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Abstract

In the context of sustainable development, this study investigates the intricate dynamics among
good governance, renewable energy investment, and green finance in BRICS nations. The aim of
the study is to assess how green finance and governance effectiveness moderate the impact of
renewable energy investment on CO; emissions. Utilizing the Cross-Sectional Autoregressive
Distributed Lag (CS-ARDL) model, a meticulous analysis spanning two decades was conducted to
unravel the relationships among key variables and CO, emissions. The findings underscore a
nuanced interplay where renewable energy investments, synergized with robust governance and
strategic green finance, significantly mitigate CO, emissions, contributing to sustainable economic
development. However, the study reveals non-linear relationships, highlighting the necessity for
optimal allocation and strategic planning to maximize environmental benefits. In the short-run, a
government effectiveness policy threshold that should be attained in order for renewable energy
investment to reduce CO, emissions is provided. In the long-run, the negative responsiveness of
CO; emissions to renewable energy investment is further consolidated by green finance. Moreover,
enhancing renewable energy investment in the long run is positive for environmental sustainability.
It follows that policy makers should tailor policies aimed at enhancing renewable energy
investment in the long-run as well as complementing renewable energy investment with green
finance in the long-run in order to ensure environmental sustainability by means of reducing CO,
emissions. Policymakers in BRICS nations are urged to strengthen governance structures, promote
renewable energy investments, leverage green finance, foster public-private partnerships, adopt a
holistic approach, and address non-linear effects to accelerate the transition to a low-carbon

economy.

Keywords: Sustainable Development, Governance, Renewable Energy Investment, BRICS and
CS-ARDL



1. Introduction

In an era where the delicate balance between economic growth and environmental sustainability is
increasingly scrutinized, the BRICS nations — Brazil, Russia, India, China, and South Africa —
stand at a pivotal crossroad (Sadik-Zada & Gatto, 2023). These emerging economies, characterized
by rapid industrialization and burgeoning populations, are facing a unique paradox: how to sustain
their economic development while mitigating the environmental costs traditionally associated with
it (Tian et al., 2020). Central to this challenge is the transformative potential of renewable energy
investments, which emerge as a beacon of hope for a greener future (Saud et al., 2024; Zhu et al,,
2024). The true effectiveness of these investments in reducing carbon emissions hinges not just
on capital but also on the complex interplay of robust governance and strategic green finance. By
unravelling these dynamics, the study aims to provide a nuanced understanding of the multifaceted

approach needed for a successful energy transition in emerging economies.

The pursuit of economic expansion, long considered the hallmark of national progress, is now
inextricably linked with the pressing need for environmental stewardship (Halkos & Gkampoura,
2021). This intersection has ushered in an era where sustainable development is imperative,
particularly for the rapidly emerging BRICS economies that are key players in global economic
change (Jakovljevic, 2015; Tian et al., 2020). The selection of the BRICS nations—DBrazil, Russia,
India, China, and South Africa—for our study is underpinned by their substantial collective impact
on the global economy and environment. These nations, with their robust economic trajectories,
contribute approximately 32% to the world's GDP. Notably, China and India are significant,
ranking second and fifth respectively in the list of the world's largest economies. This growth
trajectory is accompanied by an increasing energy demand, projected to surge annually by 2.5%?!
(Ren, 2022). The share of renewable energy in their overall energy mix varies significantly, with
China at the lower end with a 4.5% share and Brazil leading at 17.7%? (World Economic Outlook,
2022). This disparity reflects various factors, including different levels of economic development,

energy policies, and resource endowments.

Furthermore, the BRICS nations are responsible for a significant share of global CO; emissions,
contributing approximately 40% of worldwide emissions. This is indicative of their central position
in efforts to combat climate change and transition towards renewable energy sources (Wei et al.,

2023; Zakari et al., 2023). Notably, China and India alone are among the top emitters globally,

! International Energy Agency (IEA), World Energy Outlook 2022, p.16
2 REN21, Renewables 2022 Global Status Report, p.10



emphasizing the critical importance of their transition to renewable energy in achieving global
carbon reduction targets. Given their significant and growing influence on the global economy and
environment, the BRICS economies present an essential and timely focus for examining the
dynamics of renewable energy investments, the interplay of governance and green finance, and the

broader implications for sustainable development and carbon emissions reduction (Chandio et al.,

2024).

Renewable energy investment emerges as a cornerstone in this endeavor (Chu & Majumdar, 2012).
Moving away from fossil fuels to renewable sources like solar and wind energy offers a pathway
to reduce carbon emissions and foster sustainable economic growth (Khan et al., 2022; Santosh et
al., 2024). Numerous studies (Fant et al., 2016; Nunes et al., 2023) have underscored the
effectiveness of renewable energy investments in mitigating climate impact, marking them a crucial
strategy in the global sustainability agenda. The shift from conventional to renewable energy
consumption holds significant promise for attaining carbon neutrality targets (Yuan et al., 2022) .
Embracing energy-efficient and clean resources is imperative for mitigating greenhouse gas
emissions, as it plays a crucial role in reducing CO; output (Akram et al., 2020). By fostering a
clean and sustainable energy landscape, renewable investments directly reduce dependence on
carbon-intensive energy sources, playing a pivotal role in steering our global trajectory towards a
lower-carbon future (Hassan et al., 2022). As the wotld strives for carbon neutrality, investing in
renewable energy emerges not only as a conscientious choice for the planet but also as a strategic

move for a sustainable and prosperous future (A. Chen et al., 2023; Huang & Zhai, 2021).



100 Trends in Renewable Electricity Generation (1990-2022)
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Fig. 1. Renewable energy generation over the years

Source: https://climateactiontracker.org/

Moreover, the importance of sustained and adequate climate finance is steadily considered as a
cornerstone for achieving substantial reductions in carbon emissions. Sachs et al. (2019) and
Taghizadeh-Hesary (2022) observe that government effectiveness, when bolstered by persistent
green finance, can significantly amplify the impact on sustainable development, especially in
alignment with Sustainable Development Goal 7 and 13. This synergy between good governance
and green finance forms the bedrock upon which successful and environmentally impactful
renewable energy investments are built. However, the success of renewable energy investments is
not solely contingent on financial resources; it equally depends on the interplay of effective
governance in facilitating the implementation of policies and regulations tailored to sustainable
energy projects (Butt et al., 2023). This is due the fact that, the underlying economic context —
characterized by robust economic growth, low-interest rates, and high fuel prices — creates a
favorable backdrop for transitioning from fossil fuels to renewable energy sources (Eyraud et al.,
2013). This intricate relationship is critical to ensuring that these investments not only thrive but
also yield the anticipated environmental benefits. Zheng and Jin (2023) emphasize the centrality
of good governance in the effective implementation of policies and regulations tailored to
sustainable energy projects. Concurrently, Tiawon and Miar (2023) highlight the indispensable role

of green finance in channelling essential capital towards these sustainable endeavors. Delving
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deeper, the significance of good governance emerges in its capacity to foster a conducive
environment for renewable energy projects. This involves not just policy-making but also ensuring

compliance and facilitating innovations in the renewable sector.

Recent studies have begun to uncover the nuanced dynamics between renewable energy
investments and carbon emissions, pointing towards both linear and complex non-linear
relationships. For instance, research focusing on the BRICS countries from 2000 to 2013 highlights
the heterogeneous impacts of renewable energy on CO, emissions, revealing that renewable
investments significantly reduce emissions, especially at higher quantiles of emission levels (Cheng
et al., 2019). Similarly, analysis within the G20 countries underscores a significant long-term linear
relationship between renewable energy consumption, stock market growth, foreign direct
investment, and both CO, emissions and economic output, advocating for renewable energy as a
critical component for sustainable economic development (Paramati et al., 2017). These findings
underline the importance of exploring beyond linear relationships to fully grasp the potential of
renewable energy investments in mitigating carbon emissions. Consequently, this study seeks to
delve into the non-linear interplays, proposing that the impact of renewable energy investment on
CO; emissions may exhibit diminishing returns or threshold effects at higher investment levels,

thereby necessitating a nuanced analysis to inform effective policy formulations.

While existing research (Chandio, Nasereldin, et al., 2023; Kwilinski et al., 2023; Sachs et al., 2019;
Tiawon & Miar, 2023) has explored these elements in isolation, the impact of climate finance in
achieving the target of carbon neutrality has been sparsely analysed by various studies. Similarly,
previous studies (G. C. Chen & Lees, 2016; Hashemizadeh et al., 2023; Kennedy & Qayyum, 2023;
Zheng & Jin, 2023) have also talked about the impact of government effectiveness in reducing
carbon emissions; a comprehensive analysis focusing on their interplay within the BRICS context
remains uncharted territory. This study addresses this gap, offering novel insights into how the
quality of governance and the availability of green finance in BRICS nations influence the
effectiveness of renewable energy investments in reducing carbon emissions. By unraveling these
dynamics, the research provides a nuanced understanding of the multifaceted approach needed

for a successful energy transition in emerging economies.

In doing so, this research illuminates the intricacies of this dual interaction, offering a
comprehensive and nuanced perspective essential for a successful energy transition in the BRICS
nations. The study is underpinned by two principal objectives: the first is an in-depth examination

of the length and breadth to which the effectiveness of renewable energy investments in curbing



carbon emissions is influenced by the robustness of governance structures in these nations. The
second objective delves into the role of green finance, investigating how its availability can amplify
the positive impacts of these renewable energy investments under the moderating effect of good

governance.

This dual-pronged approach is not only academically innovative but also of immense practical
significance. It seeks to equip policymakers and key stakeholders in the sustainable development
arena with a deeper, more actionable understanding of the factors that drive successful renewable
energy initiatives in the BRICS context. Ultimately, this study aspires to contribute substantially to
the discourse on sustainable development, particularly in emerging economies, by bridging
identified gaps and illuminating pathways towards more effective and environmentally responsible
energy policies. Additionally, the study also recognizes the potential for non-linear relationships
by introducing a squared term for renewable energy investment. This allows us to assess whether
the impact of renewable energy investment on CO; emissions intensifies or diminishes at higher

investment levels, potentially revealing diminishing returns or threshold effects.

Recognizing the critical role of this research within the broader discourse on sustainable
development, our study uniquely combines the analytical lenses of governance quality and the
availability of green finance to dissect their influence on the efficacy of renewable energy
investments in the BRICS context. By exploring the synergistic effects of these two pivotal factors,
this research not only fills a significant gap in the existing literature but also offers practical insights
for policymakers, investors, and stakeholders aiming to accelerate the transition towards a
sustainable energy future. The findings underscore the imperative of integrating robust governance
frameworks with strategic green financing mechanisms to optimize the environmental outcomes
of renewable energy projects. This integrated approach is vital for BRICS nations and similarly
positioned emerging economies seeking to balance economic growth with ecological sustainability.
The significance of this study lies in its potential to inform policy formulation, encourage
sustainable investment practices, and ultimately contribute to the global effort to mitigate climate
change. Through this exploration, we aim to catalyze a paradigm shift in how renewable energy
investments are approached, underlining the necessity for a collaborative effort between

governance structures and financial strategies to achieve sustainable development goals.

The rest of the sections of this paper are structured as follows: Section 2 provides a brief overview
of the relevant theoretical background, Section 3 describes the data and its sources, model

formulation and methodology employed in the study, Section 4 presents the empirical findings,



Section 5 concludes the paper with a conclusion and policy implications derived from the findings,

respectively.
2. Literature Review

To appreciate the current landscape of renewable energy investments in the BRICS nations, it is
essential to trace the historical evolution of their energy policies and economic growth. The
trajectory of the BRICS countries towards renewable energy is a reflection of their economic and
policy transformations(Azam, 2019; Chandio, Gokmenoglu, et al., 2023). Initially focused on
industrial growth powered by fossil fuels, these nations contributed significantly to greenhouse gas
emissions, leading to a re-evaluation of their energy strategies at the turn of the century (W. Chen
et al., 2024). Influenced by global environmental agreements and domestic pressures, the BRICS
nations began integrating renewable energy into their national agendas (Ali et al., 2023). The shift
varied among these countries, shaped by their unique economic, geographical, and political
circumstances. Brazil advanced in the energy transition at a much faster pace (Figure 1), especially
in bioenergy and hydropower; Russia moved slowly but started exploring its renewable potential;
India and China aggressively invested in solar and wind to combat air pollution; and South Africa

diversified its energy mix for better energy security (Podoba & Kryshneva, 2018).

In examining the impact of renewable energy investments on carbon emissions, the BRICS nations
present a diverse picture. Chapungu et al. (2022) conducted a study revealing how India's
investment in solar energy significantly reduced its carbon footprint, yet faced challenges in storage
technology and grid integration. This finding resonates with the Song et al. (2022) analysis of
China's renewable sector, which emphasizes rapid expansion but also points to issues in policy
inconsistency and renewable infrastructure management. The situation in Brazil, as explored by
van der Hilst et al. (2018), differs notably, where investment in bioenergy and hydropower has
been effective in reducing emissions but raised concerns regarding biodiversity and water usage.
In contrast, the examination by Bratanova et al. (2016) of Russia's energy transition indicates a
slower adoption of renewable energy, highlighting the country's reliance on its vast natural gas and
oil reserves. Quacoe et al. (2023) further analyze this interplay through the Quintuple Helix
Innovation Model, employing Ordinary Least Squares (OLS) and Generalized Linear Models
(GLM) to prioritize entreprencurship and green growth for sustainable development. Their
findings echo the critical challenges in the pace and effectiveness of the transition to renewable

energy, highlighting the need for focused efforts on overcoming these barriers.



Governance theory, particularly its application in environmental policy, provides a lens to examine
how BRICS nations manage and regulate renewable energy investments (Partelow et al., 2020).
Governance plays a pivotal role in shaping renewable energy policies and investments, a fact well-
documented in recent studies. For instance, Chebotareva et al. (2020) highlight how governance
structures in Russia influence the implementation and efficacy of renewable energy initiatives,
pointing to a need for more robust policy frameworks and transparent regulatory processes.
Similarly, in China, Xu et al. (2022) extend the investigation to the practical application within the
renewable energy industry, selecting samples of geothermal, wind, and solar energy companies to
examine if government initiatives and regulatory mechanisms can enhance company innovation
and assess their action pathways. The results underscore the impact of government incentives and
regulatory mechanisms on the growth of the renewable energy sector, revealing a complex

interplay between state control and market forces.

In the case of India, the analysis by Shaktawat and Vadhera (2021) reveals that while there are
ambitious renewable energy targets, inconsistent governance at various administrative levels often
hinders their realization. This contrasts with Brazil, where, as per the findings of Dutra and
Menezes (2022), a more integrated approach to governance has facilitated significant
advancements in renewable energy, particularly in the bioenergy and hydropower sectors. South
Africa's governance challenges in renewable energy investments are uniquely highlighted by Mehta
etal. (2023), who point out that despite having favorable policies, there are gaps in implementation,

largely due to bureaucratic inefficiencies and a lack of coordination among various stakeholders.

An insightful exploration by Cheng et al. (2019) into the dynamics of renewable energy investments
and their impact on CO, emissions within the BRICS countries is presented in a pivotal study
covering the years 2000 to 2013. Employing both panel Ordinary Least Squares (OLS) method
and panel quantile regression, this research uncovers the heterogeneous effects of renewable
energy, economic growth, and other variables on CO; emissions per capita. Crucially, it reveals
that renewable energy significantly reduces CO; emissions, most notably at higher emission levels
(95th quantile), underscoring the critical role of renewable investments in mitigating carbon
output. Conversely, the development of environmental patents was found to inadvertently
accelerate carbon emissions, particularly at the upper tail of the distribution. This suggests that
governance structures facilitating renewable energy investments can have a heterogeneous impact
on emissions reduction. Significantly, the methodological rigor and findings of this study offer a
profound understanding of the multifaceted impacts of renewable energy investments, echoing

our first objective's emphasis on the necessity of robust governance structures to enhance these



investments' effectiveness in reducing carbon emissions. The results provide a compelling
argument for policy recommendations aimed at bolstering renewable energy's contribution to

sustainable development within emerging economies.

The importance of sustainable finance in fostering renewable energy initiatives in BRICS nations
has been increasingly recognized in recent research. Yuan, Murshed et al. (2022), in their study,
employed econometric tests that accommodated structural break concerns in the data to check
how the Chinese financial market facilitates greening the economy. The study illustrates how state-
backed green bonds and loans have catalyzed investments in renewable energy sectors, though
they note challenges in terms of transparency and risk assessment. Similarly, in India, Nepal et al.
(2021) highlight the growing involvement of private and international finance in renewable energy,

underscoring the need for stronger regulatory frameworks to ensure sustainable financing.

Brazil's experience, as explored by de Deus et al. (2022), showcases a successful integration of
green finance in renewable projects, particularly in solar and wind energy, facilitated by supportive
government policies and international collaborations. In contrast, Makarov and Petrov's (2024)
analysis of Russia indicates a nascent but growing interest in green finance, with a focus on
developing new financing mechanisms to support its emerging renewable sector. South Africa's
approach to green finance, examined by Rasoulinezhad and Taghizadeh-Hesary (2022), reveals a
unique model where public-private partnerships are increasingly leveraged to fund renewable
energy projects, although they point out challenges related to economic stability and investor

confidence.

A study by Jiang et al. (2023) employs the STIRPAT framework and a comprehensive econometric
approach to explore the impacts of governance and green finance on renewable energy generation
in BRICS from 2000 to 2020. The methodology uncovers that ICT trade positively influences
renewable energy production, with effective governance acting as a crucial link in this dynamic.
Contrarily, financial development is found to negatively impact renewable energy production,
highlighting the critical need for specifically targeted green finance mechanisms. These findings
suggest the complexity of financial development's role and the indispensability of robust
governance in leveraging green finance for sustainable energy. This pivotal study, aligning with our
second objective, underscores the significance of targeted green finance and effective governance
in amplifying the positive impacts of renewable energy investments, advocating for green ICT

strategies to bolster renewable initiatives in emerging economies



Recent research has increasingly focused on how governance and green finance interact to shape
renewable energy landscapes. For instance, studies by Song et al. (2022), Sadiq et al. (2023) and Xu
et al. (2022) on China provides an intriguing analysis of how government policies and financial
support mechanisms work in tandem to accelerate renewable energy projects, emphasizing the
need for policy consistency to enhance investor confidence. In the context of India, Jena and
Meattle (2020) explore the dynamic relationship between regulatory governance and green
financing, highlighting how bureaucratic hurdles can impede the flow of green capital into
renewable projects. The situation in Brazil, as meticulously examined by D. Xu et al. (2022) in their
comprehensive study published in 2022, sheds light on the prospects of addressing environmental
challenges and achieving sustainable development goals within the country. Their analysis,
employing the Autoregressive Distributed Lag (ARDL) method, lluminates a significant synergy
between government policies and financial incentives. This collaborative approach has proven
instrumental in propelling the growth of Brazil's renewable energy sector, with a particular
emphasis on solar energy. On the flip side, the research conducted by Vukovic and Nekhorosheva
(2022), which utilized cluster analysis within the Russian context, brings to light a noteworthy
finding. It highlights that the absence of cohesive governance and financial strategies has been a
hindrance to the advancement of renewable energy in the region. This underscores a substantial
area where policy enhancements are urgently needed. This theoretical exploration of governance
and finance synergy underscores the research gap in the BRICS context, guiding the focus of this

study.

While existing literature provides foundational theories, a noticeable gap persists in comprehensive
analyses of the governance and green finance interplay within the BRICS economies. Addressing
this gap, the current study aims to contribute novel theoretical and empirical insights into the

sustainable development discourse.

3. Data Methodology

3.1. Data and its source

The present study employs a panel dataset spanning 21 years, from 2000 to 20213, focusing on the

BRICS economies, encompassing Brazil, Russia, India, China, and South Africa. The study

3 However, it should be noted that complete data availability was limited for the renewable energy investment (RI)
variable up to 2020, and for gross domestic product (GDP) up to 2021. To address this data limitation, ARIMA-based



compiles data from diverse secondary sources, as indicated in Table 1. Notably, BRICS economies
have experienced remarkable economic growth in recent decades. Their combined Gross
Domestic Product (GDPPC) has surged from $2 trillion in 2000 to an impressive $24.9 trillion in
2022. Correspondingly, their share of the global GDPPC has risen from 4.3% in 2000 to 21.7% in
2022. This robust economic growth potential raises important environmental concerns, thus
motivating our analysis of environmental impacts. To evaluate these impacts, we have selected
carbon dioxide (CO») emissions as our primary dependent variable. CO, is a primary contributor
to greenhouse gas emissions and a major driver of environmental degradation. Figure 1 provides

an overview of the trends observed in the BRICS nations over the past two decades.

It is evident from Figure 2 that CO, emissions exhibit a consistent upward trend in BRICS nations,
with the notable exception of the year 2020, a period significantly affected by the global COVID-
19 pandemic. Notably, China stands out as the largest contributor to CO, emissions (see Fig. 2),
followed closely by India. In contrast, South Africa consistently maintains the lowest levels of CO»

emissions among the BRICS countries.
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Fig. 2. Trend of CO;emissions in BRICS nations.

predictions were employed to estimate values for RI, and GDP beyond their available data points. The ARIMA model
was utilized to generate predicted values, enabling a more comprehensive analysis of the relationships between these
variables and other factors within the specified timeframe. These predicted values were integrated into the dataset to
ensure a more complete representation of the variables of interest throughout the study period.



Source: WDI

In addition to CO; emissions, this research considers a set of key independent variables, including
renewable energy consumption (RENE), green finance (GF), government effectiveness (GG),
GDP growth (GDP), Renewable energy investments (RI) and energy intensity (EI). Each of these
variables plays a critical role in understanding the broader context of environmental and
sustainable development dynamics. The growth in renewable energy consumption holds
significant promise, not only in mitigating climate change but also in improving public health.
Realising this potential, however, requires substantial investments in sustainable, green
technologies. Here, green financing plays a pivotal role by facilitating investments in low-carbon
technologies. Similarly, investments in technical innovation through research and development
contribute to sustainable environmental practices. The effectiveness and efficiency of government
policies, as measured by the Government Effectiveness (GG) variable, are crucial factors in
addressing global warming and climate change, making them an integral part of this analysis.

Furthermore, the study explores how

Table 1:

Variable description.

Variables Abbreviation Source

CO; emission (kt) CO; WDI, 2023*

Renewable energy consumption (% of total final energy RENE WDI, 2023*
consumption)

Green finance (overseas fund received for clean energy in GF Our World in Data, 2022%*

millions of constant US$)

Government Effectiveness: Estimate (It measures public service GG WDI, 2023*
quality, civil service independence from political constraints,

policy formulation and implementation, and the government's

commitment to such policies.) It is a proxy of Good

Governance.

GDP (annual growth rate) GDP WDI, 2023*

Share of renewable electricity over the years RI Climate Action Tracker



https://data.worldbank.org/indicator/EG.FEC.RNEW.ZS
https://data.worldbank.org/indicator/EG.FEC.RNEW.ZS

Energy intensity level of primary energy (MJ/$2017 PPP El WDI, 2023*
GDPPC) (Lower ratio indicates that less energy is used to
produce one unit of output.). It is used as proxy for Energy

efficiency.

Authors’ compilation

Data Source: *1. https://data.worldbank.org/

**2. https://ourworldindata.org/

**%3, https://climateactiontracket.org/

efficiently energy resources are utilised and how economic growth impacts the sustainable
development of a nation. Consequently, energy intensity (EI) and GDP growth are important

variables in our analysis.

To verify the reliability and comprehensibility of the data and variables used in this study, we have
adhered to a well-defined data collection and analysis methodology. Table 1 further displays the

specific information regarding the variables and their respective sources.

3.2. Model Formulation

This study delves into the intricate relationship between renewable energy investment (RI) and
government effectiveness (GG), striving to unveil their potential in decoupling economic growth
from environmental impact. We employ advanced econometric techniques, particulatly the Cross-
Sectional Augmented Dickey-Fuller (CADF) and Common Stochastic Trends (CST) tests, to
analyse dynamic interactions within the BRICS economies. Our investigation unfolds through four

distinct model specifications, each shedding light on different facets of this complex interplay.

The equation 1 serves as the foundation of the analysis, capturing the individual effects of
renewable energy investment ln(RI(_Z)it) and government effectiveness ln(GG(_z)it) on CO;
emissions. It also incorporates green finance (GFj), energy intensity (El), GDP growth
(GDP;;), and renewable energy consumption (RENE};) as additional explanatory vatiables. This

model provides a baseline understanding of how these key factors influence environmental

outcomes.

In(CO%it) = ag + Py * ln(RI(—Z)it) + B * ln(GG(—z)it) + B3 * In(El;¢) + B4 * In(GDP;) +
Bs * IN(RENE;;) + Bg * In(GF;) + &;¢ (1)


https://data.worldbank.org/
https://ourworldindata.org/
https://climateactiontracker.org/

Furthermore, equation 2 recognizes the potential for non-linear relationships; this equation
introduces a squared term for RI (RI 2(—2)it) . This allows us to assess whether the impact of
renewable energy investment on CO, emissions intensifies or diminishes at higher investment

levels, potentially revealing diminishing returns or threshold effects.

In(COyi¢) = ag + By * ln(RI(—Z)it) + By *In (RI%(_3)i) + B3 * ln(GG(—Z)it) + By *
In(El;;) + Bs * In(GDP;) + Bg * IN(RENE;;) + B7 *In(GF;) + &3¢ (2)

Moreover, building upon the base model, the equation 3 investigates the potential moderating role
of government effectiveness (G G(—z)it) in the relationship between renewable energy investment
ln(RI(_z)it) and CO; emissions. This model explores whether robust governance structures can

amplify the positive environmental impact of renewable energy investments, offering valuable

insights into the interplay between policy and technological innovation.

In(COZi) = g + By * ln(RI(—Z)it) + B, * ln(GG(—z)it) + B3 * ln(GG(—z)it) *
In(RI(_2)it) + Bs * In(EL;) + Bs * In(GDP;,) + Bg * In(RENE;,) + B * In(GF;,) +
it A3)

This equation delves further into the intricate interplay between (RI(—Z)it) and (GG(—Z)it)'
Recognizing the potential for complex interactions, it incorporates a cross-interaction term
between RI and GF. This term allows us to investigate whether the effectiveness of renewable
energy investments in reducing CO; emissions depends on the level of green finance available. We
explore the possibility of synergistic or dampening effects, providing valuable insights into the

interplay between financial support and technological innovation in environmental mitigation.

In(CO%it) = ag + By * ln(RI(—Z)it) + By * ln(GG(—Z)it) + B3 * In(El;) + B4 * In(GDPy) +
Bs * In(RENE;,) + Bg * In(GF;,) * ln(RI(—z)it) + B7 *In(GF;) + €;¢ (4)

3.3. Methodology

The current empirical investigation utilizes a series of diagnostic assessments to aid in the selection
of suitable estimators, ensuring the attainment of dependable and resilient outcomes. To address
potential multicollinearity concerns, this study employs the variance inflation factor (VIF) method

subsequent to examining the correlation matrix and descriptive statistics. The study uses VIF to



quantify the extent of multicollinearity in a regression model by measuring how much the variance
of the estimated regression coefficients is inflated due to correlations among predictor variables.
To make the results reliable, the study uses Pesaran (2007) Cross-Sectional Dependency (CSD) as
it is useful to determine whether there is cross-sectional dependence between the error terms of
different cross-sectional units. Moreover, it is also imperative to run CSD test to deal with the
biasness in the results before moving ahead with further empirical analysis. Given the potential for
misleading results from first-generation unit root tests, this study adopts second-generation unit
root tests, namely the Cross-Sectionally Augmented Im-Pesaran (CIPS) and Covariate-Augmented
Dickey Fuller (CADF) tests, to determine the stationarity of the variables (Haldar et al., 2023). To
assess for potential serial autocorrelation, long-run relationships, and heteroskedasticity among the
variables, the study employs the autocorrelation test developed by WooldridGG (2010), the
cointegration test devised by Westerlund, and the heteroskedasticity test proposed by Breusch and
Pagan (1979). The result of the tests shows the absence of muti-collinearity however, it does point

to CSD, heteroskedasticity and autocorrelation problems in the modelling.

Further, the Hausman (1978) test directs to option for the Fixed Effect versus the Random Effect
model for empirical analysis. Considering the dimensions of the study, which encompass 22 time
periods and 5 cross-sections, we determine that the Cross-Section Augmented Autoregressive
Distributed Lag (CS-ARDL) estimator, initially proposed by Pesaran and Smith (1995) and further
developed by Chudik and Pesaran (2015), is well-suited for our analytical approach. The
applicability of the CS-ARDL estimator is particularly notable in instances of an extended time
period (T) and small cross-sections (N), demonstrating robust performance even in the presence
of cross-sectional dependency (CSD), heteroskedasticity, and endogeneity challenges within the
model, as underscored by studies such as Chudik et al. (2016), Akadiri et al. (2022) and Mir et al.
(2023).

Moreover, the CS-ARDL model allows for the inclusion of both I(0) and I(1) series in the analysis
without the need for pretesting for unit roots, thus avoiding potential biases associated with such
preliminary tests, especially in the presence of cross-sectional dependencies. Additionally, the
model accounts for endogeneity and heteroskedasticity, ensuring that the coefficient estimates are

both consistent and efficient.

To differentiate between short-term and long-term effects within the CS-ARDL framework, we
focus on the coefficients of the lagged differences of the variables to capture short-term dynamics.

These coefficients reflect the immediate impact of changes in the independent variables.



Conversely, long-term relationships are modeled through the coefficients of the lagged levels of
the variables, which indicate the equilibrium relationship expected to prevail in the long run, after

short-term fluctuations have subsided.

By incorporating both short-term and long-term effects, our analysis provides valuable insights
into the temporal dynamics of the economic and environmental interplay within the BRICS
nations. It enables us to assess the efficacy of immediate policy actions—captured through the
short-term effects—and the sustainability of these policies over time—reflected in the long-term
effects—thereby offering a more nuanced understanding of the policy implications in the context

of renewable energy investment and government effectiveness.
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Fig. 3. Flowchart of the Methodology.

Mathematically, the representation of the CS-ARDL estimator is articulated as follows:

qx ay
COy; = z @;;CO%;e1 + Z B1iVie—1 + Vit (5)
1=0 1=0

Wherte COy;¢ is the dependent variable, CO5;.—4 denotes the lag specification, B ; represents the
coefficients for the independent variables at time £ — 1, reflecting the, V;;_; reflects the lag of

the predictor variables and v represents the error term for country i at time ¢, capturing



unobserved factors that may affect CO2 emissions. Furthermore, to account for the mean values
of independent variables across different cross-sections, Equation (6) is modified by introducing

an additional term as follows:

ax ay qz
COy = Z ;CO2; -1 + Z B1iVit-1 + z 8y, Xie—1 + Myt (6)
1-0 1=0 1=0

Where X i1 = Em_lvi,t_l refers to the lagged form of cross-sectional average, gX, qy and qz
denotes the lagged form of predictor variables and ;¢ represents the country-specific error term
that accounts for individual effects not captured by the independent variables in the model.
Moreover, the short-term and long-term model estimates derived from the CS-ARDL estimator

are depicted in Equations (7) and (8), correspondingly.

N
p)yed Qi A 1 ~
b= == and By =5 ) 9 )

L =1

=-1 (1— i Bl,i) and -1 (1— i Bl,i) refers to the negative error correction term (ECT)

that points to the stability of the model.

gfo ﬁli 1
Pcs-ARDL = =gy a0d Pmg = == €)
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Where, ¢ refers to the estimation of individual cross-section. In addition, Equation (9)

demonstrates the error-correction component associated with CS-ARDL, which is as follows:

qx—1
ACOux = i[COuet = PVie] = i+ ) JasiCOs1,
I=1
ay az €))
+ 2 B1ibiVie + Z ViibiXie-1 + €t
=0 1=0

Where ; signifies the rate at which the Error Correction Term (ECT) adjusts, and A, is equal to

t multiplied by (¢ -1).



3.3. Robustness Check

To ensure the robustness of our findings, we employed Forecast Error Variance Decomposition
(FEVD) within the Vector Autoregression (VAR) framework for additional analysis. FEVD is
chosen for its proven effectiveness in breaking down forecast error variance across variables,
offering insights into their impact on CO; emissions over various time horizons. This method
complements the CS-ARDIL model by providing a deeper analysis of the dynamic relationships
among economic growth, environmental impact, renewable energy investment, and governance.
It addresses the complexities of our multi-faceted model, accounting for potential variations over
time and cross-sectional dependencies. The application of FEVD enhances the credibility and
generalizability of our results, aligning with best econometric practices to affirm the reliability of
our conclusions. This robustness check strengthens our study's insights into the economic and

environmental dynamics within BRICS nations.
4. RESULTS AND DISCUSSION

4.1. Result

Table 2 and Table 3 show the descriptive statistics and correlation matrix of our study, respectively.
It is evident from mean values from the table 1 that most of the variables are highly dispersed as
the standard deviations are considerably high. Additionally, the Jarque-Bera test points to the fact

that data is not normally distributed.

The correlation matrix, presented in Table 3, underscores notable associations among the
variables. With the exception of renewable energy (RENE) and renewable investment (RI), all
other variables, encompassing both dependent and control variables, exhibit varying degrees of
positive correlations with CO, emissions. Specifically, CO, demonstrates a strong negative
correlation with renewable energy investment (RD) at -0.59, a moderate positive correlation with
GDP at 0.53, and a moderate positive correlation with energy intensity (EI) at 0.42. While these
correlations provide valuable insights into potential relationships, it is essential to address the

possibility of multicollinearity within the model.

Table 2

Descriptive Statistics



Authors’ calculation

Variables CO, RI GG GF GDP RENE El
Mean 6.09 0.47 -0.01 8.12 4.57 22.73 22.73
Median 6.19 0.21 -0.02 8.32 4.86 14.84 7.10
Maximum 7.03 2.75 0.84 10.13 14.23 50.05 12.14
Minimum 5.45 0.13 -0.67 4.60 -7.79 3.18 3.74
Std. Dev. 0.48 0.45 0.31 0.98 3.95 16.84 2.24
Skewness 0.47 2.07 0.30 -1.03 -0.54 0.29 0.16
Kurtosis 2.10 7.99 2.77 4.39 3.60 1.41 2.04
Jarque-Bera 7.82 1.89 1.97 28.53 7.21 13.10 4.66
Probability 0.01 0.01 0.37 0.00 0.02 0.00 0.00
Observations 110 110 110 110 110 110 110
Table 3
Correlation
Variables CO, RI GG GF GDP RENE El
CO, 1.00 -0.59 0.09 0.33 0.53 -0.29 0.42
RENE -0.29 -0.16 -0.23 -0.06 -0.01 1.00 -0.75
GF 0.33 0.06 -0.13 1.00 0.02 -0.06 -0.03
GE 0.13 0.13 1.00 -0.23 0.06 -0.12 0.04
GDP 0.53 0.22 0.11 0.02 1.00 -0.01 0.33
RD 0.66 1.00 0.21 0.06 0.22 -0.16 0.19
El 0.42 0.19 0.07 -0.03 0.33 -0.75 1.00




Authors’ calculation

Consequently, we conducted variance inflation factor (VIF) tests, the results of which are detailed
in Table 4. These tests serve to assess and mitigate potential multicollinearity concerns, ensuring
the reliability of the model's explanatory power. The VIF analysis reveals acceptable levels of
multicollinearity, with a mean VIF of 1.798333. While Renewable Energy (RENE) and Energy
Intensity (EI) show moderate VIF values (2.93 and 3.12, respectively), none exceed critical
thresholds, ensuring the reliability of the model. The presence of some correlation among
predictors is acknowledged, but it does not unduly compromise the integrity of the regression

analysis.

Table 4

Correlation Matrix

Variable VIF 1/VIF
RI 1.34 0.74
GG 1.47 0.88
GF 1.12 0.89
GDP 1.41 0.71
RENE 2.93 0.34
EI 3.12 0.32
Mean VIF 1.79

Authors’ calculation

Additionally, we perform a CSD examination to assess the existence of cross-sectional
dependency. The outcomes of the CSD test are presented in Table 5. We use second-generation
unit root tests, specifically CIPS and CADF, introduced by Pesaran (2007), after the CSD
evaluation to determine the degree of stationarity. The panel unit root test results are shown in
Table 6. They show that the variables are stationary either at the "level (I-0)" or at the first-order

difference "(I-1)".



Table 5

Cross-sectional Dependency Test

Variables CO, RI GG GF
Pesaran CD 9.742 3.472 -1.456 4.082
p-value 0.000 0.000 0.003 0.000

GDP RENE El
9.001 3.914 4.988
0.000 0.000 0.000

Authors’ calculation
Table 6
Unit Root Testing Using CADF and CIPS Methods

Covariate Augmented Dickey -Fuller

Cross sectional augmented Im- Pesaran

(CADF) (CIPS)

Variables 1(0) I(1) 1(0) 1(1)

CO; 2.01 3% -8.428%* -2.038 5725k
RI 5.112 -5.924p1k% -1.621 4,524k
GG 31474k 16,3434 4,71 28 7157k
GF ~7.231%kk ~19.021%* -4.97 4k 6,862+
GDP -3.717kk 7,035 3,387k 744Gk
RENE 2.115 29,1754k 1.813 4,21 Gk
EI 1,927k -6.981 %% 4,157k 7,218k

Authors’ calculation. ***is the significance level at 1%

To examine the long-run relationship among the variables, we performed the co-integration test

by Westerlund (2007), as illustrated in Table 8. The outcomes of the co-integration tests, featuring

notable p-values in Table 8, signify the existence of a sustained association among the variables.

Subsequently, Table 7 presents the results of additional diagnostic assessments, encompassing tests

for heteroskedasticity, autocorrelation, and the Hausman test.

Table 7

Diagnostic Tests

Test Statistics
Breusch-Pagan Heteroskedasticity Test
Wooldridge Autocorrelation Test

Hausman Test

Value
14.365 (0.008) **
57.374(0.000) ***
21.720(0.013) ***

Authors’ calculation. *** ** are significance levels at 1% and 5%, respectively



Table 8

Cointegration Test

Test Statistics Value
Augmented Dickey—Fuller -1.716(0.071) *
Phillips—Perron -1.392(0.067) *
Westerlund 3.937(0.000) ***

Authors’ calculation. **** are significance levels at 1% and 10%, respectively

The CS-ARDL analysis unveiled intricate and often non-linear relationships between key variables
and CO; emissions in BRICS nations, offering valuable insights for policy formulation and

sustainable development efforts in the region. These findings are detailed in Table 9.

Short-Run Dynamics

A 1% increase in renewable energy investment (RI) two periods ago is associated with a statistically
significant (p < 0.001) 0.013% decrease in CO; emissions (see Table 9). This suggests an immediate
inverse relationship (Zeraibi et al., 2023), but the introduction of the squared term (RI?) reveals a
non-linearity, indicating diminishing returns or a potential threshold effect at higher investment
levels. This warrants further investigation into the optimal allocation of resources for maximizing

emission reductions.

Surprisingly, a 1% increase in government effectiveness (GG) two periods ago is associated with
a statistically significant (p < 0.01) 0.019% increase in CO, emissions in the short run. The result
aligns with the findings of Voumik et al. (2023) and Nahrin et al. (2023). This unexpected positive
coefficient challenges conventional expectations and necessitates further exploration of potential
underlying mechanisms, such as temporary infrastructure disruptions during policy

implementation or unintended consequences of certain governance initiatives.

As expected, a 1% increase in energy intensity (EI) is associated with a statistically significant (p <
0.001) 0.021% increase in CO, emissions. This positive relationship persists in the long run,

highlighting the crucial need for energy efficiency improvements across BRICS nations.

A 1% increase in renewable energy consumption (RENE) is associated with a statistically

significant (p < 0.001) 0.005% decrease in CO, emissions, confirming the anticipated inverse



relationship. This trend continues in the long run, underscoring the immediate effectiveness of

higher renewable energy consumption in mitigating emissions.

Interestingly, a 1% increase in green finance (GF) is unexpectedly associated with a statistically
significant (p < 0.05) 0.009% increase in CO, emissions in the short run. This counterintuitive
result might be due to factors like transitional investment costs or infrastructure adjustments
associated with green finance initiatives. However, it is mitigated in the long run, revealing a more
substantial 0.041% decrease in CO; emissions. This underscores the importance of a long-term
perspective when evaluating the environmental benefits of green finance, particularly in developing

economies.

Long-Run Dynamics

The long-run results for RI, RENE, and EI align with the short-run dynamics and further
emphasize their potential for CO; reduction in BRICS nations. Notably, the interaction between
GG and RI exhibits a negative effect on CO, emissions (statistically significant at p < 0.05),
suggesting that the combination of effective governance and higher renewable energy investment
leads to more pronounced emission reductions. This underlines the importance of fostering
enabling governance frameworks for maximizing the effectiveness of renewable energy

investments.

Similarly, the interaction between GF and RI also shows a negative impact on CO, emissions
(statistically significant at p < 0.1), reinforcing the potential synergies between financial support
and renewable energy investments. This highlights the need for coordinated policies that combine

green finance initiatives with targeted renewable energy deployment strategies.



Table 9

Cross-Sectional ARDL Estimator Results

Short - Run Long-Run
Variable Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
Rl -0.013 * 0.007 0.097#¢* 0.067 -0.047+*x  -0.069%** -0.095 -0.049**
(0.001) (0.003) (0.049) (0.519) (0.018) (0.010) (0.019) (0.010)
GGz 0.019%¢* 0.034#4¢ 0.000 0.029 -1.20100x 0 L0003**k Q.07 0.013%+*
(0.010) (0.010) (0.001) (0.017) (0.041) (0.001) (0.021) (0.059)
EI 0.021* 0.019* 0.031* 0.023* 0.014* 0.038* 0.003 -0.009
(0.005) (0.001) (0.003) (0.004) (0.003) (0.013) (0.008) (0.005)
GDP 0.639%+* 0.307#+* 0.818*+* 0.830%+* 0.539#F* 0.407*+* 0.714%¢ 0.356%+*
(0.097) (0.091) (0.134) (0.117) (0.067) (0.101) (0.124) (0.57)
RENE -0.005* -0.023%*x* -0.096* 0.593 -0.021#** -0.015* 0.343 -0.096*
(0.000) (0.033) (0.163) (0.329) (0.001) (0.000) (0.419) (0.163)
GF 0.009** 0.007** -0.005 -0.015%* -0.017** -0.023#* -0.041** -0.002
(0.005) (0.004) (0.000) (0.005) (0.005) (0.07) (0.01) (0.000)
RF -0.163*** -0.087***
(0.010) (0.042)
GG *RI -0.172%%* -0.213%*
(0.029) (0.043)
GF *RI -0.007** -0.014x**
(0.000) (0.012)
ECT (-1) -0.36* -0.262%F* -0.253** -0.324%+%
(0.091) (0.100) (0.076) (0.002)
Counttries 5 5 5 5 5 5 5 5

Note: Parenthesis () shows Standard Error. ****** are significance levels at 1%, 5% and 10%
respectively

Authors’ calculation

From Table 9, it is also worthwhile to mitigate the pitfalls of interactive and quadratic regressions
by computing the thresholds associated with the corresponding regressions. In the short-run (i.e.,
short-run Model 3), government effectiveness (i.e., GG) should exceed a threshold of 0.529

(0.091/0.172) in order to renewable energy investment (RI) to no longer have a positive effect on



CO; emissions. This is essentially because at a government effectiveness threshold of 0.529, the
net effect of RI on CO; is zero and above the attendant GG threshold, the net effect of RI on CO»
emissions becomes negative. To put this in more perspective, at a GG threshold of 0.529, the
corresponding net effect is 0.000 or (0.529*-0.172) + 0.091. In the corresponding computation, -
0.172 is the interactive or conditional effect of RI while 0.091 is the corresponding unconditional
effect. Moreover, in order for the government effectiveness threshold to make economic sense
and have policy relevance, it should be situated within statistical range (i.e., min to max) of the
corresponding policy or moderating variable (i.e., GG). This is the case because the computed
governance threshold is situated between the minimum ( -0.673) and maximum (0.840) values of
GG apparent in the summary statistics. Moreover, for the sampled countries, more policy effort
is needed to reach the policy threshold, not least, because the actionable policy threshold is
substantially above the average of GG (i.e., -0.018). The narrative on policy thresholds and
conditions for their economic relevance is consistent with contemporary interactive regressions

literature (Asongu & le Roux, 2023; Tchamyou et al., 2023).

In the long-run, green finance and RI engender a negative synergy on CO, emissions (i.e., long-
run Model 4). This is essentially because both the conditional or interactive and associated
unconditional effects of RI are negative. It implies RI and green finance policies can be
complemented to reduce CO; emissions. Thresholds can therefore not be computed in the
presence of the same sign for the unconditional and interactive or conditional effects. Moreover,
in terms of policy chronology, RI should be complemented with green finance and not the
contrary. This is essentially because the unconditional effect of green finance in the corresponding

model is not significant.

Moreover, in the attendant quadratic regressions (i.e., in long-run Model 2), the unconditional
effect of RI is negative while the corresponding marginal effect is also negative. This is also
evidence of a negative synergy from the perspective of enhancing RI for the reduction of CO»
emissions. It follows that RI can be enhanced without complementary policies in the long-run in
view of reducing CO; emissions. The related policy of RI enhancement is not robust in the short-
run because the corresponding unconditional effect of RI in the quadratic regression (i.e., short-
run Model 2) is not significant. It is worthwhile to note that consistent with the extant literature
on interactive and quadratic regressions, net effects and thresholds are only computed when both
the conditional and unconditional effects of the channel (i.e., RI) are significant (Tchamyou et al.,
2019; Asongu & Odhiambo, 2022). Moreover, the notion of synergy is also in line with the relevant
contemporary literature of positive and negative synergies within the remit of interactive and

quadratic regressions (Asongu & Odhiambo, 2020; Nchofoung et al., 2022).



Robustness Check

This study's primary analysis, conducted through the Cross-Sectional Autoregressive Distributed
Lag (CS-ARDL) model, uncovers significant insights into the short-run and long-run dynamics of
key variables influencing economic and environmental sectors. For instance, in the CS-ARDL
model, Renewable Energy Investment (RI) exhibits a negative coefficient in the short-run (Model
1:-0.013) and a fluctuating impact across other models, indicating a complex and variable influence
on the dependent variables. Similarly, Government Effectiveness (GG) and Energy Intensity (EI)
demonstrate significant positive impacts across most models (GG in Model 1: 0.019; EI in Model

1: 0.021), suggesting their strong influence on the studied variables.

To validate these findings, the Forecast Error Variance Decomposition (FEVD) analysis was
employed as a robustness check in Table 10. The FEVD results for CO; emissions show a total
effect of 1.05, with a notable between effect of 57.14%, aligning with the CS-ARDL's long-run
significance. This suggests that inter-entity differences, rather than temporal changes within

entities, predominantly drive CO; emissions.

Renewable Energy Investment (RI) in the FEVD analysis shows a total effect of 1.22, with a larger
within effect (60.66%) than between effect (39.34%) as apparent in Figure 4. This complements
the CS-ARDL findings where RI displays varying impacts across models, indicating the importance

of internal dynamics within entities over time, such as policy changes or economic shifts.



Table 10

FEVD estimator result

Total Between Within Between Within
Variable
Effect Effect Effect Effect % Effect %
CO; 1.05 0.60 0.45 57.14% 42.86%
Renewable Energy
1.22 0.48 0.74 39.34% 60.66%
Investment (RI)
Government Governess
1.10 0.77 0.33 70.00% 30.00%
(GG)
Green Finance (GF) 1.04 0.35 0.69 33.65% 66.35%
GDP 0.92 0.46 0.46 50.00% 50.00%
Renewable Energy
1.15 0.68 0.47 59.13% 40.87%
(RENE)
Energy Intensity (EI) 0.94 0.28 0.66 29.79% 70.21%

Authors’ Calculation
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Fig. 4. FEVD result visualization

Similarly, the FEVD analysis for Government Effectiveness (GG) exhibits a strong between effect
(70.00%), which corresponds with the consistent and significant positive impacts observed for

GG in the CS-ARDL models. This highlights the crucial role of inter-entity differences in

government effectiveness.



For Green Finance (GF), the FEVD reveals a total effect of 1.04 with a predominant within effect
of 66.35%. This finding is in line with the CS-ARDL results where G shows a mixed influence,

further emphasizing the role of temporal internal dynamics in influencing green finance initiatives.

Moreover, the FEVD results for GDP demonstrate an even split between and within effects (50%
each), paralleling the CS-ARDL findings where GDP shows significant impacts in both short-run

and long-run models, indicating its balanced and comprehensive influence.
4.2. Discussion

The empirical results obtained from the Cross-Sectional Autoregressive Distributed Lag (CS-
ARDL) model provide valuable insights into the short-run and long-run dynamics of key variables
influencing economic and environmental sectors, particularly regarding the impacts of Renewable

Energy Investment (RI) and Green Finance (GF) on CO; emissions reduction.

Renewable Energy Investment (RI) exhibits a consistently negative impact across various models,
suggesting a potential mitigating effect on carbon dioxide emissions. This observation holds true
in both the short-run and long-run analyses (Naseem & Guang Ji, 2021; Naz et al., 2019; Ponkratov
et al., 2022; Younis et al., 2021). Contrary to earlier studies by Murshed et al. (2022) and Nguyen
& Kakinaka (2019), indicating limited advantages for low-income countries in embracing
renewable energy, this study asserts a more positive relationship. The disparities may arise from
extensive investments, advanced technologies, and infrastructure prerequisites for renewable
energy generation. While earlier studies (such as Barbier & Burgess, 2020; Sher et al., 2021) suggest
a potentially higher economic burden on low-income nations, hampering their progress toward
sustainable goals, the current study underscores the overall favorable impact of renewable energy

investments on mitigating CO, emissions.

Expanding the analysis to incorporate the non-linear relationship, as captured by the squared term
RF, the results indicate a significant negative coefficient of -0.163* in the long run. This implies
that the effect of renewable energy investment on reducing carbon emissions diminishes at an
increasing rate. In practical terms, this suggests that while higher levels of renewable energy
investment contribute to emission reduction, the marginal impact diminishes as investment levels

rise.

However, a nuanced understanding emerges when considering the interaction term GG * RI. The

results in Table 9 reveal a significant negative coefficient of -0.172* in the long run. This implies



that the combined effect of good governance and renewable energy investment yields a
diminishing negative impact on CO; emissions. In practical terms, as both good governance and
renewable energy investment increase, the reduction in CO, emissions becomes less pronounced,

indicating potential diminishing marginal returns.

The interaction term's outcome supports the idea that while good governance independently
contributes to emission reduction, the interaction with renewable energy investment introduces a
level of complexity, suggesting that the simultaneous pursuit of both factors may have diminishing
returns. This aligns with the intricate relationship discussed in the broader GG interpretation,
emphasizing the multifaceted nature of the interplay between governance, economic factors, and

environmental outcomes.

In examining the short-run and long-run dynamics, the results in Table 9 provide valuable insights
into the role of Green Finance (GF) and its interaction with Renewable Energy Investment (RI).
Notably, GF demonstrates a statistically significant impact on CO; emissions reduction in both
Model 1 and Model 2, with coefficients of 0.009** and 0.007**, respectively. This underscores the

potential of Green Finance as a mitigating factor in environmental outcomes(Xue et al., 2023).

The interaction term GF * RI also warrants attention as it reveals an intriguing pattern. In the long
run, the coefficient of -0.007** suggests that the combined effect of Green Finance and Renewable
Energy Investment leads to a diminishing negative impact on CO» emissions (C. Li et al., 2023; X.
Wang et al., 2021). This implies that while Green Finance independently contributes to emission
reduction, its interaction with Renewable Energy Investment introduces a level of complexity,

resulting in diminishing returns. The significance level highlights the robustness of this finding.

Moreover, the results indicate that the simultaneous pursuit of Green Finance and Renewable
Energy Investment may encounter diminishing marginal returns. This observation has practical
implications for policymakers and stakeholders involved in sustainable development, suggesting
the need for a nuanced approach when considering the joint implementation of these factors. It is
worth noting that the results pertaining to the interaction term GF * RI contribute valuable insights
to the ongoing discourse on environmental policies. These findings emphasize the importance of
carefully evaluating the synergies and potential trade-offs between Green Finance and Renewable
Energy Investment to optimize their combined impact on reducing CO, emissions (Gibon et al.,
2020). This approach aligns with recent research that highlights the intricate relationships between
financial mechanisms and environmental outcomes, calling for a holistic understanding in policy

formulation (Tiawon & Miar, 2023).



The individual effect of good governance (GG) consistently demonstrates significant influences
across various models, highlighting their impacts on CO; emissions. Empirical evidence suggests
that, over the long term, good governance acts as a mitigating factor, limiting CO,
emissions(Danish et al., 2019; R. Li et al.,, 2023; K. Wang et al., 2022). However, a nuanced
understanding arises from empirical results, indicating that, in the short run, government
effectiveness has a positive effect on carbon emissions. This observation aligns with the
Environmental Kuznets Curve hypothesis, which proposes that environmental degradation
initially intensifies with economic development before decreasing at higher income levels. This
observed pattern supports the findings of Fan et al (2020), affirming that policy lag, coupled with
political and economic pressures, can contribute to increased carbon emissions. This intricate
relationship underscores the multifaceted nature of the interplay between governance, economic
factors, and environmental outcomes. The positive influence of Energy Intensity (EI) across
diverse models underscores the significance of energy efficiency in instigating positive
transformations. The noticeable pattern in the results presented in Table 9 aligns with the
conceptualization of EI as a lower ratio signifying superior energy efficiency, thus intimating those
enhancements in energy efficiency correlate with a decrease in CO, emissions (Pang et al., 2023).
Nevertheless, the outcome also illuminates that solely transitioning towards alternative energy
sources is insufficient for mitigating carbon dioxide emissions; rather, it necessitates concurrent
attention to and support from energy intensity measures (Babatunde et al., 2023). This dual
emphasis on both energy transition and energy intensity becomes imperative for devising

comprehensive strategies to address environmental concerns and curtail the carbon footprint.

A nuanced understanding further emerges when considering the interaction term GG * RI. The
results in Table 9 reveal a significant negative coefficient of -0.172* in the long run. This implies
that the combined effect of good governance and renewable energy investment leads to a
diminishing negative impact on CO; emissions. In practical terms, as both good governance and
renewable energy investment increase, the reduction in CO, emissions becomes less pronounced,

indicating potential diminishing marginal returns.

The robustness check using Forecast Error Variance Decomposition (FEVD) analysis validates
these findings and provides additional insights into the total, between, and within effects of key
variables. The FEVD results for CO, emissions indicate a total effect of 1.05, with a significant
between effect of 57.14%, emphasizing the role of inter-entity differences in driving CO;
emissions. The FEVD results for RI, on the other hand, show a larger within effect (60.66%) than

between effect (39.34%), suggesting the importance of internal dynamics within entities over time.



Government Effectiveness (GG) exhibits a strong between effect (70.00%) in the FEVD analysis,
aligning with its consistent positive impacts observed in the CS-ARDL models. This underscores
the crucial role of inter-entity differences in government effectiveness. Green Finance (GF)
displays a total effect of 1.04 in the FEVD, with a predominant within effect of 66.35%,
corresponding with its mixed influence observed in the CS-ARDL results. This emphasizes the

role of temporal internal dynamics in influencing green finance initiatives.

The FEVD results for GDP demonstrate an even split between and within effects (50% each),
reflecting the balanced and comprehensive influence of GDP observed in the CS-ARDL findings.
These results collectively emphasize the importance of considering both short-run and long-run
dynamics and internal and external factors when assessing the impact of variables on economic

and environmental outcomes.

5. Conclusion and Policy Implications

This study delved into the intricate dynamics between good governance, renewable energy
investment, and green finance within the BRICS nations, aiming to discern their collective impact
on decoupling economic growth from environmental degradation. Through meticulous CS-ARDL
analysis spanning two decades, we unveiled that renewable energy investments, when synergized
with robust governance and strategic green finance, play a pivotal role in mitigating CO, emissions,
thereby contributing to sustainable economic development. Our findings underscore a nuanced
interplay where the effectiveness of renewable energy investments in reducing environmental
impact is significantly amplified by the presence of strong governance structures and supportive
green finance mechanisms. However, the non-linear nature of this relationship suggests the
necessity for optimal allocation and strategic planning to avoid diminishing returns at higher

investment levels.

In light of these findings, policymakers in BRICS countries are urged to focus on strengthening
governance structures to effectively support environmental policies. This entails not only the
creation of comprehensive renewable energy policies but also ensuring their effective
implementation, monitoring, and enforcement. Additionally, promoting renewable energy
investments through incentives like subsidies and tax credits, alongside the development of clear
policy guidelines, can attract more private investments into the sector, accelerating the transition
to a low-carbon economy. Leveraging green finance markets, such as through initiatives like green

bonds and green banks, supported by government policies, can channel resources towards



sustainable investments. Encouraging public-private partnerships can further accelerate the

deployment of renewable energy technologies by mobilizing capital, technology, and expertise.

Recognizing the interconnected nature of economic, environmental, and social goals, policymakers
must adopt a holistic approach by integrating renewable energy investments with broader strategies
for sustainable development. This includes improving energy efficiency and investing in energy
infrastructure. Moreover, addressing the observed diminishing returns of renewable energy
investments underscores the importance of strategic planning and avoiding over-investment in

specific sectors.

The established governance effectiveness policy threshold is an actionable critical mass that policy
makers should take into account so that renewable energy investment reduces CO, emissions. The
corresponding governance effectiveness threshold in the short-run for governance effectiveness
to moderate renewable energy investment in order to reduce CO, emissions is 0.529. The
government effectiveness threshold is within statistical range and thus, is worthwhile for policy
makers. In the long run, green finance moderates’ renewable energy investment for negative
synergies on CO; emissions and by implication, the negative responsiveness of CO, emissions to
renewable energy investment is further consolidated by green finance in the long run. Moreover,
enhancing renewable energy investment in the long run is positive for environmental sustainability.
It follows that policy makers should tailor policies aimed at enhancing renewable energy
investment in the long-run as well as complementing renewable energy investment with green
finance in the long-run in order to ensure environmental sustainability by means of reducing CO,

emissions.

Future research could expand beyond the BRICS nations to conduct a comparative analysis of
renewable energy policies' effectiveness in other emerging economies. By examining countries with
similar economic profiles but different governance structures and levels of green finance
availability, deeper insights can be gained into the factors influencing the success of renewable
energy transitions on a global scale, informing more tailored policy recommendations for

sustainable development.

Data availability statement: The data that supports the findings of this study are publicly

available, and there are no restrictions on their accessibility. The source of the data is provided in

Table 1.



References

Akadiri, S. Saint, Adebayo, T. S, Riti, J. S., Awosusi, A. A., & Inusa, E. M. (2022). The effect of
financial globalization and natural resource rent on load capacity factor in India: an analysis

using the dual adjustment approach. Environmental Science and Pollution Research, 29(59),
89045-89062. https://doi.org/10.1007/s11356-022-22012-0

Akram, R., Chen, F., Khalid, F., Ye, Z., & Majeed, M. T. (2020). Heterogeneous effects of energy
efficiency and renewable energy on carbon emissions: Evidence from developing countries.
Journal of Cleaner Production, 247, 119122.
https://doi.org/https://doi.org/10.1016/j.jclepro.2019.119122

Ali, N., Phoungthong, K., Khan, A., Abbas, S., Dilanchiev, A., Tariq, S., & Sadiq, M. N. (2023).
Does FDI foster technological innovations? Empirical evidence from BRICS economies.

PILOS ONE, 18(3), €0282498. https://doi.org/10.1371 /journal.pone.0282498

Asongu, S. A., & le Roux, S. (2023). The Role of Mobile Money Innovations in the Effect of
Inequality on Poverty and Severity of Poverty in Sub-Saharan Africa. Information Systems
Frontiers. https:/ /doi.org/10.1007/s10796-023-10427-0

Asongu, S. A., & Odhiambo, N. M. (2020). Enhancing governance for environmental
sustainability in sub-Saharan Africa. Energy Exploration & Exploitation, 39(1), 444—463.
https://doi.org/10.1177/0144598719900657

Asongu, S. A., & Odhiambo, N. M. (2022). Mobile technology supply factors and mobile money
innovation: thresholds for complementary policies. Journal of Banking Regulation, 23(3), 288—
301. https://doi.org/10.1057/s41261-021-00167-z

Azam, M. (2019). Relationship between energy, investment, human capital, environment, and
economic growth in four BRICS countries. Environmental Science and Pollution Research, 26(33),

34388-34400. https://doi.org/10.1007/s11356-019-06533-9

Babatunde, K. A., Mahmoud, M. A., Ibrahim, N., & Said, F. F. (2023). Malaysia&tsquo;s
Electricity Decarbonisation Pathways: Exploring the Role of Renewable Energy Policies
Using Agent-Based Modelling. In Energies (Vol. 106, Issue 4).
https://doi.org/10.3390/en16041720

Barbier, E. B., & Burgess, J. C. (2020). Sustainability and development after COVID-19. World
Development, 135, 105082. https://doi.org/https://doi.org/10.1016/j.worlddev.2020.105082



Bratanova, A., Robinson, J., & Wagner, I.. (2016). New technology adoption for Russian energy
generation: What does it cost? A case study for Moscow. Applied Energy, 162, 924-939.
https://doi.org/https://doi.org/10.1016/j.apenergy.2015.10.102

Breusch, T. S., & Pagan, A. R. (1979). A simple test for heteroscedasticity and random

coefficient variation. Econometrica: Journal of the Econometric Society, 1287—1294.

Butt, H. M. M., Khan, 1., & Xia, E. (2023). How do energy supply and energy use link to
environmental degradation in China? Environmental Science and Pollution Research, 30(40),

92891-92902. https://doi.org/10.1007/s11356-023-28960-5

Chandio, A. A., Gokmenoglu, K. K., Dash, D. P., Khan, I., Ahmad, F., & Jiang, Y. (2024).
Exploring the energy-climate-agriculture (ECA) nexus: a roadmap toward agricultural

sustainability in Asian countries. Environment, Development and Sustainability.

https://doi.org/10.1007/s10668-023-04418-z

Chandio, A. A., Gokmenoglu, K. K., Khan, I., Ahmad, F., & Jiang, Y. (2023). Does internet
technology usage improve food production? Recent evidence from major rice-producing

provinces of China. Computers and Electronics in Agriculture, 211, 108053.
https://doi.org/https://doi.org/10.1016/j.compag.2023.108053

Chandio, A. A., Nasereldin, Y. A., Khan, I, Tang, Y., & Jiang, Y. (2023). Does rural financial
development facilitate food production? Evidence from major wheat—producing provinces
of China. Cogent Food & Agriculture, 9(2), 2287287.
https://doi.org/10.1080/23311932.2023.2287287

Chapungu, L., Nhamo, G., Chikodzi, D., & Maoela, M. A. (2022). BRICS and the Race to Net-
Zero Emissions by 2050: Is COVID-19 a Barrier or an Opportunity? Journal of Open
Innovation: Technology, Market, and Complexity, 8§(4), 172.
https://doi.org/https://doi.org/10.3390/joitmc8040172

Chebotareva, G., Strielkowski, W., & Streimikiene, D. (2020). Risk assessment in renewable
energy projects: A case of Russia. Journal of Cleaner Production, 269, 122110.
https://doi.org/https://doi.org/10.1016/j.jclepro.2020.122110

Chen, A, You, S,, Liu, H., Zhu, J., & Peng, X. (2023). A Sustainable Road Transport
Decarbonisation: The Scenario Analysis of New Energy Vehicle in China. In Infernational
Journal of Environmental Research and Public Health (Vol. 20, Issue 4).
https://doi.org/10.3390/ijerph20043406



Chen, G. C,, & Lees, C. (2016). Growing China’s renewables sector: a developmental state
approach. New Political Economy, 21(6), 574-5806.
https://doi.org/10.1080/13563467.2016.1183113

Chen, W., Alharthi, M., Zhang, J., & Khan, 1. (2024). The need for energy efficiency and
economic prosperity in a sustainable environment. Gondwana Research, 127, 22-35.

https://doi.org/https://doi.org/10.1016/].gr.2023.03.025

Cheng, C., Ren, X., Wang, Z., & Yan, C. (2019). Heterogeneous impacts of renewable energy
and environmental patents on CO2 emission - Evidence from the BRIICS. Science of The
Total Environment, 668, 1328—1338.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2019.02.063

Chu, S., & Majumdar, A. (2012). Opportunities and challenges for a sustainable energy future.
Nature, 488(7411), 294-303. https://doi.org/10.1038/nature11475

Chudik, A., Mohaddes, K., Pesaran, M. H., & Raissi, M. (2016). Long-run effects in large
heterogeneous panel data models with cross-sectionally correlated errors. In Essays in Honor

of man Ullah (pp. 85—135). Emerald Group Publishing Limited.

Chudik, A., & Pesaran, M. H. (2015). Common correlated effects estimation of heterogeneous

dynamic panel data models with weakly exogenous regressors. Journal of Econometrics, 188(2),

393—-420.

Danish, Baloch, M. A., & Wang, B. (2019). Analyzing the role of governance in COZ2 emissions
mitigation: The BRICS experience. Structural Change and Economic Dynanzies, 51, 119-125.
https://doi.org/https://doi.org/10.1016/j.strueco.2019.08.007

de Deus, J. L., Crocco, M., & Silva, F. F. (2022). The green transition in emerging economies:
green bond issuance in Brazil and China. Climate Policy, 22(9—-10), 1252—1265.
https://doi.org/10.1080/14693062.2022.2116381

Dutra, J., & Menezes, F. (2022). Energy Transition in the Brazilian Electric Power System.
Competition and Regulation in Network Industries, 23(2), 119-134.
https://doi.org/10.1177/17835917221088765

Eyraud, L., Clements, B., & Wane, A. (2013). Green investment: Trends and determinants.

Energy Policy, 60, 852—-865. https://doi.org/https://doi.org/10.1016/j.enpol.2013.04.039

Fan, W., Li, L., Wang, F., & Li, D. (2020). Driving factors of CO2 emission inequality in China:



The role of government expenditure. China Economic Review, 64, 101545.

https://doi.org/https://doi.org/10.1016/j.chieco.2020.101545

Fant, C., Adam Schlosser, C., & Strzepek, K. (2016). The impact of climate change on wind and
solar resources in southern Aftrica. Applied Energy, 161, 556—564.
https://doi.org/https://doi.org/10.1016/j.apenergy.2015.03.042

Gibon, T., Popescu, 1.-S., Hitaj, C., Petucco, C., & Benetto, E. (2020). Shades of green: life cycle
assessment of renewable energy projects financed through green bonds. Environmental

Research Letters, 15(10), 104045. https://doi.org/10.1088/1748-9326/abaalc

Haldar, A., Sethi, N, Jena, P. K., & Padhan, P. C. (2023). Towards achieving Sustainable
Development Goal 7 in sub-Saharan Africa: Role of governance and renewable energy.

Sustainable Development, 31(4), 2446—2463. https:/ /doi.org/https://doi.org/10.1002/sd.2521

Halkos, G., & Gkampoura, E.-C. (2021). Where do we stand on the 17 Sustainable Development
Goals? An overview on progress. Economic Analysis and Policy, 70, 94—122.
https://doi.org/https://doi.org/10.1016/j.eap.2021.02.001

Hashemizadeh, A., Ashraf, R. U., Khan, I., & Zaidi, S. A. H. (2023). Digital financial inclusion,
environmental quality, and economic development: the contributions of financial
development and investments in OECD countties. Environmental Science and Pollution Research,

30(54), 116336-116347. https://doi.org/10.1007/s11356-023-30275-4

Hassan, S. T., Batool, B., Zhu, B., & Khan, I. (2022). Environmental complexity of globalization,
education, and income inequalities: New insights of energy poverty. Journal of Cleaner

Production, 340, 130735. https://doi.otg/https://doi.org/10.1016/j.jclepro.2022.130735

Huang, M.-T., & Zhai, P.-M. (2021). Achieving Paris Agreement temperature goals requires
carbon neutrality by middle century with far-reaching transitions in the whole society.
Adpances in Climate Change Research, 12(2), 281-2806.
https://doi.org/https://doi.org/10.1016/j.accre.2021.03.004

Jakovljevic, M. B. (2015). BRIC’s Growing Share of Global Health Spending and Their
Diverging Pathways. Frontiers in Public Health, 3. https://doi.org/10.3389/fpubh.2015.00135

Jena, L. P., & Meattle, C. (2020). Directing Institutional Capital to India’s Renewable Energy Sector BT -
Innovation, Technology, and Market Ecosystems: Managing Industrial Growth in Emerging Markets
(Rajagopal & R. Behl (eds.); pp. 109—128). Springer International Publishing.
https://doi.org/10.1007/978-3-030-23010-4_6



Jiang, S., Kakar, A., & Khan, A. (2023). Identifying the roles of governance, ICT, and financial
development to facilitate renewable energy generation in BRICS countries. Environment,

Development and Sustainability. https:/ /doi.org/10.1007/s10668-023-04186-w

Kennedy, S. F., & Qayyum, F. (2023). Land Acquisition Governance and Its Implications for

Renewable Energy Development in Indonesia and the Philippines. Journal of Planning
Education and Research, 0739456X221147859. https://doi.otg/10.1177/0739456X221147859

Khan, 1., Zakari, A., Dagar, V., & Singh, S. (2022). World energy trilemma and transformative
energy developments as determinants of economic growth amid environmental
sustainability. Energy Economics, 108, 105884.
https://doi.org/https://doi.org/10.1016/j.eneco.2022.105884

Kwilinski, A., Lyulyov, O., & Pimonenko, T. (2023). Greenfield Investment as a Catalyst of
Green Economic Growth. In Energies (Vol. 16, Issue 5).
https://doi.org/10.3390/en16052372

Li, C, Solangi, Y. A., & Ali, S. (2023). Evaluating the Factors of Green Finance to Achieve
Carbon Peak and Carbon Neutrality Targets in China: A Delphi and Fuzzy AHP Approach.
In Sustainability (Vol. 15, Issue 3). https://doi.org/10.3390/su15032721

Li, R., Wang, Q., Li, L., & Hu, S. (2023). Do natural resource rent and corruption governance
reshape the environmental Kuznets curve for ecological footprint? Evidence from 158

countries. Resources Policy, 85, 103890.

Mehta, R., Oyedokun, D., Merven, B., & Larmour, R. (2023). Multi-Nodal Energy Systems
Modelling Scenarios of South Africa’s Power Sector. 2023 315t Southern African Universities
Power Engineering Conference (SAUPEC), 1-6.
https://doi.org/10.1109/SAUPEC57889.2023.10057721

Mir, T. A., Gopinathan, R., & Joshi, D. P. P. (2023). Revisiting long-run dynamics between
financial inclusion and economic growth in developing nations: evidence from CS-ARDL

approach. Journal of Financial Economic Policy.

Murshed, M., Saboori, B., Madaleno, M., Wang, H., & Dogan, B. (2022). Exploring the nexuses
between nuclear energy, renewable energy, and carbon dioxide emissions: the role of

economic complexity in the G7 countries. Renewable Energy, 190, 664—674.

Nahrin, R., Rahman, M. H., Majumder, S. C., & Esquivias, M. A. (2023). Economic Growth and

Pollution Nexus in Mexico, Colombia, and Venezuela (G-3 Countries): The Role of



Renewable Energy in Carbon Dioxide Emissions. In Energies (Vol. 16, Issue 3).
https://doi.org/10.3390/en16031076

Naseem, S., & Guang Ji, T. (2021). A system-GMM approach to examine the renewable energy
consumption, agriculture and economic growth’s impact on CO2 emission in the SAARC

region. GeoJournal, 86(5), 2021-2033. https://doi.org/10.1007/s10708-019-10136-9

Naz, S., Sultan, R., Zaman, K., Aldakhil, A. M., Nassani, A. A., & Abro, M. M. Q. (2019).
Moderating and mediating role of renewable energy consumption, FDI inflows, and
economic growth on carbon dioxide emissions: evidence from robust least square
estimator. Environmental Science and Pollution Research, 26(3), 2806—2819.
https://doi.org/10.1007/s11356-018-3837-6

Nchofoung, T. N., Asongu, S. A., Njamen Kengdo, A. A., & Achuo, E. D. (2022). Linear and
non-linear effects of infrastructures on inclusive human development in Africa. African

Development Review, 34(1), 81-96. https://doi.org/https://doi.org/10.1111/1467-8268.12619

Nepal, R., Paija, N., Tyagi, B., & Harvie, C. (2021). Energy security, economic growth and
environmental sustainability in India: Does FDI and trade openness play a role? Journal of
Environmental Management, 281, 111886.
https://doi.org/https://doi.org/10.1016/j.jenvman.2020.111886

Nguyen, K. H., & Kakinaka, M. (2019). Renewable energy consumption, carbon emissions, and
development stages: Some evidence from panel cointegration analysis. Renewable Energy, 132,

1049-1057. https://doi.org/https://doi.org/10.1016/j.renene.2018.08.069

Nunes, A. M., Coelho Junior, L. M., Abrahao, R., Santos Junior, E. P., Simioni, F. J., Rotella
Junior, P., & Rocha, L. C. (2023). Public Policies for Renewable Energy: A Review of the

Perspectives for a Circular Economy. In Energies (Vol. 16, Issue 1).
https://doi.org/10.3390/en16010485

Pang, G., Ding, Z., & Shen, X. (2023). Spillover effect of energy intensity reduction targets on
carbon emissions in China . In Frontiers in Environmental Science (Vol. 11).

https:/ /www.frontiersin.org/articles/10.3389 /fenvs.2023.1054272

Paramati, S. R., Mo, D., & Gupta, R. (2017). The effects of stock market growth and renewable
energy use on CO2 emissions: Evidence from G20 countries. Energy Economics, 66, 360-371.

https://doi.org/https://doi.org/10.1016/j.eneco.2017.06.025

Partelow, S., Schliter, A., Armitage, D., Bavinck, M., Catlisle, K., Gruby, R. L., Hornidge, A.-K.,



Le Tissier, M., Pittman, J. B., Song, A. M., Sousa, L. P., V&#259;idianu, N., & Van Assche,
K. (n.d)). Environmental governance theories: a review and application to coastal systems.

Ecology and Society, 25(4). https:/ /doi.otg/10.5751 /ES-12067-250419

Pesaran, M. H. (2007). A simple panel unit root test in the presence of cross-section dependence.
Journal of Applied Econometrics, 22(2), 265-312.
https://doi.org/https://doi.org/10.1002/jac.951

Pesaran, M. H., & Smith, R. (1995). The role of theory in econometrics. Journal of Econometrics,
67(1), 61-79.

Podoba, Z. S., & Kryshneva, D. A. (2018). Green energy in the BRICS. World Economy and
International Relations, 62(2), 17-27. https://doi.org/10.20542/0131-2227-2018-62-2-17-27

Ponkratov, V. V, Kuznetsov, A. S., Muda, 1., Nasution, M. J., Al-Bahrani, M., & Aybar, H. S.
(2022). Investigating the Index of Sustainable Development and Reduction in Greenhouse
Gases of Renewable Energies. In Sustainability (Vol. 14, Issue 22).
https://doi.org/10.3390/su142214829

Quacoe, D., Kong, Y., & Quacoe, D. (2023). Analysis of How Green Growth and
Entrepreneurship Affect Sustainable Development: Application of the Quintuple Helix
Innovation Model in the African Context. In Sustainability (Vol. 15, Issue 2).

https://doi.org/10.3390/su15020907

Rasoulinezhad, E., & Taghizadeh-Hesary, F. (2022). Role of green finance in improving energy
efficiency and renewable energy development. Energy Efficiency, 15(2).
https://doi.org/10.1007/s12053-022-10021-4

Sachs, J. D., Woo, W. T., Yoshino, N., & Taghizadeh-Hesary, F. (2019). Importance of Green
Finance for Achieving Sustainable Development Goals and Energy Security BT - Handbook of Green
Finance: Energy Security and Sustainable Development (J. D. Sachs, W. T. Woo, N. Yoshino, & F.
Taghizadeh-Hesary (eds.); pp. 3—12). Springer Singapore. https://doi.org/10.1007/978-
981-13-0227-5_13

Sadik-Zada, E. R., & Gatto, A. (2023). Grow First, Clean Up Later? Dropping Old Paradigms
and Opening Up New Horizons of Sustainable Development. In Swustainability (Vol. 15,
Issue 4). https://doi.org/10.3390/su15043595

Sadiq, M., Hassan, S. T., Khan, 1., & Rahman, M. M. (2023). Policy uncertainty, renewable

energy, corruption and CO2 emissions nexus in BRICS-1 countries: a panel CS-ARDL



approach. Environment, Development and Sustainability. https:/ /doi.org/10.1007/s10668-023-
03546-w

Santosh, M., Groves, D. L., & Yang, C.-X. (2024). Habitable planet to sustainable civilization:
Global climate change with related clean energy transition reliant on declining critical metal
resources. Gondwana Research, 130, 220-233.
https://doi.org/https://doi.org/10.1016/.gr.2024.01.013

Saud, S., Haseeb, A., Haider Zaidi, S. A., Khan, 1., & Li, H. (2024). Moving towards green
growth? Harnessing natural resources and economic complexity for sustainable
development through the lens of the N-shaped EKC framework for the European Union.
Resources Policy, 91, 104804.
https://doi.org/https://doi.org/10.1016/j.resourpol.2024.104804

Shaktawat, A., & Vadhera, S. (2021). Sustainability Assessment of Renewable Energy
Technologies in Context to India Using Multicriteria Analysis with and without

Incorporating Risk Analysis. Journal of Environmental Assessment Policy and Management,
23(03n04), 2250020. https://doi.org/10.1142/5146433322250020X

Sher, F., Curnick, O., & Azizan, M. T. (2021). Sustainable Conversion of Renewable Energy
Sources. In Sustainability (Vol. 13, Issue 5). https://doi.org/10.3390/su13052940

Song, D., Jia, B., & Jiao, H. (2022). Review of Renewable Energy Subsidy System in China. In
Energies (Vol. 15, Issue 19). https://doi.org/10.3390/en15197429

Taghizadeh-Hesary, F. (2022). Guest editorial: Green and energy efficiency finance. China Finance
Review International, 12(2), 201-202. https://doi.org/10.1108/CFRI-05-2022-243

Tchamyou, V. S., Asongu, S. A., & Odhiambo, N. M. (2019). The Role of ICT in Modulating the
Effect of Education and Lifelong Learning on Income Inequality and Economic Growth in
Africa. African Development Review, 31(3), 261-274.
https://doi.org/https://doi.org/10.1111/1467-8268.12388

Tchamyou, V. S., Somé, J., & Asongu, S. A. (2023). The African Continental Free Trade Area
and Financial Development for Female Labour Force Participation in Africa. Forum for

Social Economics, 1-15. https:/ /doi.org/10.1080/07360932.2023.2297169

Tian, X., Sarkis, J., Geng, Y., Bleischwitz, R., Qian, Y., Xu, L., & Wu, R. (2020). Examining the
role of BRICS countries at the global economic and environmental resources nexus. Journal

of Environmental Management, 262, 110330.



https://doi.org/https://doi.org/10.1016/j.jenvman.2020.110330

Tiawon, H., & Miar. (2023). The Role of Renewable Energy Production, Energy Efficiency and
Green Finance in Achieving Sustainable Economic Development: Evidence from
Indonesia. International Journal of Energy Economics and Policy, 13(1), 250-260.
https://doi.org/10.32479 /ijeep.13915

van der Hilst, F., Verstegen, J. A., Woltjer, G., Smeets, E. M. W., & Faaij, A. P. C. (2018).
Mapping land use changes resulting from biofuel production and the effect of mitigation
measures. GCB Bioenergy, 10(11), 804—-824.
https://doi.org/https://doi.org/10.1111/gcbb.12534

Voumik, L. C., Islam, M. A., Ray, S., Mohamed Yusop, N. Y., & Ridzuan, A. R. (2023). CO2
Emissions from Renewable and Non-Renewable Electricity Generation Sources in the G7

Countries: Static and Dynamic Panel Assessment. In Energies (Vol. 16, Issue 3).

https://doi.org/10.3390/en16031044

Vukovic, N. A., & Nekhorosheva, D. E. (2022). Renewable Energy in Smart Cities: Challenges
and Opportunities by the Case Study of Russia. In Swart Cities (Vol. 5, Issue 4, pp. 1208—
1228). https://doi.org/10.3390/smartcities5040061

Wang, K., Zhao, B., Fan, T., & Zhang, J. (2022). Economic Growth Targets and Carbon
Emissions: Evidence from China. In Infernational Journal of Environmental Research and Public

Health (Vol. 19, Issue 13). https://doi.org/10.3390/ijerph19138053

Wang, X., Huang, J., Xiang, Z., & Huang, J. (2021). Nexus Between Green Finance, Energy
Efficiency, and Carbon Emission: Covid-19 Implications From BRICS Countries . In
Frontiers in Energy Research (Vol. 9).
https:/ /www.frontiersin.org/articles/10.3389/fenrg.2021.786659

Wei, D., Ahmad, F., Abid, N., & Khan, I. (2023). The impact of digital inclusive finance on the
growth of the renewable energy industry: Theoretical and logical Chinese expetience. Journal
of Cleaner Production, 428, 139357.
https://doi.org/https://doi.org/10.1016/j.jclepro.2023.139357

Wooldridge, J. M. (2010). Econometric analysis of cross section and panel data. MIT press.

Xu, D., Salem, S., Awosusi, A. A., Abdurakhmanova, G., Altuntas, M., Oluwajana, D.,
Kirikkaleli, D., & Ojekemi, O. (2022). Load Capacity Factor and Financial Globalization in

Brazil: The Role of Renewable Energy and Urbanization. Frontiers in Environmental Science,



9(February), 1-13. https://doi.org/10.3389/fenvs.2021.823185

Xu, X., Chen, X., Xu, Y., Wang, T., & Zhang, Y. (2022). Improving the Innovative Performance
of Renewable Energy Enterprises in China: Effects of Subsidy Policy and Intellectual
Property Legislation. In Sustainability (Vol. 14, Issue 13).
https://doi.org/10.3390/su14138169

Xue, Y., Ma, T., Zhuang, T., & Ma, Y. (2023). The development of green finance under the goal
of carbon neutrality: A review from China’s perspective . In Frontiers in Earth Science (Vol.

11). https:/ /www.frontiersin.org/articles/10.3389 /feart.2023.1123020

Younis, I., Naz, A., Shah, S. A. A., Nadeem, M., & Longsheng, C. (2021). Impact of stock
market, renewable energy consumption and urbanization on environmental degradation:

new evidence from BRICS countries. Environmental Science and Pollution Research, 28(24),

31549-31565. https://doi.org/10.1007/s11356-021-12731-1

Yuan, X., Murshed, M., & Khan, S. (2022). Does the depth of the Financial Markets matter for
establishing Green Growth? Assessing Financial sector’s potency in decoupling Economic
Growth and Environmental Pollution. Evaluation Review, 47(6), 1135-1167.
https://doi.org/10.1177/0193841X221145777

Yuan, X., Su, C. W., Umar, M., Shao, X., & LOBONT, O. R. (2022). The race to zero emissions:
Can renewable energy be the path to carbon neutrality? Journal of Environmental Management,

308. https://doi.org/10.1016/j.jenvman.2022.114648

Zakari, A., Khan, I., & Alvarado, R. (2023). The impact of environmental technology innovation
and energy credit rebate on carbon emissions: A comparative analysis. Journal of International

Development, 35(8), 2609—-2625. https://doi.org/10.1002/jid.3788

Zeraibi, A., Radulescu, M., Khan, M. K., Hafeez, M., & Jahanger, A. (2023). Analyzing the
linkage between public debt, renewable electricity output, and CO2 emissions in emerging

economies: Does the N-shaped environmental Kuznets curve exist? Energy & Environment,

0958305X231151678. https://doi.org/10.1177/0958305X231151678

Zheng, S., & Jin, S. (2023). Can Enterprises in China Achieve Sustainable Development through
Green Investment? In International Journal of Environmental Research and Public Health (Vol. 20,

Issue 3). https://doi.org/10.3390/1jerph20031787

Zhu, S., Wasif Zafar, M., Usman, M., Kalugina, O. A., & Khan, I. (2024). Internalizing negative

environmental externalities through environmental technologies: The contribution of



renewable energy in OECD countries. Swustainable Energy Technologies and Assessments, 64,

103726. https://doi.org/https://doi.org/10.1016/j.seta.2024.103726



