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The Mexico, Indonesia, Nigeria
levels of economic growth over
protect their environme
indicators traversing these

methods to estimate the long-run elasticity of the mentioned regressors on CO, emissions.
The outcomes show that non-renewable energy and technological innovations significantly
increase environmental degradation. In contrast, the globalization process and green
investment significantly reduce it in the long run. Moreover, the interaction effect of green
investment and globalization significantly overcomes the pressure on the environment.
Similarly, the moderation effect of technological innovation and globalization significantly
reduces the emission level in the region. Moreover, the U-shaped environmental Kuznets
curve hypothesis was observed between economic growth and carbon emission across
the MINT countries. Furthermore, the findings of the Dumitrescu and Hurlin's panel causal
test disclose that bidirectional causality exists between green investment, globalization,
technological innovations, non-renewable energy, and CO, emissions. This study also
recommends some valuable policy suggestions to governments in general and to
policymakers specifically which are aimed to endorse environmental sustainability in the
MINT countries.
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1 INTRODUCTION

In 2020, humanity experienced the serious consequences of
(coronavirus) COVID-19, and amid this, another
threat—climate change—further worsened the impact of the
pandemic. This called for a serious and collective response
from the global community to improve the state of the
environment (UNCC, 2021). Humanity has been embroiled
with issues on environmental change, which is the biggest
threat to future generations. Over the past few decades,
environmental contamination has become one of the primary
global issues due to huge increases in greenhouse gas (GHG)
emissions (Khalid et al., 2021). Environmental change is among
the significant negative outcomes of economic development and
industrialization. Environmental variations, changing weather
trends, and increasing sea levels are causing chaos in human
livelihoods and economies in every region (Usman et al., 2022a).
The major cause of climate change is often supposed to be the
enhancement in the levels of poisonous gasses, especially nitrogen
oxide (NO,) and carbon dioxide (CO,), which are currently at
their highest level in history (Usman et al., 2021a). From an
environmental point of view, this unsustainable development is
achieved by deforestation, consumption of fossil fuel, and rapid
urbanization (Yang et al., 2020; Usman and Balsalobre-Lorente,
2022). However, with rising precedence’s towards sustainable
economic growth, economies have pressed towards augmenting
the consumption of fossil fuels, which accelerated the energy
demand all the more (Qader et al., 2021). The biggest challenge
sustainable development around the world is the increasing GHG
emissions. Several researchers have often used CO, enaissi

2022). An earlier
Organization (WHO)
premature deaths arg

Among other meast
effective indicator for
preserving energy utilizatign} and boosting economic growth
(Usman and Makhdum, 2021; Ramzan et al., 2022). However,
massive economic activities drive the demand for the utilization
of electric sources, which enhances environmental pollution,
whereas technological innovation (research and development)
drives energy efficiency (Usman and Balsalobre-Lorente, 2022).
Technological innovations have emerged as an extensively known
way for encountering environmental issues, such as CO, emission
in Mexico, Indonesia, Nigeria, and Turkey (MINT) countries.
These countries have seen an imbalanced development in the
technological innovation race that can be denoted by the number
of patents. Precisely, according to World Bank Indicator (WDI),
the number of patent applications in MINT economies has
enhanced by more than 2.39% times from about 33,299 in
2000 to 79,829 in 2020 (WDI, 2021).

Sustainable economic growth (GDP) remains the venerated
goal of every country. In order to attain this goal, it raises

assess

industrial and agricultural sector production, builds
infrastructure, and promotes trade. As a consequence, there
are increases in environmental damages (Usman et al., 2022a).
At the initial phase/stage, humans employ more energy
consumption for more economic development and ignore its
adverse effect on the environment, but in later periods of the GDP
process, when the quality of life gets better, they then adopted a
cleaner environmental strategy. Most worry on energy-efficient
(pollution-free) products, which can be related to the
environmental Kuznets curve (EKC) hypothesis that
established a link between GDP growth and environmental
degradation (Balsalobre-Lorente et al., 2022). This relationship
is shown in Figure 1, which displays the typical inverted
U-shaped EKC hypothesis. Another objective of this study is
to inspect how globalization index (i.e., social, economic, and
political) indicators stimulate environmental degradation. The
globalization process of an economy influences human life
economically, politically, and se on a global scale. The
globalization process, i de, and economic
collaboration result in i levels. However, the
onment is still unclear.
Yang et al. (2020), have
e globalization process on
and found that indeed the

(2022b), have found a negative influence on
degradation. However, it is still an unclear,
, and budding discussion in future research.

ergy utilization also plays a significant role in boosting
efonomic growth and environmental degradation (Usman et al.,
2020a). A massive amount of energy utilization in economic
growth leads to increased environmental pollution. In the
production process, more utilization of fossil fuels enhances
greenhouse gas and CO, emissions. With the increase in
world population, the excessive utilization of fossil fuel-based
energy sources (ie., coal, oil, and gas) will cause more
environmental pollution (Usman et al, 2020b; Ahmad et al,
2022). Due to the rapid pace of industrialization, the
environmental quality is becoming gradually low. The use of
eco-friendly technologies and renewable energy sources is
primarily  concerned  with  sustainable  development.
Considering the abovementioned point of view, four main
research questions were to be scrutinized in the present study.
First, how do technological innovation, GDP, globalization, green
investment, and non-renewable energy use influence CO,
emissions in the MINT economies? Second, what is the
interactive effect of green investment and globalization on
CO, emissions in the case of MINT nations? Third, what is
the moderative role between technological innovation and
globalization on CO, emissions in the case of MINT nations?
Four, does the EKC hypothesis exist in the MINT countries
or not?

This research contributes to the future literature by presenting
the case of MINT countries in recognizing the link between CO,
emissions and the amount of green investment, technological
innovation, GDP, globalization, and non-renewable energy use
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FIGURE 1 | Environmental Kuznets curve.

TABLE 1 | Summary of existing published studies of the environmental Kuznets curve hypothesis.

Author Period Country/region Finding
Charfeddine and Mrabet (2017) 1975-2007 14 MENA countries %]
Mrabet and Alsamara (2017) 1980-2011 Qatar X
Bello et al. (2018) 1971-2016 Malaysia V n
(Pata et al., 2020) 1965-2016 Six countries FB-ARDL X
Altintas and Kassouri (2020) 1990-2014 14 EU nations, Heterogenous estimation n
Dogan et al. (2020) 1980-2014 BRICST countfiés FMOLS, AMG, DOLS X
Destek and Sinha (2020) 1980-2014 Second-generation method X
Usman et al. (2020c) 1995-2017 AMG, PMG, FMOLS X
Dogan et al. (2019) 1971-2013 ARDL (%]
Allard et al. (2018) 1994-2012 PQR N
Danish and Ulucak (2020) 1992-2016 FMOLS, DOLS u
Arshad Ansari et al. (2020) FMOLS (%]
Balsalobre-Lorente et al. (2022) DOLS N
Usman and Jahanger (2021) Quantile regression n

over the period from ¢ This study contributes in
threefolds to the existin rature: first, this study intends to
investigate the impact of teghnological innovation, GDP growth,
globalization, green investment, and non-renewable energy on
environmental pollution in the EKC hypothesis framework;
second, this study offers a new channel for discovering the
moderating role of green investment and technological
innovation with globalization in reducing environmental
damages; and third, this study also investigates the EKC
hypothesis in the MINT countries in the era of globalization.
Therefore, the current paper has important contribution to the
existing literature by providing new, purposeful indicators and
reliable, efficient, and consistent results.

The remaining sections of this study are arranged as follows:
Section 2 provides a literature review, Section 3 describes the
empirical strategy and sample countries’ data, Section 4 indicates
the empirical results and discussion, and finally, Section 5 provides
the conclusion of the main findings and policy implications.

2 LITERATURE REVIEW

The nexus between green investment, technological
innovation, globalization, non-renewable energy use, GDP
growth, and environmental damages have been previously
documented in various literature. The following discussion
has been divided into three sub-headings: (1) green
investment-technological innovation-environment nexus,
2) globalization-environment nexus, and 3)
energy—environment nexus. Furthermore, the literature
related to the impact of GDP and environment is also
highlighted, with mixed outcomes provided (see Table 1).

2.1 Green Investment, Technological

Innovation, and Environment Nexus
Green investment and technological innovation are some of the
most powerful means for minimizing environmental
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degradation, preserving energy sources, and also helping to
increase economic growth and generate fewer carbon
emissions. Over the period from1970 to 2016, Chen and Lee
(2020) used the fixed effect method to detect the nexus among
globalization, technological innovations, and CO, emissions in 96
different global countries. The results demonstrate that
technological innovations increase environmental performance.
Moreover, Kumail et al. (2020) scrutinized the impact of
technological innovations on environmental degradation in the
context of Pakistan covering the period from 1990 to 2017. Their
empirical findings revealed that technological innovations
significantly improve the environmental quality in this case in
the long run. Moreover, Ke et al. (2020) investigated the
association  between  technological  innovations  and
environmental pollution based on 280 Chinese cities over the
period from 2014 to 2018. Their econometric outcome exposed
those technological innovations to increase environmental
quality. Moreover, Ganda (2019) examined the association
between technological innovations and environmental
degradation. Interestingly, the outcomes suggest that
technological innovations significantly enhanced
environmental performance through investment in the
research and development sector. The conclusions of Guo
et al. (2021) propose that there is a need to shift the Chinese
nation to more sustainable sources of energy, a viable solution to
decrease environmental pollution. The outcomes of Adebayo
et al. (2022) disclosed that positive (negative) shock in
technological innovation causes a decrease (increase) in C
emissions. Furthermore, Anwar et al. (2021a) observed thai
technological innovation improves enyigon
performance. Additionally, Chien et al. (2021)
the effect of GDP and information a
technologies on environmental degr;

avorable to
minimizing enhancing
environmental sustai
echnological innovations
machinery equipment with
the updating of new techmelogical applications. Hence, they
directly enhance energy efficiency and minimize the
consumption of energy utilization—as a result, improving the
environmental —quality. Other researchers believe that
technological ~ innovations = may  negatively  impact
environmental sustainability (Bekhet and Othman, 2017;
Costantini et al.,, 2017; Ganda, 2019). Furthermore, Shen et al.
(2021) found a negative influence of green investment on
environmental damages in the case of different panel
countries. Based on the theoretical settings, these lead to the
first and second hypotheses which are specified as follows:

Hypothesis 1: H;: Green investment plays a significant role in
CO, emissions in the case of MINT countries.

Hypothesis 2: Hy: There is an expected significant influence of
technological innovation on CO, emissions in the case of MINT
countries.

2.2 Globalization and Environment Nexus
It is observed that globalization has a significant effect on

environmental sustainability and climate change (Saud et al,
2020). Theoretically, earlier literature documented three
mechanisms through which globalization affects environmental
pollution, i.e., scale, composition, and technique effect (Yang
et al.,, 2021a). The scale effect is defined as follows: when scale
increases due to globalization, the volume of production of goods
urging a boost in energy use rises, hence increasing
environmental degradation (Usman et al, 2022a). The
composition channel can depend on the consequence of
globalization on the environment due to variations in the
economy’s industrial structure (Yang et al., 2020). Finally, the
technical effect denotes numerous mechanisms by which
globalization stimulates the amount of greenhouse gas
emissions by the industries and eventually reduces
environmental sustainability. These mechanisms features eco-
friendly technology that get erred from developed
countries due to globaliza ous previous studies
of globalization on
Umar et al. (2020).
boosts  environmental
nmental regulations, which is
their polluting industries to

-generation estimation process for the
1990 to 2017. The results revealed that
contributes to increased environmental

Moreover, the globalization process boosts

6mic growth in the long run. Besides these, Jahanger

ef"al. (2022) examined the link between globalization and
environmental damages in 73 developing nations from 1990 to

2016 and concluded that globalization was witnessed to minimize

the environmental damages of African and Latin American

nations only. Furthermore, Bilal et al. (2022) also scrutinized
the effect of globalization on environmental decay and found that

GLO enhances environmental degradation. The empirical

findings of Wen et al. (2021) of this study identify that

globalization is positively associated with CO, emissions.

Jahanger (2021a) noted that, overall, globalization assists in

the decrease of environmental damages in the case of

developing nations. Besides this, Jahanger et al. (2021b) argued
that globalization on carbon productivity is not monotonous but
that it has a double-threshold consequence of human
development. However, numerous studies also reported the
environment-friendly role of globalization—for example, Yang
et al. (2020) found that globalization brings pollution-free (eco-
friendly) technologies that enhance the volume of GDP with
fewer emissions and also enhance environmental performance.

The given assessment of the above-mentioned literature shows

that globalization has a contrary impact on environmental decay,

and empirical/theoretical literature does not reach any
concurrence. Based on the above-mentioned citation analysis,
the 3rd hypothesis is specified as follows:

Hypothesis 3: H3: Globalization has a significant influence on

CO, emissions in the case of MINT nations.
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2.3 Energy-Environment Nexus
Energy use is a primary driving factor for the process of GDP and

the development of all economies. Dogan and Seker (2016)
examined the influence of renewable energy consumption and
non-renewable energy consumption on environmental pollution
in European Union countries from 1980 to 2012. Their research
findings revealed that trade openness and renewable energy
consumption reduce environmental decay, whereas non-
renewable energy consumption enhances environmental
damages. Furthermore, Anwar et al. (2021b) employed
quantile regression and disclosed that renewable energy
consumption is a significant instrument to fight against
increased emissions. Additionally, Adedoyin et al. (2021)
asserted that non-renewable energy consumption raises
environmental degradation. Mahalik et al. (2021) examined
the effect of education and non-renewable energy
consumption on environmental pollution and found an
inverse linkage between education, non-renewable energy
consumption, and environmental pollution. Khan et al. (2021)
used the generalized method of moments (GMM) to detect the
influence of GDP, technological innovations, and foreign direct
investment on renewable energy consumption. According to their
results, technological innovations and GDP have a negative
impact on renewable energy consumption.

Moreover, Qayyum et al. (2021) scrutinized the dynamic
association  between  renewable energy  consumption,
technological innovations, and environmental degradation for
the Indian economy from 1980 to 2019 and found t

technological innovations and renewable energy consumptio 'v‘

economic growth, trade ope
were more responsible fougth

renewable energy co
quality in the case
countries. Furthermore, ove¥ the period from 1990 to 2016,
Yang et al. (2020) used the GMM to detect the nexus between
globalization, non-renewable energy consumption, and CO,
emissions in 97 global countries, and the empirical outcome
demonstrates that non-renewable energy consumption
significantly =~ degrades  environmental  quality,  while
globalization improves it. In addition, Wan et al. (2022) found
that real income growth and non-renewable energy consumption
are more responsible for increasing the environmental pollution
level in the case of the Indian economy. The empirical
conclusions of Fatima et al. (2021) indicate that an increase in
income moderates the ratio of utilization of renewable energy to
environmental degradation. The conclusions of Kirikkaleli et al.
(2022) clearly disclose that renewable energy utilization decreases
utilization-based CO, emissions. The empirical conclusions of
Miao et al. (2022) indicate that globalization and renewable
energy utilization contribute to environmental performance.

Furthermore, Anwar et al. (2021c) demonstrated that
renewable energy utilization decreases CO, emissions. Besides
these, the results of Salem et al. (2021) indicate that renewable
energy consumption and hydropower follow an inverted
U-shaped relationship. Based on Table 1, it can be concluded
that many previous studies have investigated the non-linear
relationship between economic growth and environmental
degradation. Based on the abovementioned analysis, the 4th
hypothesis is specified as follows:

Hypothesis 4: Hy: Increases in non-renewable energy use in an
economy are expected to increase the CO, emissions in MINT nations.

On the basis of the mentioned literatures in Table 1, this study
leads to our 5th hypothesis which is stated as follows:

Hypothesis 5: Hs: Environmental Kuznets curve hypothesis
exists in the case of developing economies.

3 DATA SOURCES,
CONSTRUCTIO

GY

ctive, this study uses a set of panel
2010 to 2020 (Figure 2). All the data
ed from the World Bank Indicators (WDI,

al Renewable Energy Agency (IRENA, 2021) and KOF
ization index (KOF, 2021). The measurement units of these
vériables are as follows: CO, emission is calculated as carbon
emissions per capita, green investment is calculated as public
investment in renewable energy, technological innovation is
measured as the total number of patent applications, economic
growth is anticipated in per capita constant 2010 US$, the variable
overall globalization index is taken in index form (0-100) of the
latest KOF index developed by Gygli et al. (2019), and non-
renewable energy use is calculated by the percentage of fossil
fuel energy consumption (% of total). The descriptions of the
variables are presented in Table 2.

Table 3 shows the descriptive statistics of concerned variables
for MINT countries, wherein the average, median, maximum
values, standard deviation, skewness, kurtosis, and Jarque-Bera
test statistics of candidate variables are explored. Moreover, the
outcomes of Table 2 revealed that the average value of LCO, is
0.721502, comprising the minimum value of -0.731757 and the
maximum value of 1.712964. Additionally, LGINV explores the
average value of 2.454642, with the lowest value of -4.605170 and
the highest value of 6.872294. Another important variable was
LTECH: the average value of LTECH is 6.000539, with the lowest
value of 0.000000 and the highest value of 9.028099. The LNREC
average value is 4.040426, with the lowest value of 2.763431 and
the highest value of 4.511486. Moreover, LGDP presents the
average value of 8.452784, with the lowest value of 7.279859 and
the highest value of 9.395577. Finally, the average value of LGLO
is 4.121334, with the lowest value of 3.890370 and the highest
value of 4.274636. The summary statistics of the investigated
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FIGURE 2 | Geographical coverage of Mexico, Indonesia, Nigeria, and Turkey countries.

TABLE 2 | Description of the variables.
Variables

CO, emissions

Green investment
Technological innovation
Economic growth

Fossil fuel energy use
Globalization

variables were from 197
(Figure 3). Further
of the candidate varial
nations.

rough plots-boxes
e correlation matrix
1ddle East North African

Expla n Data sources
81 capita WDI (2021)
able energy IRENA (2021)
er of fatent applications WDI (2021)
constant 2010 WDI (2021)
Ergy consumption (% of total) WDI (2021)
alue between 1 to 100 (KOF 2021).

3.2. Model Construction
Based on the existing literature of Jahanger et al. (2021a), Usman

et al. (2021b), and Usman et al. (2022a), we apply the following
empirical model to discover the effect of green investment, non-

TABLE 3 | Descriptive statistics.

Stats. LCO, LGINV
Mean 0.721502 2.454642
Median 1.012152 3.322698
Maximum 1.712964 6.872294
Minimum -0.731757 -4.605170
Standard deviation 0.779065 3.014227
Skewness -0.556163 -0.625476
Kurtosis 1.764120 2.383650
Jarque-Bera 9.676336 6.806691
Probability 0.007922 0.033262
Sum 60.60617 206.1899
Sum of squared deviations 50.37623 754.1017
Observations 84 84

LTECH LNREC LGDP LGLO
6.000539 4,040426 8.452784 4121334
6.344728 4.450340 8.487508 4.132427
9.028099 4511486 0.395577 4.274636
0.000000 2.763431 7279859 3.890370
1.989080 0627343 0.690703 0.104789

-0.929693 -1.092628 -0.096365 -0.367772
3.636916 2.399657 1.323327 2.436097
13.52041 17.97513 0.969318 3.006542
0.001159 0.000125 0.006842 0.222401
504.0453 339.3958 710.0339 346.1921
308.3844 32.66539 39.59684 0911398

84 84 84 84
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renewable energy, technological innovation, GDP, and
globalization process on CO, emissions in Eq. 1 as follows:

COyir = f (GINVy, TECH;, GDPj, NREC;, GLOy) (1)

where CO, refers to carbon emissions, GINV denotes green
investment, GDP indicates economic growth per capita, NREC
means non-renewable energy use, and GLO presents the KOF
globalization index. Additionally, we also transformed these
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TABLE 4 | Correlation matrix.

Probability LCO, LGINV LTECH LNREC LGDP LGLO
LCO, 1.00000 1.000000 1.000000 1.000000 1.000000 1.000000
LGINV 0.49428
[6.1488) -
(0.00000 -
LTECH 0.74592 0.59948
[7.3639] [6.7825]
(0.0000) (0.0000)
LNREC 0.62962 0.42153 0.61976
[6.8441] [4.20983] [6.4718) -
(0.0000) (0.0001) (0.00000 -
LGDP 0.71274 0.53839 0.47884 0.55741
[10.231] [6.7855] [4.2443] [6.5042) -
(0.0000) (0.0000) (0.0000) (0.00000 -
LGLO 0.75151 0.60691 0.62605 0.59582 0.62288
[9.7056] [6.9151] [7.0201] [6.9012] e.11417 -
(0.0000) (0.0000) (0.0000) (0.0000) (0.00000 -
t-statistics are presented inside square brackets, and probability values are inside parentheses.
variables into a natural logarithmic algorithm to minimize the estimate it. The co 0. gan be stated in model 3

likelihood/probability of autocorrelation and heteroscedasticity
and get more efficient/reliable outcomes as related to the simple
form (Jahanger et al., 2021a). Thus, Eq. 2 is stated as follows:

Model 1

ln(COZit) = BO + [31 ln(GINVu) + BZ In (TECHlt) + 53 ln(GDP,
+ B, In(NREC;) + B5 In (GLOy) +

represents the constant term
green investment, technol
renewable energy use, @
B2, B3> P and Ps, ind
Besides this, i, displa
check for interactive imp

globalization and human capital
on CO, emissions, we aug t our baseline model (model 1)
with interaction terms ‘between globalization and green
investment (GLO * GINV). The augmented versions of the
baseline model can be expressed in model 2 as follows:

Model 2

In(COy) = B, + B, In(GINVy) + B, In (TECH,,) + B, In (GDP,)
+ B, In(NREC;) + B, In (GLOy)
+ B4 In (GLO*GINV),, +
(3)

Furthermore, we include the square of economic growth to
investigate the EKC hypothesis in baseline model 1 and re-

as follows:

1n (GINVR) + [32 In (TECHlt) + B3 In (GDPlt)
+ [34 ln (GDPSH) + l35 h’l (NREClt) + [36 ln (GLOH)

T W

4)

This study also includes another interaction variable (GLO *
TECH) related to technological innovation and the globalization
process on the CO, emissions in baseline model 1, which can be
expressed in model 4 as follows:

Model 4

ln(COm) = ﬁO + ﬁl ln(GINVlt) + [32 ln (TECH,() + B_,’ ln(GDP,l)
+ [34 In (NRECH) + I35 In (GLOH)
+ B, In (GLO*TECH), + 1,
©)

3.3. Methodological Strategy

In this study, the fundamental procedures for determining the
long-run correlations among CO, emission, green investment,
technological innovation, GDP, non-renewable energy use, and
globalization were as follows: first, using panel unit root tests, the
stationarity properties of the panel data set variables were first
investigated. The panel co-integration technique was commonly
employed to assess the co-integrating associations in the variable
series when the data was non-stationary. The long-run elasticities
were determined using the fully modified ordinary least square
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(FMOLS) and the dynamic ordinary least square (DOLS)
estimations after the co-integration of the variables was
confirmed. Finally, the last step is to see the causality path
through the pairwise Dumitrescu and Hurlin (2012)
causality test.

3.3.1 Panel Unit Root Test

The first step of the econometric process of this study is to test the
panel unit root property of the selected variables. Unit root tests
of these variables are required before estimation of long-run
elasticity in a panel data model. A series is non-stationary if its
mean and variance are not zero and constant, respectively. This
could result in incorrect regression. We test the stationarity of the
panel series to avoid biased regression and assure the veracity of
the estimated findings. The most frequent method for checking
the stationarity and sequence of data integration is unit root test.
Typically, they begin with level data. Data are non-stationary if
the unit root occur in a series. Then, using the difference in data,
we must continue the tests until the series is stationary. For the
panel analysis that follows, only stationary data in the same order
are useful. The unit root test methods include the first test that we
have used, Levin-Lin—Chu (LLC), which was developed by Levin
et al. (2002), Im-Pesaran-Shin (IPS), which was proposed by Im
et al. (2003), and Fisher-ADF and Fisher-PP as developed by
Maddala and Wu (1999) and Choi (2001), respectively.

3.3.2 Panel Long-Run Co-integration Test
The second phase of the econometric procedure is to test

for the identification of long-run relatios
variables. The Pedroni co-integration te
account the heterogeneity and sam i

co-integration analysis, seve
obtained from within di

test statistics are ¢
is the first-generatio

integration approach tha xpressed as follows:

M
Yie = o + &t + Zm:llz’mpxmit + My (6)

where o; denotes the country-specific effect, §;t shows the
component deterministic trend, and m shows the number of
explanatory variables.

Kao (1999) proposed another residual-based co-integration
approach, which is created on a panel version of the ADF
statistics, and it also employed homogeneous coefficients and
individual-specific intercept at first-stage regressors. The ADF
test statistics for a residual estimate is represented by Equation 7:

t + 1|6NG; / 260,
6@/(26&) + 36r§/10<66§r>

ADF =

@)

Hy: Co-integration does not exist among the series.
H,: Co-integration exists among the series.

Furthermore, the Fisher Johansen co-integration method is
used to identify the co-integration association among series that
were proposed by Johansen and Juselius (1990). The
determination of a co-integrating association between the
parameters will allow for the assessment of their effects on
CO, emissions.

3.3.3 Panel Long-Run Coefficient Estimators

The co-integrated equation should be estimated after the long-
run relationship exists among the variables. The most commonly
used co-integration estimation method is ordinary least square
(OLS), but if the predictor (independent) variable is endogenous
or the regression error term is a serial correlation, the parameters
projected by OLS are biased, that is, second-order bias involving
endogenous bias (non-central bias).

stablished by Phillips and
technique established the OLS

%)

[E]: Yzz, Y z,y; —T[ﬁ] (8)

where the long-run covariance matrix estimator, on the other
hand, is crucial for FMOLS estimation.

ye =X+ DB+ Y A'X o+ vy 9)
j=—q

The DOLS approach entailed augmenting the co-integration
regression of 9X, since the error term in the co-integration
equation should be orthogonal. Regarding the statement of
adding y principals and q lags of the variances, regressors
engage the long-run correlation between v;; and vy.

3.3.4 Panel Causality Analysis

Causality is inspected by the engaging panel Granger non-
causality test established by Dumitrescu and Hurlin (2012),
which is “the latest version of the Granger non-causality test
for panel data” used to study causality (Baloch and Meng, 2019).
This technique is based on the method of Granger (1969) and
includes dual types of statistics: such as the first type W-bar
statistics and the second type Zbar statistics. The previous
determines the test’s average, while Z-bar statistics denotes a
conventional normal distribution. The null hypothesis (Hy) of the
test posits that the variables have no causal link. Lopez and Weber
(2017) recommend using Zbar tilde statistics to make inferences
in our sample countries with a big number of panels (N) and a
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TABLE 5 | Findings of panel unit root tests.

Series At level 1(0) At first difference |
Statistic p-value Statistic p-value
Levin, Lin, and Chu (LLC) test
LCO, 0.95074 0.8291 —-8.02044 0.0000
LGINV —1.22443 0.1104 -9.72908% 0.0000
LTECH -2.01845° 0.0218 -7.98243 0.0000
LGDP -0.58911 0.2779 6.70308% 0.0000
LGDP? -0.40384 0.3432 -5.810442 0.0000
LNREC —1.52549 0.0636 -5.94897° 0.0000
LGLO -1.98545° 0.0235 -4.873312 0.0000
LGINV * LGLO -1.19526 0.1160 -9.62728% 0.0000
LTECH * LGLO —-2.16485 0.0152 -6.146142 0.0000
Im, Pesaran, and Shin (IPS) test
LCO, 1.84685 0.9676 -6.70628% 0.0000
LGINV -0.81325 0.2080 -10.2450% 0.0000
LTECH 0.63111 0.7360 -8.21390% 0.0000
LGDP 1.18114 0.8812 -7.96949% 0.0000
LGDP? 1.27178 0.8983 -4.98594% 0.0000
LNREC —-0.24400 0.4036 -4.973142 0.0000
LGLO -0.00227 0.4991 -3.53065% 0.0002
LGINV * LGLO —-0.75908 0.2239 -10.1342° 0.0000
LTECH * LGLO 0.31354 0.6231 -6.09265% 0.0000
Fisher augmented Dickey-Fuller (F-ADF) chi-square test
LCO? 4.33885 0.8253 50.3435% 0.0000
LGINV 10.3845 0.2391 81.85607 0.0000
LTECH 0.63111 0.7360 68.9555% 0.0000
LGDP 2.64586 0.9546 16.1835° 0.0398
LGDP? 2.45240 0.9639 36.1691° 0.0000
LNREC 9.89607 0.2724 40.2873% 0.0000
LGLO 7.07556 0.5285 29.4793% 0.0003
LGINV * LGLO 10.1642 0.2537 80.5397° 0.00
LTECH * LGLO 13.7454 0.0886 55.5318%

Fisher Philip Perron (F-PP) chi-square test

LCO, 4.30710 0.8284
LGINV 19.2011° 0.0138

LTECH 6.96099 0.5408

LGDP 11.5816 0.1709

LGDP? 10.7183 0.218

LNREC 9.78263

LGLO 3.79227 875

LGINV * LGLO 18.4144° .
LTECH * LGLO 5.34 189 71.9099% 0.0000

Significance level at 1%.
bSignificance level at 5%.

small number of time periods (T). The benchmark (basic) model
can be defined as follows:

K K
Vit =& + Zbik Yit-k + Zﬂikxi,t—k + &t (10)
k=1 k=1
where x;; and y;; are remarks of two stationary variables for
individual i in period, and K is the lag order.

4 RESULTS AND DISCUSSION

4.1 Panel Unit Root Outcomes

The initial phase of the empirical investigation is to verify the
integration level (stationarity level) of all concerned variables. For
this reason, four different stationarity tests were conducted, such

as LLC, IPS, F-ADF, and F-PP unit root tests, which are recently
getting more reputation in the existing literature (Jahanger,
2021a; Jahanger et al, 2021a; Jahanger, 2021b). Table 5
presents the conclusions of the LLC, IPS, F-ADF, and F-PP
stationarity tests of the panel data set. All four tests reject the
joint null hypothesis for each variable at 1 and 5% levels.
Therefore, from all of the four methods, the panel stationarity
tests specify that each variable is integrated at first difference 1(1).

4.2 Panel Long-Run Co-integration Test

Outcomes

To verify the long-run co-integration among series, this study
applied the Pedroni, Kao, and Johnson Fisher co-integration
approaches that verified the long-run elasticity among
candidate variables. The outcomes of the Pedroni long-run co-
integration test are described in Table 6. The Pedroni residual-
base co-integration test verifie esence of co-integration
presence of long-run
estment, technological

innovation, econo enewable energy use,
globalization, in the case of MINT
countries. relationship among

4.3 Findings of Panel Long-Run Elasticity by
FMOLS and DOLS Estimations

After verifying the long-run elasticity between the concerned
variables, this paper applies the FMOLS and DOLS techniques to
evaluate the long-run impact of green investment, non-renewable
energy use, GDP, technological innovation, and globalization on
carbon emissions in MINT nations. The findings of the FMOLS
and DOLS methods are all parallel in terms of the same
coefficients and symbol and parallel magnitudes. The
conclusions of the FMOLS and DOLS approaches are
presented in Table 9. The empirical results of models (1-4)
display that green investment has a negative and significant
effect on environmental degradation in the case of MINT
countries. This evidence that investment in clean energy
(renewable energy) is negatively linked with the environmental
pollution in MINT countries and that the region (block) needs to
spend on renewable energy possessions in order to minimize
environmental dilapidation related to energy utilization. This
study’s conclusion about the influence of green investment on
environmental pollution is in line with numerous earlier studies
such as that of Luo et al. (2021). Between 2020 and 2030,
renewable energy utilization generation in the MINT
economies is predicted to be enhanced by fourfold according
to the International Renewable Energy Agency report (IRENA,
2021). The approach/strategy to take is to enhance the energy
structure by shifting (conventional energy sources to clean) and
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TABLE 6 | Long-run co-integration test findings.

Pedroni residual co-integration method

Alternative hypothesis: common AR coefficients (within dimension)

Statistic
Panel v-statistic 0.575691
Panel rho-statistic 2.837421
Panel PP-statistic -6.380793%
Panel ADF-statistic -7.616058%

Alternative hypothesis: individual AR coefficients (between-dimension)

Group rho-statistic 2.725573
Group PP-statistic -16.706579%
Group ADF-statistic -7.446238%
“Significance level at 1%.
TABLE 7 | Kao residual co-integration test.
t-statistic Probability
ADF -2.056929% 0.0198
Residual variance 0.002987
HAC variance 0.002677

@Significance level at 5%.

growing its energy generation mechanism through eco-friendly
expertise and investment.

Following the models (1-4), the coefficients of TECH have.a
positive and statistically significant impact on environmen
decay in the case of the MINT economies. This outcom
concludes that TECH accelerates to boost the
Recently, the study of Usman and Hammar

accelerate/quicken green progress.
most of the MINT nations are b

2022). Hence, TEC
technologies in MINT
encouraged the use of trad
consequence of high-level énvironmental damages.

This positive influence of technological innovation on the
environment is consistent with various empirical studies, such as
those of Churchill et al. (2019), Chen and Lee (2020), and Usman

Probability Weighted statistic Probability
0.5425 -3.726074 0.9578
0.9669 3.772617 0.9619
0.0000 -5.3210942 0.0000
0.0000 -3.403869% 0.0000

0.9968

0.0000

0.0000

and Hammar (2021). In all models (1-4), the elasticity of non-
renewable energy also has a statistically significant and positive
impact on environment pollutigff 1t ase of MINT countries.

¢ Ited in environmental
ich is produced from
at fossil fuel processing

support with low interest rates for
attention to cheaper products from the

mption is essential for economic growth. However, it has
many environmental consequences. Given that 80% of the energy
consumed in the world is from non-renewable energy, reducing
environmental consequences, increasing the efficiency of fossil
fuels, and replacing renewable energy are necessary (Usman et al.,
2020c; Yang et al,, 2021a; Ramzan et al., 2021).

The coefficient of globalization has a negative and statically
significant effect on environmental decay in the models (1-4). In
order to support this result, Yang et al. (2020) claimed that
globalization carries pollution-free technologies and innovative
(eco-friendly) approaches of production, which enhance GDP
with low carbon emissions in the case of MINT countries. The
policymakers should encourage those foreign investors that bring
eco-friendly technologies and pollution-free industries.
Globalization can help achieve sustainable growth in MINT

TABLE 8 | Johansen Fisher panel co-integration test findings.

Hypothesized Trace test statistics Max-Eigen test statistics

Number of CE(s) Fisher statistics® Probability Fisher statistics® Probability
None 239.79% 0.0000 104.475% 0.0000
At most 1 150.38% 0.0000 112.5722 0.0000
At most 2 62.380% 0.0000 51 7592 0.0000
At most 3 21.025° 0.0071 18 044° 0.0209
At most 4 9.877° 0.2738 4.8041° 0.7783
“Significance level at 1%.

bSignificance level at 5%.
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TABLE 9 | Findings of panel long-run elasticity estimates.

Model 1 Model 2 Model 3 Model 4
FMOLS DOLS FMOLS DOLS FMOLS DOLS FMOLS DOLS
LGINV -0.386392% -0.19562% -0.173616% -0.388884% -0.18225° -0.138384 -0.010784° -2.84938°
[-4.56428] [-4.7967] [-4.76611] [-5.39125] [-2.2523] [-4.05276] [-2.24658] [-2.6547]
(0.0000) (0.0000) (0.0000) (0.0000) (0.0283) (0.0000) (0.0276) (0.0348)
LTECH 0.108007° 0.042713% 0.063012% 0.052152° 0.038627° 0.054481° 0.765434% 0.23378%
[2.55045] [3.21662] [6.30511] [1.91566] [2.21342] [1.86311] [6.660163] [4.8510]
(0.0129) (0.0023) (0.0000) (0.0636) (0.0300) (0.0688) (0.0000) (0.0000)
LGDP 0.674855% 0.525811° 0.498482° 0.494286" -0.517552° -4.115308% 0.490426% 0.33316°
[30.5167] [2.65406] [15.3881] [3.561247] [-2.2523] [-4.16725] [15.74352] [2.8493]
(0.0000) (0.0327) (0.0000) (0.0010) (0.0283) (0.0001) (0.0000) (0.0065)
LGDP? e e e 0.0622172 0.267617% e e
——————— [3.51671] [4.77787]
------- (0.0008) (0.0000)
LNREC 0.170349% 0.795727% 0.773952% 0.934403% 0.735505% 0.993716% 0.7622912 0.35667%
[3.18926] [6.78739] [21.8675] [2.76158] [18.4242] [3.22496] [23.09792] [6.2641]
(0.0021) (0.0007) (0.0000) (0.0082) (0.0000) (0.0023) (0.0000) (0.0003)
LGLO -0.7194572 -1.765550% -0.43423% -0.50448% -0.62488° -0.96523% 0.64886" -0.37173%

[-13.2123] [-5.96042] [-10.043] [-3.1717] [-1.76808] [-3.1328 -18.7832] [-6.7605]

(0.0000) (0.0008) (0.0000) (0.0027) 0.0812) ofc 0.0000) (0.0000)

LGINV*LGLO = e ~0.67804° ~059532% e oA W
--------------- [-14.7749] [-9.3980]
--------------- (0.0000) (0.0000)

~1.197174° -0.62545°
[-6.22068] [-5.1875]
(0.0000) (0.0000)

LTECH*LGLO ~ =—=- =

The t-statistics are presented inside square brackets, and the probability values are inside parenth€ses.
aSignificance level at 1%.
bSignificance level at 5%.

dction terms between globalization and technological
irfnovation (LTECH * LGLO), which means that globalization
green energy usage has increased. In addity ‘ i enhances environmental quality due to the promotion of eco-
capital influx has encouraged the friendly technologies. However, we observed that technological
industries, which has enabled the innovation has negative influences on environmental degradation
production activities. This negatj (without interaction with globalization), while (with interaction
environmental pollution is term of globalization) it appears to have a significant and negative
studies, such as those effect on environmental degradation. Technological innovation is
Usman (2021). a significant component for sustainable development and helpful
Furthermore, in m in promoting low carbon emission and achieving energy
GDP and GDP? with e tal degradation indicate the  efficiency. This outcome is parallel with the conclusions of
validity of the U-shaped hypothesis. A similar effect was  existing published studies conducted by Adebayo et al. (2021).
found by Yang et al. (2021b). These MINT regions are more  Moreover, Figure 4 displays the actual, fitted, and projected terms
concerned about attaining the GDP rather than environmental ~ of environmental damages by LCO, = f (LGINT, LTECH,
performance due to the low levels of income elasticity of =~ LFGDP, LNREC, and LGLO) for the MINT countries in the
environmental awareness and environmental demand. long run. Besides this, the graphical appearances of the empirical
Additionally, the interaction terms between globalization and  results are presented in Figure 5.
green investment (LGINV * LGLO) have a negative and statically
significant impact on environmental pollution in the case of .. .
MINT economies (model 2), and this shows that globalization 4.4 Outcomes of Pairwise Dumitrescu and
plays a vital role through the latest and eco-friendly technology ~ Hurlin Causality Test
with green investment, which is directly linked with the  Finally, the last stage of the econometric method of empirical
development of environment and growth as welll The  investigation is to see the causality path among series, i.e., green
policymakers of MINT economies should encourage foreign  investment, technological innovation, GDP, non-renewable
investors that bring pollution-free (eco-friendly production)  energy use, globalization, and CO, emissions, through the
technologies and latest methods and skills through  pairwise Dumitrescu and Hurlin causality test developed by
globalization. This finding is consistent with those of Usman Dumitrescu and Hurlin (2012). The outcomes of this test are
etal. (2021d) and Bilal et al. (2022). Moreover, model 4 shows the  listed in Table 10, and Figure 6 displays a growth hypothesis
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TABLE 10 | Findings of pairwise Dumitrescu and Hurlin causality test.

Null hypothesis

LGINV <« LCO,

LCO, « LGINV

LTECH < LCO,

LCO, <« LTECH

LGDP « LCO,

LCO, « LGDP

LNREC <« LCO,

LCO, « LNREC

LGLO % LCO,

LCO, « LGLO

LGINV * GLO « LCO,
LCO, < LGINV * LGLO
LTECH * LGLO <« LCO;
LCO, « LTECH * LGLO
LTECH <« LGINV

LGINV « LTECH

LGDP « LGINV

LGINV + LGDP

LNREC <« LGINV

LGINV « LNREC

LGLO < LGINV

LGINV « LGLO

LGINV * LGLO <+ LGINV
LGINV <« LGINV * LGLO
LTECH * LGLO <« LGINV
LGINV « LTECH * GLO
LGDP < LTECH

LTECH <« LGDP

LNREC <« LTECH
LTECH < LNREC

LGLO « LTECH

LTECH « LGLO

LGINV * LGLO « LTECH
LTECH <« LGINV * LGLO
LTECH * LGLO « LTECH
LTECH <« LTECHLGLO
LNREC <« LGDP

LGDP « LNREC

LGLO « LGDP

LGDP < LGLO

LGINV * GLO <« LGDP
LGDP < LGINV * GLO
LTECH * GLO <« LGD
LGDP < LTECH * GLO
LGLO « LNREC

LNREC <« LGLO

LGINV * LGLO « LNREC
LNREC <« LGINV * LGLO
LTECH * LGLO <« LNREC
LNREC <« LTECH * LGLO
LGINV * LGLO « LGLO
LGLO <« LGINV * LGLO
LTECH * LGLO <« LGLO
LGLO « LTECH * LGLO

LTECH * LGLO <« LGINV * LGLO
LGINV * LGLO « LTECH * LGLO

—, unidirectional causality; <, bidirectional causality; <, no causality relationship.

aSignificance level at 1%.
bSignificance level at 5%.
CSignificance level at 10%.

(unidirectional causality) relation from green investment,
technological innovations, non-renewable energy consumption,
and globalization to CO, emissions. Similarly, a one-way

W statistics

7.76153%
1.92040
6.158142
2.87247
4.75651°
2.78656
5.65116°
3.95736
8.39439%
3.74871
2.78099
1.87260
6.13509%
2.69973
5.22214°
2.94195
3.95654
3.74806
7.97536%
3.66635
10.9219°
0.87765
6.12150%
6.25325%
5.60996°
3.25170
2.50241
3.33327
5.40246°
7.36736%
8.50903%
3.36069
2.92618

2.51281
401718
6.02548%
3.75492
2.11272
3.52370
4.43333
7.85950%
11.04022
3.23139
1.67144
5.66200°
3.25795

Zbar statistics

3.31019
-0.29914
2.77076
0.39056
1.75539
0.32833
2.40349
1.17648
4.04423
1.02533
0.32429
-0.33376
2.75406
0.26543
2.09270
0.44089
1.17588
1.02486
3.85932
0.96566
6.22170

—-1.06452
2.74422
2.83966
2.37364
0.66528
0.1224
0.724
2.49
3.749

1.29318
0.04739
2.68017
3.55764
2.64242
1.15285
3.84067
0.13002
1.21981
2.67465
1.02982
-0.15982
0.86232
1.562128
3.06767
6.30743
0.65057
-0.4794
241134
0.66981

Probability

0.0000
0.7648
0.0056
0.6961
0.0792
0.7427
0.0162
0.2394
0.0000
0.3052
0.7457
0.7386
0.0059
0.7907
0.0364
0.6593
0.2396
0.3054
0.0000
0.3342

Remarks

LGINV — LCO,
LTECH — LCO,
LGDP — LCO,
LNREC — LCO,
LGLO — LCO,
LGINV * LGLO « LCO,
LTECH * LGLO — LCO,
LTECH — LGINV
LGDP « LGINV

REC — LGINV

LO — LGINV
LGINV * LGLO « LGINV
LTECH * LGLO — LGINV
LGDP <« LTECH
LNREC < LTECH
LGLO — LTECH
LTECH — LGINV « LGLO
LTECH*LGLO « LTECH
LNREC « LGDP
LGLO < LGDP
LGINV'LGLO — LGDP
LTECH*LGLO — LGDP
LNREC — LGLO
LGINV*LGLO <« LNREC
LTECH'LGLO « LNREC
LGINV'LGLO « LGLO
LTECH'LGLO « LGLO

LTECH'LGLO — LGINV*LGLO

causality is running from technological innovations, non-
renewable energy consumption, and globalization to green
investment in the region. A similar kind of causality is

Frontiers in Environmental Science | www.frontiersin.org

13

March 2022 | Volume 10 | Article 868704


https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Lietal

RETRACTED ON 07 AUGUST 2025

Impact of Technology on CO2

.6 | L =9
4
j\ MAA N N M

Residual

Actual Fitted

likewise discovered from globalization to technological
innovations and from non-renewable energy consumption to
globalization. However, a bidirectional causality association was
discovered between non-renewable energy consumption and
technological innovations and between globalization a
economic growth, respectively. These empirical outcomes a
consistent with some earlier studies (Yang et al., 20
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e current study inspects the impact of green investment, non-
renewable energy use, technological innovation, GDP, and
globalization on environmental damages in the EKC
framework. This research applies panel data from 2000 to
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FIGURE 6 | Graphical exhibition of D-H panel causality.

2020 for MINT economies. We have used several unit root  hydro, and wind e ed’ countries by which the
methods (i.e, LLC, IPS, F-ADF, and F-PP) to verify the  significant envir es\iitked with trade globalization
stationarity/unit root level, and the outcomes revealed that all ~ can be im rently, the government of the
our concerned variables are unified at the first difference I(1). to these investors that bring eco-
These conclusions recommended moving toward the co- i rough foreign direct investment. Furthermore,
integration approaches. Pedroni, Kao, and Johansen Fisher co-
integration approaches were used to examine the existence of
long-run elasticity estimates. After verifying the co-integrati
among concern variables, we used the FMOLS and DOI$
methods to identify the magnitude of long run

ns ‘above the threshold point and degraded the
quality. It is once again suggested that the MINT
minimize their fossil fuel dependency and convert their
dction methods in an environment-friendly manner. Thirdly,
e government of the MINT economies should develop a strict

was observed that non-renewable ener ) ) financial setup and managing mechanisms for ecologically
technological innovations are signific 10gaki [ sustainable finances to allot significant financial resources for the
environmental performance, whil i establishment of pollution-free production services through research
investment significantly impro i ity.  and development or eco-friendly technologies transfered from

Furthermore, the interaction
and globalization (LGI

developed nations. Fourthly, the education system should be
tween technological ~ enhanced, and cognizance of the environment should be

: OB) have a negative ~ persuaded in the MINT economies. Fifthly, the existence of the
and significant impa emissions in the MINT  EKC hypothesis in the developing world suggests that both clean and
economies. Moreover, th confirm the evidence of the  dirty productions are taking place at the first phase of their growth,
U-shaped EKC hypothesis. Additionally, the panel causal test of ~ but after accomplishment and gaining a threshold point of
Dumitrescu and Hurlin discloses a bidirectional causality = development, people of the MINT economies may request a

running from green investment, technological innovations,  pollution-free environment, and the government of these
non-renewable energy, globalization, and interaction toward  countries may execute sterner environmental rules for cleaner
CO, emissions. productions. Sixthly, authorities of the MINT nations should start

Based on these conclusions, we suggest the following policy =~ practicing the green subsidy program for producers who deploy
implication to the governments, policymakers, regular authority, = green technologies for production. A special tax discount on

and stakeholders, in general, precisely regarding developing a  renewable resources may also play a remarkable role in
strategy for environmental sustainability. Firstly, the government  discouraging the use of fossil fuels. Policies favoring energy
in MINT countries may continue to extend their ties with countries  efficiency and the energy transition to renewable sources help
which have developed economies because those are at the front-list ~ mitigate the CO, emissions. Furthermore, strategies such as
in technological innovation, furthermore increasing their  taxing pollutant products and giving financial incentives for low-
dependence on and investment in renewable energy sources (i.e,  carbon products can help improve the environment.

eco-friendly technologies). Secondly, the globalization process is As part of the future scope of research, this current study
found to be causal to environmental sustainability in the MINT ~ can be extended to expand some cultural, social, and
economies. In this regard, the MINT economies can consider to  institutional indicators in the function of CO, emissions
trade renewable energy (pollution-free energy sources ie., solar,  along with pollution haven and hypothesis. Moreover,
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future researchers can investigate and make a comparative
analysis between developed and developing countries.
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