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ARTICLE INFO ABSTRACT
Keywords: The nations of Brazil, Russia, India, China, South Africa, and Turkey (BRICS-T) have yet to find a
Carbon neutrality satisfactory answer to the problem of how to reduce environmental pollution in their environ-

BRICS-T countries

Financial globalization

Good governance

Urbanization

Renewable energy consumption

ments significantly. Using panel data from 1990 to 2022, this study analyzes the dynamic rela-
tionship between energy financial globalization (FG), good governance (GG), renewable energy
consumption (REC), urbanization (URB), economic growth (GDP), and environmental pollution.
To estimate the long-run and short-run interaction among the variables, this research included the
Cross-sectional- ARDL. This research shows that economic growth, energy use, urbanization, and
environmental degradation correlate positively and significantly. In contrast, the BRICS-T econ-
omies have significantly reduced environmental pollution due to FG, GG and REC. These results
also lend credence to the Environmental Kuznets Curve (EKC) concept for developing nations,
which has been the focus of recent attention. Additionally, the results from fixed effects-difference
in differences (FE-DK) and AMG robustness tests also validate the results from the CS-ARDL
estimator. Finally, the findings found that the BRICS-T countries may benefit from this study.

1. Introduction

Despite its multifaceted nature, sustainable development can be defined as progress that satisfies current demands without
compromising future ability to meet those needs. As a result, in 2015, the UN announced the Sustainable Development Goals (SDGs), a
set of 17 all-encompassing global objectives meant to ensure that everyone can experience sustainable economic, social, and envi-
ronmental prosperity [1]. In particular, the SDG declarations aim to improve people’s quality of life by encouraging global economic
growth that does not negatively impact the environment [2]. So, to reach the SDG underlying targets by 2030, the signatories have
been motivated to ratify the agreement and create action plans that are both domestically defined and cooperative at the regional level.
As a result, development planners worldwide are increasingly curious about achieving more significant economic growth and less
environmental pollution [3].

Within this framework, the BRICS-T nations are equally committed to enhancing their ecological conditions by decreasing CO;
emissions and expanding their energy resources, specifically by incorporating renewable sources of electricity into their traditional
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energy portfolios [4]. The report by Zafar et al. [5] reveals that China’s contribution to global ecological degradation among BRICS-T
nations is 30.6 %, making it the highest. India, Russia, Brazil, South Africa, and Turkey follow with contributions of 7.01 %, 4.52 %,
1.34 %, 1.31 %, and 1.13 %, respectively. Furthermore, the BRICS-T nations are responsible for a greater magnitude of CO3 emissions.
In 2019, China’s CO; emissions amounted to 10,707.2 megatons, while India, Brazil, South Africa, Russia, and Turkey emitted 2,456.3,
434.3, 439.6, 1,703.6, and 396.8 megatons of CO,, respectively. BRICST-T countries are the top CO, emitters in the world and have the
most significant EF deficit, according to the World Bank (2022). Conversely, the BRICS-T nations are enhancing their technological
infrastructure, resource allocation, economic growth, and intellectual capital. Based on World Bank (WB) data, the combined eco-
nomic growth of BRICS-T nations reached $25.5 trillion in 2021, accounting for 26.6 % of the global GDP. These countries have
experienced an average annual GDP growth rate of 7.1 % [6]. The substantial rise in economic growth leads to a substantial surge in
the use of fossil energy sources, which are the primary catalyst for the deterioration of environmental conditions. In 2021, these
countries collectively represented approximately 41.8 % of the global energy consumption, according to British Petroleum-BP (2022).
The trend of CO, emission can be seen in Fig. 1.

Numerous scholars have employed the concept of financial inclusion to attain sustainable development goals (SDGs) [7-9]. The
progress of a nation is contingent upon the presence of a robust and dependable financial infrastructure. The financial system offers
several avenues for mobilizing savings, allocating capital, diversifying risk, monitoring investments, reducing borrowing costs, and
facilitating transactions. In modern economic contexts, financial institutions have the potential to alter consumer behavior, enhance
investment streams, and advance research and development in technical endeavors [10]. Policymakers have agreed that effectively
managing environmental degradation is essential for achieving the Sustainable Development Goals (SDGs).

The authorities must examine the precise correlation between the financial Globalization (FG) sector and environmental degra-
dation. Multiple studies in the literature have indicated that the financial sector of FG (presumably referring to a specific industry or
sector) negatively impacts the environment due to a flawed financial system [11]. Typically, the financial sector in impoverished
countries needs to be developed. These countries are confronted with the issue of limited access to financial facilities, which compels
their sectors to rely on obsolete technology that produces significant carbon emissions. Conversely, numerous research studies have
investigated the impact of FG on enhancing ecological quality. These studies have assessed the crucial role of the financial sector in
enhancing productive units, institutions, and markets, hence making a significant contribution to economic growth [12,13]. The
convenient availability of loans for SMEs investors to allocate funds towards environmentally sustainable technologies, which create
job possibilities and mitigate income inequality.

In addition, achieving the SDG is possible when economies prioritize governance and addressing climate-related issues. This
statistic measures explicitly the level of transparency in government institutions, as determined by Transparency International [14].
Governance is a crucial determinant of socio-economic, health, environmental, and institutional benchmarks. According to the 2020
Transparency International report, Pakistan and India have experienced an increase in their corruption perception index, with
Pakistan’s index rising from 27 to 31 and India’s index rising from 36 to 40, between 2012 and 2020. Meanwhile, Sri Lanka’s situation
deteriorated during the same period, dropping its ranking from 40 to 38. The statistical data demonstrates the significance of
maintaining a strong emphasis on good governance, as it carries numerous responsibilities [15]. Therefore, strong institutions are
significant to SD because institutions and good governance (GG) play a big part in developing social, economic, and ecological areas in
policy and decision-making. Much investigation has been done in this area in the past few years. Many studies like Wang et al. [16] and
Luo et al. [17] have found that institutions and economic sustainability go hand in hand. Ahmad et al. [18] have found that institutions
and economic growth go hand in hand.

Moreover, aligned with the SDGs, governments have implemented clean energy strategies, including nuclear and renewable en-
ergy, to address the aforementioned ecological challenges. Countries have placed high importance on utilizing nuclear and renewable
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energy sources to reduce carbon emissions in the energy sector [19], [20]. Renewable energy (RE) is a vital form of sustainable energy
from naturally replenishing sources [21]. Renewable sources can replenish within a brief period, and their utilization ensures energy
security [22]. Renewable energy sources are characterized by their great reliability and sustainability and their ability to enhance
environmental quality without negatively impacting economic growth [23]. Renewable energy sources substitute fossil fuels,
diminishing the need for environmentally harmful resources and enhancing the Earth’s biocapacity [24].

Although renewable energy (RE) consumption is increasing, it remains restricted in many countries because of the expensive
installation costs and technological obstacles [25]. When examining worldwide patterns in renewable energy sources, it is evident that
countries belonging to the United Nations have specifically allocated their efforts towards renewable energy to accomplish the Sus-
tainable Development Goals established in 2015, which are to be accomplished by 2030. The achievement of Sustainable Development
Goals 7, 11, 12, 13, 14, and 15 is highly probable through the extensive adoption of renewable energy (RE). Due to the significant
interest in achieving these six Sustainable Development Goals (SDGs), renewable energy (RE) accounted for 28.5 % and 28.3 % of
worldwide power output in 2020 and 2021, respectively [25]. Furthermore, despite the consequences of the COVID pandemic [26] and
the increase in global commodity prices, renewable energy (RE) witnessed exceptional expansion in 2021, with solar and wind power
contributing to over 10 % of the world’s electricity generation [27]. Following Russia’s incursion into Ukraine, numerous member
states of the European Union (EU) expedited their plans for renewable energy (RE) investment to diminish their reliance on imported
Russian natural gas.

In Addition, urbanization (URB) encompasses various dimensions, one of which is temperature. The rise in temperature can be
attributed to converting agricultural land into concrete structures, constructing tall residential and industrial buildings, and expanding
the urban population [28]. Urbanization is characterized by industry and automobiles that release detrimental gases and smoke into
the atmosphere, resulting in air pollution. Recent research findings indicate a significant rise in the contaminated substances in the
atmosphere, which has been linked to various respiratory ailments and allergies, providing substantial health risks [29]. Water
concerns arise in urban areas owing to changes in the water cycle caused by urbanization. These metropolitan areas experience higher
levels of precipitation compared to their surrounding regions. Disposing industrial effluent into water bodies constitutes a substantial
contributor to water contamination, posing a potential risk of epidemic outbreaks. The destruction of habitats is a consequence of
urban expansion to accommodate the growing population, resulting in the degradation of forested regions that serve as natural homes
for diverse animals [18].

In light of the above discussion, this study has some novel contributions: (i) This study empirically evaluates the potential impact of
FG and GG on faeilitating-the carbon neutrality efthe in BRICS-T nations. The research employs the CS-ARDL novel technique while
covering the 1990 to 2022 panel data, utilizing robust econometric techniques (AMG and D-R) specifically designed to handle cross-
sectional dependence and heterogeneity in panel data. (ii) By the theoretical underpinnings of the environmental Kuznets curve (EKC)
hypothesis, this research goals to provide a policy framework for the attainment of mitigation goals by investigating the primary
factors that contribute to the achievement of the SDGs in the context of reducing the ecological footprint within the economies of
BRICS-T. This research holds significant implications. (iii) The present study examines both the entire sample (aggregate) and sub-
samples (disaggregate) of BRICS-T economies. This approach allows for empirical findings that can provide more targeted and
practical policy implications for individual and panel BRICS-T countries, considering their varying levels of development within the
region. (iv) This investigation stands out as it employs a second-generation panel data methodological framework, effectively
addressing various challenges associated with panel data estimation, such as cross-sectional dependency and cross-country hetero-
geneity. This approach sets it apart from the previous studies on the link between FG and sustainable development, making it exclusive
and unique.

Here’s how the following research is put together. After the data section, the Methodology section talks about how the study was
done. Facts and Discussion give the facts and talks about how they should be interpreted. In the conclusion, there are conclusions and
suggestions for strategy.

2. Review of literature

This particular part of the present study examines the research conducted on the relationship between financial globalization, good
governance, urbanization, natural resources consumption and CO5 emission.

2.1. Financial globalization and CO, emission

First, FG of the financial sector is linked to CO, and ecological quality [30] and serves as a source of funding for a wide range of
initiatives. Institutionalized lending from the banking sector to private creditors drives economic activities [31]. Previous research has
yet to agree on whether the quantity of CO; increases with economic development [32]. Financial globalization may worsen the
environment; however [33], suggests otherwise.

However, the discourse surrounding the correlation between financial globalization and ecological catastrophe could be more
extensive. The study conducted by Jiang et al. [27] studied the link between FG and CO» emissions in India from 1970 to 2018. The
researchers employed the Nonlinear Autoregressive Distributed Lag (NARDL) approach in their analysis. The empirical evidence in-
dicates that an upsurge in FG is likely to result in a reduction of CO3 emissions in India. However, the increase in CO, emissions will be
directly proportional to the extent to which globalization is diminished. The study led by Zhao et al. [29] utilized the ARDL and DOLS
models to analyze the relationship between the carbon footprint of emerging economies and globalized finance. The dataset used in
this research covered the time period from 1974 to 2016. The authors demonstrated that globalization mitigated ecological harm. In a
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study led by Jeanne et al. [34], an analysis of the period from 1996 to 2019 revealed that the process of globalization in the realm of
finance has had a significant influence on the environment, specifically exacerbating ecological consequences. The study found that FG
and trade globalization have contributed to the amplification of pollution levels. The intricate relationship between ecological foot-
prints, globalization, and economic complexity underscores the complex interplay between globalization and the environment. Caglar
et al. [35] found similar results, indicating a negative association between economic globalization and the ecological footprint of the
countries of West Asia and the Middle East region.

In their study, Habiba and Xinbang (2022) analyzed the link between the FG (KOF index) and the EF using panel data including 171
nations. According to the authors, the environmental implications of FG exhibit variability contingent upon the dimensions of social,
economic, and political factors. The findings of their analysis indicate that the Food and Agriculture Organization (FAO) International
Guidelines (FG) have a positive impact on promoting consumption-based environmentally friendly technologies. However, social
globalization harms the consumption based ecological footprint. Nevertheless, the influence of political and broader manifestations of
globalization on the consumption-oriented carbon footprint is limited. In a separate study, Zheng et al. [36] researched the influence of
FG on the carbon footprint of a sample of 171 nations. They utilized an alternate proxy, the MGI index, to assess FG’s effects. The
results of their study demonstrate a beneficial impact of all aspects of FG on the carbon footprint, except the political dimension, which
contributes to a decrease in the ecological degradation.

However, Fuinhas et al. [37] discovered that FG has a favorable influence on the load capacity factor in India. In their study, Musah
et al. [38] propose that the Indian government should advocate for greater financial integration to promote economic liberalization
and attract foreign capital inflows. They argue that diverting these funds into eco-friendly manufacturing would be beneficial, as FG
positively impacts on ecological quality. The study conducted by Abdur et al. [39] revealed a significant inverse relationship between
ecological footprint and globalization. This finding suggests that FG has a positive impact on environmental quality in nations that
consume the highest amounts of renewable energy. Given the findings above, it is crucial to investigate if financial globalization
presents a comparable opportunity for Mexico to improve its load capacity factor. The examination of Mexico’s potential in terms of
load capacity factor and ecological quality necessitates a closer analysis, considering the observed positive impact in India resulting
from the encouragement of FG and the improvement in ecological quality in top renewable energy-consuming nations due to
globalization.

2.2. Governance and carbon emission

The Government’s role in shaping environmental standards is crucial [40]. The government must enact and implement policies that
promote the efficient utilization of resources and the discovery of new, greener methods of economic expansion [41]. Few studies have
studied the influence of government on the natural world, and the results have been contradictory. According to Fu and Irfan [42],
countries have yet to reach their environmental goals because government effectiveness has yet to reach its full potential. This means
that it does not sufficiently contribute to preserving the ecological balance. Gossel [43] discovered that government efficiency is
inversely related to environmental sustainability. Given the proceeding, it is critical to present empirical data to demonstrate the
importance of government efficacy in achieving environmental sustainability.

According to Xia et al. [44], who looked at how different types of governance affected CO5 emissions in different nations in the
same region, good governance is associated with lower emissions [45]. studied the impact of government policy on CO, emissions in
five major emitters (the USA, China, India, Japan, and Russia). It has been estimated using FMOLS and DOLS that governing factors
lower carbon dioxide emissions. Governance and CO, emissions in the BRICS nations were studied. The effect of governance on CO,
emissions is negative, as Awosusi et al. [46] estimated using DOLS and PMG. Based on partial least squares regression, the predicted
decrease in CO2 emissions by tamping down on corruption is substantial. Sheng et al. [47] analyzed the link between income level and
the study of CO2 emissions and government. Corruption prevention leads to less pollution, according to estimations derived from
non-linear panel data analysis. The Asia-Pacific Economic Cooperation (APEC) looked at how nations with effective anti-corruption
policies fared in terms of their CO5 emissions [48]. Quantile regression estimations show a negative relationship between these two
factors. Similar findings have been obtained regarding the linking between corruption control and CO, emissions [49].

However, Abou Houran and Mehmood [50] argued that enhancing good governance by limiting corruption in the BRICS nations
will not lead to a significant improvement in ecological quality as measured by a decrease in CO5 releases. Although the scientists
found that lessening corruption had negative effects on the environment, they also found that it had positive effects on CO, emissions
control by lowering the correlation between the two. Bai et al. [51] found that in 47 developing market and emerging countries,
including most of the BRICS-T nations, the level of governance is liable for worsening environmental pollution even though ecological
quality is inflexible to variations in governance. Specifically, Hu et al. [52] used the quality of government index to find empirical
evidence that governance index enhances the CO, emissions. Paramati and Shahzad [53] noted that in the case of the E7 countries, it is
impossible to curb the rise in CO, emissions despite efforts to increase government openness and accountability and decrease cor-
ruption. Since different research have reached different conclusions, it’s safe to say that the effect of good governance on the atmo-
sphere is debatable. As a result, it’s worth investigating if the BRICS-T countries’ goals of environmental sustainability may be
supported by the promotion of good governance.

Hailiang et al. [54] observed the link between good government and saving energy in 28 European Union (EU) states from 1995 to
2014. They used indicators from the World Bank (Control of Regulatory Strength and Corruption) and the Fraser Institute) to measure
the strength of the institutions. The results show that good governance is one of the things that makes the energy industry more energy
efficient. Energy policy is an integral part of ecological policy, and good governance could help make and keep an energy industry that
is strong and innovative, and makes less pollution. You et al. [55] looked at 19 Southeast Asian countries from 2002 to 2016 and found
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that all six aspects of government affect the slope of the EKC.
2.3. Literature gap

Current literature demonstrates the significant impact of factors, including financial globalization, good governance, renewable
energy, economic expansion, and urbanization, on environmental degradation. Therefore, the impact of these indicators on the
ecosystem has been examined. Several studies have focused on countries like the USA, China, Japan, Bangladesh, Portugal, France,
Korea, and Turkey. However, China has received significantly more attention compared to other countries. In addition, other studies
have examined a specific set of countries, including the European Union (EU), the Middle East and North Africa (MENA), the Orga-
nization for Economic Co-operation and Development (OECD), and several chosen Asian countries.

Moreover, a range of econometric techniques, including ARDL, enhanced ARDL, BH cointegration, DOLS, DYNARDL, Fourier
ARDL, MARS, GC, MW, QQ, PQR, QR, WC, WECM, were utilized for empirical analysis. Upon reviewing the existing literature, it
becomes evident that there needs to be more comprehensive studies investigating the impact of FG and good GG while also considering
other established indicators. Furthermore, an absence of research explicitly focuses on the BRICS-T countries, which play a prominent
role among emerging economies and have a significant share in the global economy. Therefore, it is fitting that the current body of
literature contains a deficiency. Therefore, a new study investigative the impact of FG and REC, specifically focusing on significant
nations such as BRICS-T and utilizing a panel approach, can enhance the existing literature by addressing the current research gap. This
study utilizes a CS-ARDL technique and employs FE-DK and AMG estimators to ensure the reliability of the results.

3. Empirical models and data

To assess the potential for achieving zero-carbon state in the BRICS-T economies, this study observes the association between
financial globalization, good governance, and environmental pollution. We measure environmental quality by analyzing annual per
capita CO, emissions and examine its association with de facto and de jure financial globalization indices and a compound index for
good governance. Additionally, we account for key macroeconomic factors, including GDP, REC, and URB to ensure accurate analysis.
The particular models are presented as follows (See Eq. (1)&2):

1
Modell : LnCOy, = do + 0,FG1, + 0,GG, + 0sLnGDP, + 9, (LnGDP,)? + 0sREC, + dsURB, + &, M

Model2 : LnCOsy; = f, + f,FG2; + , GG + s LnGDP; + 8, (LnGDP,)? + B REC;, + fURB; + &; 2

The dependent variable, Ln CO, is the natural logarithm of annual per capita carbon emissions. The significance of carbon
emissions as a fundamental element of overall GHG emissions has been recognized in the existing body of research [56]. It is widely
acknowledged in the literature that CO; emissions serve as a crucial indicator of ecological quality, with a decrease (increase) in CO»
emissions is associated with an improvement (deterioration) in environmental conditions [57]. Thus, if the anticipated signs of the
statistically significant elasticity indicators [fk (k = 1,2, ...6)] are positive (negative), it is possible to establish an ecological degrading
influence of the corresponding explanatory variable. Moreover, this study’s primary focus revolves around the explanatory factors
FG1, FG2, and GG. Additionally, several control variables are represented by LnDGP, (LnGDP)z, REC, and URB. The following section
provides an overview of the variables’ descriptions.

The variables FG1 and FG2 represent the indices for financial globalization de facto and de jure, respectively. These indices
consider many essential components of financial globalization. The construction of the globalization de facto index involves using data
about many aspects of liabilities and global financial receipts, such as portfolio investment, foreign direct investment (FDI), global
debt, global reserves, and global income payments [58]. In contrast, the FG de jure index considers the degree of receptiveness towards
global investments and cross-border financial movements about limitations on investments, openness of the capital account, and
global agreements on investments [58]. The rationale for investigating the distinct environmental impacts of these two specific aspects
of financial globalization is based on the recognition that it is inadequate to analyze the environmental consequences of financial
globalization by merely examining the environmental reactions to variations in the volume of incoming foreign financial inflows.
Moreover, it necessitates the examination of environmental reactions associated with alterations in the circumstances that enable these
movements. Therefore, if the anticipated indications of the elasticity indicators d;andp; are positive (negative), it can be asserted that
the PHH (PHEH) is accurate. The variable GG represents the composite index of good governance, which is derived through the
principal component analysis technique. This index incorporates six governance indicators: government effectiveness, regulatory
quality, control of corruption, rule of law, political stability, and voice and accountability. Elevated (reduced) values of these
governance parameters indicate favorable (unfavorable) governance. Consequently, verifying the environmental quality improvement
(degradation) resulting from excellent governance may be established when the anticipated signs of the elasticity indicators d,andp,
are negative (positive).

About the control variables, the variable “LnGDP” represents the annual growth rate of per capita real GDP. This variable is
incorporated into the model to account for the ecological consequences linked to economic prosperity. Furthermore, by the tenets of
the Environmental Kuznets Curve (EKC) hypothesis, we incorporate the squared term of the variable (LnGDP)? to examine the po-
tential non-linear effects of economic prosperity on CO5 emissions. To establish the validity of the EKC hypothesis, it is necessary for
the link between economic affluence and CO; emissions must exhibit an inverted U-shaped pattern [59]. Consequently, the expected
signs of the elasticity indicators d3 /5 should be positive, while the elasticity indicators d4/f, should demonstrate negative signs. The
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variable “RE” represents the proportion of complete energy demand satisfied by RE resources. It is incorporated into the model to
assess the ecological impact of reducing reliance on fossil fuels. An increase in the magnitude of this parameter suggests that the energy
systems of the BRICS-T countries are progressively adopting more environmentally friendly practices by incorporating a more sig-
nificant proportion of RE sources into their energy portfolios, while concurrently reducing their reliance on non-RE sources. Given the
findings of multiple existing research [2], it is reasonable to anticipate that the elasticity parameters 05 and g5 will exhibit negative
values. This expectation arises from the recognized imperative of reducing dependence on fossil fuels to mitigate CO5 emissions. The
last control variable, denoted as URB, represents the yearly increase in the urban population, serving as an indicator of urbanization.
Including the proxy variable representing CO, emissions in our models can be justified, as global cities are responsible for the bulk of
these emissions worldwide [3]. Based on the premise that urbanization has a damaging influence on ecological welfare, it is posited
that the anticipated elasticity parameters 06 and 6 exhibit positive signals. Table 1 displays the variables’ acronyms, descriptions and
data sources.

The temporal scope of this analysis encompasses the years 2000-2022, considering the constraints imposed by the unavailability of
data for periods before and extending beyond this era. Additionally, by the methodology suggested by Musah et al. (2022), linear
interpolation addresses missing values within the dataset.

3.1. CSD and SCH testing

Examining panel cross-sectional dependence (CSD) and serial correlation heterogeneity (SCH) is of utmost importance in panel
data econometrics. This is particularly relevant when analyzing the panel dataset of interest, namely BRICS-T, as it is likely to exhibit
shared traits and unique attributes among its constituent units. By carefully considering these factors, researchers may ensure the
attainment of unbiased results and make informed decisions regarding the appropriate estimate approach. The advent of globalization
has led to increased interconnectedness and interdependence within the global economy, giving rise to a range of economic intricacies
and fostering social assimilation between nations. This phenomenon gives rise to shared components and spillover effects between
nations resulting from policy and political disasters, like the ongoing COVID-19 epidemic and the hostilities between Russia and
Ukraine.

Consequently, there is a higher likelihood of correlation between panel data variables and residuals across different cross-sectional
units. Therefore, this work employed the Breusch and Pagan et al. [60] Lagrange multiplier (LM) and CD tests proposed by Pesaran
et al. [61] to validate the presence of cross-sectional dependence (CSD) in variables, considering a panel with a time dimension more
significant than the number of observations. The test statistics for the LMpp and SLMpc, assuming the null hypothesis of no
cross-sectional dependence, are determined as follows (Eq. (3)&4):

N-1 N
i=1 j=i+l
1 N-1 N N N
SLMyc = m(;}% (7731-,-—1>) “T-1) 4

The symbol 53 represents the components of cross-country correlation. The study utilized the Breusch and Pagan et al. [60] LM test
and Pesaran et al. [61] tests to assess the presence of cross-sectional dependence (CSD) in the residuals of the model. Moreover, the
panel under study may exhibit diverse features about their respective economies, energy sources, demographic dynamics, and mea-
sures implemented to combat corruption. The slope homogeneity procedure proposed by Pesaran and Yamagata et al. [62] is used to
endorse the SCH that captures country-specific changes in the cross-sectional units. This procedure estimates two test statistics, A and

A,q, tests the hypothesis of homogeneous slope coefficients. These test statistics are typically represented as follows (Eq. (5)&6):

~ 1 171~
A=(N)2(2k)2 (—s - k) 5)
N
2%( 1\ 2/1
~ 1 T—-K- 2/1~
At =(N2| ———7—= —S — 2k 6
= (N) ( T+1 > (N ©
Table 1
Variables detail.
Symbol Description Measurement unit Source
CO, Carbon Emission Metric tons per capita WDI
GG Good Governance Governance Index WDI
FG1 Financial globalization 1 Financial globalization de Facto KOFG index
FG2 Financial globalization 2 Financial globalization de jure KOFG index
GDP Economic Growth Real GDP growth rate per capita WDI
REC Renewable Energy Consumption Percentage use of renewable energy out of total energy consumption WDI
URB Urbanization % of total population WDI
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The symbols Zadj and A denote the statistical measures of biased-adjusted slope homogeneity and slope homogeneity, respectively.
The demonstration of the causal relationship between CSD and SCH necessitates the utilization of second-generation econometric
methodologies in following analytical stages.

3.2. Testing for stationarity

Second-generation unit root tests were then performed on each variable; these included the cross-sectional augmented Dickey-
Fuller (CADF) and the augmented Cross-sectional Im, Pesaran, and Shin (CIPS) test of Pesaran et al. [63]. Both analyses focus on
avoiding spurious regression and addressing the CSD. Both tests outperform standard unit root tests regarding robustness and
reproducibility across diverse sample sizes. In particular, the first-generation stationary testing cannot address the CSD problem. We
used stationary testing of the second generation as a result. Panel CADF statistics can be written as an equation:

AXip = @; + 8 Xip 1 + VX1 + WiAX + @
Putting the initial lag expression in Eq. (7) yields Eq. (8), which can be written as:

P P
AXio= @i + 811 + 1K + ) WidXej + ) 8AKi 1y ®

=0 =1

In this case, the mean of the lagged and first (difference) operator is inferred at each cross section using the expression X,_j and AXj ;.
As demonstrated in Eq. (9), the CIPS panel stationary test entails the following steps:

1 N
CIPS = > &(N,T) 9)

i=1

The CADF test statistics are displayed by the parameter &;(N, T), which can be substituted into Eq. (10) as follows.

CIPS =

zl~

N
Z CADF; 10)
i=1

3.3. Panel cointegration test

After figuring out if the dataset is stationary, the next step is to conclude whether the model’s relationship is stationary or long-run.
We use the cointegration test developed by Westerlund et al. [64] to assess the long-term association between the various variables.
There are two arguments in favor of using Westerlund’s cointegration test here. To begin, the common factor constraint unaffected the
test’s ability to generate accurate and reliable estimates [65]. When there is cross-sectional dependence, the test makes sense and is
suitable. It can be formulated as (See Eq. (11)):

bi Pi
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where f; = (1, t)' displays the constant and deterministic trend for all people with §'i = (5;;and 6i2)' and " t" denotes all nations and all
time periods. Information for a Westerlund cointegration test between two groups is computed as follows, using Eq. (12).
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Using Eq. (13), we can derive the following data about panel tests:
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Specifically, where n; represents the rate at which the system moves from a temporary state to a stable, permanent one.
3.4. CS-ARDL test

This research assessed the model’s short- and long-run coefficients using the CS-ARDL robust modelling approach proposed by
Chudik and Pesaran [66]. Since the CS-ARDL model is the most appropriate in this situation, it was chosen because of the time function
of the study’s more extensive panel rather than the cross-sectional component. Compared to traditional econometric models, the
CS-ARDL approach has many advantages because it can account for nonstationary, I (0), I (1), mixed order integration of the relevant
variables, and slope heterogeneity among nations. Furthermore, the CS-ARDL method addresses small sample size and misplaced
variable biases, controls for common correlation bias and serial correlation, and is robust in controlling endogeneity created by
contrary causal links between model variables. By adopting the Pesaran [67] common correlated method within the context of panel
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ARDL models and viewing the lagged described variable as a weakly exogenous variate within the error correction framework, the
CS-ARDL mechanism normalizes the causes of unobserved common factors. Therefore, the following can be used to create the panel
CS-ARDL pattern (see Eq (14)):

P q K
Yie=a; + Z AiYie—j + Z &jxi,t—j + Z ¢;jZi,t—j + & a4
j=1 j=0 j=0

where Z = (¥;, Ei)’ denotes the cross-sectional means of the explanatory variable y; and other model covariates X;, and K signifies the lag
length of cross-section means. Below is a formalization of the CS-ARDL error correction (ECM) specification (See Eq. (15)).
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FE-DK and AMG methodologies were consistently applied to validate and strengthen the reliability of the findings. The validity of
these tests is supported by their ability to address the challenges posed by confounding variables and their heterogeneity.

4. Results and discussion

Determining the descriptive qualities of the dataset, especially its normalcy, is important before completing the actual valuation.
Table 2 summarizes the characteristics of the dataset across its 21 years of existence. The results show that there are no outliers in the
data set, and that the means of the variables follow a normal distribution. The results for the investigated parameters show an
acceptable amount of volatility, as measured by the standard deviation values calculated. In addition, the expected skewness of all the
used parameters is between +1 and —1. While FG, URB, GDP, and FFE use are all trending in the wrong direction, load capacity factor
and renewable power data are trending in the right direction. All measurable series have kurtosis values less than 3, demonstrating that
nature is platykurtic. Next, we checked for data stationarity by doing a unit root test after establishing that they were normally
distributed.

Multicollinearity in the regression analysis can be evaluated using the VIF and its reciprocal (1/VIF) presented for each variable in
Table 3. The VIF values for REC and URB are both greater than three, indicating multicollinearity; however, their 1/VIF values show
that a sizable proportion of their variances is still independent. VIF values are lower for GDP, FG, REC, and GG, indicating less
multicollinearity and a greater share of independent variation. Despite some multicollinearity in the model, it does not appear to be
severe as significant portions of the variation in each variable remain unexplained by correlations with other variables, suggesting that
the model can still provide useful insights. Furthermore, we understand that the general thumb-rule value for multicollinearity is (+5),
while all the values lie under the thumb-rule value, which is desirable. This indicates that there was no multicollinearity problem in the
dataset.

The results of the Breusch-Pagan LM test, the Pesaran scaled LM test and the Pesaran cross section dependence tests are shown in
Table 4 below. The findings reveal that the 5 % and 10 % significance levels for government general final expenditure are both sig-
nificant. At the 1 % level of significance, CO, emissions, alternate and nuclear energy, economic growth, and the square root of
economic growth all have a role. From 2000 to 2022, the top three CO5 emitting countries were all located in these three countries,
indicating that all of these variables suffer from a cross section dependence problem.

Swamy developed the slope homogeneity test in 1970 to check if the cointegration equation’s slope coefficients are homogeneous.
Pesaran and Yamagata [63] established two new test statistics for an enhanced version of Swamy’s slope homogeneity test. To examine
whether or not the slope homogeneity hypothesis holds, researchers employ the procedure developed by Pesaran and Yamagata [63].
The findings of the homogeneity test are presented in Table 5. The homogeneity of all three models is analyzed using the Gauss
software. In all three equations, the null of homogeneity is rejected. Due to the test’s finding of heterogeneity among the sample
countries and the non-uniform distribution of the slope coefficients, we are advised to employ heterogeneous panel techniques.

It is critical to test relevant variables integration and stationarity order after confirming the absence of CSD. In light of this, the
present investigation uses 2 stationary tests based on panels of the s-generation (i.e., CADF and CIPS, respectively). The panel unit root
test outcomes are shown in Table 6. It shows that after applying the first difference I (1) transformation, all the candidate variables that

Table 2

Descriptive statistics.
Variable LnCO, FG1 FG2 GG GDP REC URB
Min 0.887 29 26 0 —7.828 3.18 —0.469
Max 11.885 70 70 100 13.636 48.93 4.198
Mean 5.374 46.553 49.719 57.631 3.53 21.569 1.935
Std. dev 3.492 8.747 11.109 24.316 4.142 15.49 1.083
Skewness 0.425 0.018 0.117 —0.671 —0.485 0.532 —0.548
Kurtosis 1.875 2.762 2.215 2.374 2.369 1.716 2.904
Jarque-Bera 98.150%** 42.727%** 9.130%* 47.322%%* 98.230%*** 32.140%** 91.230%***

(prob.) (0.000) (0.000) (0.011) (0.000) (0.000) (0.000) (0.000)

Note: *p < 0.05, **p < 0.10, ***p < 0.01.



R. Luetal

Heliyon 10 (2024) e33398

Table 3

Multicollinearity test results.
Variable Model 1 Variable Model 2

VIF Tolerance VIF Tolerance

FG1 1.080 0.924 FG2 3.000 0.334
GG 2.040 0.489 GG 2.060 0.486
GDP 1.390 0.719 GDP 1.580 0.633
REC 1.320 0.760 REC 2.120 0.472
URB 1.850 0.542 URB 2.190 0.457
Mean 1.540 Mean 2.190

Table 4

Cross-sectional dependency results.
Variable Pesaran CD test P-value Breusch-Pagan LM test P-value
LnCO, —1.523 0.199 48.880%** 0.000
FG1 —0.659 0.510 34.795%** 0.003
FG2 —0.727 0.467 31.114%** 0.008
GG —0.759 0.447 48.371%** 0.000
GDP 6.168%** 0.000 61.602%** 0.000
REC —1.209 0.277 34.870*** 0.004
URB —0.389 0.767 65.629%** 0.000

Note: *** shows 1 % level of significance.

Table 5

Slope homogeneity results.
Model Model 1 Model 1 Model 2 Model 2
Test statistic Delta Delta (Adj.) Delta Delta (Adj.)

Pesaran-Yamagata test
Blomquist-Westerlund test

6.173*** (0.000)
5.650*** (0.000)

7.846*** (0.000)
7.181*** (0.000)

5.931%** (0.000)
6.965*** (0.000)

8.652*** (0.000)
8.852*** (0.000)

Note: *** shows 1 % level of significance.

had a unit root problem at level (InEFP, InFG1, InFG2, InGG, InREC, InGDP, and InURB) became stationary. The finest evidence for
determining the existence or nonexistence of long-run cointegration can be found in this procedure.

The consequences of the unit root test indicate that the variables under consideration combine different orders of integration.
However, when the variables are differenced once, they exhibit stationarity. The convergence of ecological footprints, renewable
energy, globalization, economic expansion, democracy, and environmental legislation is evident in the long-term trajectory. The
subsequent procedure involves determining the presence of co-integration inside the panel dataset. The methodology proposed by
Westerlund 2007 is employed to attain this objective. Table 7 presents the pertinent findings.

Based on the findings, it is observed that two values from the group and two values from the panel exhibit statistical significance at
the 5 % and 10 % significance levels, respectively. The long-term co-integration of CO2 emission, REC, FG1, FG2, URB, and GDP is

Table 6

Unit root/stationarity test results.
Variable CIPS test CADF test Conclusion
LnCO, —2.055 —1.308 (0.996) Non-stationary
FG1 -2.171 —1.864 (0.880) Non-stationary
FG2 —2.527 —2.453 (0.465) Non-stationary
GG —4.150%** —3.500%** (0.019) Stationary
GDP -2.110 —1.287 (0.996) Non-stationary
REC -1.329 —1.432 (0.979) Non-stationary
URB —2.499 —1.342 (0.968) Non-stationary
D.LnCO —3.134%** —2.368* (0.065) Stationary
D.FG1 —4.136%** —4729*** (0.000) Stationary
D.FG2 (0.002) Stationary
D.GG (0.011) Stationary
D.GDP —4.456%** —4.456*** (0.000) Stationary
D.REC —3.691%** —2.998*** (0.001) Stationary
D.URB —3.358%** —3.080** (0.026) Stationary

Note: *** shows 1 % level of significance.
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evident. The CS-ARDL methodology is a highly effective strategy that facilitates the estimation of both long-run and short-run coef-
ficient values for panel data. Additionally, this approach includes incorporating an error-correcting term (ECT). Electroconvulsive
therapy (ECT) contributes to the stability of the model. The values observed in the short run may exhibit variations compared to those
observed in the long run. The outcomes of the CS-ARDL style are indicated in Table 8. The CS-ARDL methodology effectively manages
the existence of CSD in panel data, enabling the estimation of both short-run and long-run effects.

The findings indicate a favorable connection between GDP and CO3 emission. The outcome aligns with the discoveries of [68] in the
G-7 nations. Economic growth is attained through the provision of services and the utilization of goods. An increase in food, energy,
and water consumption typically accompanies an upsurge in income. Additionally, garbage is produced across various sectors,
including industrial, transportation, and residential domains. As a result of excessive consumption, the ecosystem is degraded, while
CO2 emission increases. The outcomes above aligns with the discoveries made by Ref. [69]. The coefficient value of the variable RE is
—0.093. This implies that a one percent increase in RE is related with a long-term reduction of 0.093 percent in CO; emission. The
outcome aligns with the discoveries made by Ref. [70] in CIVET nations, Ainou et al. [71] in the context of BRICS countries, and Li et al.
[72] in relation to rising economies. The consumption of energy is vital for the sustained advancement of the economy, whereby the
incorporation of RES such as solar, wind, and hydro power contributes to the promotion of sustainable development. Hence, the usage
of renewable energy has the potential to enhance environmental quality while promoting sustainable development.

In conclusion, the process of globalization is contributing to a decrease in CO, emission inside the BRICS-T countries, so suggesting
that globalization is fostering environmental sustainability in these nations. The findings of this research are in line with the results
reported by Wang et al. [73] in the context of ASEAN nations. However, they are in contrast to the conclusions drawn by Ref. [74], who
discovered that globalization actually leads to an upsurge in ecological footprints in developing countries. The significance of this
discovery holds relevance for the BRICS-T nations. It is advisable for these nations to persist in their importation of green technologies
from industrialized countries, as this practice contributes to the long-term reduction of ecological footprints.

Additionally, the findings derived from the robustness study are presented in Table 9, utilizing the fixed effects-difference in
differences (FE-DK) and AMG estimators. By equating the results of the CS-ARDL analysis, as shown in Table 8, with the outcomes of
the robustness tests, as provided in Tables 9, it can be concluded that our results remain consistent and reliable when employing
different estimate approaches.

4.1. Discussion of the findings

The results show that there is a positive and statistically important connection between the financial sector’s development and the
ecological footprint; a one percent rise in the financial sector’s influence leads to a 0.0404 % increase in the ecological footprint level.
According to this data, present monetary development in the BRICS-T region is helping to foster economic growth, but it is doing so at
the expense of environmental quality. The results seem reasonable for the BRICS-T economies because developing economies
frequently ignore the promising adverse impacts of FG on the environment during the (early) developing phase of the economy [75]. In
recent years, environmental degradation in the BRICS-T economies has slowed in part thanks to the stability and development of their
financial systems. Increases in ecological footprint and manufacturing dimension growth (such as assembly of additional production
units, engagement of more employees, and conscription of additional facilities) are all possible thanks to the developed financial
sector’s ability to broaden funding systems, successfully improve intellectual roughness, and allow firms to access credits at lower
interest rates. Moreover, the expansion of the financial sector suggests enhanced consumer credit services, making it easier for people
to finance their intertemporal use and acquire more goods (such as electronics, automobiles, and homes). That wholeheartedly sup-
ports the expansion of consumer usage and increases ecological footprint. The results are in line with the findings of [76]. However, the
findings by Ref. [77] contradicts.

Furthermore, concerning the findings about the effect of GG on environmental quality, it becomes apparent that the expeditious
implementation of suitable governance measures has yet to yield immediate results in mitigating CO2 emissions within the BRICS-T
countries. This outcome can be substantiated by the anticipated low level of GG in the BRICS-T nations, as is typically observed in
underdeveloped nations. Therefore, a marginal enhancement in the degree of governance quality may not suffice to mitigate CO;
emissions in the short run effectively. Nevertheless, the long-term results underscore the significance of consistently improving
governance quality to ensure improved monitoring and punishment for environmental wrongdoing over time. This conclusion can also
be attributed to the discrepancies in executing ecological conservation programs throughout a political administration. During the
nascent stage of a political regime, it is unlikely that the political party in authority will prioritize the efficient execution of envi-
ronmental legislation. Nevertheless, as the conclusion of the political regime’s time draws near, environmental protection legislation
will likely intensify to appease the electorate and secure continued governance in the upcoming elections. Consequently, it is

Table 7

Cointegration test results.
Model Model 1 Model 2
Test stat Gt Ga Pt Pa Gt Ga Pt Pa
Value -1.767 —4.941 —7.850 —9.137 -1.779 —5.430 —6.811 —8.442
Z-value 3.319 3.807 —1.030 1.777 3.286 3.677 0.013 1.966
Robust P-value 0.838 0.6 0.143 0.020%* 0.885 0.48 0.218 0.063*

Note; ** denotes 5 % significance level and * shows 10 % significance level.
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Table 8
CS-ARDL regression analysis results.
Model Model 1 Model 2
Regressor Short-run Short-run Short-run Long-run
FG1 0.008 0.010%**
(0.009) (0.004)
FG2 0.003 —0.002**
(0.002) (0.000)
GG —0.001 —0.010%** —0.002 —0.008***
(0.003) (0.003) (0.004) (0.003)
GDP 0.090 0.169* 0.125 0.171**
(0.069) (0.091) (0.096) (0.084)
GDP? —0.018 —0.085** —0.016 —0.077**
(0.015) (0.042) (0.014) (0.038)
REC —0.201** —0.308%** —0.182* —0.283***
(0.088) (0.013) (0.093) (0.028)
URB 0.426%** 0.339%** 0.449* 0.358*
(0.102) (0.146) (0.226) (0.194)
ECT (-1) —0.432%* —0.411*
(0.184) (0.243)
R-squared (MG) 0.940 0.930

Note: *p < 0.05, **p < 0.10, ***p < 0.01.

Table 9

Robustness analysis results.
Model Model 1 Model 2
Estimator FE-DK AMG FE-DK AMG
FG1 0.014**%(0.004) 0.018** (0.009)
FG2 —0.003***(0.001) —0.000** (0.000)
GG —0.008**(0.004) —0.006**(0.003) —0.008***(0.002) —0.009***(0.000)
GDP 0.050***(0.004) 0.0419***(0.007) 0.038*** (0.004) 0.043***(0.003)
GDP? —0.068***(0.019) —0.066**(0.034) —0.055***(0.006) —0.065***(0.004)
REC —0.307***(0.035) —0.205%*%(0.022) —0.292%*%(0.017) —0.283***(0.035)
URB **%(0.157) —0.604***(0.205) **%(0.153) —0.538***(0.000)
R-squared 0.637 0.646
Wald Chi? 14.200%** 16.360%**
Probability 0.003 0.005

Note: *p < 0.05, **p < 0.10, ***p < 0.01, Standard error are given in parentheses.

reasonable to anticipate that the quality of governance will exhibit variation throughout a political tenure, which may promote a
comparatively more positive environmental outcome in the long term. The study results are in line with the previous studies like [78,
79]1.

Using renewable energy sources is associated with a negative and statistically significant increase in one’s ecological footprint.
Ecological footprints in BRICS-T countries are shown to be reduced by 0.2248 % for every 1 % rise in the use of RE. Utilizing renewable
energy sources would directly boost economic growth, which would have a positive effect on the environment. Studies [80], and [81]
all corroborate our findings. Massive energy consumption from BRICS-T countries and heavy reliance on NRE sources puts significant
strain on the environment. In recent years, these nations have been reorganizing their industrial base to make use of cleaner, more
long-term energy sources, such as renewable energy gained through ecologically sympathetic technological development [10]. The
study results are in line with the finding from the previous studies [82,83].

5. Conclusion and policy recommendations

This research seeks to examine the potential effect of FG, GG, GDP, REC, and URB on the ability of the BRICS-T nations to achieve
carbon neutrality in the upcoming. Given the increasing prominence of carbon neutrality as a key policy objective for global econ-
omies, this study goals to assess the potential role of these factors in facilitating the transition towards carbon neutrality in the BRICS-T
nations. The empirical analysis revealed significant variations in the effects of FG on CO; emissions in emerging countries. The findings
of this study support the notion that over time, the practical aspects of financial globalization contribute to increased CO5 emissions,
thereby confirming the Positive Hypothesis of Harm (PHH). Conversely, the formal aspects of financial globalization serve to limit CO;
emissions, so validating the Positive Hypothesis of Environmental Harmony (PHEH). Furthermore, the significance of advocating for
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effective governance in the regulation of carbon dioxide emissions was also validated by the research outcomes. Furthermore, it has
been observed that the EKC theory is valid over extended periods of time, although it does not hold true in the short-term. Moreover, it
was seen that the increase in the proportion of REC in the overall EC mix played a significant role in advancing the carbon neutrality
objectives of the BRICS-T economies, both in the long and short term. Conversely, the process of urbanization was shown to have
adverse environmental effects that ran counter to these objectives. The formulation of zero carbon-related strategies for the BRICS-T
nations considers the crucial conclusions identified.

5.1. Policy implications

In order to address the divergent environmental impacts resulting from the de jure and de facto aspects of FG, it is imperative for the
BRICS-T nations to improve their de jure FG indices. These policies should not only promote greater openness to incoming worldwide
savings and foreign funds, but also establish limitations on the entry of illicit foreign investments. Simultaneously, they should reduce
barriers for foreign investors seeking to finance environmentally sustainable projects, thereby enabling and streamlining the process of
FG by foreign entities. It is of paramount importance that these nations prioritize the redirection of foreign investments towards the
development of their comparatively cleaner industries. This strategic approach would effectively minimize the adverse environmental
consequences associated with financial globalization. Consequently, the redirection of international money towards environmentally
sustainable enterprises can contribute to the improvement of the BRICS-T nations’ financial globalization indexes, while also main-
taining the degree of environmental well-being. The effective execution of these policies aimed at achieving clean financial
globalization.

Estimates suggest that better governance leads to lower CO» emission. In addition, when solar power is combined with good
governance, CO, emissions go down even further. Therefore, this study stresses the importance of using solar energy and good
governance for a healthy ecosystem. Fair and competitive compensation for workers in the solar energy technology sector, for instance,
will attract and retain a higher concentration of labor in this area. Companies’ solar energy production would benefit greatly from
more open and lenient rules in areas like taxes, bureaucratic application fees, and licensing costs. Improving the quality of ecological
management can help with industrial waste controlling by making solar energy regulations more efficient and effective. Governments
can shift funding priorities away from CO; -emitting businesses and toward renewable energy sources like solar power. The budget,
having been established in a thorough and trustworthy structure, allows the government to spend money effectively. Sound financial
management in industrialized countries provides successful compliance with quotas for CO5 emissions with minimal bureaucracy,
allowing economies to enter a stable growth path and stimulate sustainable energy consumption from renewable energies like solar
power. Involvement of businesses in enforcing environmental legislation and adoption of energy saving practices that lower CO;
emissions can be facilitated by maintaining the minimum level of bureaucracy necessary to achieve these goals. All businesses and
organizations will be expected to behave ethically once realistic and applicable environmental regulations are adopted based on the
quality of governance. Therefore, combining solar energy regulation with measures to reduce pollution can have positive results.

5.2. Future research directions and study limitations

This research looks at the limiting factors of the BRICS-T countries and how their CO; emissions have changed as a result of GDP,
FP, clean power, FG, and URB. To begin, it’s possible that the study’s analytical depth and result precision were limited by the study’s
support on readily available information sources. To get around this, more precise data should be gathered in the future, together with
data that is as current as possible. The complexity and interdependence of the topics under study may also have hampered the research.
More sophisticated econometric models and causal analysis methods could be used in future research to clarify the links between these
factors. In addition, this research may have undervalued the significance of exogenous variables like governmental policy and tech-
nical developments. In the future, researchers may investigate how these exogenous factors affect the load capacity factor and how it
interacts with the variables under investigation. Furthermore, future research should take a more detailed method to investigate how
load capacity variables differ across different states or cities, considering the geographical diversity and regional differences of the
BRICS-T nations. Last but not least, the study mainly concentrated on the quantitative features of energy and economic considerations,
leaving room for further inquiries into the societal and ecological repercussions of chasing renewable electricity and URB. Better
decisions can be made by policymakers and stakeholders to promote SED and efficient energy consumption in BRICS-T countries if
these restrictions are addressed and more research is conducted.
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