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inable Development Goals (SDGs). In this
ent can not only stimulate green energy

uch as economic and government stability are pertinent to
fhg and governing energy strategies. Against this background, this

government stability in BRICS from 1992 to 2018. Usmg the second—
generation Westerlund cointegration test, the study found a long-run
association among variables. The findings from the Continuously Updated
Fully Modified (CuP-FM) test disclosed that energy transition is effective in
limiting the ecological footprint (EF) in BRICS. Alongside this, economic stability
and technology reduce ecological degradation. In addition, government
stability stimulates environmental sustainability, while population density
decreases environmental sustainability. Finally, the implications of these
conclusions for meeting SDGs are discussed and policy directions are provided.

KEYWORDS

energy transition, environmental sustainability, government stability, economic
stability, technology, sustainable development goals

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenvs.2022.955494/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.955494/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.955494/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.955494/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2022.955494&domain=pdf&date_stamp=2022-07-15
mailto:farrukh.hailian@gmail.com
https://doi.org/10.3389/fenvs.2022.955494
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2022.955494

Tang et al. RETRACTED ON 07 AUGUST 2025 10.3389/fenvs.2022.955494

Introduction because it supports sophisticated technologies that boost energy
efficiency, produce alternative energy, and curb resource
Climate change is disrupting human health and natural life in consumption (Adebayo and Kirikkaleli, 2021). Notably,
every region. It is already well established that the threat of achieving a higher percentage of alternative energy in the
climate change is triggered by anthropogenic activities, which are energy mix (energy transition) is indispensable for effective
linked with the development of economies and associated energy climate actions (SDG 13) for a green environment. Besides,
consumption (Sun et al., 2022a; Xue et al., 2022). The sources of factors such as economic stability and government stability
unclean energy, including gas, coal, and oil, have been widely are also vital for producing alternative energies and promoting
used to realize substantial development after the industrial technologies.
revolution. Evidently, the combustion of such unclean energy This is because stable economic systems can direct funds
drives emissions, which in turn stimulate global warming and required for investment in technologies and low-cost energy. On
adverse climate changes (Kanat et al., 2021; Elahi et al., 2022). the flipside, unstable economic systems with high risks may
After the recovery of the global economy from COVID-19, the prioritize economic progress by utilizing low-cost pollutant
economic output increased by 5.9%, and consequently, CO, energy options such as coal (Ahmad et al., 2022b; Sun et al,
emissions stimulated by almost 6% in 2021 compared to the 2022b). However, the role of economic stability is highly complex
previous year. Notably, the combustion of coal and natural gas because a higher degree of economic stability may result in more
were the main drivers of this growth in global emissions, which production and consumption, whigh trigger environmental

have already reached their highest level in human history (IEA, degradation. Alternatively, g
2021). Alongside this, substantial resource consumption has development can intensi ental  preferences,

ations, and green

become a time bomb and the EF has increased more than the technological capagi
available biocapacity. As a result, humanity is consuming the i
resources of almost 1.6 planets despite of having just one Earth
(Almond et al., 2020). Consequently, most nations in different
regions are facing an ecological deficit (GEN, 2021).

To combat climate change, the scientific community has
recommended various changes in consumption habits and the

adoption of modern technologies. Global leaders have also sign nd energy needs supportive policies from political
tions (Dasgupta and De Cian, 2018; Sun et al., 2022c).

Protocol, the Doha Amendment, and the Pari . ently, an unstable and weak government may focus more on

various commitments and agreements, such as the Kyot
Such agreements and commitments short-term goals rather than strategic energy policies. According
roadmap for limiting global tempe to Rizk and Slimane (2018), a stable government with less risk
climate actions along with maki i can support sustainable growth in the long-run with fewer
i ecological issues. According to Danish and Ulucak (2020),
environmental targets. In pf on to protect nations with weak institutions generally have relaxed

the environment and the United Nations ecological laws and more environmental issues.

General Asse ‘Global  Goals” for Accordingly, this study assesses the potential of the energy
sustainable develop t which are famous as the transition for meeting ecological goals by considering the impacts
“Sustainable Develop Goals (SDGs)” (UN, 2021). of economic stability, technology, and government stability in the

In SDGs, Goals 7 and®, which entail low-cost green energy context of BRICS. BRICS nations are major economies with an
and innovation, respectively, are building blocks of sustainable approximately 23% share of the world’s GDP (Khan et al,
development. Meeting target 7, which deals with the adoption of 2020a). BRICS nations like China, India, Brazil, and Russia
clean energies, such as geothermal, solar, bioenergy, wind, tidal, are categorized among the leading seven highest CO, emitting
wave, and hydropower, is necessary for the energy transition. nations, and the overall contribution of BRICS to global CO, is
This is because the pollutant fossil fuels are the engine of growth approximately 41% (Peng et al., 2022). Given that BRICS
in many major economies as well as underdeveloped and experienced a growth rate of 6.5% over the last decade and
developing nations (Elahi et al, 2019). Hence, it is not a countries like India and China are among the largest energy users
practical option to stop the combustion of fossil fuels unless (Ahmad et al, 2022a), energy transition and modern
some other feasible options are available. However, producing technologies are necessary to limit the adverse effects of
alternative energy requires expanding the innovation level for BRICS' economic progress on the global environment.
developing technological capacity (Sun and Razzaq, 2022). According to Zeng and Yue (2021), immediate policies for
According to Mensah et al. (2018), technological progress addressing environmental issues of BRICS are critical because
lessens the utilization of pollutant energy, which in turn curbs EU nations with a high development level reduced their CO,
emissions. Promoting innovation is useful for energy transition from 40 to 25% from 1990 to 2018, while BRICS emissions
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escalated from 27 to 42% during this period. BRICS are moving have assessed the connection between environmental pollution,
toward more development and their economic performance is economic performance, and clean energy by including different
increasing. Under this situation, institutional factor like variables in models. In these studies, the economic performance
government stability becomes important to devise and is generally depicted by GDP.
implement stable energy policies. In addition, the impacts of For instance, Tiba and Omri (2017) reviewed the available
economic stability on ecological quality by using some new and studies on renewable energy and suggested that adopting green
comprehensive indictors of economic stability will enrich the energy can bring down environmental pollution. Béliitk and Mert
knowledge required for effective environmental policies. (2015) evidenced that boosting cleaner energy can limit
Accordingly, this paper makes a threefold contribution to the environmental  pollution.  Also, enhancing economic
literature. Firstly, this study explores the potential of green energy development can control  pollution levels. Likewise
transition in reducing the ecological footprint in BRICS by (Aeknarajindawat et al, 2020), found that green energy
considering the impacts of economic stability, technology, and utilization curbs emissions in Malaysia. However, enhancing
government stability. This unique topic is not studied in the development levels intensify emissions. Similarly, Bilgili et al.
previous literature, particularly in the context of BRICS; hence, (2016) unfolded that the usage of renewables curbs CO, in the
this research has a meaningful contribution to the environmental OECD. In addition, boosting economic development eventually
economics literature. Secondly, it uses a unique and holistic decreases CO,. Likewise, Adebayo and Kirikkaleli (2021)

O, while economic
khet and Othman
development and

indicator of economic stability that not only considers per
capita GDP but also takes into account real GDP growth,
budget balance (% of GDP), rate of annual inflation, and

revealed that clean energy lesse

current account (% of GDP) to develop the economic risk
index which reveals the economic stability by evaluating S ~ (2021) evidenced that
economic weaknesses and strengths (ICRG, 2021). Thus, this iftcal for decreasing carbon
economic stability measure will reveal the true impacts of ; ever, the economic development
economic performance on ecological footprint. Thirdly, the i ifies carbon footprint. Likewise, Xue et al.
long-run estimation technique CuP-FM is applied for useful clean energy and ecological footprint are
findings. This estimator handles several panel data concerns, i inked in South Asia; however, development levels
for instance, endogeneity, fractional integration, residu
correlation, heteroscedasticity, and aglar (2020) used time series analysis and revealed that
dependence (CSD). ener sources of energy improve environmental quality in
9 nations. However, they noticed that economic development
enhances CO, in some nations while curbs CO, in others.

Literature review Likewise, Adebayo (2021) illustrated that augmenting

renewable energy lessens CO, in Sweden but economic

Numerous studies ¥4 gested t economic development expands CO,. Likewise, Dong et al. (2017) in
development is closg e consumption of BRICS, Cai et al. (2018), and Destek and Aslan (2020) in the
energy, which dgi gllution (Shahbaz et al, G7 group found a reduction in pollution connected with
2013; Balsalobre et % et al., 2021). Even though renewables. In contrast, Pata and Caglar (2021) evidenced that
energy stimulates devel@pment, the consumption of fossil fuels renewables do not impact EF; however, Chinese economic
boosts environmental polféition (Wang et al., 2019), and expands development expands EF.
environmental footprints (Ali et al, 2022). Mitigating Even though green sources of energy can be useful for
environmental pollution necessities a reduction in energy limiting footprints, the development of such energy sources
usage, and countries often develop energy efficiency requires technological capabilities. Technology can also lead to
arrangements for decreasing energy utilization. However, such efficiency in resource consumption, which can limit footprints.
strategies have very limited potential in reducing energy In this context, Mensah et al. (2018) provided that technology
consumption since development is positively associated with curbs CO, in OECD. Likewise, Kihombo et al. (2021) indicated
energy consumption (Ahmed et al, 2021a). Thus, enhancing that technology limits footprint in WAME nations, and also
the consumption of renewables is a practical solution that can not enhancing development decreases EF. Khan et al. (2020b)
only limit ecological degradation but also decrease the indicated that increasing technology curbs CO,; however,
consumption of pollutant energy. In this context, nations can enhancing development augments CO, in G7. Likewise, Zafar
raise the percentage of renewable in the total energy mix for et al. (2021) evidenced that technology reduces CO,, while
achieving energy transition. Although not many previous economic development stimulates CO, in APEC. Similarly,
empirical studies have concentrated on evaluating the Rafique et al. (2020) noticed that GDP boosts CO,, while
potential of the energy transition; however, numerous scholars technology decreases CO, in BRICS. Wang et al. (2020)
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illustrated that environmental pollution in N-11 is negatively the ability of governments to stay in power and accomplish
connected with technology; however, economic development their declared programs.

uplifts pollution levels. Likewise, Adebayo et al. (2021a) and

Zhao et al. (2021) established that improving technology curbs

CO, in Portugal and the global panel, respectively. However, Data and m ethOdOlOgy
economic development enhances CO,. Similarly, Balsalobre et al.

(2015) suggested that upgrading energy technologies can lessen The adverse impacts of global climate change have become
CO, in OECD. In contrast, Sinha et al. (2020) found that an important challenge for every country and global
economic development and technology enhance CO,. leadership. A persistent increase in global warming and the
Likewise, Adebayo et al. (2021b) noticed that improvement in consequential variations in climate have brought the attention
economic development and technology stimulate CO, in Chile. of environmentalists and economists. In this context, scholars

A stable government is critical for implementing strategic have disclosed the impacts of different factors on environmental
energy policies and ensuring their effectiveness and continuity. degradation by applying various proxies of environmental
Weak governments may focus on providing some short-term indicators. Among these, CO, emissions have been
benefits to the public rather than carrying out long-term plans for overwhelmingly applied in environmental economics literature
a green environment. In previous literature, the impact of to represent environmental degradation. However, over the last
government stability on ecological quality is often overlooked. decade, environmental studies gpted to employ the

However, there are available studies on institutional quality
(political risk) and environmental pollution. As for as the
gof soil, water, and air
established that CO,

support ecological quality. For instance, Ahmad et al. (2021) e combustion of energy

effects of institutional variables on ecological quality are
concerned, some scholars found that institutional variables

in various emerging countries, Sarkodie and Adams (2018) for i ts for not only carbon footprint
South Asia, Danish and Ulucak (2020) in the APEC group of i ount five other vital categories to provide a
countries, Khan et al. (2021) for OECD, Solarin et al. (2018) for
developed nations, and Le and Ozturk (2020) for developi med andVang, 2019; GFN, 2021).
nations. In contrast, studies like Hassan et al. (2020) for Pakista i sed before, the utilization of fossil energy is linked
Abid (2016) for Africa, and Pellegrini and Gerlagh (2006) i

developing nations conclude that institutions

the development of economies and thus, economic
ormance can affect the quality of the environment (Kanat
boosting development at the cost of the e et al, 2021). In this context, stable economies can invest
institutional quality expands environm i resources in technology, energy transition, and climate

In a nutshell, it is well estab control, which may control rising EF. Alternatively, stable
beneficial for ecological quali i i economies are generally engaged in overwhelming
renewables can help to his context, consumption and production, which can drive EF.

technology is fruitfu Nevertheless, energy transition, which implies increasing the

producing more ¢S, some studies have not percentage of renewables in the total energy mix, is the most
found any meaning g eat of technology on ecological realistic strategy to curb the usage of pollutant sources of energy
quality. Also, previou dies mostly assessed the impacts of (Murshed et al.,, 2021). In this context, technological capacity
various energy sources ogrecological quality. Notably, this study must be developed to produce more green energy, and reduce
specifically evaluates the potential of renewable energy transition fossil fuels by achieving more energy efficiency (Peng et al., 2022).
in ecological quality by using the share of renewables in the The strategies for energy transition as well as the stability of such
energy mix. In the previous literature, the economic performance policies are subject to the stability of the government since a
of nations can boost or reduce ecological quality. In this context, stable government can effectively continue its declared programs.
most studies examined the effects of only GDP (as an indicator of Also, a stable government is more likely to design strategic plans
economic performance) on ecological degradation. In this study, for a green environment. Accordingly, the STIRPAT framework
the economic stability variable based on five economic indicators is chosen to study the impacts of the energy transition, economic
is used to study the impacts of economic stability on ecological stability, technology, and government stability on EF.

quality. Apart from this, various studies have assessed the The “Stochastic Impacts by Regression on Population,
impacts of institutional variables on ecological quality by Affluence, and Technology model” was introduced by Dietz
using an aggregated measure of institutional quality based on and Rosa (1997) after expanding the IPAT model. In this
many institutional factors. However, this study specifically research, this model is applied to analyze the environmental
includes government stability in the model, which measures impacts of the energy transition, economic stability, technology,
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and government stability. The STIRPAT model can be written as
follows.

I, = aP? ATy, (1)

The model in Eq. (1) provides a useful mechanism to
estimate the effects of the population (P), technology (T), and
affluence (A) on environmental indicators (I). This model offers
a great degree of flexibility by allowing the estimation of
additional variables. Based on the theoretical linkage, Eq. (1)
is modified and the following regression model is developed.

(LEF),t = 60 + (PILEST” + ¢2LGOSit + gDSLRNT,'t + (P4LPOD1'£
+ s LTE; +
@

Where EF which is certainly the most holistic proxy of
environmental deterioration (Pata and Caglar, 2021; Ali et al,
2022) is used to depict “I”, while POD depicts the population’s
effect, which is in line with the study of Ali et al. (2022). Affluence
is generally a measure of economic performance which is often
measured by GDP. In this study, a comprehensive indicator of
economic stability (EST) is used to depict affluence. The
economic stability variable is an index based on per capita
GDP, real GDP growth, budget balance (% of GDP), rate of
annual inflation, and current account (% of GDP). Thus, this
variable effectively captures the strengths and weaknesses of an
economic system by computing an economic risk rating (ICR
2021). The technology (TE) variable used in this study is based o

included in the model because these
discussed in Section 1 and
before Eq. (1).

ve, and hydropower) in the
energy mix, and tec gy is based on total patents’
applications (resident and non-resident). Population density is
computed as the number of people per square km of land.
Government stability assesses not only the ability of the
government to accomplish its stated program but also its
ability to stay in power by using three subcomponents
including legislative strength, government unity, and popular
support on an index ranging from 0 to 12. The high value of GOS
means low risk and more stability while lower values indicate less
stability and more risk. For revealing the economic stability, the
economic risk index based on per capita GDP, real GDP growth,
yearly inflation rate, budget balance (% of GDP), and current
account (% of GDP) is employed. This index ranges from 0 to
100 where high values indicate more economic stability and low
risk and vice versa. The data for GOS and EST came from ICRG
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(2021). The data on TE and POD is collected from the WDI
(2021). The datasets of energy transition and EF came from
OWD (2021) and GFN (2021). Considering different units of
variables, the variables are converted into natural logarithm for
an appropriate empirical analysis. The time frame of this analysis
is subject to data limitation for EF, GOS, and EST till 2018, while
datasets of these variables are not available for Russia

before 1992.

Econometric strategy

Before going into a detailed analysis, it is imperative to
acquire information about the potential independence or
the the
investigation of cross-sectional dependence (CSD) has become

dependence in dataset. In recent literature,

an important step, which impacts th racy and reliability of

characteristics of

exhibit CSD, unit root and

is based on the following equation.

B 2f e-1 e AH
CPT—\e(e_1)<;j;1Au)

In Equation (3), f depicts time, e shows sample size, A;;

3

depicts pair-wise residual correlation, and CPT implies the CD
test of Pesaran. Given that this test is subject to certain limitations
when the time frame surpasses cross-sections, this study
strengthens the analysis by applying the famous LM method
of Breusch-Pagan along with the Scaled LM technique of
Pesaran. Notably, this extensive analysis captured the traces of
CSD in all variables.

Accordingly, the methodologies suggested by Pesaran
(2007) appropriate providing
knowledge regarding the integration levels of the dataset.
According to Pesaran (2007), the CADF approach based on
the following equation identifies the correct integration level

are for unequivocal

during CSD and heterogeneity.

AE;, =+ 9,Gypy + 9,CSA,_; + Y 9ACSA,, + Y %AE;,

1=0 1=0
+ &t

4

Where v; depicts the intercept, E is the estimated variable, r is lag
length, and CSA; ;& ACSA; ; is the average of cross-sections.
CSA, & ACSA,| described in Eq. (4) is utilized for computing
the CIPS test statistics. The CIPS approach also has the same
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TABLE 1 Descriptive stats. among the most flexible causality methods because it is
appropriate for datasets with longer time as well as for

EF EST GOS RNT POD TE
datasets with more cross-sections.

Mean 2.9955  35.6630  8.3444 12.2609  118.3855  95661.36

Median 2.9865  35.5000  8.5000 6.1920 39.4699 24774.00 . .
Maximum  6.7974  45.5000  12.0000  44.7950  454.9465  1542002.0 Resu ltS an d d ISCUssIon
Minimum  0.7799  18.5000  3.0000 0.0400 8.7161 3140.000

Std. Dev 14506 44386  2.0088 149127 142.2808  257639.7 Proceeding to the results and their interpretation,

descriptive statistics in Table 1 indicate that the average EF
in BRICS is 2.9955. Notably, the average global biocapacity is
around 1.5, so BRICS EF shows an overshoot or ecological

assumption of dependence in panel data; hence, it is also better deficit. The country trends in Figure 1 depict that in per capita

than the first-generation tests like PP, ADF, etc. terms Russia, as well as India, has more EF compared to China

The estimates from these tests are important for the and other nations in this country group. All these nations
subsequent analysis because, in our analysis, variables except for Brazil are facing the threatening situation of
integration levels of 1 (1) and 1 (0) are evidenced. Given that ecological deficit. Importantly, Brazil has been among the
mixed integration level is exhibited by the selected panel leading nations in terms of big ity but recent studies

have indicated that its bioca lso greatly reduced

dataset along with CSD, many famous cointegration tests are
unsuitable for this data. Nonetheless, Westerlund (2008)
provides a trustworthy solution to these problems by
introducing a cointegration technique based on the famous
Durbin-Hausman Principle. In this methodology, panel (dh-p)
and group statistics (dh-g) are computed by applying the
common factors. Both these statistics are derived from the
following equations.

e a2 N As for as the energy transition is concerned, the mean
dh-p=3$y(9+9) Y Y E,

L value of 12.26 indicates that renewables depict 12% of total

primary energy consumption on average in BRICS. The

In Egs (5), (6), the expressions standard deviation of RNT is quite high, which indicates
group and panel statistics o 3 considerable progress in the energy transition in this
respectively. country group. Figure 2 further indicates that Brazil is the
In the literature leader in terms of the energy transition with a very high
(44.79%) share of renewables in the total energy mix. In
researchers often fa g other countries, China and India have shown great progress
methodology since eac

t is subject to some limitations as well in energy transition compared to other nations. However,

as some advantages. Mgt frequent panel data issues include RNT shows an increasing trend in most nations which is an
CSD, serial correlation, fractional integration, endogeneity, and encouraging situation for the global environment. Besides,
heteroscedasticity. It is a major issue to find a test that could solve BRICS have shown tremendous progress in terms of
all such issues. However, Bai et al. (2009) developed two tests to technological innovation and China and India have more
simultaneously handle all these problems. The “Continuously patents than the other three nations.

Updated-Fully Modified and Biased Corrected” tests (CuP-FM & Next, the analysis is performed to trace the possibility of
CuP-BC) are extensively applied in environmental economics multicollinearity in BRICS panel data. In this context, the results
studies for providing useful long-run results. Hence, in this study, of the variance inflation factor in Table 2 revealed that VIF values
the CuP-FM technique is chosen for the long-run estimation. are below five in every case. Thus, the dataset of BRICS does not
After this, for the robustness of these empirical outcomes, the suffer from multicollinearity, and the analysis can be continued
CuP-BC methodology is also applied. for useful results.

Nevertheless, the information about causal directions cannot Afterward, three tests are applied to detect the CSD in the
be provided through the long-run estimation. Thus, the causality selected sample. The outcomes from P-SLM and BP-LM tests in
technique of Dumitrescu and Hurlin (2012) is applied after the Table 3 unfolded that every variable suffers from CSD issues. The
long-run estimation to unfold causal directions. This test is CD test did not show CSD in the case of RNT; however, this test
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TABLE 2 VIF results. the CSD in the selected variables, and ignoring this issue can lead
Variabl VIE UVIF to unreliable results and policies.
ariables . .
Following the recent literature, the CIPS and CADF approaches
LTE - 0648 are adopted to disclose the order of integration. In Table 4, the
LEST 1'31 0'765 estimates revealed that EF is not stationary at 1 (0) in any of these
LRNT 1'22 0'819 tests. However, the first difference of EF solved this problem, and the
. ‘ variable became stationary. TE and RNT also followed a similar
LGOS 1.10 0.909 g - o .
LPOD L5 0953 pattern; however, other variables exhibited stationarity at 1 (0) with a
. ‘ little difference in the results of both tests. Summing up, the selected
Mean VIF 1.24

is believed to be more reliable for panels with greater cross-
sections. Alternatively, the BP-LM and P-SLM tests are more
sutiable for the dataset of this study. Thus, this analysis concludes

Frontiers in Environmental Science

07

variables disclosed 1 (0) and 1 (1) levels of integration, which is also
known as fractional integration.

Given the fractional integration and CSD in the selected
dataset, it became necessary to select a test that could account
for different levels of integration (fractional integration) and
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TABLE 3 Tests for cross-sectional dependence.

Variables Pesaran CD
LEF 3.734* (0.000)
LEST 2.137** (0.033)
LGOS 8.505* (0.000)
LRNT -0.579 (0.562)
LPOD 4.255* (0.000)
LTE 10.218% (0.000)

** and * specify 5 & 1% significance.

TABLE 4 Tests for unit root investigation.

Variables CIPS CADF
1(0) A 1(0) A

LEF ~1.910 ~3.934* -2.593 —2.981%
LEST —3.127% ~5.298* ~3.258* ~4.478*
LGOS —4.460* —5.694* -2.816 ~3.195*
LRNT -2.371 —5.558* -2315 -3.910*
LPOD —4.406* ~5.061* -3.979* ~4.081*
LTE -1.779 4.409* ~2.564 —3.137%

** and * shows 5 and 1% significance.
Critical values: 10% (-2.73), 5% (-2.86), 1% (-3.1).

TABLE 5 Cointegration test (Westerlund 2008).

Value
dh-g —1.972%¢
dh-p ~1.352% 0.088

*** and ** depict 10 and 5% significance?

CSD exhibited by t
Hausman method of

n this context, the Durbin-
rlund (2008) is applied because
this famous test is useful for addressing both these issues.
More precisely, this test addresses the fractional integration
denoted in Table 4 as well as CDS depicted in Table 3. The
result in Table 5 indicated that dh-g, which is a group-based
statistic, has a value of -1.972. The p-value of 0.024 reveals that
this test is significant. In addition, the dh-p statistic also
rejects the no cointegration hypothesis (null hypothesis).
Thus, the EST, GOS, RNT, TE, EF, and POD possess a
long-run linkage. Providing that the series are cointegrated,
it is possible to assess the impacts of EST, GOS, RNT, POD,
and TE on EF for understanding their ecological implications.
Since the fractional integration and CSD are found in the
dataset, the CuP-FM test is chosen that can handle both these
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Breusch-pagan LM (BP-LM)

67.925* (0.000)
21.013** (0.021)
77.457% (0.000)
29.482% (0.001)
238.288* (0.000)
117.678* (0.000)

10.3389/fenvs.2022.955494

Pesaran
scaled LM (P-SLM)

12.9528 (0.000)
2.463** (0.014)
15.084* (0.000)
4.356* (0.000)
51.047* (0.000)
24.0777% (0.000)

TABLE 6 CuP-FM long-run output.

Coefficients t-statistics
LEST -0.163 ~12.374*
LGOS -0.077 -6.597*
LRNT ~7.661*
LPOD 21.286*
LTE ~4.926*
* refers to sign]
ems. I@’addition, the CuP-BC test, which is used for

ro , also tackles these issues.

ccordingly, the CuP-FM based long-run output in Table 6
tablished that the core variable (RNT) has a negative impact on
EF. Mitigation of 0.083% in EF is the consequence of a 1%
upsurge in the energy transition. This suggests that the practice to
adopt renewables is successful in decreasing conventional energy,
and eventually, decreasing EF in BRICS. Thus, when the
proportion of alternative energy in the total primary energy
increases, the EF of BRICS reduces. This outcome provides
important insights for fulfilling target seven and target 13 of
SDGs as renewables will not only reduce EF but also provide a
practical alternative to fossil energy. Notably, reducing the
dependence on traditional energy will contribute to
sustainable development and increase energy security. This
conclusion is supported by Murshed et al. (2021), who suggest
that the transition to green energy is the ultimate solution to
ecological problems. This result is also in the same vein as the
previous empirical investigations that illustrated a negative
connection between environmental deterioration and green
energy sources, for example, Adebayo and Kirikkaleli (2021)
for Japan, Cai et al. (2018) for G7, Fakher et al. (2022) for
developed nations, Xue et al. (2021) for South Asia, Caglar (2020)
for nine countries, and Kirikkaleli and Adebayo (2021) for the
global level. However, the studies of Pata and Caglar (2021) for

China and Xue et al. (2022) for France contradict this result.
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Proceeding to the economic stability (EST) variable, the
negative value of the coefficient (-0.163) reveals that economic
stability in BRICS reduces EF by 0.163% with every 1% increase
in EST. In justification of this outcome, it can be argued that a
stable economy is advantageous in arranging significant
investment for energy transition, climate control measures,
and technological innovation that contribute to better
ecological quality. Hence, the footprints of BRICS can be
controlled by raising economic stability in the member
nations. This is a novel finding regarding economic stability
and EF nexus, and no previous findings are directly related to this
outcome. However, the notion that economic development
instigates knowledge, technology, innovation, ecological laws,
and green energy (Ahmed and Wang, 2019; Ali et al., 2022)
somewhat supports this result. In this context, the studies that
claim a reduction in ecological problems as a consequence of
development (Usman et al., 2019; Gungor et al, 2021) also
substantiate this result.

Likewise, technology (TE) is also advantageous in decreasing
the EF of BRICS. A 1% improvement in technology brings
0.034% mitigation in EF. This finding is contrary to the
claims of Alvarez-Herranz et al. (2017), Sinha et al. (2020),
and Adebayo et al. (2021b) for N-11, Chile, and OECD,
respectively. However, the empirical evidence provided by
(Peng et al, 2022) for BRICS (Kihombo et al, 2021), for
WAME economies, Zafar et al. (2021) for APEC group of

countries.  Consequently, a
approximately 10601, 747, and 1361%
Brazil, and India was recorded
1992 and 2018, respectively
technology brings more ef
sources of energy, i EF. Notably, SDG

9 recommends for promoting
sustainable
which will help to d€@kease consumption of resources. In
addition, technology is @ised to enhance the availability of
renewables by boosting their production. It is noteworthy that
all these benefits of technology eventually decrease footprint,
improve climate control, and reduce global warming. Hence, this
result is well justified and BRICS can continue their focus on
innovation for solving climate related problems.

Next, the government stability (GOS) is effective in
mitigating EF as a 1% improvement in GOS alleviates EF by
-0.077%. This is logical because stable governments have the
ability to pursue their plans. Stable governments can focus on
mitigating climate-related issues as climate change is not a short-
term process, and it requires effective stable policies (Ahmed
etal,, 2021b). A weak and unstable government can be inclined to
provide some short-term economic benefits to please the general

public. The strategies for energy transition, environmental taxes,
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TABLE 7 Robustness test (CuP-BC long-run output).

Coefficients t-statistics
LEST -0.183 ~14.499*
LGOS -0.083 ~7.425%
LRNT -0.118 ~11.346*
LPOD 0.238 22.397*
LTE -0.026 ~4.020*

IGURE 3
Long-run results.

energy prices can indeed be appropriately designed and
governed by stable governments. In this context, previous
evidence on government stability and EF is scarce; however,
studies that revealed a positive role of institutional factors in EF
reduction support this result. Thus, this finding is somewhat
supported by Le and Ozturk (2020), Khan et al. (2021), and
Ahmad et al. (2021) for developing, OECD, and emerging groups
of nations, respectively. However, Hassan et al. (2020) for
Pakistan, Abid (2016) for Africa, and Pellegrini and Gerlagh
(2006) for developing nations oppose this finding since they
established that

environmental problems. In contrast, population density

improving institutional variables raise
contributes to expanding the EF in BRICS. This is because an
upsurge in POD in the developing group of BRICS stimulates
resource consumption, waste generation, traffic congestion, and
non-renewable energy consumption, which in turn expands EF
figures causing more environmental problems. This result aligns
with that of Nasreen et al. (2017), Rasool et al. (2019), Lin et al.
(2021), and Peng et al. (2022) for BRICS, Pakistan, China, and
South Asia, respectively.

After this step, the CuP-BC technique is applied for revealing
the long-run output for robustness. In Table 7, POD has a
positive while EST, GOS, RNT, and TE have negative
coefficients. Moreover, these results are significant disclosing
that energy transition, government stability, economic
stability, and technology limit EF in BRICS while POD raises

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.955494

Tang et al.

TABLE 8 Dumitrescu-hurlin causality estimates.

W- stat Prob
LEST to LEF 0.719 0.614
LEF to LEST 2294 0.107
LGOS to LEF 7.109%* 0.011
LEF to LGOS 4.763 0351
LRNT to LEF 1.596 0.502
LEF to LRNT 3.663* 0.000
LPOD to LEF 8.298* 0.000
LEF to LPOD 12.930* 0.000
LTE to LEF 6.587* 0.000
LEF to LTE 1.255 0.384

*and ** denote 1 and 5% significance.

EF. Therefore, the empirical analysis performed in this study is
reliable. The long-run effects are also indicated in Figure 3.
The causal direction indicated in Table 8 established that
government stability and technology Granger cause EF; thus,
these factors can be used to bring changes in EF. On the other
hand, causality from EF to energy transition revealed that an
upsurge in EF levels motivates BRICS’ policymakers to stimulate
energy transition for controlling EF growth. POD causes EF
because an upsurge in POD in the absence of infrastructural
improvements stimulates EF. On the other hand, an expansion 1
EF incites governments to go for managing population densit
and promoting sustainable urbanization. Thus,
link between EF and POD exists in BRICS.

To design
development and
consideration several Wportant factors including economic
stability, technology, government stability that can
influence EF and sustainable development. The panel dataset
from BRICS nations from 1992 to 2018 is collected, and after the
preliminary analysis, Westerlund’s (2008) technique is used for
unfolding the cointegration in the panel. To meet the objective of
the study, the CuP-FM method is used by following a STIRPAT
model. To ensure the robustness of the analysis, this research
used multiple methods for checking CSD and unit-roots, and the
CuP-BC test for checking the accuracy of the long-run findings.
In the final stage, the Dumitrescu-Hurlin causality technique is
applied to acquire information about the directions of causality.

The main outcomes of the analysis indicated that energy
transition in BRICS is effective in limiting the ecological
footprint, and thus, BRICS can enhance the proportion of
renewables in their energy mix for meeting SDGs 13 and 7. In
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this context, technology is also useful for decreasing EF.
stability
degradation.

Alongside, economic and  government are

contributing to alleviating environmental
However, population density poses unfavorable effects on the
quality of the environment.

These conclusions have deep implications for policymaking
in the context of SDGs and for controlling the increasing
footprints. The outcomes of energy transition and technology
are relevant for making policies regarding SGDs 7 (clean
affordable energy) and 9 (sustainable industrialization through
innovation). In addition, all the results provide insights for
ensuring effective measures for climate control (SDG 13).
Governments should introduce taxes and duties on coal and
oil to raise their prices, and such funds must be used for the
production of renewables. In the same vein, carbon taxes in every
BRICS nation will be useful and the amount received from such

taxation can be directed to the gree

dgets for building energy and environmental
ologies will also be in the interest of these countries.
e other options, such as changing trade regulations and
reducing taxes on cleaner technologies, can also help to boost
technological capacities. These policies will be fruitful in the
context of SDGs 9 and 7, which are also relevant for stimulating
climate control (SDG 13) since these measures will likely
decrease EF in BRICS.

Measures should also be taken to improve the economic and
government stability since these variables tend to decrease EF. In
this context, political stakeholders should avoid spreading
negative news, and the stability of energy policies must be
assured to achieve long-term ecological targets. Environmental
policies must be designed by developing a consensus between
government and opposition and it should be declared that such
policies will be continued regardless of any change in the
government. Policies should be devised to stimulate economic
growth and sophisticated goods should be manufactured to
expand the export. Such measures will not only increase
economic growth but also increase the current account
balance. In addition, fiscal and monetary policies should be
carefully devised to control inflation. Notably, these policies
will improve economic stability by reducing economic risk,
and in the long-run, economic stability can be helpful in
climate control by decreasing EF.

Besides, achieving some beneficial effects of population
density requires building modern planned transport and
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housing infrastructure that could limit resource usage through
significant economies of scale. The outcomes disclosed adverse
impacts of POD, which necessitates policymaking for sustainable
infrastructure. In this context, factors like reliable public
transportation, reduction in private vehicles, the use of
alternative fuels in transportation, and collective housing (high
rising buildings) will be vital for reducing EF.

This study provides interesting results only for BRICS
countries and the dataset covers a short duration from
1992 to 2018. Future studies may analyze the impacts of these
variables in developing and developed countries by considering
the role of institutional quality and other factors that may impact
environmental quality.

Data availability statement

Publicly available datasets were analyzed in this study. This
data can be found here: The raw data supporting the conclusions
of this article available on the public sources mentioned in the
article.

Author contributions

TP: Conceptualization, Methodology, Data collection,

Writing original draft. FS: Writing original draft, Writi
review, and editing, Supervision, Funding acquisition. ZA

References

85-94. doi:10.1016/j.jup.2016.06.0
Adebayo, T. S., and Kigi

ola, I, and Rjoub, H. (2021a). Wavelet
analysis of impact of renewablé gy consumption and technological innovation
on CO 2 emissions : evidengg’trom Portugal. Environ. Sci. Pollut. Res. 29,
23887-23904. doi:10.1007/s11356-021-17708-8

Adebayo, T. S., Udemba, E. N, Ahmed, Z., and Kirikkaleli, D. (2021b).
Determinants of consumption-based carbon emissions in Chile: an application
of non-linear ARDL. Environ. Sci. Pollut. Res. 28, 43908-43922. doi:10.1007/
s11356-021-13830-9

Adebayo, T. S, Rjoub, H., Akinsola, G. D., and Oladipupo, S. D. (2021). The
asymmetric effects of renewable energy consumption and trade openness on carbon
emissions in Sweden: new evidence from quantile-on-quantile regression approach.
Environ. Sci. Pollut. Res. 29, 1875-1886. doi:10.1007/s11356-021-15706-4

Aecknarajindawat, N., Suteerachai, B., and Suksod, P. (2020). The impact of
natural resources, renewable energy, economic growth on carbon dioxide emission
in Malaysia. Int. J. Energy Econ. Policy 10, 211-218. doi:10.32479/ijeep.9180

Ahmad, M., Ahmed, Z., Majeed, A., and Huang, B. (2021). An environmental
impact assessment of economic complexity and energy consumption: does
institutional quality make a difference. Environ. Impact Assess. Rev. 89, 106603.
doi:10.1016/j.eiar.2021.106603

Ahmad, M., Ahmed, Z., Bai, Y., Qiao, G., Popp, J., Olah, ], et al. (2022a). Financial
inclusion, technological innovations, and environmental quality: analyzing the role
of green openness. Front. Environ. Sci. 10, 1-12. doi:10.3389/fenvs.2022.851263

Frontiers in Environmental Science

RETRACTED ON 07 AUGUST 2025

1

10.3389/fenvs.2022.955494

Conceptualization, data collection, empirical analysis, writing
original draft. MA: Writing original draft, Visualization. SA:
Writing review, and editing.

Funding

The correspondence author is supported by the Fundamental
Research Start-up Funds from Guangdong University of
Petrochemical Technology (Project No. 702-72100003004 and
702/5210012) (Grant No. 2020rc059).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or fina lationships that could

ressed 1fhis article are solely those of the

ecessarily represent those of their affiliated
se of the publisher, the editors and the
iewers. Ay product that may be evaluated in this article, or
y be made by its manufacturer, is not guaranteed or
orsed by the publisher.

Ahmad, M., Ahmed, Z., Gavurova, B., and Oléh, J. (2022b). Financial risk,
renewable energy technology budgets, and environmental sustainability: is going
green possible? Front. Environ. Sci. 10, 1-10. doi:10.3389/FENVS.2022.909190

Ahmed, Z., and Wang, Z. (2019). Investigating the impact of human capital on
the ecological footprint in India: an empirical analysis. Environ. Sci. Pollut. Res. 26,
26782-26796. doi:10.1007/s11356-019-05911-7

Ahmed, Z., Ahmad, M., Rjoub, H., Kalugina, O. A., and Hussain, N. (2021a).
Economic growth, renewable energy consumption, and ecological footprint:
Exploring the role of environmental regulations and democracy in sustainable
development. Sustain. Dev., 1-11. doi:10.1002/SD.2251

Ahmed, Z., Cary, M., Shahbaz, M., and Vo, X. V. (2021b). Asymmetric nexus
between economic policy uncertainty, renewable energy technology budgets, and
environmental sustainability: evidence from the United States. J. Clean. Prod. 313,
127723. d0i:10.1016/j.jclepro.2021.127723

Ahmed, Z., Le, P. H., and Shahzad, S. J. H. (2021c). Toward environmental
sustainability: ~ how do  urbanization, economic  growth, and
industrialization affect biocapacity. Environ. Dev. Sustain. doi:10.1007/
$10668-021-01915-x

Ali, S., Can, M., Ibrahim, M, Jiang, J., Ahmed, Z., Murshed, M., et al. (2022).
Exploring the linkage between export diversification and ecological footprint:
evidence from advanced time series estimation techniques. Environ. Sci. Pollut.
Res. 29, 38395-38409. doi:10.1007/s11356-022-18622-3

Almond, R. E. A,, Grooten, M., and Peterson, T. (2020). Living Planet Report
2020-Bending the curve of biodiversity loss. Gland, Switzerland: World Wildlife
Fund.

Alvarez-Herranz, A., Balsalobre-Lorente, D., Shahbaz, M., and Cantos, J. M.
(2017). Energy innovation and renewable energy consumption in the correction
of air pollution levels. Energy Policy 105, 386-397. doi:10.1016/j.enpol.2017.
03.009

frontiersin.org


https://doi.org/10.1016/j.jup.2016.06.009
https://doi.org/10.1007/s10668-021-01322-2
https://doi.org/10.1007/s11356-021-17708-8
https://doi.org/10.1007/s11356-021-13830-9
https://doi.org/10.1007/s11356-021-13830-9
https://doi.org/10.1007/s11356-021-15706-4
https://doi.org/10.32479/ijeep.9180
https://doi.org/10.1016/j.eiar.2021.106603
https://doi.org/10.3389/fenvs.2022.851263
https://doi.org/10.3389/FENVS.2022.909190
https://doi.org/10.1007/s11356-019-05911-7
https://doi.org/10.1002/SD.2251
https://doi.org/10.1016/j.jclepro.2021.127723
https://doi.org/10.1007/s10668-021-01915-x
https://doi.org/10.1007/s10668-021-01915-x
https://doi.org/10.1007/s11356-022-18622-3
https://doi.org/10.1016/j.enpol.2017.03.009
https://doi.org/10.1016/j.enpol.2017.03.009
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.955494

Tang et al. RETRACTED ON 07 AUGUST 2025 10.3389/fenvs.2022.955494

Bai, J., Kao, C., and Ng, S. (2009). Panel cointegration with global stochastic Khan, A., Muhammad, F., Chenggang, Y., Hussain, J., Bano, S., Khan, M. A,
trends. J. Econom. 149, 82-99. doi:10.1016/j.jeconom.2008.10.012 et al. (2020a). The impression of technological innovations and natural
resources in energy-growth-environment nexus: a new look into BRICS
economies. Sci. Total Environ. 727, 138265. doi:10.1016/j.scitotenv.2020.
138265

Khan, Z., Ali, S., Umar, M., Kirikkaleli, D., and Jiao, Z. (2020b). Consumption-
based carbon emissions and international trade in G7 countries: the role of
environmental innovation and renewable energy. Sci. Total Environ. 730,
138945. doi:10.1016/j.scitotenv.2020.138945

Khan, Z., Ali, S, Dong, K, and Li, R. Y. M. (2021). How does fiscal
decentralization affect CO2 emissions? the roles of institutions and human
capital. Energy Econ. 94, 105060. doi:10.1016/j.eneco.2020.105060

Kihombo, S., Ahmed, Z., Chen, S., Adebayo, T. S., and Kirikkaleli, D. (2021).

Balsalobre, D., Alvarez, A., and Cantos, J. M. (2015). Public budgets for energy
RD&D and the effects on energy intensity and pollution levels. Environ. Sci. Pollut.
Res. 22, 4881-4892. d0i:10.1007/s11356-014-3121-3

Bekhet, H. A., and Othman, N. S. (2018). The role of renewable energy to validate
dynamic interaction between CO2 emissions and GDP toward sustainable
development in Malaysia. Energy Econ. 72, 47-61. doi:10.1016/j.enec0.2018.03.028

Bilgili, F., Kogak, E., and Bulut, U. (2016). The dynamic impact of renewable
energy consumption on CO2 emissions: a revisited environmental kuznets curve
approach. Renew. Sustain. Energy Rev. 54, 838-845. doi:10.1016/j.rser.2015.10.080

Boliik, G., and Mert, M. (2015). The renewable energy, growth and environmental

I;;;_nse;ss ng‘i Oull OTE;’k:;r z;r(;él(l)l?h;pproach. Renew. Sustain. Energy Rev. 52, Linking financial development, economic growth, and ecological footprint: what is
: o J-ISer. o the role of technological innovation? Environ. Sci. Pollut. Res. 1, 61235-61245.
Caglar, A. E. (2020). The importance of renewable energy consumption and FDI doi:10.1007/s11356-021-14993-1
inflows in reducing environmental degradation: bootstrap ARDL bound test in
selected 9 countries the importance of renewable energy consumption and FDI in
flows in reducing environmental degradation. J. Clean. Prod. 264, 121663. doi:10.
1016/j.jclepro.2020.121663

Kirikkaleli, D., and Adebayo, T. S. (2021). Do renewable energy consumption and
financial development matter for environmental sustainability? new global
evidence. Sustain. Dev. 29, 583-594. doi:10.1002/sd.2159

Le, H. P, and Ozturk, I. (2020). The impacts of globalization, financial
development, government expenditures, and institutional quality on
CO2 emissions in the presence of environmental Kuznets curve. Environ. Sci.
Pollut. Res. 27, 22680-22697. doi:10.1007/s11356-020-08812-2

A debayo, T. S., et al. (2021).
and CO2 emissions: an
ta. Int. J. Environ. Res.

Cai, Y, Sam, C. Y., and Chang, T. (2018). Nexus between clean energy
consumption, economic growth and CO2 emissions. J. Clean. Prod. 182,
1001-1011. doi:10.1016/j.jclepro.2018.02.035

Danishand Ulucak, R. (2020). The pathway toward pollution mitigation: does
institutional quality make a difference? Bus. Strategy Environ. 2597, 3571-3583.
doi:10.1002/bse.2597

Dasgupta, S., and De Cian, E. (2018). The influence of institutions, governance,
and public opinion on the environment: synthesized findings from applied
econometrics studies. Energy Res. Soc. Sci. 43, 77-95. doi:10.1016/j.erss.2018.05.023

Destek, M. A, and Aslan, A. (2020). Disaggregated renewable energy . . Sti. . 8-29698. doi:10.1007/s11356-018-
consumption and environmental pollution nexus in G-7 countries. Renew.
Energy 151, 1298-1306. doi:10.1016/j.renene.2019.11.138

Dietz, T., and Rosa, E. A. (1997). Effects of population and affluence on > Reinvi the role of clean energy transition for achieving a low-
CO2 emissions. Proc. Natl. Acad. Sci. U. S. A. 94, 175-179. doi:10.1073/pnas.94. : i rom Bangladesh. Environ. Sci. Pollut. Res. 28,
1.175 i:

Dong, K., Sun, R., and Hochman, G. (2017). Do natural gas and renewable energy
consumption lead to less CO 2 emission? Empirical evidence from a panel of BRIG
countries. Energy 141, 1466-1478. doi:10.1016/j.energy.2017.11.092

war, S., and Ozturk, 1. (2017). Financial stability, energy
environmental quality: evidence from South Asian economies.
in. Energy Rev. 67, 1105-1122. doi:10.1016/j.rser.2016.09.021

&n, A, Adebayo, T.S., Geng, S. Y., and Kirikkaleli, D. (2021). Investigating the
Kage between economic growth and environmental sustainability in India: Do
agriculture and trade openness matter? Sustainability 13, 4753. doi:10.3390/
sul3094753

Dumitrescu, E.-I. I, and Hurlin, C. (2012). Testing for Granger
heterogeneous panels. Econ. Model. 29, 1450-1460. doi:10.10
02.014

Elahi, E., Weijun, C., Zhang, H., and Nazee
i OWD (2021). Our world in data. Available at: https://ourworldindata.org/
grapher/per-capita-renewables%0A (Accessed January 01, 2022).
LANDUSEPOL.2019.02.023 Ozturk, I, Al-Mulali, U., and Saboori, B. (2016). Investigating the environmental

Elahi, E., Zhang, Z., Khalid, Z., ang of an artificial kuznets curve hypothesis: the role of tourism and ecological footprint. Environ. Sci.
neural network to optimise energy Inp an_g ~saving strategy for Pollut. Res. 23, 1916-1928. doi:10.1007/s11356-015-5447-x

commercial poultry farms. g - Ri:10-1016/].ENERGY.2022. Pata, U. K, and Caglar, A. E. (2021). Investigating the EKC hypothesis with

123169 . R -
renewable energy consumption, human capital, globalization and trade openness
Fakher, H. A., Zalf60 . urshed, M. (2022). Exploring for China: evidence from augmented ARDL approach with a structural break.
renewable energy, financriliey® at, cfvironmental quality, and economic Energy 216, 119220. doi:10.1016/j.energy.2020.119220

e indices for environmental quality and

i Pollut. Res. Int. doi:10.1007/s11356.022- Pellegrini, L., and Gerlagh, R. (2006). Corruption, democracy, and environmental

policy: an empirical contribution to the debate. J. Environ. Dev. 15, 332-354. doi:10.
1177/1070496506290960

Peng, G., Meng, F., Ahmed, Z., Ahmad, M., and Kurbonov, K. (2022). Economic
growth, technology, and CO2 emissions in BRICS: Investigating the non-linear

financial development. Envird
20709-w

GFN (2021). Global footprint network. Available at: http://data.footprintnetwork.
org (Accessed January 02, 2022).

Giingor, H., Olanipekun, I. O., and Usman, O. (2021). Testing the environmental impacts of economic complexity. Environ. Sci. Pollut. Res. Int. doi:10.1007/s11356-
kuznets curve hypothesis: the role of energy consumption and democratic 022-20647-7
?Béqg?;ablhty' Environ. Sci. Pollut. Res. 28, 1464-1478. doi:10.1007/s11356-020- Pesaran, M. H. (2004). General diagnostic tests for cross section dependence in
panels general diagnostic tests for cross section dependence in panels. Cambridge:
Hassan, S. T., DanishKhan, S. U. D., Xia, E., and Fatima, H. (2020). Role of Univ.

institutions in correcting environmental pollution: an empirical investigation. Pesaran, M. H. (2007). A simple panel unit root test in the presence of cross-
Sustain. Cities Soc. 53, 101901 doi:10.1016/j.5¢s.2019.101901 section dependence. J. Appl. Econ. Chichester. Engl. 22, 265-312. doi:10.1002/
ICRG (2021). ICRG methodology. Available at: https://www.prsgroup.com/wp- jae.951

content/uploads/2014/08/icrgmethodology.pdf (Accessed January 05, 2022). Rafique, M. Z., Li, Y., Larik, A. R, and Monaheng, M. P. (2020). The effects of

IEA (2021). Global energy review. Available at: https://www.iea.org/topics/global- FDI, technological innovation, and financial development on CO2 emissions:
energy-review (Accessed January 07, 2022). evidence from the BRICS countries. Environ. Sci. Pollut. Res. 27, 23899-23913.
Kanat, O., Yan, Z., Asghar, M. M., Ahmed, Z., Mahmood, H., Dervis, K., et al. doi:10.1007/511356-020-08715-2
(2021). Do natural gas, oil, and coal consumption ameliorate environmental Rasool, Y., Anees, S., Zaidi, H., and Zafar, M. W. (2019). Determinants of carbon
quality? empirical evidence from Russia. Environ. Sci. Pollut. Res. 29, emissions in Pakistan’s transport sector. Environ. Sci. Pollut. Res. 26, 22907-22921.
4540-4556. doi:10.1007/s11356-021-15989-7 doi:10.1007/s11356-019-05504-4

Frontiers in Environmental Science 12 frontiersin.org


https://doi.org/10.1016/j.jeconom.2008.10.012
https://doi.org/10.1007/s11356-014-3121-3
https://doi.org/10.1016/j.eneco.2018.03.028
https://doi.org/10.1016/j.rser.2015.10.080
https://doi.org/10.1016/j.rser.2015.07.138
https://doi.org/10.1016/j.jclepro.2020.121663
https://doi.org/10.1016/j.jclepro.2020.121663
https://doi.org/10.1016/j.jclepro.2018.02.035
https://doi.org/10.1002/bse.2597
https://doi.org/10.1016/j.erss.2018.05.023
https://doi.org/10.1016/j.renene.2019.11.138
https://doi.org/10.1073/pnas.94.1.175
https://doi.org/10.1073/pnas.94.1.175
https://doi.org/10.1016/j.energy.2017.11.092
https://doi.org/10.1016/j.econmod.2012.02.014
https://doi.org/10.1016/j.econmod.2012.02.014
https://doi.org/10.1016/J.LANDUSEPOL.2019.02.023
https://doi.org/10.1016/J.LANDUSEPOL.2019.02.023
https://doi.org/10.1016/J.ENERGY.2022.123169
https://doi.org/10.1016/J.ENERGY.2022.123169
https://doi.org/10.1007/s11356-022-20709-w
https://doi.org/10.1007/s11356-022-20709-w
http://data.footprintnetwork.org
http://data.footprintnetwork.org
https://doi.org/10.1007/s11356-020-10317-x
https://doi.org/10.1007/s11356-020-10317-x
https://doi.org/10.1016/j.scs.2019.101901
https://www.prsgroup.com/wp-content/uploads/2014/08/icrgmethodology.pdf
https://www.prsgroup.com/wp-content/uploads/2014/08/icrgmethodology.pdf
https://www.iea.org/topics/global-energy-review
https://www.iea.org/topics/global-energy-review
https://doi.org/10.1007/s11356-021-15989-7
https://doi.org/10.1016/j.scitotenv.2020.138265
https://doi.org/10.1016/j.scitotenv.2020.138265
https://doi.org/10.1016/j.scitotenv.2020.138945
https://doi.org/10.1016/j.eneco.2020.105060
https://doi.org/10.1007/s11356-021-14993-1
https://doi.org/10.1002/sd.2159
https://doi.org/10.1007/s11356-020-08812-2
https://doi.org/10.3390/IJERPH18168503
https://doi.org/10.1007/s11356-018-2968-0
https://doi.org/10.1007/s11356-018-2968-0
https://doi.org/10.1007/s11356-021-15352-w
https://doi.org/10.1016/j.rser.2016.09.021
https://doi.org/10.3390/su13094753
https://doi.org/10.3390/su13094753
https://ourworldindata.org/grapher/per-capita-renewables%0A
https://ourworldindata.org/grapher/per-capita-renewables%0A
https://doi.org/10.1007/s11356-015-5447-x
https://doi.org/10.1016/j.energy.2020.119220
https://doi.org/10.1177/1070496506290960
https://doi.org/10.1177/1070496506290960
https://doi.org/10.1007/s11356-022-20647-7
https://doi.org/10.1007/s11356-022-20647-7
https://doi.org/10.1002/jae.951
https://doi.org/10.1002/jae.951
https://doi.org/10.1007/s11356-020-08715-2
https://doi.org/10.1007/s11356-019-05504-4
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.955494

Tang et al.

Rizk, R., and Slimane, M. B. (2018). Modelling the relationship between poverty,
environment, and institutions: a panel data study. Environ. Sci. Pollut. Res. 25,
31459-31473. doi:10.1007/s11356-018-3051-6

Sarkodie, S. A., and Adams, S. (2018). Renewable energy, nuclear energy, and
environmental pollution: accounting for political institutional quality in South
Africa. Sci. Total Environ. 643, 1590-1601. doi:10.1016/j.scitotenv.2018.06.320

Shahbaz, M., Kumar Tiwari, A., and Nasir, M. (2013). The effects of financial
development, economic growth, coal consumption and trade openness on
CO2emissions in South Africa. Energy Policy 61, 1452-1459. doi:10.1016/j.enpol.
2013.07.006

Sinha, A., Sengupta, T., and Alvarado, R. (2020). Interplay between technological
innovation and environmental quality: formulating the SDG policies for next
11 economies. J. Clean. Prod. 242, 118549. doi:10.1016/j.jclepro.2019.118549

Solarin, S. A., Al-Mulali, U, Gan, G. G. G., and Shahbaz, M. (2018). The impact of
biomass energy consumption on pollution: evidence from 80 developed and
developing countries. Environ. Sci. Pollut. Res. 25, 22641-22657. doi:10.1007/
s11356-018-2392-5

Sun, Y., and Razzag, A. (2022). Composite fiscal decentralisation and green
innovation: Imperative strategy for institutional reforms and sustainable
development in OECD countries. Sustain. Dev. doi:10.1002/SD.2292

Sun, Y., Anwar, A, Razzaq, A., Liang, X., and Siddique, M. (2022a). Asymmetric
role of renewable energy, green innovation, and globalization in deriving
environmental sustainability: evidence from top-10 polluted countries. Renew.
Energy 185, 280-290. doi:10.1016/]. RENENE.2021.12.038

Sun, Y., Guan, W, Razzagq, A., Shahzad, M., and Binh An, N. (2022b). Transition
towards ecological sustainability through fiscal decentralization, renewable energy
and green investment in OECD countries. Renew. Energy 190, 385-395. doi:10.
1016/].RENENE.2022.03.099

Sun, Y., Razzaq, A., Sun, H.,, and Irfan, M. (2022c). The asymmetric influence of
renewable energy and green innovation on carbon neutrality in China: analysis
from non-linear ARDL model. Renew. Energy 193, 334-343. doi:10.1016/].
RENENE.2022.04.159

Tiba, S., and Omri, A. (2017). Literature survey on the relationships between
energy, environment and economic growth. Renew. Sustain. Energy Rev. 69,
1129-1146. doi:10.1016/j.rser.2016.09.113

UN (2021). United Nations, department of economic and social affai
sustainable development, THE 17 GOALS. Available at: https://sdgs.un.org/goal
(Accessed January 15, 2022).

Frontiers in Environmental Science

RETRACTED ON 07 AUGUST 2025

13

10.3389/fenvs.2022.955494

Usman, O., Iorember, P. T., and Olanipekun, 1. O. (2019). Revisiting the
environmental kuznets curve (EKC) hypothesis in India: the effects of energy
consumption and democracy. Environ. Sci. Pollut. Res. 26, 13390-13400. doi:10.
1007/s11356-019-04696-z

Wang, Z., Ahmed, Z., Zhang, B., Wang, B. B., and Wang, B. B. (2019). The nexus
between urbanization, road infrastructure, and transport energy demand: empirical
evidence from Pakistan. Environ. Sci. Pollut. Res. 26, 34884-34895. doi:10.1007/
s11356-019-06542-8

Wang, R., Mirza, N., Vasbieva, D. G., Abbas, Q., and Xiong, D. (2020). The nexus
of carbon emissions, financial development, renewable energy consumption, and
technological innovation: what should be the priorities in light of COP
21 agreements? J. Environ. Manage. 271, 111027. doi:10.1016/j.jenvman.2020.
111027

WDI (2021). World devleopment indicators (WDI). Available at: https://
datatopics.worldbank.org/world-development-indicators/ (Accessed January 22,
2022).

Westerlund, J. (2008). Panel cointegration tests of the Fisher effect. J. Appl. Econ.
Chichester. Engl. 23, 193-233. doi:10.1002/jae.967

Xue, L., Haseeb, M., Mahmood, H., Alkhateeb, T. T. Y., and Murshed, M.
(2021). Renewable energy use and ecological footprints mitigation: evidence
from selected South asian economies. Sustainability 13, 1613. doi:10.3390/
sul3041613

Xue, C., Shahbaz, M., Ahmed, Z., Ahmad,
consumption, economic growth, and envijg
of economic policy uncertainty? Reney
2021.12.006

Zafar, M. W., Sinha, A,
biomass energy consum

inha, A. (2022). Clean energy
ainability: what is the role
907. doi:10.1016/j.renene.

,Dong, X., and Dong, K. (2021). How does financial risk
2 emissions? the role of technological innovation.

frontiersin.org


https://doi.org/10.1007/s11356-018-3051-6
https://doi.org/10.1016/j.scitotenv.2018.06.320
https://doi.org/10.1016/j.enpol.2013.07.006
https://doi.org/10.1016/j.enpol.2013.07.006
https://doi.org/10.1016/j.jclepro.2019.118549
https://doi.org/10.1007/s11356-018-2392-5
https://doi.org/10.1007/s11356-018-2392-5
https://doi.org/10.1002/SD.2292
https://doi.org/10.1016/J.RENENE.2021.12.038
https://doi.org/10.1016/J.RENENE.2022.03.099
https://doi.org/10.1016/J.RENENE.2022.03.099
https://doi.org/10.1016/J.RENENE.2022.04.159
https://doi.org/10.1016/J.RENENE.2022.04.159
https://doi.org/10.1016/j.rser.2016.09.113
https://sdgs.un.org/goals
https://doi.org/10.1007/s11356-019-04696-z
https://doi.org/10.1007/s11356-019-04696-z
https://doi.org/10.1007/s11356-019-06542-8
https://doi.org/10.1007/s11356-019-06542-8
https://doi.org/10.1016/j.jenvman.2020.111027
https://doi.org/10.1016/j.jenvman.2020.111027
https://datatopics.worldbank.org/world-development-indicators/
https://datatopics.worldbank.org/world-development-indicators/
https://doi.org/10.1002/jae.967
https://doi.org/10.3390/su13041613
https://doi.org/10.3390/su13041613
https://doi.org/10.1016/j.renene.2021.12.006
https://doi.org/10.1016/j.renene.2021.12.006
https://doi.org/10.1016/J.RSER.2021.110868
https://doi.org/10.1007/s11356-021-17133-x
https://doi.org/10.1007/s11356-021-17133-x
https://doi.org/10.1016/J.TECHFORE.2021.120751
https://doi.org/10.1016/J.TECHFORE.2021.120751
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.955494

	RETRACTED: Energy transition for meeting ecological goals: Do economic stability, technology, and government stability matter?
	Introduction
	Literature review
	Data and methodology
	Econometric strategy

	Results and discussion
	Conclusion and Policies
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


