intensive energy sources
declines, leading to lower greenhouse gas emissions and improved environmental out-
comes. Despite these benefits, some studies caution against viewing renewable energy
as being entirely emission-free. Sobczuk et al. [43] contend that although renewable en-
ergy technologies substantially reduce greenhouse gas emissions during their operational
phase, they still generate environmental impacts throughout their lifecycle. Life cycle
assessments of photovoltaic systems and wind turbines have revealed that emissions oc-
cur during the manufacturing, installation, maintenance, storage, and disposal stages.
Moreover, renewable energy infrastructure may adversely affect ecosystems, wildlife, and
natural habitats, with several long-term ecological consequences that remain insufficiently
explored. Therefore, while renewable energy plays a crucial role in carbon mitigation strate-
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gies, its overall environmental implications should be evaluated from a comprehensive life
cycle perspective.

More recently, Hoa et al. [44] found that REC reduced environmental pollution in
Vietnam over time. Bui Minh et al. [11] also conducted an investigation in Vietham and
showed the same result that the REC negatively impacted CO, emissions in both the
short run and long run, and also supported the environmental Kuznets curve (EKC)
throughout 2000-2015. Similarly, Khan et al. [6] found that REC can reduce CO, emissions
in Morocco. Cheng et al. [34] investigated how RE and environmental patents affect CO,
emissions in Brazil, Russia, India, China, and South Africa (BRICS) between 2000 and 2013.
The findings reveal that an increased RE supply is associated with decreased per capita
CO, emissions. Consequently, considerable uncertainty remains regarding the precise
nature of this relationship, highlighting the need for further investigation using more
standardized methods and comprehensive datasets to reconcile these differing perspectives.
Qyas et al. [45] suggest the most optimized hybrid renewable energy system to be used
in mining operations in Western Australia. It combines solar PV, battery storage, and
backup generation components and optimizes the energy system with an LSTM-based
optimization framework to enhance energy efficiency and reduce energy costs. The findings
reveal that the system can contribute approximately 57% of the energy demand, generate
substantial cost savings, and save up to 67% of carbon emissions, which can be considered
a success rate in integrating renewable energy sources with the advantages of reducing
carbon emissions in energy-intensive industries.

2.3. Governance and CO, Emission Linkage

Governance is increasingly recognized as an important determinant of environmental
performance. Existing studies have examined the role of governance using the World
Bank’s governance indicators, including voice and accountability, political stability, govern-
ment effectiveness, regulatory quality, rule of law, and control of corruption [5,46,47]. The
underlying argument is that effective governance improves policy implementation, regu-
latory enforcement, transparency, and accountability, thereby facilitating environmental
protection and sustainable development.

Most studies have reported that stronger governance contributes to lower carbon
emissions. For example, Gani [48], Sarwar and Alsaggaf [49], Khan et al. [6], and Gliney [5]
found that governance quality improves environmental performance and contributes to
emission reduction. However, the evidence is inconsistent. Simionescu et al. [22] showed
that only certain governance dimensions, such as regulatory quality, rule of law, and control
of corruption, significantly reduce environmental degradation, whereas other governance
indicators have no significant effects. Similarly, Wang et al. [36] reported that governance
affects carbon emissions differently across countries and governance dimensions.

These mixed findings suggest that governance is not a homogeneous concept and that
different governance dimensions may influence environmental outcomes via distinct chan-
nels. Consequently, examining governance indicators separately rather than as a composite
measure may provide a more nuanced understanding of their environmental impact.

2.4. Relationship Between Governance, Renewable Energy Consumption, and CO, Emissions

Recent studies have increasingly recognized governance as a critical factor influencing
the effectiveness of renewable energy policies and environmental outcomes [50,51]. Rather
than affecting carbon emissions solely through direct channels, governance may also condi-
tion the environmental benefits of renewable energy consumption by improving regulatory
quality, policy implementation, institutional accountability and investment conditions.
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Empirical evidence examining the moderating role of governance in the renewable
energy—-CO; emission relationship is limited. Szetela et al. [23] found that renewable
energy consumption reduces CO; emissions more effectively in countries characterized
by stronger voice and accountability and rule of law, whereas political stability produces
contrasting effects. Similarly, Kousar et al. [2] reported that governance strengthens the
environmental benefits of renewable energy consumption. However, other studies suggest
that certain governance dimensions, such as government effectiveness, may not always
enhance the emission-reducing effect of renewable energy [22]. These findings indicate
that different dimensions of governance may influence environmental outcomes through
distinct institutional mechanisms.

Despite the growing interest in this topic, several important gaps remain in the litera-
ture. First, most studies rely on aggregate governance indices or examine only a limited
number of governance dimensions, providing little insight into the specific institutional
channels through which governance influences sustainability. Second, empirical evidence
on the moderating role of individual governance indicators remains scarce and inconclusive.
Third, existing studies have primarily focused on the interaction between governance and
renewable energy consumption, while limited attention has been given to how governance
affects the environmental effects of other structural determinants of carbon emissions, such
as fossil fuel consumption, economic growth, urbanization, and industrialization.

To address these gaps, this study investigates the impact of renewable energy consump-
tion on CO, emissions and examines whether six individual governance dimensions—control
of corruption, political stability, rule of law, government effectiveness, regulatory quality,
and voice and accountability—moderate this relationship across 39 Renewable Energy Coun-
try Attractiveness Index (RECAI) economies. By focusing on countries actively engaged in
renewable energy development and investment, this study provides new evidence of the
institutional mechanisms through which governance influences environmental sustainability
and carbon emission reduction.

3. Theoretical Framework, Data, and Methods
3.1. Theoretical Framework

The literature examining the moderating role of governance in the relationship be-
tween renewable energy consumption (REC) and CO; emissions is limited. To address
this gap, the present study develops a conceptual framework grounded in core macroeco-
nomic, institutional, and environmental governance theories (Figure 1). These theoretical
perspectives collectively explain the direct influence of renewable energy consumption and
governance on environmental quality and the conditional role of governance in enhancing
the effectiveness of renewable energy deployment. Therefore, the hypotheses developed in
this study are derived from both theoretical arguments and empirical evidence presented
in the preceding literature review.

The relationship between renewable energy consumption and CO, emissions can
be explained through the lens of core macroeconomic theory [52]. From this perspective,
renewable energy production and consumption contribute significantly to mitigating envi-
ronmental degradation by reducing the emissions of harmful greenhouse gases, including
CO,, CHy4, and NOy [53,54]. Renewable energy serves as an important macroeconomic
factor that reduces dependence on non-renewable energy sources and promotes a tran-
sition to a green and sustainable economy [55]. Unlike fossil fuel-based energy systems,
renewable energy technologies generate energy with substantially lower carbon emissions,
thereby contributing to environmental sustainability while supporting long-term economic
growth. As renewable energy consumption increases, reliance on carbon-intensive energy
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sources declines, leading to lower levels of CO, emissions. Therefore, renewable energy

consumption is expected to negatively affect carbon emissions.

Explanatory variable

Renewable energy consumption

Country-level governance

Moderator variable

Dependent variable
H1 'y >
CoZ2 emissions
H2 <
H3
I

| Non-renewable energy consumption
| GDP per capita

Industrialization

| Urbanization

Country-level governance

* Voice and accountability
s Rule of law

» Governance effectiveness
s Regulatory quality

* Control of corruption

s Political stability

Figure 1. Conceptual model of the study. Source: By Authors.

H1. Renewable energy consumption decreases CO, emissions.

Institutional theory provides a theoretical foundation for understanding the rela-
tionship between governance and environmental outcomes [56]. This theory argues that
formal and informal institutions shape policy formulation, implementation, monitoring,
and enforcement, thereby influencing economic, social, and environmental performance.
Strong institutional arrangements facilitate the design and enforcement of environmental
regulations, improve resource allocation, reduce policy uncertainty, and enhance account-
ability mechanisms, all of which contribute to improved environmental quality [36,57].
Previous studies have applied institutional theory to explain environmental governance
and carbon-mitigation strategies. For example, Andrews-Speed [58] emphasized the impor-
tance of institutional arrangements in managing low-carbon energy transitions, whereas Li
et al. [59] highlighted the necessity of effective government intervention to reduce carbon
emissions. From this perspective, governance dimensions such as government effective-
ness, regulatory quality, rule of law, control of corruption, political stability, and voice and
accountability can enhance environmental management and facilitate the implementation
of policies aimed at reducing carbon emissions. Consequently, countries with stronger
governance structures are expected to achieve lower CO, emissions.

H2. Good governance has a significantly negative impact on carbon dioxide emissions.

The moderating role of governance in the relationship between renewable energy con-
sumption and CO; emissions is supported by environmental governance theory [60,61]. This
theory emphasizes that environmental outcomes are not determined solely by technological
advancement or energy choices but also by the quality of governance systems responsible
for policy implementation and regulatory enforcement. Environmental governance involves

https:/ /doi.org/10.3390/resources15070092


https://doi.org/10.3390/resources15070092

Resources 2026, 15,92

10 of 38

the coordinated efforts of governments, businesses, civil society, and citizens to establish
environmental standards, formulate regulations, and ensure compliance with sustainability
objectives [62]. Effective governance creates an enabling environment for renewable energy
development through supportive regulations, policy consistency, institutional transparency,
and efficient implementation. Consequently, the environmental benefits of renewable energy
consumption are likely to be greater in countries with stronger governance frameworks.
Conversely, weak governance may limit the effectiveness of renewable energy policies, re-
duce investment incentives, and hinder the transition to cleaner energy systems. Therefore,
governance is expected to strengthen the emission-reducing effect of renewable energy
consumption by improving the institutional conditions necessary for a successful energy
transition [63].

Although the six governance indicators capture different institutional dimensions,
they are all expected to enhance the effectiveness of renewable energy policies through
improved institutional capacity, regulatory quality, accountability, political stability, and
policy implementation. Therefore, a common moderation hypothesis is proposed, while
allowing empirical analysis to identify differences in the magnitude of the individual
governance effects.

H3. Governance significantly moderates the relationship between renewable energy consumption
and CO; emissions.

Beyond its moderating influence on renewable energy consumption, governance may
also affect the environmental effects of other structural and economic determinants of
CO;, emissions. Drawing on Institutional Theory and the Environmental Kuznets Curve
perspective, the environmental consequences of economic growth, fossil fuel dependence,
urbanization, and industrialization are not solely determined by their direct effects but also
by the quality of the institutional arrangements governing economic activities [24,25,28].
Effective governance can strengthen environmental regulations, improve policy imple-
mentation, enhance energy efficiency, promote technological innovation, and facilitate the
transition toward cleaner production systems [16,18,26]. Consequently, countries with
stronger governance structures may be better positioned to mitigate the adverse environ-
mental impacts associated with fossil fuel consumption, rapid urbanization, and industrial
expansion while simultaneously directing toward more sustainable pathways [19,20]. In
contrast, weak governance may limit the effectiveness of environmental policies, increase
regulatory inefficiencies, and exacerbate degradation. Therefore, governance is expected
to serve as an important conditioning mechanism that influences the magnitude and direc-
tion of the relationships between renewable energy and fossil fuel consumption, economic
growth, urbanization, industrialization, and CO, emissions.

3.2. Data

This study examines the moderating effect of governance on the relationship between
renewable energy consumption (REC) and CO, emissions in 39 countries selected based on
the Renewable Energy Country Attractiveness Index (RECAI) developed by Ernst & Young
(EY) (London, UK). RECAI is a globally recognized index that evaluates countries according
to the attractiveness of their renewable energy investment environment, considering factors
such as market size, policy stability, regulatory support, infrastructure readiness, and
investment opportunities. The study uses the RECAI edition available at the time of sample
selection, and the country sample remains fixed throughout the analysis. The use of RECAI
provides an energy-sector-specific framework for identifying economies with relatively
favorable conditions for renewable energy investment and deployment.
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The selection of RECALI countries is particularly relevant because these economies rep-
resent markets with comparatively attractive conditions for renewable energy investment
and policy implementation. This characteristic provides an appropriate setting for examining
whether governance influences the environmental effectiveness of renewable energy adoption
under relatively supportive investment environments. Furthermore, RECAI countries exhibit
considerable variations in governance quality, industrial structure, urbanization patterns, and
energy systems. While all countries in the sample have demonstrated a commitment to renew-
able energy development, they differ substantially in their institutional capacities and policy
environments. This diversity creates a valuable empirical setting for investigating whether
governance enables mechanisms that strengthen the environmental benefits of renewable
energy consumption. The presence of both developed and developing economies also allows
the analysis to capture a wide range of governance and energy transition experiences. A
potential limitation of the RECAl-based sampling approach is that it focuses on countries
with relatively favorable renewable energy investment environments, which may introduce
sample selection bias. Consequently, the sample should not be interpreted as representing
countries with the highest levels of decarbonization or environmental performance, but rather
economies that provide comparatively attractive conditions for renewable energy investment
and deployment. The objective of this study is therefore not to generalize the findings to all
countries globally, but to examine how governance shapes the renewable energy—environment
relationship within investment-attractive renewable energy markets.

Nevertheless, the findings should be interpreted within the context of RECAI
economies and may not be fully generalizable to countries with limited renewable en-
ergy markets, weak institutional frameworks, or low investment attractiveness. Instead,
the results provide evidence that is particularly relevant for countries seeking to accelerate
renewable energy deployment and achieve carbon reduction objectives through effective
governance and institutional support. The data used for this study are balanced panel
data from 1996 to 2020, which are available in the selected countries. The time period
was selected to allow consistency and comparability with respect to key variables such as
renewable energy consumption, governance indicators, and carbon dioxide (CO;) emis-
sions. This long time frame allows for a panel econometric analysis of the energy transition
patterns and quality of energy governance in various development contexts. Data on REC,
CO; emissions, GDP, urbanization, and industrialization were collected from the World
Development Indicators (WDI) database, and country-level governance was obtained from
the Worldwide Governance Indicators (WGI) database. Detailed descriptions of these
variables are presented in Table 1.

Table 1. Data description and definition of selected variables.

Abbreviations

Variables Brief Description Definition *

REC

Renewable energy consumption

Renewable energy % of total energy represents the proportion of energy
consumption consumption derived from renewable sources in the

overall final energy usage.

COzE

CO, emissions per capita metric ton per capita

“CO; emission metric ton per capita”
refers to the measurement of carbon
dioxide (CO,) emissions in metric tons
produced by a specific region, such as
a country, divided by its population.
This metric provides an average
estimation of CO, emissions per
person in that region.
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Table 1. Cont.

Abbreviations

Variables

Brief Description

Definition *

CO,l

CO, emissions kt

kilotons

CO;, emissions in kilotons signify the
overall quantity of carbon dioxide
(COy) emissions generated by a
particular area, often a country, within
a defined timeframe, typically a year.

NRE

Non-renewable energy
consumption

% of total energy
consumption

Non-renewable energy consumption
includes the utilization of energy
sourced from coal, petroleum, and
natural gas.

GDP

GDP per capita

current US$

GDP per capita is calculated by
dividing the gross domestic product
(GDP) by the population at the year’s
midpoint. GDP represents the total
value of goods and services produced
within a country’s borders by all
resident producers, including any
taxes on products and excluding any
subsidies that are not part of the
product’s value.

URB

Urbanization

% of total population

The urban population pertains to
individuals residing in areas classified
as urban by the national

statistical authorities.

IND

Industrialization

annual growth rate

The annual growth rate for industrial
and construction value-added is
calculated using a consistent local
currency, and the aggregate figures are
determined using stable 2015 price
levels, represented in U.S. dollars.

CC
GE
PS

RL
RQ
VA

Control of corruption
Governance effectiveness
Political stability

Rule of law

Regulatory quality

Voice and accountability

percentile rank

The percentile rank represents a
country’s position relative to all
countries included in the overall
indicator. A rank of 0 signifies the
lowest position, and a rank of

100 signifies the highest.

* Definitions are taken from the world bank database site at https://databank.worldbank.org/ (accessed on

12 October 2025).

3.2.1. Predicted Variable

CO; emissions, which are the primary contributors to GHG emissions, pose a signifi-
cant hazard to ecosystems [64]. In this study, we used two measures of CO, emissions as
dependent variables to provide a comprehensive analysis: CO, emissions per capita and
CO, emissions in kilotons [48]. This approach aligns with prior research that employed
similar metrics to examine the environmental impact of emissions at both individual and
aggregate levels [8,65]. CO, emissions per capita show the average level of CO, emissions
per person, whereas CO, emissions in kilotons represent the aggregate level of carbon
emissions at the national level.

To provide a comprehensive assessment of environmental sustainability, this study
employs two alternative measures of carbon emissions. CO, emissions per capita cap-
ture the average emissions generated per individual and reflect carbon intensity from a
population-adjusted perspective, whereas total CO, emissions (expressed in natural loga-
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rithms of kilotons) capture the aggregate environmental impact associated with national
economic activity and energy consumption. These measures represent complementary
dimensions of environmental pressure and therefore provide additional insight into the en-
vironmental effects of renewable energy adoption and institutional quality across countries
with different economic and demographic characteristics.

3.2.2. Explanatory Variable

Renewable energy consumption (REC): In our study, REC was represented by the
proportion of REC in total energy consumption. Renewable energy (RE) is an alternative
energy source that is advantageous from two perspectives: environmental and economic.
First, there are numerous sources of RE. Second, RE generation produces fewer carbon
emissions [23,45,47].

3.2.3. Moderating Variable

Country-level governance [48,49]: Six governance indicators were used in this study.
These are presented as follows:

*  “Control of corruption” assesses the extent to which public authority is utilized for
personal profit, encompassing both minor and major instances of corruption, along
with the influence of elites and private interests on the state.

*  The “effectiveness of governance” encompasses evaluations of public service quality,
the competence and impartiality of the civil service, its insulation from political
influence, the caliber of policy development and execution, and the government’s
trustworthiness in upholding these policies.

»  “Political stability and the absence of violence/terrorism” refers to the assessment of
the probability of encountering political instability or acts of violence, particularly
those motivated by political reasons such as terrorism.

= The “rule of law” reflects people’s trust in and adherence to societal norms, especially
concerning the effectiveness of enforcing contracts, safeguarding property rights, the
performance of law enforcement, the judiciary, and the prevalence of criminal activity
and violence.

=  “Voice and Accountability” measures the extent to which a nation’s residents can
choose their government, along with assessing the presence of freedom of speech,
freedom of assembly, and independent media.

= “Regulatory Quality” reflects how well the government is perceived in its capacity
to create and enforce effective policies and regulations that facilitate and encourage
private sector growth.

3.2.4. Control Variables

1.  Non-renewable energy consumption or fossil fuel energy consumption: NRE is de-
rived from non-renewable resources, which are depleted much faster than new ones
are created, and it emits large amounts of CO,. NRE was the other explanatory
variable in our study. The consumption of NRE significantly increases CO, emis-
sions [50,66].

2. Economic growth: GDP represents the economic growth of a country [51,52]. Envi-
ronmental health is significantly affected by economic growth.

3. Industrialization (IND): Industrialization is represented by industrial value added and
comprises value added in mining, construction, manufacturing, electricity, gas, and
water [52,54,55]. Considering previous studies (e.g., [52,54,55], industrialization was
used as a control variable in this study. Researchers have found that industrialization
significantly contributes to the increase in CO;, resulting in ecological jeopardy [56,57].
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4. Urbanization (URB): Urbanization is represented by the urban population as a per-
centage of the total population. Abdulqadir [67] demonstrated that the nexus between
urbanization and CO; emissions follows the Kuznets curve hypothesis. Thus, urban-
ization is a crucial macroeconomic factor for CO, emissions mitigation. Based on
previous research [52,65], urbanization was used as a control variable in this study.

3.3. Methods

This study used econometric methods to analyze the relationship between RE adoption
and CO, emissions, considering country-level governance. This study uses the panel data
regression technique to analyze the proposed relationships, both baseline and moderation
models. The Baseline Model is the effect of the independent variables on the dependent
variable (Direct Effect); however, the Moderation Model is the effect of the interaction of
the explanatory variables and the moderating variable on the dependent variable. The
fixed effects model was used to isolate the impact of RE adoption on CO; emissions
while accounting for inherent differences among the thirty-nine countries. The effect of
renewable energy (RE) adoption on CO; emissions was estimated using a two-way fixed
effects model, taking into account country and year fixed effects to capture time-invariant
country-specific effects and common shocks that impact all countries for a particular year.
To validate the distinction between fixed and random effects specifications, a Hausman
specification test was performed, and the result of the test justified the use of the fixed effects
estimator for the data analyzed. To prevent potential multicollinearity issues, all continuous
variables, including interaction terms, were mean-centered. Continuous variables were
also winsorized at the 1st and 99th percentiles to minimize the effect of extreme values. A
number of diagnostic tests were carried out to validate the validity of the baseline estimates:
the Breusch-Pagan test was used to check for heteroskedasticity, the Breusch-Godfrey test
was used to test for serial correlation, and the Pesaran CD test was performed to check
cross-sectional dependence across the panel units. When these tests suggested the presence
of heteroskedasticity, autocorrelation, and/or cross-section dependence, GMM, Panel
Corrected Standard Errors (PCSEs), and robust regression were also used as supplementary
tests to safeguard the validity of the statistical inference under the above conditions. Fixed
effects models were used to account for country-specific time-invariant characteristics [26],
and the application of the Generalized Method of Moments alleviates simultaneity and
reverse causality issues [25,31]. Furthermore, a robustness test was performed to account
for heteroskedasticity and cross-sectional dependence [29]. The similarity of the results
obtained from the various estimation methods increases the reliability of the results and
confirms the validity of the proposed relationships [68].

A number of robustness checks were performed: robust regression, considering outlier
sensitivity; Panel-Corrected Standard Errors (PCSEs), to address the issue of panel het-
eroskedasticity and contemporaneous correlation; and the Generalized Method of Moments
(GMM) estimator to reduce the potential endogeneity problems. The internal instruments
used in the GMM specification are lagged values of the explanatory variables, and the
validity of the instrument and model is tested using Hansen/Sargan over-identification
tests and Arellano-Bond serial correlation tests. Furthermore, diagnostic tests were con-
ducted to check for cross-sectional dependence, heteroskedasticity, autocorrelation, and
multicollinearity to ensure the reliability and robustness of the estimated results. Thus, the
following models were estimated:

Direct effects:

COyjy = o + B1REC;; + B2CCy + B3NRE;; + B4GDP + B5sURBj; + B IND;j; + € (1)

COyyy =+ ,31RECit + ﬁzGEit + ﬁgNREit + ,34GDP + ,35URBit + ﬁéINDit +er (2)
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COyjt = a + B1RECj; + B2PSit + BsNRE;; + paGDP + BsURB;; + B INDjy + & (3)
COzjt = a + P1REC;t + B2RLit + BsNRE;; + PaGDP + BsURB;; + BeINDj; + it (4)
COyjt = &+ B1RECj; + B2RQj; + B3NREj; + BaGDP + BsURB;; + BeINDj; +¢it (5)
COyjt = a + B1REC;; + B2 VAt + B3NRE;j; + paGDP + BsURB;; + P INDj; + €it  (6)

Moderating effects:

COzjt = & + B1REC;; + B2CCj; + B3sNRE;; + B4GDP + BsURB;

+B6INDj; + B7CC x RECj; + B3CC * NRE;; + BoCC * GDPj; 4 B1oCC * URBj; (7)
+B11CC * INDj; + €3t

COzjt = &+ B1RECj; + B2GEj; + B3sNRE;; + ByGDP + BsURBj;

+B6INDj; + B7GE x RECj; + B3GE * NREj; 4+ BoGE % GDPj; + B190GE * URBj; (8)
+,3116E * INDj; + €5

COyjt = &+ B1REC;; + B2PSjt + B3NRE;; + B4GDP + BsURB;;

+B6INDj; + B7PS * RECj; + BgPS * NREj; + BoPS * GDPj; + B1oPS * URBj; )
+B11PS * INDj; + €

COzjt = & + B1REC; + B2RLjt + B3NREj; + B4GDP + BsURB;;

+B6IND;j; + B7RL * RECj; + BsRL * NREj; 4+ BoRL * GDPj; + B19RL * URBj; (10)
“F,BHRL * INDj; + €5

COzt = a+ B1RECj; + B2RQ; + PsNRE;; + f4GDP + BsURB;;

+B6INDj; + B7RQ * RECj; + BsRQ * NREj; + BoRQ * GDP;; + B19RQ * URB;; (11)
+B11RQ * IND;; + it

COgjt = & + B1REC;; + B2 VA + B3NRE;; + B4GDP + BsURB;;

+B6INDj; + B7VA * RECj; + BgVA * NREj; 4+ BoVA * GDPj 4 B1oVA x URBj; (12)
—FﬁnVA * INDj; + €5

To prevent the severe econometric problems of high correlation between indicators of
the Worldwide Governance Indicators and the risk of multicollinearity, all six indicators
have not been included in a single regression model [13,17]. All WGI dimensions (Voice
and Accountability, Political Stability and Regulatory Quality) have been identified broadly
in the latest literature as closely related aspects of a single latent factor of “institutional
quality” [14,17]. In a methodological sense, the simultaneous inclusion of these indicators
would be an affront to the MV approach of no perfect or near-perfect multicollinearity,
which would result in increased standard errors, unpredictable and sometimes counterin-
tuitive signs of coefficients, and reduced statistical power [13,18]. This high variance skews
the results from the moderating effect of a governance dimension, making it difficult to
statistically infer from the models.

The risk of omitted variable bias is a common problem and is secondary in this case
because both indicators can contain redundant institutional information, including both of
them together causing a “masking effect” which affects the explanations of the variance [16,17].
Hence, the most relevant empirical studies published between 2024 and 2026 confirm that using
the composite index of institutional quality or running separate regressions for every dimension
of institutional governance to see whether any particular one moderates the renewable energy—
CO; nexus is the most appropriate empirical approach [13,17,18]. This approach allows
for the stability of the model parameters and the assessment of the interactions between
specific institutional mechanisms (e.g., corruption control or regulatory effectiveness) and
green energy transition goals [13,14]. This approach is fully consistent with the best practice in
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empirical research as reported in leading journals, where the prevention of the bias caused by
multicollinearity is crucial to preserve the validity of the econometric results [13,17,18].

The view that structural and economic variables do not have the same effect on re-
newable energy consumption across countries is the basis for CLG’s moderating role. The
moderating role of CLG is based on the fact that structural and economic factors do not have
the same effect on the consumption of renewable energy sources across countries [27,30].
Instead, the success of CO, pressure influences economic growth, urbanization, and in-
dustrialization in terms of promoting renewable energy use, which relies on the quality of
institutional and governance structures [24,32]. Effective CLG, such as regulatory quality,
government effectiveness, and the rule of law, strengthens the implementation, institutional
efficiency, and resource allocation for sustainable energy projects [16,22,24]. Therefore, gov-
ernance is viewed as a contextual conditioning variable that affects the relationship between
explanatory variables and renewable energy use [27,28]. Based on this background, the
moderation effects of CLG (“Voice and Accountability, Political Stability and Absence of
Violence/Terrorism, Government Effectiveness, Regulatory Quality, Rule of Law, Control of
Corruption”) with some country-specific variables (GDP, URB, IND) are introduced.

GDP per capita reflects the scale of the effect of economic activities on environmental
stress. It is well known that the quality of governance can be a conditioning factor and can
affect the growth process by leading to cleaner production processes or by allowing for more
emissions via energy-intensive growth. Therefore, the governance x GDP interaction is a
measure of the interaction between the institutional effectiveness and environmental effi-
ciency of the growth process. In the same context, urbanization is a structural transformation
process that is closely associated with energy demand, transportation intensity, and land use
changes. The relationship between governance and urbanization also shapes the efficiency
of urban planning, how it is enforced, and the type of infrastructure built; hence, the extent
to which institutional quality reduces or exacerbates the environmental impacts of urbaniza-
tion. Moreover, industrialization is a major source of energy consumption and emissions.
However, its environmental effect is not the same everywhere and is greatly influenced by
governance performance in terms of environmental regulation, environmental norms, and
industrial upgrading policies. Therefore, the governance x industrialization interaction
is theoretically sound because it captures the varying emissions outcomes as a function
of institutional setting. Notably, governance x REC and governance X non-renewable
energy are the two main parts of the energy transition mechanism in this study, but extra
interactions are added to represent the wider macro-structural pathways of governance.
This is consistent with existing empirical research in environmental economics, which treats
governance as a conditioning variable over a range of structural determinants of emissions,
not just those related to energy [13-18].

Interaction terms in panel regression models can cause econometric issues such as
multicollinearity and endogeneity [28]. To reduce multicollinearity, all variables used
in the interaction terms were mean-centered before estimating the model so that the
correlation between the main effects and interaction terms did not affect the interpretation
of the coefficients [25]. Multicollinearity was also tested using the variance inflation
factor to ensure that the VIF value did not exceed the threshold of 10. The value of the
variance inflation factor (VIF) was also inspected to ensure that no VIF value exceeded
10 [20,69]. Furthermore, the regression models were modeled separately for each of the
CLG indicators to prevent high collinearity between the governance variables, because the
six dimensions of governance are conceptually and empirically correlated [24,30,31]. Thus,
the estimate of the interaction coefficient is more stable, explainable, and robust when the
models are estimated separately for each governance measure to minimize redundancy
and overlapping explanatory effects of the measures [24,30].
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4. Data Analysis and Findings

This study empirically analyzed the impacts of RE, NRE, GDP, urbanization, and
industrialization on CO, emissions.

4.1. Descriptive Statistics

Table 2 presents the descriptive statistics of the key variables across the dataset of
975 observations. The data showed that the average CO, emissions in kilotons were
approximately 5.29, with a median of 5.31, showing a generally balanced distribution. The
average CO, emissions per capita were 7.15 and a median of 7.11. In terms of country-
level governance factors, CC has a mean of 71.01 and a median of 77.40, indicating some
variation in governance quality among the sampled countries. Similarly, all other country-
level governance variables, including GE, RQ, RL, PS, and VA, have means and medians
near the midpoint of their respective scales, indicating moderate levels of governance
quality with slightly negative skewness values. Non-REC also had a somewhat wide
distribution, with a mean of 78.83 and a median of 82.94. GDP per capita has a mean
of 4.14 and median of 4.34, indicating a constant distribution. However, the REC has a
mean of 17.09 and a median of 11.41, indicating some variation in RE adoption across the
investigated countries. Urbanization has modest means and medians, indicating some
variation in urbanization levels across the investigated countries. Finally, the mean value
of industrialization is 11.11, with a maximum of 12.74 and a minimum of 9.17.

Table 2. Summary Statistics.

Variables Mean Median Maximum Minimum Std. Dev. Skewness Kurtosis Observations
CO,1_ 5.29 5.31 7.04 414 0.58 0.65 3.32 975
CO,E 7.15 7.11 20.47 0.47 4.36 0.75 3.24 975
CcC 71.01 77.40 100.00 8.99 24.23 —0.51 1.98 975
NRE 78.83 82.94 100.00 25.12 16.44 —1.00 3.39 975
GDP 4.14 4.34 5.02 2.52 0.56 -0.77 2.66 975
GE 74.87 80.77 100.00 11.35 19.86 —0.48 2.09 975
IND 11.11 11.05 12.74 9.17 0.59 0.08 3.55 975
PS 58.30 60.48 100.00 4.76 27.37 —0.20 1.84 975
RQ 73.29 79.15 100.00 14.42 21.55 —0.61 2.23 975
REC 17.09 11.41 62.61 0.01 14.79 1.12 3.51 975
RL 72.42 81.73 100.00 11.44 23.51 —0.50 1.93 975
URB 71.15 77.36 98.08 22.56 17.35 —0.89 2.98 975
VA 68.41 79.10 100.00 2.35 29.50 —0.86 2.45 975

All variables are defined in Table 1 and Abbreviations.

4.2. Correlation Analysis

Table 3 presents the results of the study variables in the correlation matrix. REC has a
strong negative correlation with NRE (—0.78), CO,I (—0.26), and CO,E (—0.41), which is
expected, given that countries with higher REC may rely less on fossil fuels and generate
lower carbon emissions. NRE had a modest positive correlation with CO,I (0.23) and
CO;E (0.28), indicating that greater fossil fuel use is generally related to higher emissions.
There is also a negative link with GDP (—0.27), implying that increasing fossil fuel usage
may be connected to a decreased GDP per capita. This implies that countries with higher
GDP per capita consume less fossil fuel. Industrialization is positively correlated with
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several other variables, including CO»I (0.83), COE (0.35), and GE (0.27), indicating that
industrialized countries have higher emissions and more effective governments than non-
industrialized countries. URB was positively correlated with CO,E (0.58), GE (0.54), and
RL (0.50), implying that higher rates of urbanization are related to these variables. PS
was positively correlated with CC (0.46), RQ (0.76), and RL (0.76). Various correlations
imply that nations with higher PS scores have higher scores on various governance-related
variables. RQ correlates positively with GE (0.93), PS (0.76), and RL (0.92), indicating that
countries with higher RQ perform better in these governance-related domains. In most

instances, country-level governance (CLG) has a substantial correlation. Although most

of the correlation values were greater than 70, we assessed each variable separately to

avoid multicollinearity.

Table 3. Correlation Analysis.

Probability 1 2 3 4 5 6 7 8 9 10 1 12 13
CO,I (1) 1
COE(@) 030  1.00
cC@3)  -017 050  1.00
NRE (4) 023 028 —027 1.00
%o R 3
GDP(5) 004 —001 —012 004 1.00
GE (6) 012 050 095 —029 —0.10 1.00
IND(7) 083 035 019 —004 -—007 027 1.00
%o Rl bk *% Rl
PS (8) —023 046 076 —030 —007 073 006  1.00
RQ©O)  -017 053 093 —021 -0I12 093 020 071 1.00
REC (10) —026 —041 004 —078 000 004 —011 011 —0.03 1.00
*k% Rt *%% b b2
RL(11) 018 049 096 —028 -012 094 019 076 092 005 1.00
URB(12) -012 045 059 002 -015 054 015 034 058 —025 050 1.00
VA (13) -017 037 086 —034 -013 08 018 072 086 012 085 050 1.00

%%

%%

k3%

EEEd

%%

ok

%%

EEEd

%%

ok

%%

EEEd

All variables are defined in Table 1 and Abbreviations. ***, ** indicate statistical significance at the 1%, 5%

levels, respectively.
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4.3. Empirical Findings
4.3.1. Direct Effect Model

Table 4 reports the direct effect estimations for two alternative measures of carbon
emissions. Models 1-6 use CO, emissions per capita (CO,E) as the dependent variable,
whereas Models 7-12 employ total CO, emissions measured in kilotons (CO,I). Across all
specifications, the results consistently indicate that renewable energy consumption (REC)
reduces carbon emissions, thereby supporting H1.

Table 4. Direct Effect Estimation.

Carbon Emission (Per Capita) Models

Carbon Emission (Kilotons) Models

Political Governance

Regulatory Governance

Political Governance Regulatory Governance

(1)

(2)

3) @ (5) (6)

(1) (2) 3) @ (5) (6)

—0.037 —0.028 —0.031 —0.029 —0.029 —0.043 —0.002 —0.003 —0.003 —0.003 —0.003 "
REC ok *3% HHk 3% *3% L2t Hokk ok b2 Hk Hokk 70002 *
(—3.223) (—2.534) (—2.688) (—2.530) (—2.549) (—3.462) (—2.819) (—2965) (—3.361) (—3.577) (—3.587) (—2.439)
0.085 0.096 0.090 0.092 0.082 0.077 0.006 0.006 0.005 0.005 0.006 ok
NRE *%% AN *k Hokk A% Ak Hkk *%% Exxd Ak Hokk 0'006
(8.183) (9.739) (8.716) (8.787) (7.944) (6.931) (7.762) (7.929) (7.299) (6.837) (7.898) (7.713)
0.023 0.054 0.037 0.032 0.028 0.051 —0.005 —0.007 —0.005 —0.005 —0.004 ek
UR Rt HAN R R et Ex R Rt HAN B BT _0'006
(3.126) (8.763) (5.377) (4.527) (3.789) (6.762) (—8.705) (—14.726) (—10.755) (—9.500) (—8.742) (—11.322)
NPT IR @ TR w0 0w om0 e
(10.411)  (13.473)  (10.594) (8.783) (10.401)  (10.363)  (71.081) (67.887) (72.323) (73.214) (73.219) (68.913)
5.924 5.746 6.768 o 6.369 6.585 0.643 0.657 0.592 0.690 0.611 ot
GDP okt b2 ok 5'116 k3% 2 Hkk k% 2t ok Hokk 0'597
(2.749) (2.825) (3.175) (2.376) (2.968) (2.870) (4.174) (4.150) (3.904) (4.589) (4.078) (3.772)
0.089 —0.005
CC s *X%
(16.535) (—13.045)
s 0 oo
(20.613) (—10.355)
0.089 —0.005
RL Hk b2t
(17.370) (—14.409)
G o1 0w
(16.572) (—14.946)
o 00 oo
(16.871) (—15.245)
VA 0.051 0,003 ***
(11.339) (—10.502)
—26.874 —32.600 —28.615 —27.048 —27.848 —26.500 —4.154 —3.954 —4.048 —4.134 —4.083 ok
—Cons %% Exxd Ak *%% 2 H%3% %% *%% Ex *%3% %% _4'168
(—11.416) (—14.505) (—12.265) (—11.494) (—11.870) (—10.580) (—24.702) (—22.596) (—24.405) (—25.146) (—24.907) (—24.121)
Period Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 975.000 975.000  975.000  975.000 975.000 975.000  975.000  975.000 975.000  975.000  975.000 975.000
2 0.511 0.565 0.522 0.512 0.516 0.447 0.856 0.848 0.861 0.863 0.864 0.848
r2_a 0.508 0.562 0.519 0.509 0.513 0.443 0.855 0.847 0.860 0.862 0.863 0.847
F 168.887  209.184 176.416 169.215 171.875 130.361 961.880  899.744  998.824  1014.383  1023.297 902.782
p 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: This table presents the baseline regression results estimating the direct effects of independent variables on
the dependent variable. All variables are defined in Table 1 and Abbreviations. Country and year fixed effects
are included, where applicable. The robust standard errors are reported in parentheses. ***, ** indicate statistical
significance at the 1%, 5% levels, respectively.

The REC coefficient is negative and statistically significant in all models. For example,
in the per capita emissions models, the coefficient ranges from —0.028 to —0.043, suggest-
ing that an increase in renewable energy consumption is associated with a measurable
reduction in carbon emissions. Similar results were observed when total emissions were
used as the dependent variable. These findings indicate that expanding renewable energy
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deployment can meaningfully reduce environmental degradation by substituting carbon-
intensive energy sources with cleaner alternatives. The results are consistent with previous
studies [21,70,71] but contradict the findings of [72], who reported a positive relationship
between renewable energy consumption and carbon emissions. The findings also support
the core macroeconomic theory, which argues that renewable energy promotes sustainable
economic growth while mitigating environmental damage [53,54].

In contrast, fossil fuel energy consumption (NRE) has a positive and highly significant
effect across all specifications. The estimated coefficients range from 0.077 to 0.096 for
per capita emissions, indicating that increased dependence on fossil fuels is one of the
strongest contributors to environmental degradation. The magnitude of these coefficients
suggests that the environmental costs associated with fossil fuel consumption substantially
outweigh the emission-reduction benefits generated by renewable energy consumption.
This finding supports previous studies [33,73,74] that identified fossil fuels as the primary
source of carbon emissions.

Urbanization and industrialization have also emerged as important determinants of
environmental deterioration. Industrialization displays the largest coefficient among the
explanatory variables, ranging from 1.532 to 2.175 in the per capita emission models. This
finding suggests that industrial expansion remains a dominant driver of carbon emissions,
reflecting the continued reliance of industrial activity on energy-intensive production
processes. Similarly, urbanization is positively associated with per capita carbon emissions,
indicating that rapid urban growth increases energy demand, transportation requirements,
and infrastructure development, all of which contribute to environmental pressures. These
results are consistent with the findings of [75,76], although they contrast with the evidence
reported by [77].

Economic growth (GDP) is positively associated with carbon emissions. The positive
and statistically significant coefficients indicate that economic expansion in the sampled
countries is accompanied by increased energy consumption and environmental pressure.
The magnitude of the coefficients suggests that economic growth remains an important
source of carbon emissions, highlighting the challenge of achieving economic development
while pursuing environmental sustainability. These findings support earlier studies [73,75]
and are broadly consistent with the Environmental Kuznets Curve literature in the early
stages of economic development.

Governance indicators produce mixed results depending on the measure of carbon
emissions employed. For the per capita emission models, governance indicators such as
control of corruption (CC), political stability (PS), rule of law (RL), government effectiveness
(GE), regulatory quality (RQ), and voice and accountability (VA) are positively associated
with CO, emissions. However, when total carbon emissions are considered, the governance
indicators exhibit negative and statistically significant coefficients. This suggests that
the direct environmental effect of governance may depend on how it is measured. While
stronger governance may be associated with greater economic activity and energy use at the
individual level, it appears to contribute to lower aggregate emissions through improved
policy implementation, regulatory enforcement and environmental management. These
findings partially support institutional theory [56] and are broadly consistent with the
argument that effective governance enhances environmental performance [57,59]. Overall,
the explanatory power of the models was relatively high. The adjusted R? values ranged
from 0.443 to 0.563 for the per capita emission models and from 0.847 to 0.863 for the
total emission models, indicating that the selected explanatory variables accounted for
a substantial proportion of the variation in carbon emissions. The highly significant F-
statistics and associated p-values further confirm the overall validity and explanatory
strength of the estimated models.
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4.3.2. The Moderating Effect of Country-Level Governance

Country-level governance is estimated as a moderating variable to account for the
extent of the influence of institutional quality on the relationship between structural drivers
and renewable energy consumption. The interaction terms are based on the assump-
tion that the impact of CO, emissions, GDP, urbanization, and industrialization on the
adoption of renewable energy differs in various countries depending on the levels of gover-
nance effectiveness, regulatory quality, and institutional capacity [24,27,32]. Well-governed
and well-organized structures enable policy implementation, resource allocation, and en-
forcement of renewable energy transitions. Simultaneously, the governance context can
negatively affect the capacity of countries to turn economic growth and environmental
stress into sustainable energy outcomes [24,30,78].

Table 5 presents the moderating effects of country-level governance on the relationship
between renewable energy consumption and carbon emissions. The most important find-
ing is that all interaction terms between renewable energy consumption and governance
indicators (CC x REC, PS x REC, RL x REC, GE x REC, RQ x REC, and VA x REC)
are negative and statistically significant for both emission measures. This result strongly
supports H3 and indicates that governance enhances the environmental benefits of re-
newable energy consumption. The magnitude and consistency of these interaction effects
suggest that renewable energy becomes more effective in reducing carbon emissions when
it is supported by stronger institutional frameworks. For example, the REC coefficient
remains negative across all models, while the interaction coefficients range from —0.002
to —0.003 in the per capita emission models and remain significantly negative in the total-
emission models. These findings imply that improvements in governance quality amplify
the emission-reducing effects of renewable energy. In practical terms, renewable energy
investments generate greater environmental benefits in countries with stronger regulatory
quality, effective governments, lower corruption, greater political stability, stronger rule of
law, and higher public accountability.

Table 5. Moderating effect.

Carbon Emission (Per Capita) Models

Carbon Emission (Kilotons) Models

Political Governance

Regulatory Governance Political Governance Regulatory Governance

(1) (V)]

3) 4) (5) (6) 1 (2) (3) @ (5) (6)

REC 0@ 0%
(—14.520) (—12.626)
FF —0.015 0.022 *
(-1.179)  (1.715)
vr 02 00
(—2.186)  (—4.086)
N Lies 10
(7.198)  (5.676)
cop N7 18
(3415)  (2.738)
cc 0207
(3.279)
ccrrc 0002
(—4.289)
copp 0002
(3.311)

—0125 —0155 —0.137 —0.132 -0012 —0013 —0.011 —0012 —0011  —0.011
(—10.993) (—13.967) (—12.677) (—12.540) (—24.345) (—27.314) (—21.952) (—22.706) (—22.620) (—23.786)
0006 0005 0016 0006 002 0.002 0.003 0-002 0002 oo #4
(0.499)  (—0364) (1.388) (—0475) (3.115)  (2918)  (4.625)  (3.287)  (4477)  (3.306)
—0020 —0017 —0.018 —0.036  0.002 0.002 0.002 0.003 0.002 0.001 **
(—1.909) (—1723) (—1845) (—3.444) (4927) (3.673)  (5.037)  (6.303)  (4.994)  (2.370)
1.254 1215 1.238 1.292 0.235 0.227 0.237 0.237 0239 [ gene
(7.831)  (7.701)  (7.835)  (8.043) (31.581) (30.956) (32413) (31.715) (33.187)  (30.986)
1.815 1572 | oo 1803 0.101 0.103 0.085 0.085 0073 | 1oq wxe
Hk Hokk * L2 Hokk k% ok Hk s *
(3340)  (3.041)  (2.365)  (3.440)  (4.063)  (3.778)  (3432)  (3.486)  (3.069)  (3.933)

0.017

(6.042)

—0.000

(—2.638)

—0.000

(—1.779)
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Table 5. Cont.

Carbon Emission (Per Capita) Models

Carbon Emission (Kilotons) Models

Political Governance

Regulatory Governance

Political Governance

Regulatory Governance

(§)) @ (3) @ (5) ()] @ ®3) 4) 5) (6)
CC*GDP  0.030 0.001
(1.377) (1.161)
cour o1 s
(—2.044) (—4.276)
cemn 0P oo
(—5.153) (—4.625)
r 02 00
(5.987) (8.184)
PS'REC o o
(—6.502) (—6.480)
oot 00
(—3.270) (=7.967)
PS*GDP 0.034 0.001
(1.440) (1.450)
000 o0
(—2.233) (—3.238)
PS'IN o oo
(—4.375) (—4.879)
RL 0330 0;932
(4.616) (7.076)
RL*REC —0.002 ~0.000
(—5.184) (—4.784)
RL*FF 0.001 ** ~0.00
(2.167) (—4.821)
RL*GDP 0.030 0.002 **
(1.422) (2.081)
oo o0
(—4.967) (—3.311)
RLAIN e o
(—5.200) (—4.296)
GE 0.108 * 0.018
(1.652) (5.930)
GE*REC —0.002 ~0.000
(—4.975) (—3.790)
020! s
(2.793) (—2.858)
GE*GDP 0.054 ** 0.003 **
(2.156) (2.227)
GE*UR 0.000 *O;OOO
(0.111) (—1.873)
GE*IN —0.015 ~0.001
(—3.208) (—4.268)
RQ 037 0.2
(4.339) (7.223)
RQ*REC —0.003 —0.000
(—6.944) (—5.147)
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Table 5. Cont.

Carbon Emission (Per Capita) Models

Carbon Emission (Kilotons) Models

Political Governance Regulatory Governance Political Governance Regulatory Governance
1) 2) 3) 4) (5) (6) 1) () 3) 4) (5) (6)
RQ*FF 0.000 ’9;900
(0.649) (—4.111)
RQ*GDP 0.048 * 0.003 **
(1.914) (2.398)
- o oo
(—3.722) (—5.364)
RQIN —0.020 oo
(—3.914) (—4.691)
VA 0-504 0.023 ++
(8.377) (8.245)
VAREC e Y
(—5.553) (—3.775)
oo oo
(4.120) (—2.300)
VA*GDP 0.004 0.001
(0.230) (0.815)
VAUR ~0000 ~0000
(—1.992) (—2.042)
" —0.051 —0.002
VA*IN . .
(—11.356) (~7.872)
—14258 —23.597 —25165  —9.365  —25.074 —35.827 1.399 1.438 0.938 1.238 0.882 et
—Cons Rt AN R * L Ex X% Rt HAN R Rt 1‘186
(—3.187) (—6.004) (—4.982) (—1.952) (—5.055) (—8.518) (6.837) (9.012) (4.067) (5.451) (3.899) (6.166)
Period Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 975.000  975.000 975.000  975.000  975.000  975.000  975.000  975.000  975.000  975.000  975.000 975.000
r2 0.602 0.514 0.604 0.622 0.614 0.626 0.883 0.887 0.884 0.881 0.887 0.890
r2_a 0.581 0.488 0.584 0.602 0.593 0.607 0.877 0.881 0.878 0.875 0.881 0.884
F 127.395 88.920 128.512 138,588  133.635  140.981 634916 662944  641.443  622.748  659.907 681.134
p 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: This table reports the results of the moderation analysis examining the interaction effects between inde-
pendent variables and governance indicators. All variables are defined in Table 1 and Abbreviations. Interaction
terms were constructed using mean-centered variables to reduce multicollinearity. Country and year fixed effects
are included, where applicable. The robust standard errors are reported in parentheses. ***, **, and * denote
statistical significance at the 1%, 5%, and 10% levels, respectively.

This finding is consistent with environmental governance theory [60,61], which argues
that institutional quality enhances the effectiveness of environmental policies and sustainable
energy transition. The results also support previous studies [5,6,20,49,51] while contradicting
the findings of [23], who reported positive interaction effects for certain governance dimensions.

The results further reveal that governance influences the environmental consequences
of fossil-fuel consumption. Although the direct effect of fossil fuel consumption is generally
positive, the interaction effects vary across the specifications. For the total emission models,
most governance—fossil fuel interaction terms are negative and statistically significant, sug-
gesting that stronger institutions can partially mitigate the environmental damage associated
with fossil fuel dependence. However, the positive interaction coefficients observed in several
per capita models indicate that governance alone cannot fully offset the carbon-intensive
nature of fossil-fuel consumption. These findings reinforce the view that institutional quality
complements but does not replace the need for a transition away from fossil fuels [33,73,74].

The interaction effects of urbanization are predominantly negative and statistically sig-
nificant. This finding suggests that the environmental costs of urban expansion are lower
in countries with stronger governance. Effective institutions can facilitate sustainable urban
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planning, invest in public transportation, energy-efficient infrastructure, and environmental
regulation, thereby reducing the carbon intensity of urban growth. These findings are consistent
with environmental governance theory [60] and the empirical evidence reported by [77].

Similarly, the interaction terms between governance indicators and industrialization
are consistently negative and highly significant across all specifications. Given that industri-
alization exhibits one of the largest direct positive effects on carbon emissions, the negative
interaction terms imply that governance plays a crucial role in reducing the environmental
burden associated with it. Strong regulatory frameworks, effective enforcement mechanisms,
and transparent institutions encourage cleaner production practices and the adoption of
environmentally friendly technologies. Therefore, governance can moderate, although not
completely eliminate, the emission-generating effects of industrial activity [49,75].

The moderating role of governance in the relationship between economic growth and
carbon emissions is comparatively weak. Most GDP interaction terms are positive but
statistically insignificant, while only a few specifications show significant and positive
coefficients. These results indicate that governance does not substantially alter the growth—
emission nexus in most cases. Economic expansion continues to generate environmental
pressure, even in countries with relatively strong institutions, suggesting that governance
alone may be insufficient to decouple economic growth from carbon emissions without
complementary investments in renewable energy and low-carbon technologies.

Overall, the findings consistently demonstrate that governance serves as an important
institutional mechanism that strengthens the environmental effectiveness of renewable
energy consumption and reduces the adverse environmental impacts associated with
urbanization and industrialization. The results provide strong empirical support for Institu-
tional Theory [24,27] and Environmental Governance Theory [60,61], highlighting that the
success of renewable energy transitions depends not only on energy deployment but also
on the quality of governance structures responsible for policy implementation, regulatory
enforcement, and resource allocation.

4.3.3. Robustness Analysis

Several robustness and econometric tests of validity were carried out to ensure the
reliability and validity of the empirical results. The tests are intended to overcome possible
concerns over multicollinearity, endogeneity, and model specification that would make the
estimated coefficients unstable. Through alternative estimation techniques and diagnostic
checks, this study ensures the consistency of the results and enhances confidence in the
empirical results. To reduce possible endogeneity and multicollinearity issues, all variables
included in the interaction terms were mean-centered before estimating the model, and VIF
diagnostics were performed to ensure acceptable levels of multicollinearity. Furthermore,
regression models were computed for each governance indicator to minimize the correlations
among country-level variables. Fixed effects analysis was used to control for unobserved
heterogeneity, and GMM estimation was used to tackle possible reverse causality to alleviate
endogeneity concerns. To ensure the robustness and reliability of the results in the presence
of heteroskedasticity and CSD, they also utilized robust regression and PCSE.

To ensure the reliability of the empirical findings, a series of robustness analyses
are conducted to address potential econometric concerns. Specifically, Driscoll-Kraay
standard errors are employed to account for heteroskedasticity, serial correlation, and
cross-sectional dependence; dynamic specifications are estimated to examine potential
simultaneity and persistence effects; alternative governance indicators and global shock
controls are used to assess the sensitivity of the moderating effects; and heterogeneity
analyses based on income groups, legal systems, and the Paris Agreement period are
performed to evaluate the stability of the results across different country contexts. Across
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all specifications, the principal coefficients remain broadly consistent in sign, magnitude,
and statistical significance, supporting the robustness of the main conclusions.

(@) Robust Regression

Table 6 shows the results of the robust regression, which was performed to check
whether the data contained influential outliers or whether there was any violation of the
regression assumption. The results show links between several determinants and carbon
emissions in the 39 countries. REC has a significant negative impact on CO,E and CO5l in
all models. Overall, the comparative analysis in Tables 5 and 6 indicates that the direct effect
estimation and robust regression produce nearly identical results, indicating that the data
do not contain influential outliers that would significantly affect the parameter estimates
in the direct effect model, and there is no issue of violation of the regression assumption.
Statistical indicators such as R-squared (12), adjusted R-squared (r2_a), F-statistic, and
p-values also show that the robust regression model is statistically significant.

Table 6. Robustness Analysis: Direct Effect.

Carbon Emission (Per Capita) Models Carbon Emission (Kilotons) Models

Political Governance Political Governance

Regulatory Governance

Regulatory Governance

(1)

(2)

3

4) (5)

6)

(1)

(2)

3)

@

(5) (6)

—0.026

—0.032

—0.019

—0.017 —0.027

—0.040

—0.003

—0.003

—0.004

—0.004

—0.003

REC L a3 *% *% Lt e EE L K% L LR R 70'003 ot
(—2915) (=3222) (=2052) (-2.167) (—2632) (—4.027) (—3873) (—3361) (—4752) (—4840) (—4.157) (—3.349)
0065 0075 0075 0070 0063 0060 0005 0006 0004 0004  0.005
FF ok 2t Hok Hokk k% L2 Hkok ok b2t Ak Hokk 0'005
(8265  (8312)  (8988)  (9709)  (6982)  (6730)  (6618)  (7453)  (5972)  (579)  (7.146)  (6810)
o ono OB OD0 0N Om0 O I v o om0 .
(1715 (8275 (5467)  (2591) (3218)  (3.637) (~9011) (—15190) (~11219) (~10.243) (-9.443) (—11.350)
1390 1530 1577 0998 1414 1199 0873 0863 0870 0889 0878
IN B L EE R Lt Ex EE T Rt L LR BT 0.873 ot
(10.649) (10394) (11.502) (8318)  (9.442)  (8176) (71436) (68821) (72277) (73506) (74251)  (70.536)
4977 4942 5395 5832 0748 0766 0661 0773 0.689
GDPg 3'276 ** b2t Hk 1'292 k% L2 Hkk ok b2t Hk Hokk 0'737 o
(2004)  (2683) (2875  (0872)  (2878)  (3170)  (4886)  (4846)  (4381)  (5.175) (4654  (4.745)
0.100 ~0.005
CC R e %%
(24.437) (~11.793)
. o o
(21.449) (—9.035)
0.098 ~0.005
RL Rk b2t
(23.642) (~13.238)
0.128 ~0.006
GE Hokk Ak
(28.673) (~13.89)
o o e
(19.753) (~14.253)
VA 0.073 0,003 #+
(20.181) (-9.625)
21632 23374 25956 20571 -22565 —17.730 —4.091 —4.037 —3922  —4041  —4.058
—Cons k% L2 *k Hkk k3% 22 Hkok k% 2t ok Kok _4'165
(—12112) (~11405) (~13.797) (~12.705) (~11.007) (-8.828) (—24477) (~23.122) (—23.749) (—24.754) (~25.069) (—24.579)
N 975000 975000 975000 975000 975000 975.000 975.000  975.000  975.000  975.000  975.000  975.000
2 0606 0546 0603 065 0538 0517 0857 0850 0861 0864  0.866 0.853
2.a 0604 0543 0601 0653 0535 0514 0856 0849 0860 0863 0865 0.852
F 248258 193640 245526 305914  187.602 172921 966108 914907 996475 1025809 1045604  938.897
p 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000  0.000 0.000

Note: This table presents the robustness checks for the direct effects using robust regression estimation to address
potential outliers and heteroskedasticity. All variables are defined in Table 1 and Abbreviations. Country and year
fixed effects are included, where applicable. The robust standard errors are reported in parentheses. ***, **, and *
denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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(b) GMM Analysis

A generalized method of moments (GMM) estimator is used to ensure that endogeneity
and multicollinearity do not significantly affect the results; explanatory variables may be
endogenous and modified by omitted factors. The lagged CO, emission variable as an
instrument was significant, indicating that the GMM was valid. The results in Table 7 were
re-estimated with the difference Generalized Method of Moments (GMM) developed by
Arellano and Bond [79] to mitigate the possible reverse causality between the adoption of RE
and the CO, emissions. The correlation of the dependent variable (lagged CO, emissions)
with the country-specific error term after the panel is first-differenced to remove the fixed
effects is the crucial aspect of this dynamic panel specification. As per the standard GMM
practice with dynamic panel data, this variable was instrumented with internal instruments,
which are the levels of the endogenous regressor with the appropriate lags.

The instrument set validity and the specification of the overall model was examined
using the Sargan/Hansen test of over-identifying restrictions, and the results did not reject
the null hypothesis of instrument validity. In addition, the Arellano-Bond AR(1) and
AR(2) tests were used to ensure that there was no second-order serial correlation in the
differenced residuals, and the presence of significant first-order serial correlation (AR(1))
and the absence of second-order serial correlation (AR(2)) showed that the model was
correctly specified and the lag structure was suitable.

There may be reverse causality in the data on the relationship between RE adoption
and CO, emissions, where countries with higher emissions or more regulatory or public
pressure to reduce emissions will be more motivated to invest in RE infrastructure, and
greater RE adoption will also lead to reduction in future emissions. The bi-directional
relationship suggests that OLS or static fixed effects estimates may be biased because the
explanatory variable of interest is not necessarily exogenous to the outcome. To address this
concern, the dynamic difference GMM estimator was used, which involves using lagged
values of the endogenous variables as internal instruments and first-differences in the
model to remove the possibility of country-specific heterogeneity existing in the model that
is unobserved and might otherwise affect the results. The diagnostic tests used in this paper,
Sargan/Hansen and Arellano-Bond AR(1)/AR(2) tests, are used jointly to provide more
valid evidence regarding the direction and quantification of the RE-emissions relationship,
as the dynamic adjustment process between the adoption of RE and emissions can be
explicitly modeled. This allows the Sargan/Hansen and Arellano-Bond AR(1)/AR(2)
diagnostic tests to be performed jointly, providing more valid evidence regarding the
direction and quantification of the RE-emissions relationship, and the dynamic adjustment
process between RE adoption and emissions can be explicitly modeled. Overall, as shown
in Table 7, our findings hold and show that the results of the GMM are approximately the
same as those presented in the direct effect estimation, indicating that there is no issue
of endogeneity and multicollinearity. The relationship between REC and CO, emissions
remained significantly negative across all models.

4.3.4. Panel Correction Standard Error

In the previous section, GMM and robust regression were estimated for the direct
effect, while for the moderation effect, we used another regression called panel correction
standard error (PCSE) to check for multicollinearity, endogeneity, and outliers. Table 8
shows that the results of the interaction effect of governance indicators with explanatory
variables on CO,E and CO»I are similar to those of the moderation effect model. On this
basis, we can conclude that the PCSE provides consistent results for whatever presented
in the moderation effect, indicating that there is no issue of multicollinearity, outliers,
and endogeneity.
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Table 7. GMM-Direct Effect.
Carbon Emission (Per Capita) Models Carbon Emission (Kilotons) Models
Political Governance Regulatory Governance Political Governance Regulatory Governance
Variable 1) (2) 3) @) (5) (6) @ (2) 3) @) (5) 6)
LCO, 0.714 *** 0.792 *** 0.737 *** 0.719 *** 0.776 *** 0.788 *** 0.547 *** 0.483 *** 0.514 *** 0.472 *** 0.518 *** 0.413 ***
49.732 69.896 43.824 18.390 89.234 83.424 13.407 11.447 21.701 10.057 13.061 10.446
REC —0.063 *** —0.052 *** —0.054 *** —0.054 *** —0.056 *** —0.053 *** —0.008 *** —0.008 *** —0.008 *** —0.008 *** —0.007 *** —0.010 ***
—11.912 —12.863 —8.012 —9.059 —18.073 —14.026 —8.701 —15.992 —23.709 —13.846 —4.905 —-7.910
FF 0.013* —0.013* 0.003 0.006 —0.012 ** —0.011 —0.001 0.000 0.000 0.000 0.001 —0.001
1.836 —1.781 0.364 0.422 —2.369 —1.594 —0.627 —0.191 —0.037 0.124 1.045 —0.735
UR —0.046 *** —0.067 *** —0.044 ** —0.048 * —0.054 *** —0.061 *** 0.001 0.003 ** 0.002 *** 0.003 * 0.003 ** 0.003 **
—3.534 —6.681 —2.216 —1.754 —4.491 —4.292 1.314 2.347 4.060 1.877 2.393 2.499
IN 0.570 *** 0.493 *** 0.389 *** 0.410 *** 0.288 *** 0.438 *** 0.093 *** 0.088 *** 0.090 *** 0.093 *** 0.081 *** 0.101 ***
7.866 5.433 3.546 3.230 4.986 10.453 9.254 16.056 54.081 14.655 9.760 10.743
GDP 2.003 *** 2.385 *** 2.415 *** 2.129 *** 2.199 *** 2.268 *** 0.090 *** 0.055 *** 0.072 *** 0.061 *** 0.068 *** 0.056 ***
13.556 18.232 10.433 7.691 14.681 19.623 8.545 3.876 12.209 3.222 5.901 3.629
cC 0.017 *** 0.000 ***
5.469 2.979
PS 0.002 * 0.000 ***
1.772 —4.198
RL 0.026 *** 0.000
8.871 0.708
GE 0.023 *** 0.001 ***
4.268 3.290
RQ 0.012 *** 0.000
9.747 0.930
VA 0.014 *** —0.007 ***
5.074 —5.070
Time effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Net effects No No No No No No No No No No No No
AR (1) 0.090 0.220 0.190 0.110 0.070 0.150 0.180 0.100 0.160 0.120 0.080 0.230
AR (2) 0.540 0.550 0.589 0.440 0.358 0.600 0.684 0.450 0.400 0.493 0.248 0.718
Sargan OIR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Hansen OIR 0.190 0.143 0.124 0.077 0.105 0.098 0.117 0.117 0.104 0.096 0.116 0.150
DHT for instruments: Instruments in 0.167 0.120 0.100 0.054 0.082 0.074 0.094 0.093 0.081 0.073 0.093 0.126
levels/H excluding group
Dif (null) 0.365 0.275 0.237 0.148 0.202 0.187 0.225 0.224 0.200 0.184 0.223 0.287
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Table 7. Cont.
Carbon Emission (Per Capita) Models Carbon Emission (Kilotons) Models
Political Governance Regulatory Governance Political Governance Regulatory Governance

Variable (1) (2) (3) 4) (5) 6 (1) (2) 3) @ (5) (6)
IV (years, eq (diff)): H excluding group 0.120 0.073 0.054 0.045 0.075 0.058 0.047 0.087 0.084 0.076 0.076 0.080
Dif (null) 0.449 0.338 0.292 0.182 0.248 0.230 0.276 0.275 0.246 0.227 0.274 0.353
Fisher 45,863.19 57,839.40 49,214.79 51,504.36 55,268.21 74,612.08 56,411.72 656,03.18 73,672.37 58,417.79 75,882.54 55,173.42

Ll X% Ll %% %% %% X% b %% 3% b X%
Instruments 38.000 38.000 38.000 38.000 38.000 38.000 38.000 38.000 38.000 38.000 38.000 38.000
countries 39.000 39.000 39.000 39.000 39.000 39.000 39.000 39.000 39.000 39.000 39.000 39.000
observations 975.000 975.000 975.000 975.000 975.000 975.000 975.000 975.000 975.000 975.000 975.000 975.000

Note: This table reports the results of the Generalized Method of Moments (GMM) estimator used to address potential endogeneity and reverse causality issues. All variables are

defined in Table 1 and Abbreviations. The specification employs lagged levels of explanatory variables as instruments. Model validity was assessed using the Hansen/Sargan test of
overidentifying restrictions and the Arellano—Bond tests for first- and second-order serial correlation. Country and year fixed effects are included, where applicable. The robust standard
errors are reported in parentheses. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

Table 8. PCSE.

Carbon Emission (Per Capita) Models Carbon Emission (Kilotons) Models

Political Governance Regulatory Governance Political Governance Regulatory Governance
1) 2) 3) 4) (5) (6) 1) 2) 3) 4) (5) 6)
REC —0.066 *** —0.033 *** —0.060 *** —0.047 *** —0.043 *** —0.079 *** 0.004 *** —0.002 *** 0.005 *** 0.003 ** —0.001 0.000
(—8.758) (—6.431) (—7.644) (—6.147) (—4.883) (—6.177) (3.475) (—3.659) (4.217) (2.221) (—1.634) (0.362)
FF 0.065 *** 0.093 *** 0.070 *** 0.081 *** 0.076 *** 0.067 *** 0.011 *** 0.007 *** 0.013 *** 0.010 *** 0.007 *** 0.008 ***
(11.514) (25.892) (13.114) (11.135) (9.538) (5.658) (13.784) (27.580) (13.045) (9.612) (9.446) (8.354)
UR 0.023 *** 0.059 *** 0.040 *** 0.032 *** 0.030 *** 0.044 *** —0.002 *** —0.004 *** —0.003 *** —0.003 *** —0.003 *** —0.004 ***
(5.567) (13.071) (9.064) (7.306) (6.950) (13.164) (—4.304) (—10.057) s(—6.837) (—=7.972) (—6.647) (—10.814)
IN 2.128 *** 2.209 *** 2.062 *** 1.670 *** 1.944 *** 2.082 *** 0.864 *** 0.818 *** 0.863 *** 0.873 *** 0.863 *** 0.874 ***
(22.345) (18.025) (21.013) (18.459) (19.719) (17.709) (46.307) (39.453) (47.927) (48.548) (47.774) (43.447)
GDPg 6.154 ** 7471 *** 6.673 *** 5.043 ** 6.718 *** 6.030 ** 0.591 * 0.631* 0.527 * 0.641 ** 0.577 * 0.589 *
(2.547) (2.984) (2.594) (2.093) (2.715) (2.372) (1.818) (1.763) (1.679) (2.179) (1.929) (1.896)
CC —0.692 *** —0.007 **
(—9.126) (—1.963)
CC*REC 0.004 *** —0.000 ***
(7.878) (—10.523)
CC*FF 0.002 *** —0.000 ***
(5.868) (—=7.731)
CC*GDP 0.104 0.004
(0.949) (0.688)
CC*UR 0.002 *** 0.000 ***
(6.990) (6.524)
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Table 8. Cont.
Carbon Emission (Per Capita) Models Carbon Emission (Kilotons) Models
Political Governance Regulatory Governance Political Governance Regulatory Governance
) 2 (3) 4) (5) (6 (1) (2) 3) @ (5) (6
CCIN 0.043 *** 0.002 ***
(8.676) (6.819) 0.004
(0.742)
GE —0.044
(—0.850) —0.000 ***
(—8.126)
GE*REC 0.002 ***
(6.880) —0.000 ***
(—2.734)
GE*FF 0.001 ***
(3.437) 0.000
(0.035)
GE*GDP 0.142 **
(2.093) 0,000 ¢
(4.938)
GE*UR 0.001 ***
(6.924) —0.000
(—0.966)
GE*IN —0.002
(—0.356) —0.012 ***
(—2.941)
PS —0.694 ***
(—9.930) —0.000 ***
(—11.039)
PS*REC 0.003 ***
(7.976) —0.000 ***
(—8.277)
PS*FF 0.002 ***
(6.387) 0.006
(0.901)
PS*GDP 0.076
(0.720) 0,000
(6.932)
PS*UR 0.002 X%
(9.027) 0.003 ***
(9.982)
PS*IN 0.043 ***
(9.370)
RL —0.635 *** —0.024 ***
(—6.669) (—6.313)
RL*REC 0.003 *** —0.000 ***
(5.617) (—8.521)
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Table 8. Cont.
Carbon Emission (Per Capita) Models Carbon Emission (Kilotons) Models
Political Governance Regulatory Governance Political Governance Regulatory Governance
1) (2) 3) @) (5) (6) @ (2) 3) @) (5) (6)
RL*FF 0.001 *** —0.000 ***
(3.018) (—4.497)
RL*GDP 0.073 0.006
(0.552) (0.712)
RL*UR 0.001 *** 0.000 ***
(5.973) (7.429)
RL*IN 0.047 *** 0.003 ***
(7.105) (9.207)
RQ —0.605 *** —0.018 ***
(—7.202) (—3.807)
RQ*REC 0.002 *** —0.000 ***
(4.919) (—3.927)
RQ*FF 0.001 ** —0.000
(2.235) (—1.544)
RQ*GDP 0.087 0.006
(0.695) (0.697)
RQ*UR 0.001 *** 0.000 ***
(6.095) (7.756)
RQ*IN 0.045 *** 0.001 ***
(6.930) (3.838)
VA —0.318 *** —0.005
(—4.116) (—1.211)
VA*REC 0.003 *** —0.000 ***
(4.649) (—4.548)
VA*FF 0.001 ** —0.000
(1.974) (—1.464)
VA*GDP 0.047 —0.000
(0.434) (—0.017)
VA*UR 0.002 *** —0.000 **
(8.893) (—1.975)
VA*IN 0.010 *** 0.001 ***
(3.380) (4.145)
_cons 24,578 *** —24.794 *** 23.590 *** 23.170 *** 18.708 *** —1.752 —4.657 ¥+ —4.359 *** —4.398 *** —3.327 *** —3.416 *** —4.348 ***
(5.268) (—9.161) (5.773) (3.697) (3.580) (—0.308) (—10.483) (—12.913) (—10.154) (=7.723) (—7.974) (—10.061)
Period Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 975.000 975.000 975.000 975.000 975.000 975.000 975.000 975.000 975.000 975.000 975.000 975.000
r2 0.569 0.580 0.580 0.553 0.549 0.498 0.872 0.860 0.879 0.878 0.875 0.858
p 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: This table presents the Panel-Corrected Standard Error (PCSE) estimates for the moderation models to account for heteroskedasticity and contemporaneous correlation across
panels. All variables are defined in Table 1 and Abbreviations. Country and year fixed effects are included, where applicable. The robust standard errors are reported in parentheses. ***,
**, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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The signs of some coefficients change between the baseline estimation and PCSE
results. This sign variation is due to the fact that the PCSE estimator includes cross-sectional
dependence, heteroskedasticity, and contemporaneous correlation between countries that
are not fully considered in the baseline models. Therefore, PCSE develops more efficient
and conditionally adjusted estimates, and the signs of some of these relationships may
change with the correct registration of these interdependencies. This implies that the
underlying relationships are error structure-sensitive and may be due to variations in the
countries sampled, not model misspecification.

5. Discussion of the Key Findings and Policy Implications

The fact that the consumption of renewable energy has a significant effect on the
reduction in emissions is in line with the Environmental Kuznets Curve (EKC) view, which
emphasizes that a shift towards cleaner energy is essential to break the link between eco-
nomic growth and environmental damage [27,28]. Furthermore, the negative relationship
between governance indicators and emissions supports the direct link between institutional
quality and environmental degradation [25,31]. Specifically, the synergy between the two
factors of REC and governance is strong, reinforcing the importance of the structural factor
of REC and the need for a strong institutional structure to support the effectiveness of this
factor [24,32].

Moreover, the findings are based on environmental governance theory, which states
that governance is a key moderator of the interconnections between structural factors
(urbanization, industrialization, and fossil fuel consumption) and environmental out-
comes [29,30]. According to the findings, strong legal frameworks and political stability
are “conditioning factors” that determine whether industrial expansion would automat-
ically result in an increase in emissions [24,26]. This further shows that the impact of
environmental policies is not widespread but varies according to the quality of governance
institutions [27,30]. Therefore, policymakers should combine renewable energy goals with
institutional changes. With improvements in regulatory quality and government effective-
ness, an increase in REC is more effective [24,32]. Improvements in the rule of law and
political stability must be considered fundamental environmental policies.

These can offer stability in making long-term sustainable energy investments and
effective policy implementation [25,26]. Simultaneously, it is crucial for policymakers to
have a robust governance framework that can drive the adoption of clean technology and
sustainable infrastructure [24,29]. Lastly, because governance plays a moderating role in
the impact of fossil fuel use, regulators should focus on clear and quality regulations to
reduce the carbon intensity of traditional energy sectors [30,60]. In some contexts, im-
proved governance is linked to increased CO, emissions per capita in the short-to-medium
term as a result of the impacts of economic growth and institutional preparedness [12].
Better governance can also provide better institutional efficiency, improve the investment
climate, and increase industrial productivity, which can create an initial energy demand
and consequently more fossil fuel use before the actual full transition to a renewable energy
system is achieved [14,15]. This is similar to the “scale effect” that can occur in emerging
economies, where institutional development fuels economic expansion, which in turn
can lead to temporary increases in emissions due to heightened industrialization and ICT
infrastructure [13,14].

In the long run, however, governance is expected to have a mitigating impact by
enhancing environmental laws, strengthening the institutions that enforce them, and fast-
tracking the implementation of green innovations [18,19]. Recent empirical studies indicate
that institutional forces play a vital role in ensuring environmental sustainability and
contributing to the movement towards carbon neutrality [19,61]. This study focuses on
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governance as a moderating factor and not a direct cause of emissions, as it is an integral
component of the link between renewable energy use and CO, emissions [13,14]. The
modeling approach considers recent findings from the literature, which show that the effects
of the renewable transition can be conditional on the quality of national governance, which
decreases policy uncertainty and facilitates long-term investments in the green transition.

6. Conclusions

This study examined the impact of renewable energy consumption (REC) and gover-
nance on CO, emissions and investigated whether governance moderates the relationship
between renewable energy consumption and environmental outcomes in 39 RECAI coun-
tries from 1996 to 2020. To capture the multidimensional nature of institutional quality,
six governance indicators, namely, control of corruption, political stability, rule of law,
government effectiveness, regulatory quality, and voice and accountability, were exam-
ined separately.

The empirical findings indicate that renewable energy consumption significantly re-
duces both CO, emissions and total CO, emissions per capita. This result confirms the im-
portant role of renewable energy in supporting environmental sustainability and reducing
dependence on carbon-intensive sources. In contrast, fossil fuel consumption, industrial-
ization, and economic growth were found to increase carbon emissions, highlighting the
continuing environmental challenges associated with conventional development pathways.

This study further demonstrates that governance plays a critical role in improving
environmental outcomes. While the direct effects of governance vary across alternative
measures of CO; emissions, the moderation analysis provides consistent evidence that
stronger governance enhances the emission-reducing effect of renewable energy consump-
tion. In particular, the interaction terms between renewable energy consumption and all six
governance indicators are negative and statistically significant, suggesting that renewable
energy policies are more effective when they are supported by strong institutions, effective
regulatory systems, political stability, and transparent governance structures.

The results also reveal that governance moderates the environmental effects of ur-
banization and industrialization. Countries with stronger governance frameworks appear
better able to manage the environmental pressures associated with economic transforma-
tion through improved policy implementation, regulatory enforcement, and institutional
capacity. These findings support the Institutional Theory and Environmental Governance
Theory by demonstrating that environmental improvements depend not only on energy
transitions but also on the quality of institutions responsible for implementing and enforc-
ing environmental policies.

Based on these findings, several policy implications have emerged. First, policymakers
should prioritize the expansion of renewable energy as a key strategy for reducing carbon
emissions. However, the results suggest that renewable energy investments alone may
not be sufficient to achieve substantial environmental improvement. Strengthening institu-
tional quality, including regulatory effectiveness, the rule of law, government effectiveness,
corruption control, political stability, and public accountability, is equally important for
maximizing the environmental benefits of renewable energy deployment.

Second, environmental policies should be designed as integrated policy frameworks
that combine renewable-energy promotion with governance reforms. The significant in-
teraction effects indicate that countries with stronger governance systems derive greater
environmental benefits from adopting renewable energy. Therefore, efforts to improve
institutional quality should be viewed as complementary to investing in renewable en-
ergy infrastructure.
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Third, the findings relating to urbanization and industrialization suggest that gov-
ernments should promote sustainable urban planning, energy-efficient infrastructure, and
cleaner industrial technologies. Strong governance can help ensure that economic develop-
ment objectives are pursued alongside environmental sustainability goals, thereby reducing
the carbon intensity of growth and structural transformations.

Finally, because governance quality influences the effectiveness of renewable energy
policies, policymakers should focus on improving policy consistency, regulatory enforce-
ment, institutional transparency and administrative capacity. Such reforms can create a
more supportive environment for renewable energy investments and facilitate progress
toward long-term carbon reduction targets.

This study highlights the importance of combining renewable energy use with effective
governance to reduce CO; emissions. Future research could expand this work by examining
other types of pollutants, including those from underrepresented regions, to gain a more
comprehensive understanding of the relationship between governance and sustainable
environmental performance. One of the limitations of this study is that the dataset covers
the period from 1996 to 2020, and that data for the most recent years (post-2020) were not
always available for all variables and countries when the study was conducted. Therefore,
the study does not reflect the latest developments in renewable energy markets, governance
reforms, or CO, emission patterns as of 2025. Future studies should improve and expand
the dataset as harmonized post-2020 data become available to provide a more up-to-date
examination of the changing relationship between renewable energy use, governance
quality, and environmental outcomes. The present study is also limited in that the marginal
effects at low, average, and high levels of the moderating variable were not calculated
for the main effects of renewable energy consumption, fossil fuel consumption, GDP,
urbanization, and industrialization, and their interaction terms with governance, as their
calculation is not possible with the standard post-estimation procedure for dynamic panel
GMM and PCSE estimators. This analysis could be extended using estimators that allow
for this type of post-estimation analysis to report conditional marginal effects throughout
the distribution of the moderator.
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Abbreviations
Abbreviation Description SI Units
Abbreviations
BRICS Brazil, Russia, India, China, and South Africa (dimensionless)
CcC Control of Corruption Percentile rank based on a core provided by the World Bank
CLG Country-Level Governance Percentile rank based on a core provided by the World Bank
COzE CO; emissions per capita metric ton per capita
COsl CO, emissions kt kilotons
FF Fossil Fuel Use (dimensionless)
GDP GDP per capita current US$
GE Governance Effectiveness Percentile rank based on a core provided by the World Bank
GHGs Greenhouse Gases (dimensionless)
GMM Generalized Method of Moments (dimensionless)
IND Industrialization annual growth rate
CH4 Methane mol-m~2 (or kg:m~3)
NOx Nitrogen mol-m~3 (or kg~m_3)
NRE Non-Renewable Energy Consumption % of total energy consumption
PCSE Panel Correction Standard Error (dimensionless)
PS Political Stability Percentile rank based on a core provided by the World Bank
RE Renewable Energy (dimensionless)
REC Renewable Energy Consumption % of total energy consumption
RECAI Renewable Energy Country Attractiveness Index (dimensionless)
RL Rule of Law Percentile rank based on a core provided by the World Bank
RQ Regulatory Quality Percentile rank based on a core provided by the World Bank
URB Urbanization % of total population
VA Voice And Accountability Percentile rank based on a core provided by the World Bank
Superscripts

B = 2
7

*p <0.10,* p < 0.05, ** p < 0.01

Subscripts and

Greek Symbols
o Intercept (constant term) in the regression model  (dimensionless)
Regression coefficients associated with
. dimensionless
Pr:Ps independent variables 1 to 8 ( )
€ Random error term (disturbance term) (dimensionless)

Cross-sectional unit (firm observation)

Time period
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