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Abstract: 

Greening industrialization is critical to balancing the crux between MINT's economic progress and 

environmental sustainability. However, the governance trajectory to improving climate action 

performance while achieving sustainable industrialization remains elusive, with no empirical consensus 

on their relationship. This study examines the intervening influence of governance quality and its 

economic, political, and institutional dynamics on the link between industrialization and environmental 

sustainability in MINT countries between 2000 and 2023. Premised on the EKC hypothesis, the study 

employs the Panel Corrected Standard Error (PCSE) to analyse the relationship. The empirical results 

show that the EKC hypothesis did not hold for MINT countries, and industrialization significantly worsens 

climate action performance. Also, quality country governance mitigates the effects of industrialization on 

climate-action performance, with political governance exhibiting the most significant influence. Policy 

regulators in MINT countries need to strengthen governance mechanisms to ensure sustainable 

industrial production practices through effective regulations and corruption-free structures to diminish 

the impact of industrialization on MINT's environmental sustainability. The study contributed to the 

literature by employing a novel dataset on sustainability performance to advance knowledge on the 

strategic ways to tackle industrialization-induced climate crisis through strong governance mechanisms 

in MINT countries. 
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Introduction 

MINT countries face a triad challenge of balancing industrial growth with economic progress and 

environmental sustainability (Zhang & Zhang, 2026). Industrialisation, a catalyst for growth, helps 

countries achieve their developmental objectives, including employment creation, export diversification, 

and global competitiveness. (Nulambeh & Jaiyeoba, 2024; Popogbe & Olohunlana, 2025). Conversely, 

through industrial processes, the environment becomes polluted and degraded, thereby threatening 

future sustainability (Ketchoua et al., 2025; Parveen et al., 2023).  Globally, pollutants from industrial 

activities are creating a catastrophic impact on the living environment. Natural resources are sporadically 

becoming depleted with extreme weather events, drought, and heatwaves, thus undermining global 

resilience to shocks (Cevik & Jalles, 2025).  

The planet is on a path to 2.7 °C, far beyond the Paris Agreement target of 1.5 °C by 2050, thus creating 

a significant deficit amidst the escalating pollution rates (Hakovirta, 2023). MINT countries contributed 

an average of 3.95% to global greenhouse gas (GHG) emissions between 1970 and 1999, 4.94% in 

2015, and about 5.48% from 2023, and a projected 10% of global GHG by 2030 (Crippa et al., 2025). 

More instructively, Mexico's industrial policies sparked an extensive environmental crisis due to its 

escalating carbon emission growth observed in industrial zones and municipalities (Valdovinos-Flores, 

2025). Likewise, Indonesia's industrial expansion increased its compound growth rate of 3.4% in the last 

2 decades and 4.1% in 2022, leaving actual emissions to about 1.2 billion Mt in 2023 (Crippa et al., 

2025). For Nigeria, 60% of greenhouse gas emissions were attributed to the energy and industry sector, 

with about 182 million Mt in 1970 to 345 million Mt in 2010 and 385.11 million Mt in 2023 (Crippa et al., 

2025). Equally, Turkey's GHG emissions increased from 99.84 million metric tons in 1970 to 314.19 

million metric tons in 2000 and 606.43 million metric tons in 2023, totalling an average annual growth 

rate of 3.53% over the period.    

Theoretically, industrialisation-induced income growth is often attributed to increasing environmental 

degradation, but as they industrially expand, it is expected that their technical progress embeds eco-

efficient processes, thereby improving environmental sustainability (Wei et al., 2026). Consequently, 

researchers have continuously examined the factors influencing environmental sustainability and 

industrialization to address the concerns with stringent policy measures regarding waste recycling, eco-

efficiency, and innovative industrial production processes (Khalid et al., 2026). Indeed, there are policy 

suggestions on adopting the use and reuse strategy for waste reduction, water recycling, and renewable 

energy transition through efficient technologies (Maruta, 2025; Erdogan & Solarin, 2026). Other policy 

recommendations include enhancing digital technologies for optimising manufacturing and industrial 

processes (Ketchoua et al., 2025; Li et al., 2025). However, most of these valuable policy suggestions 

may not be fully effective without quality institutional and environmental governance in these countries.  
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Governance entails accountability, responsiveness, transparency, and efficient rule of law. Integrating 

these essentials in environmental governance would provide strategic direction for effective regulation 

of industrial practices. Having a weak governance structure may render efforts to achieve environmental 

sustainability futile, resulting in the inevitable nature's degradation and a compromised living 

environment (Cevik & Jalles, 2025). Additionally, countries with poor governance structures often 

encourage lax compliance with environmental laws and disincentivize clean transitions through 

ineffective subsidy promotion to industrial actors (Yuan et al., 2025). Therefore, setting effective policy 

directions for environmental protection in industrializing economies requires an overall, overarching 

quality governance framework within the economic, political, and institutional dynamics (Sachan et 

al.,2024).  

It is noteworthy that for any economy to grow sustainably through industrialization, it is expected to 

simultaneously tackle its environmental consequences through the moderating role of governance 

dynamics. However, validating the triad relationship is marred by empirical inadequacy, particularly in 

MINT countries. Empirical outcome on industrialization and environmental sustainability is mixed; some 

scholars argue that industrialization aggravates environmental degradation (Hassan et al., 2025; 

Parveen et al., 2023; Wang et al., 2025), while some other documents have either insignificant or 

negative linkage (Appiah et al., 2021; Nulambeh & Jaiyeoba, 2024). In the same way, some scholars 

argued on the prominence of governance institutions in reducing pollution (Khan et al., 2022; Ofori et 

al., 2023; Gibba et al., 2025) while others refute the claim. Therefore, the empirical investigation is open 

to debate.  

This study fills an important gap in the literature by employing a relatively new climate action 

performance index developed in the UN Sustainable Development Report (2025). The index offers a 

comprehensive insight into environmental sustainability, detailing countries' progress in mitigating CO2 

emissions associated with fossil fuel combustion and exports, cement production, and GHG emissions 

embedded in imports, as well as carbon pricing (Puertas & Marti, 2021). Amongst other approaches to 

ensuring sustainable industrialization, it is crucial to consider the asymmetric role of quality governance 

dynamics on the linkage. To deepen empirical insights into the moderating role of quality governance, 

this study utilizes sub-dimensions of governance quality metrics to inform more effective policy 

engagement (Ofori et al., 2023). Furthermore, the study examines the linkage by incorporating an 

alternative environmental sustainability indicator: load capacity factor. This would enable an in-depth 

examination of environmental performance from the supply-side ecological reserve/deficit perspective. 

Therefore, highlighting the environmental impacts of unsustainable practices resulting from human-

induced industrial effects on the environment (Puertas & Marti, 2021). Conducting a comparative 

assessment of these indicators would provide a robust empirical evaluation of environmental quality and 

its response to sustainable industrialization in MINT countries.  
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Literature Review 

This study is theoretically premised on the Environmental Kuznets Curve (EKC) hypothesis (Grossman 

& Krueger, 1991). EKC suggests an inverted-U relationship between environmental quality and 

economic progress of countries in three phases: scale, technology, and structural (Li et al., 2024). These 

phases describe the initial heightened environmental degradation as countries strive to expand 

economic activities by using natural resources for survival, consumption, and production purposes 

(Saba et al, 2025). Thereafter, countries invest in innovative production strategies to ameliorate the 

environmental concerns associated with growth. Hence, the technological effect became apparent 

through improved productivity, resource efficiency, and improved environmental quality (Wang et al., 

2025). The validity of the EKC hypothesis has been tested in countries, albeit with indecisive outcomes 

(Magazzino & Zoundi, 2023; Rahman et al., 2021; Wang et al., 2025). EKC validity was confirmed in 

related studies in the OECD countries (Wang et al., 2025), advanced countries (Magazzino et al., 2023), 

and in developing countries (Li et al., 2024). However, Rahman et al. (2021) and Raggad (2018) failed 

to validate the hypothesis in the newly industrialised economies and in Saudi Arabia, respectively. 

Comprehending the EKC nuances for MINT is critical for integrating environmental quality mechanics in 

pushing for sustainable growth through eco-friendly industrialization (Ketchoua et al., 2024; Wang et al., 

2025). This position would offer invaluable policy considerations for integrating the clean energy 

transition into the process of economic transformation through industrialisation. 

Brief Empirical Overview on Industrialization and Environmental Sustainability 

Nexus 

Empirical investigations have been inconsistent on the role of industrialization in environmental 

sustainability despite its significance in achieving rapid economic progress. Sumaira and Siddique 

(2023) and Hassan et al. (2025) employ the CCEMG technique to affirm the long-run positive and 

significant influence of industrialization on carbon emission in South Asian countries at different time 

periods. Riaz et al. (2025) find that industrial production exacerbates environmental concerns and 

ecological footprints in BRICS countries. Prempeh (2024) finds that industrialization has a deleterious 

implication on environmental quality in 10 ECOWAS countries. In addition, Ketchoua et al. (2025) 

support the evidence for 45 African countries between 2000 and 2022.  

However, some other studies identified an indirect mechanism that could enhance sustainable 

industrialization. Nulambeh and Jaiyeoba (2024) find that industrialization reduces ecological footprints 

using renewable energy. Raheem and Ogebe (2017) establish that the indirect effect of industrialization 

crowds out its direct positive effect on carbon emissions. Similarly, Li et al. (2025) point out that digitising 

industrialization promotes resource efficiency, thereby enhancing environmental sustainability. From the 

foregoing, this study raises an important empirical question:  
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To what extent does industrialization impact environmental sustainability in MINT countries?   

Governance Dynamics, Industrialization and Environmental Sustainability 

Nexus 

Evidence on the impact of governance quality on environmental sustainability is mixed in the literature 

(Gibba et al., 2025; Padhan & Bhat, 2023; Saba et al., 2025; Shahbaz et al., 2026).  Gibba et al. (2025) 

establish that Australia's governance framework effectively reduces carbon emissions, while Khan et al. 

(2022) conclude that sound institutional frameworks substantially ameliorate ecological degradation, 

thus improving environmental sustainability in 188 countries. Other literature strand argued that 

disaggregating the governance transmission mechanism may produce robust policy insights into the 

framework that exhibit greater potency in improving environmental sustainability. Strong political 

governance shapes sound enforcement of proprietary rights on resource use and creates a responsive 

and transparent governance environment, which attracts long-term investment opportunities in clean 

technologies (Handoyo, 2024). In the same instance, institutional governance in terms of corruption 

control and rule of law is critical for inhibiting the abusive use of power for illicit activities and personal 

gains by industrial actors. Through a stable legal framework, institutional governance ensures fair 

enforcement of environmental regulations, thus promoting sustainable industrial operations (Cevik & 

Jalles, 2025). Economic governance ensures long-term industrial planning by prioritising eco-friendly 

technological innovations, knowledge transfer, and managerial expertise for economic and 

environmental sustainability. (Nasrullah, 2022).  More importantly, economic development plans are 

strategically aligned with greening industrialization through circular economic principles, which promote 

the remanufacturing, recycling, and reuse of biodegradable materials, thereby promoting environmental 

sustainability. (Ofori et al. 2023). 

Empirically, Ofori et al. (2023) disaggregate governance quality into economic, political, and institutional 

dynamics to affirm its role in achieving carbon neutrality in BRICS, MINT, and G7 countries. The study 

finds that economic governance enhances environmental sustainability through improved regulatory 

quality, whereas institutional governance hinders progress, aggravating pollution levels in the regions. 

In a similar study, Sachan et al. (2024) find that each of the six governance indicators significantly 

mitigates CO2 emissions. Xaisongkham and Liu (2024) opine that government effectiveness and rule of 

law are crucial in reducing CO2 emissions in 115 developing countries. The inconclusiveness in the 

empirical outcomes leaves more to be desired. Particularly, the literature is fragmented on the nexus 

between institutional quality and environmental sustainability.  

The empirical debate on the role of governance dynamics on the link between industrialization and 

environmental sustainability remains opaque. The available strains of literature fail to strategically 

decompose the influence of difference governance dimension, and a dearth of the empirical validation 
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is apparent in the MINT countries. Hence, this study seeks to reexamine the relationship within the 

context of the MINT economies. The study raises the research question it seeks to answer as thus: 

Does governance dynamics significantly influence the industrialization-environmental sustainability 

nexus in MINT economies? 

Existing studies affirmed that some other confounding factors may influence the level of environmental 

sustainability across the globe. Some of the variables are renewable energy use, urban growth and the 

level of trade openness. Studies suggest that renewable energy use and investment on alternative green 

energy improves environment performance, thus promoting global sustainability. Illustratively, Wang et 

al. (2025) establish that the use of renewable energy ameliorates ecological footprints in the sampled 

OECD countries, while it reduces ecological footprints in BRICS+ countries (Riaz et al., 2025). Likewise, 

Ofori et al. (2023) suggest that renewable energy has the most significant potential to accomplish climate 

action goals in BRICS, G7, and MINT countries. On the contrary, through a structural equation analysis, 

Zeeshan et al. (2020) opine that the renewable energy transition is hindered by economic and 

environmental policy barriers, resulting in increased environmental pollution in five Latin American 

countries, but worsens carbon emissions in developing countries (Le et al., 2020). 

Likewise, empirical studies on the nexus between urban growth and environmental sustainability remain 

inconclusive. Sumaira and Siddique (2023) and Nulambeh and Jaiyeoba (2024) support the positive 

significance of urban growth on environmental pollution in 5 South Asian countries and in selected 

African countries. Other studies find that urbanization is either insignificant or negatively related to 

environmental quality. For instance, Ketchoua et al (2025) noted an insignificant relationship between 

urban growth and ecological footprint in Africa. Interestingly, Yang et al. (2021) find that urban growth 

reduces carbon emissions in countries with the highest health expenditure globally by using efficient 

infrastructural innovations for sustainable urban development strategies.  

Trade remains a crucial factor in accounting for the environmental sustainability of countries. Interborder 

trade may exacerbate carbon emissions through the manufacturing and transportation processes of the 

products. Hassan et al. (2025) reveal that trade openness increases pollution and carbon emissions in 

South Asia and threatens environmental sustainability in BRICS, MINT, and G7 countries (Ofori et al., 

2023). Unlike previous studies. Sachan et al. (2024) conclude that trade lowers CO2 emissions through 

the introduction of innovative technologies and sustainable trading practices in BRICS. Utilizing a 

dataset from 176 countries, Khan et al. (2022) establish a negative link between trade openness and 

carbon emission. 
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Methods and Data 

This study conducts a panel data analysis for MINT countries from 2000 to 2023. Climate action 

performance is proxied by Sustainable Development Goal 13 performance index score. The index score, 

obtained from the UN sustainable development report, measures the progress of countries in combating 

the climate crisis. To deepen empirical insights, the study used the Load Capacity Factor (LCF) as an 

alternative measure of environmental performance. LCF, obtained from the Global Footprint Network, is 

the ratio of ecological footprints to biocapacity levels of the countries. It measures environmental 

efficiency by estimating human demands for natural resources and the Earth's capacity to absorb 

emissions and regenerate. An LCF score greater than 1 suggests ecological reserve- a minimum 

criterion for sustainability, thus guaranteeing nature's ability to accommodate degradation. Any score 

less than one or negative leads to an ecological deficit, thus threatening environmental sustainability 

(Yue et al., 2013). The main variable of interest is industrialisation, measured as industry value added 

as a percentage of the gross domestic product. Since the theoretical expectation suggests that 

industrialization dampens environmental sustainability, it is expected that they exhibit a negative 

relationship with degradation (Hassan et al., 2025; Parveen et al., 2023). The study includes institutional 

quality indicators to establish their mediating influence (worsening or enhancing implications) on the link 

between industrialization and environmental sustainability (Padhan & Bhat, 2023; Sachan et al., 2024). 

Lastly, other confounding variables that could influence environmental sustainability were included in 

the model. Some of such are trade openness (Padhan & Bhat, 2023; Hassan et al., 2025); economic 

growth (Rahman et al., 2021; Prempeh, 2024); renewable energy (Ofori et al., 2023; Ketchoua et al., 

2025), and urbanization (Yang et al., 2021; Nulambeh & Jaiyeoba, 2024). Governance indicators and 

other confounding variables were obtained from the World Development Indicators database. 

Following (Sachan et al., 2024), this study expresses the linear relationship between industrialisation, 

governance dynamics, and environmental sustainability as:  

∑ 𝐸𝑛𝑣_𝑆𝑢𝑠𝑡
𝑛=3 𝑖𝑡

=  ∅0 +  ∅1𝑙𝑖𝑛𝑑𝑖𝑡 +  ∅2𝑙𝑟𝑒𝑐𝑖𝑡  +  ∅3𝑙𝑒𝑐𝑔𝑖𝑡  +  ∅3𝑙𝑒𝑐𝑔𝑠𝑖𝑡 +  ∅4𝑙𝑡𝑟𝑜𝑖𝑡 +  + ∅5𝑙𝑢𝑟𝑏𝑖𝑡  

+   ∅6𝑖𝑛𝑠𝑑𝑒𝑥𝑖𝑡 + ∅7𝑒𝑔𝑣𝑖𝑡 + ∅8𝑝𝑔𝑣𝑖𝑡 + ∅9𝑖𝑔𝑣𝑖𝑡 + ∅10𝑖𝑛𝑑𝑠𝑑𝑒𝑥𝑖𝑡 +  ∅11𝑖𝑛𝑑𝑒𝑔𝑣𝑖𝑡

+  ∅12𝑖𝑛𝑑𝑝𝑔𝑣𝑖𝑡 + ∅13𝑖𝑛𝑑𝑖𝑔𝑣𝑖𝑡

+   𝜖𝑖𝑡                                                                                                                                     (𝐸𝑞. 1) 

Where 𝐸𝑛𝑣𝑆𝑢𝑠𝑡 is the climate action performance index and load capacity factor, 𝑙𝑖𝑛𝑑 refers to the level 

of industrialization in the countries as a proxy for industrial value added; 𝑙𝑟𝑒𝑐 renewable energy 

consumption as a percentage of total energy consumption; 𝑙𝑒𝑐𝑔 𝑎𝑛𝑑 𝑙𝑒𝑐𝑔𝑠 denotes economic growth 

measures with GDP per capita and its squred indicator; 𝑙𝑡𝑟𝑜 trade openness through merchandised 
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trade as a percentage of total trade; 𝑙𝑢𝑟𝑏 is the level of urbanisation in terms of the percentage of urban 

dwellers to the total population. 𝑖𝑛𝑠𝑑𝑒𝑥, 𝑒𝑔𝑣, 𝑝𝑔𝑣 𝑎𝑛𝑑 𝑖𝑔𝑣   are governance quality indicator and its 

economic, political and institutional dynamics.  𝑖𝑛𝑑𝑠𝑑𝑒𝑥, 𝑖𝑛𝑑𝑒𝑔𝑣, 𝑖𝑛𝑑𝑝𝑔𝑣 𝑎𝑛𝑑  𝑖𝑛𝑑𝑖𝑔𝑣 represents the 

mediators.  𝜖𝑖𝑡 is the error disturbance,  𝑖 is the number of cross sections, and 𝑡 are the years referenced 

in the model. All variables except load capacity factor, and institutional indicators are in their natural 

logarithm form.   

The study examines whether the dataset is consistent with cross-sectional independence, slope 

homogeneity, stationarity, and co-integration to ascertain the appropriate estimator to produce efficient 

estimates for its analysis (Abbas et al., 2023; Hassan et al., 2025). The first assessment is to test for 

Cross-Sectional Dependence (CSD) amongst the countries to avoid biased estimates due to 

unobserved possibilities of common trade, globalization, and technological transfer (Yang et al., 2021; 

Shah et al., 2023). Therefore, the study adopts and expresses the CSD model developed by Chudik 

and Pesaran (2014) as  

𝐶𝑆𝐷 = √
2Τ

Ω(Ω − 1)
[∑ ∑ 𝜂̂𝑖𝑗

𝑢

𝑗=𝑖+1

Ω−1

𝑖=0
]                                                                                   (𝐸𝑞. 2) 

where Τ is the time, Ω is each of the cross-sections, and 𝜂̂𝑖𝑗 represents the coefficients of correlation of 

the time (𝑡)and cross-sectional units (𝑖). CSD implies a weak asymptotic distribution in the null 

hypothesis of cross-sectional dependence. Also, the test for slope heterogeneity is considered to 

ascertain that there are no homogeneous slopes in the panel (Olohunlana et al., 2022; Wang et al., 

2025). This is required to overcome biased estimates, inefficient predictions, and misleading 

interpretations of significance and incorrect conclusions (Adeleye et al., 2022; Liu et al., 2023). Following 

Pesaran and Yamagata (2008), the model for testing scaled heterogeneity is expressed as  

𝑆𝐻̃ =  ∑ ((Ψ̂𝑖 − Ψ𝜃̃𝑊𝐹𝐸) 
′𝜒𝑖

′𝐼𝜋𝜏𝜒𝑖

𝜌̃𝑖
2  (Ψ̂𝑖 −𝑁

𝑖=1

 Ψ̃𝑊𝐹𝐸) )                                                                                                                                                                    (𝐸𝑞. 3)  

where  𝑆𝐻̃ is the heterogeneous coefficient of the slopes;  Ψ represents the coefficients of the pooled 

OLS; Ψ̃𝑊𝐹𝐸 is the weighted coefficients of the fixed effect estimator; 𝐼𝜋𝜏 is the identity matrix, 𝜌̃𝑖
2 is the 

estimator for 𝜌𝑖
2.  

Lastly, the model is examined for the presence of unit roots through cross-sectional augmented Dickey-

Fuller (CADF) and the CIPS tests for stationarity. Establishing the presence of a unit root amongst the 

variables implies that the long-run estimates may be spurious and inefficient (Isola et al., 2020). The 

baseline specification for CADF is expressed as  
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∆𝜔𝑖,𝑡  =  𝜌𝑖 +  𝛾𝑖∆𝜔𝑖,𝑡−1 +  𝛼𝑖  𝜔̅𝑡−𝑖 +  𝛿𝑖∆𝜔̅𝑡

+  𝜀𝑖𝑡                                                                                                                       (𝐸𝑞. 4) 

Where ∆𝜔𝑖𝑡 is the average value of the first difference, while 𝜌𝑖, 𝛾𝑖 , 𝛼𝑖 , 𝑎𝑛𝑑 𝛿𝑖 represent the slope 

coefficients from the Augmented Dickey Fuller in each country.  ∆𝜔𝑖,𝑡−1 represents the lagged mean 

differences, 𝑎𝑛𝑑 𝜀𝑖𝑡 is the error term in the panel. The estimate drawn from the CADF model is thereafter 

used to estimate CIPS. THE CIPS is therefore expressed as  

𝐶𝐼𝑃𝑆 =  
1

𝑛
∑ 𝑡𝑖(𝑁, 𝑇)𝑁

𝑖=1                                                                                                                                   (𝐸𝑞.  5)                                                                               

Where 𝑡𝑖(𝑁, 𝑇) is the t-statistic of the least squares estimates of the equation  𝜔𝑖,𝑡 =  𝜔𝑖𝑡 + 𝜔𝑖𝑡
0 . Given 

the existence of cross-sectional dependence, slope homogeneity, and stationary levels at first 

difference, the study employs the Panel Corrected Standard Error with the Prais-Winsten regression 

variance to control for serial correlation and heteroskedasticity in the models. To check for robustness, 

the study employs the Feasible Generalised Least Squares estimator to run the specified models.  

Results 

Table 1 presents the summary statistics of the variables employed in this study and the explanation is 

limited to the interest variables. From the analysis, MINT's average climate action performance was 

91.46% with Nigeria recording the highest average performance of 97.83%, followed by Indonesia 

(93.29%), Mexico (88.04%), and Turkey (87.13%). 

Variables Mean St. Dev Minimum Maximum 

G-13 91.46 4.45 85.18 97.96 

Load Capacity Factor -1.77 0.39 -2.29 -0.99 

Industrialization 32.28 7.27 18.17 48.06 

Renewable Energy 35.02 29.61 9.00 88.10 

Economic Growth 6127.25 3863.32 1421.68 14713.57 

Trade Openness 44.11 13.94 16.51 82.10 

Urbanization 61.26 14.72 34.84 81.58 

Institutional Quality -0.51 0.41 -1.27 0.06 

Economic Governance -0.23 0.50 -1.50 0.44 

Institutional Governance -0.62 0.40 -1.50 0.07 
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Political Governance -0.68 0.45 -1.49 0.14 

Table 1: Descriptive Statistics and Correlation Coefficients 

This suggests that developed countries engage in more environmentally degrading activities than 

developing countries, such as Nigeria and Indonesia, which may contribute to their improved average 

performances. MINT's load capacity factor reflects a mean value of -1.7. This implies that the countries 

are in a state of ecological deficit, suggesting that the countries are currently operating beyond the 

minimum sustainability threshold (Yue et al., 2013). More so, MINT's average performance of industrial 

output is 32.28% of its Gross Domestic Product (GDP). The results showed that Indonesia and Mexico 

are more industrialized, with their industry value added ratios of 43.17% and 32.67%, respectively. In 

contrast, Turkey and Nigeria's industrial output accounted for 27% and 26.25% of GDP. 

Findings From the Pre-diagnostic Tests 

Table 2 presents the estimates from the statistical diagnosis on cross-sectional dependence, CIPS, 

CADF, slope heterogeneity, and panel co-integration.  

Variables  

CSD CIPS CADF 

cd-test level 1st diff level 1st diff 

lg13 -0.335 -1.643 -4.218*** -0.438 -1.430* 

lcf 4.581*** -2.775*** -4.752*** -0.625 -0.945 

lrec 2.964*** -1.814 -5.008*** 1.002 -0.063 

lecg 2.629*** -2.336** -4.042*** -0.678 -2.037** 

ltro -1.898* -1.851 -4.436*** 1.262 -3.047*** 

lurb 11.992*** -1.901 -4.540*** 1.120 -3.513*** 

lind 0.474 -1.782 -4.830*** 1.163 -3.284*** 

linst -2.56** -0.598 -5.286*** 3.513 -2.696*** 

egov 0.661 -1.440 -5.130*** 3.332 -3.229*** 

pgov -2.142** -2.090 -5.259*** 0.563 -1.631** 

igov -1.904* 0.045 -4.874*** 4.895 -0.998 

Westerlund Slope Heterogeneity  
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Delta_Tilde 
 

-4.330*** 

Adj. Delta_Tilde -6.396*** 

Westerlund Panel Co-integration 

Modified Dickey-Fuller t -2.7814*** 

Dickey-Fuller t -2.3596*** 

Augmented Dickey-Fuller t 8.0253*** 

Unadjusted Modified Dickey-Fuller t -2.5495*** 

Unadjusted Dickey-Fuller t -2.2959** 

Table 2: Estimates on CSD, CIPS, CADF, Slope Heterogeneity, and Panel Co-integration 

The findings suggest evidence of cross-sectional dependence in the model. Also, the CIPS tests reveal 

that all the variables are stationary at the first difference. The slope heterogeneity test also confirms the 

presence of constant slopes across panels in the model. Lastly, the Westerlund panel co-integrated test 

shows that the panels are co-integrated in the long run. Hence, justifying the appropriateness of the 

estimator. Lastly, the Westerlund panel co-integrated test shows that the panels are co-integrated in the 

long run. Hence, justifying the appropriateness of the estimator.  

Findings of the Main Estimations 

Impact of Industrialization on Environmental Sustainability   

Table 3 presents the findings on the validation of the EKC theory on the impact of industrialization on 

MINT's environmental sustainability. The estimates suggest different outcomes in the three 

environmental sustainability indicators.  

Variables 

(1) (2) 

lg13 lcf 

lecg -0.0719 6.700*** 

 
(-1.129) (4.948) 

lecgs -0.00102 -0.400*** 

 
(-0.288) (-5.430) 

lind -0.0308*** 0.609*** 

https://doi.org/10.51137/wrp.ijarbm.609
http://www.wr-publishing.org/


International Journal of Applied Research in Business and Management (ISSN: 2700-8983) 

Volume: 07 Issue: 09 Year: 2026 

https://doi.org/10.51137/wrp.ijarbm.609   

 

 

 

 

Discover publication opportunities: 
www.wr-publishing.org 

 
(-4.173) (4.474) 

lrec 0.0318*** -0.313*** 

 
(9.388) (-4.052) 

ltro 0.0162*** -0.0348 

 
(4.337) (-0.423) 

lurb 0.158*** -1.881*** 

 
(7.162) (-4.147) 

Constant 4.496*** -22.92*** 

 
(17.46) (-4.014) 

Observations 96 96 

R-squared 0.969 0.850 

Number of m_id 4 4 

chi2 11353*** 759.5*** 

Table 3: Estimates on the Impact of Industrialization on Environmental Sustainability 

Table 3 Model 1 reveal that the EKC model is not supported due to the existence of a non-significant 

relationship between economic growth, squared economic growth and climate action performance. It 

also shows that industrialization significantly threatens climate action performance. A percentage 

increase in industrial value-added leads to a reduction of 3.08% in MINT’s climate action performance. 

Model 2 affirm that economic growth significantly increases load factor capacity, thereby excerbating 

ecological deficit. The outcome signifies that a percetage increase in economic growth have about 6.7% 

increase in ecological deficit. Additionally, industrialization exacerbates the ecological deficit, with an 

average negative ratio of ecological footprint to biocapacity. A percentage increse in indrial value added 

increases ecological deficit by 6.09% at 1% level of significance. In terms of the control variables, 

renewable energy consumption (lrec) has a positive impact on g13. A 1% increase in rec results in a 

3.18% improvement in climate action performance, at a 1% level of significance. In the same vein, 

renewable energy consumption reduces lcf. A percentage increase in lrec results in 3.13% a reduction 

in load capacity factor thereby increasing ecological deficit. Merchandised trade increases climate action 

performance and reduces ecological deficit in MINT. A percentage increase in merchanidise trade 

increases climate action performance by 0l.6% at 1%LOS while its influence on ecological deficit can 
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not be significantly accessed. Lastly, urbanisation exerts a significant positive impact on climate action 

performance and is negatively linked to ecological deficit.  

Estimates of the Moderating Role of Governance Dynamics on Industrialization, and 

Environmental Sustainability   

Table 4 presents the estimates of the direct effects of governance quality dynamics on climate action 

performance and ecological deficit and their mediating role in the link between industrialization and 

sustainable environments in MINT countries. Table 4 Model 1 expresses that governance quality exhibits 

a significant but reductive impact on climate action performance. This indicates that a 28.2% reduction 

in climate action performance. On the mediating inluence of governace quality, the model documents its 

significant enhancing effect on climate action performance, indicating that goverance quality had 

substantial influence in ameliorating the ill-effect of indutrialization on climate action performance. 

Likewise, Model 5 also reveals that institutional quality subtantially increase MINT's ecological deficit. 

However, the study reported the enhancing role of governance quality in ameliorating the impact of 

industrialization on ecological deficit.  

Decoupling governance quality into economic, political, and institutional dynamics, estimates on Model 

2 – 4 reveals a significant and negative impact of each indicator on climate action performance. A 

percentage increase each of the dimensions reduces climate action performance between 18% and 

23.5% on each of the governance sub-dimensions.  

Variable

s 

(1) (2) (3) (4) (5) (6) (7) (8) 

lg13 lg13 lg13 lg13 lcf lcf lcf lcf 

lecg 0.0646 0.0630 

-

0.225*** 0.140** 5.814*** 6.810*** 8.653*** 4.309*** 

 
(1.074) (1.002) (-3.162) (2.477) (3.146) (3.963) (5.092) (2.627) 

lecgs 

-

0.00906**

* 

-

0.00833*

* 

0.00704

* 

-

0.0123**

* 

-

0.346*** 

-

0.407*** 

-

0.500*** 

-

0.272*** 

 
(-2.694) (-2.407) (1.783) (-4.007) (-3.397) (-4.353) (-5.303) (-3.095) 

lind 0.0162** -0.00257 0.0114 0.00886 0.0382 0.323*** 0.0233 0.0874 

 
(2.305) (-0.444) (0.997) (1.084) (0.276) (2.653) (0.133) (0.555) 

insdex -0.282*** 
  

  3.504*** 
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(-9.465) 

  
  (5.173) 

  
  

egv 
 

-0.235*** 
 

  
 

2.702*** 
 

  

  
(-8.669) 

 
  

 
(4.259) 

 
  

pgv 
  

-

0.246***   
  

3.406***   

   
(-5.068)   

  
(3.902)   

igv 
   

-0.189*** 
   

2.532*** 

    
(-5.512) 

   
(3.306) 

indsdex 0.0746*** 
  

  

-

0.959*** 
  

  

 
(8.635) 

  
  (-4.882) 

  
  

indegv 
 

0.0633*** 
 

  
 

-

0.789*** 
 

  

  
(7.981) 

 
  

 
(-4.338) 

 
  

indpgv 
  

0.0716**

*   
  

-

0.983***   

   
(5.234)   

  
(-4.070)   

indigv 
   

0.0487**

* 
   

-

0.665*** 

    
(4.564) 

   
(-2.773) 

lrec 0.00960* 0.0161*** 

0.0241**

* 0.0211*** -0.109 

-

0.289*** -0.179 -0.188** 

 
(1.924) (3.231) (4.388) (6.492) (-0.961) (-2.632) (-1.394) (-2.101) 

ltro 0.0129*** 0.0163*** 

0.0197**

* 

0.00796*

* -0.0255 -0.0834 -0.0779 0.0518 

 
(3.610) (4.588) (5.238) (2.220) (-0.308) (-1.018) (-0.923) (0.585) 
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lurb 0.130*** 0.116*** 0.188*** 0.100*** 

-

1.688*** 

-

1.827*** 

-

2.303*** 

-

1.234*** 

 
(9.308) (7.290) (10.86) (7.017) (-4.020) (-4.037) (-5.638) (-2.850) 

Constan

t 3.942*** 4.004*** 4.955*** 3.669*** -18.68** 

-

22.42*** 

-

28.71*** -13.31** 

 
(16.88) (15.98) (17.59) (16.82) (-2.503) (-3.179) (-3.993) (-2.022) 

Obs 96 96 96 96 96 96 96 96 

R-sq 0.986 0.985 0.978 0.989 0.885 0.878 0.875 0.895 

m_id 4 4 4 4 4 4 4 4 

chi2 11640*** 7899*** 7039*** 11036*** 792.8*** 850.5*** 728.9*** 784.7*** 

Table 4: Industrialization, Governance Dynamics and Environmental Sustainability in MINT Countries 

Interestingly, each of the decomposed governance dimensions exert ehancing impact on ameliorating 

the role of industrialization on climate action performamce. The estimates in Models 6 - 7reveals an 

overall enhancing influence of governance indicators on the relationship between industrialization and 

environmental sustainability. The interaction of governance indicators with industrialization improves 

climate action performance and reduces the load capacity factor in MINT countries. To ascertain 

robustness of the outcome, the Fully Generalised Least Squares (FGLS) estimator was employed to 

validate outcome consistency. The estimates presented in Table 6 (See Appendix) are consistent with 

the main estimations of the study.  

Discussion 

The role of industrialization is crucial to economic progress and environmental sustainability. However, 

empirical discussions are strategically unveiling solutions to accumulate progress without jeopardizing 

future sustainability and growth. This present study empirically reinvestigates the role of industrial value 

added on climate action performance in MINT economies. Although the findings reveal a complex 

validation of the EKC hypothesis, it does affirm that industrial value added dampens climate action 

performance within the review period. Positioning the study’s outcome within the body of literature, the 

finding aligns with This position aligns with the extant empirical outcome of Magazzino et al. (2023), 

which suggests that as GDP per capita increases, the economy's progress in natural resource utilization 

leads to resource depletion and environmental degradation. Thereafter, growth progresses with more 

stringent environmental regulations, protection, and awareness, thereby reducing degradation, as 

indicated by the negative coefficient of the squared GDP variable. Moreso, the adverse implications of 
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industrialization on climate action support prior literature such as Ketchoua et al. (2025) and Wang et al. 

(2025). These studies have affirmed that industrialization threatens environmental sustainability through 

the emission of toxic substances, carbon release, and waste by-products during production processes 

in SSA, BRICS, and OECD countries, respectively. More importantly, the rapid expansion of industrial 

activities is often accompanied by growing transportation systems, which increases fossil fuel 

consumption, increases energy use, natural resource depletion, and significant waste generation, thus 

aggravating load capacity factor and reducing climate action performance.  

The theoretically unexpected outcome insinuates that the overall governance mechanisms are weak in 

the countries. Having a weak governance structure may render efforts to achieve environmental 

sustainability futile, resulting in the inevitable nature's degradation and a compromised living 

environment (Cevik & Jalles, 2025). Additionally, countries with poor governance structures often 

encourage lax compliance with environmental laws and disincentivize clean transitions through 

ineffective subsidy promotion to industrial actors (Yuan et al., 2025). This aligns with the study by Saba 

et al. (2025), who noted that institutional quality increases environmental crisis in 183 developing 

countries. The findings contradict Ofori et al. (2023), who documented a mixed outcome. The study 

confirms that economic governance enhances environmental sustainability in G7, BRICS, and MINT 

countries, whereas institutional governance exacerbates pollution levels, and political governance has 

a varied impact on environmental quality. 

In assessing governance role in mediating the relationship between industrialization and environmental 

sustainability outcomes, the study finds that economic governance, when interacted with 

industrialization, improves environmental sustainability.   Intuitively, integrating industrialization and 

economic governance would improve environmental outcomes through deliberate regulatory priorities 

on long-term industrial planning influenced by eco-friendly technological innovations, knowledge 

transfer, and managerial expertise for economic and environmental sustainability (Nasrullah, 2022).   

More instructively, policymakers should strategically align extensive developmental plans with greening 

industrialization through circular economic principles, which promote remanufacturing, recycling, and 

reuse of biodegradable materials, thus promoting environmental sustainability (Ofori et al., 2023; 

Handoyo, 2024). Furthermore, infusing industrial policies strategies into a politically stable framework 

would shape sound enforcement of proprietary rights on resource use and create a responsive and 

transparent governance environment that attracts long-term investment opportunities in clean 

technologies. In the same instance, institutional governance, in terms of corruption control and the rule 

of law, is critical for inhibiting the abusive use of power for illicit activities and personal gains by industrial 

actors. Through a stable legal framework, institutional governance ensures fair enforcement of 

environmental regulations, thus promoting sustainable industrial operations (Cevik & Jalles, 2025).  
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Conclusion 

The study examines the moderating role of quality governance, encompassing its economic, political, 

and institutional dimensions, on the link between industrialization and environmental sustainability in the 

MINT region between 2000 and 2023. The study measures environmental sustainability using the 

comprehensive UN's index on climate action performance, ecological, and load capacity factor. Based 

on the EKC hypothesis, the study utilizes the Panel Corrected Standard Error (PCSE) and the Fully 

Generalized Least Squares (FGLS) to provide empirical insights into the relationship. The study finds 

that (i) the EKC hypothesis could not be significantly validated. (ii) Industrialization worsens climate 

action performance and increases the load capacity factor. (iii) MINT's governance system threatens 

environmental sustainability by inhibiting climate action progress and aggravating ecological deficit. This 

outcome remains consistent across economic, political, and institutional dimensions of governance 

quality. The moderation analysis suggests an incisive outlook on environmental sustainability, as it 

indicates that quality governance mitigates the overall impact of industrialization on environmental 

sustainability. Moreover, sound political governance has the highest potential to increase the benefits of 

industrialization while maintaining positive implications for environmental sustainability. These 

revelations underscore the relevance of sound governance as an antidote for industrializing MINT and, 

at the same time, balancing sustainability needs in the countries.  

The study offers theoretical and practical implications to the body of knowlegde. Theoretically, the 

empirical outcomes ofthis study fails to validate the EKC theory. This may be due to some structural, 

economic and technogical constriants that characterises emerging econommies that consititute the 

MINT economy. This induces a probe on the curvilinear or N-shaped relationship rather than the U-

shape that the hypothesis stipulates. This study presents a practical insightful perspective on the need 

to advocate for policy interventions that prioritize achieving environmental sustainability goals. 

Governing bodies in these countries should introduce incentives to encourage industry actors to adopt 

clean technologies and eco-friendly practices in their production processes. Such incentives may take 

the form of green tax policies, subsidies, and green financing, particularly targeted at green technological 

investments. Additionally, a call for urgent action is needed to strengthen economic, political, and 

institutional policies and reduce their impact on climate action performance. This can be achieved by 

strengthening regulatory processes and enhancing the effectiveness of environmental law enforcement 

and compliance. Additionally, strict adherence to corruption control and the rule of law ensures that 

justice is served to erring industries while protecting whistleblowing practices. 

Additionally, policy actors should identify loopholes in political governance by curbing instability, 

promoting transparency and sustainability disclosures, and ensuring accountability. Additionally, there 

should be an integration and collaborative channel between industry experts, environmentalists, and 
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policy actors on how to leverage the synergy between quality governance and industrial practices for 

ensuring a sustainable environment is achievable in MINT countries. To achieve this, it is recommended 

that policy actors strengthen existing frameworks to enhance accountability in environmentally oriented 

industrial policy projects, thereby promoting overall sustainability protection. Considering the positive 

influence of renewable energy consumption on climate action performance, the authorities are advised 

to implement deliberate plans to leverage renewable energy investments for industrial consumption 

while providing adequate financial support for further research on its sustainability. Equally, government 

authorities should address trade policies and adopt fair, eco-friendly trade agreements that align with 

environmental protection rights. Lastly, strategic expansion of industries across the rural-urban spectrum 

may alleviate the impact of urbanization on environmental sustainability.  

• Governing bodies in these countries should introduce incentives to encourage industry 

actors to adopt clean technologies and eco-friendly practices in their production processes 

• A call for urgent action is needed to strengthen economic, political, and institutional policies 

is essential to strengthening regulatory processes and enhancing the effectiveness of 

environmental law enforcement and compliance. 

• The authorities are advised to implement deliberate plans to leverage renewable energy 

investments for industrial consumption while providing adequate financial support for further 

research on its sustainability 

• Policy actors should address trade policies and adopt fair, eco-friendly trade agreements 

that align with environmental protection rights.  

Although the study offers compelling evidence on the need to strengthen governance dynamics to 

improve the relationship between industrialization and environmental sustainability in MINT, it is, 

however, imperative to further decentralise the governance indicators by employing alternative 

measurements to allow for a deeper insight into governance forms and structures that could promote 

sustainable industrialisation. Furthermore, interacting industrialization with other factors such as 

technological capabilities and digitalisation in the countries may provide comprehensive insights into 

how their underlying mechanisms could deliver sustainable industrialization for MINT countries. 

References 

Abbas, S., Shah, M. I., Sinha, A., & Olayinka, O. A. (2023). A gender differentiated analysis of healthy 

life expectancy in South Asia: The role of greenhouse gas emission. Evaluation Review, 47(6), 1066–

1106. https://doi.org/10.1177/0193841X221134850  

https://doi.org/10.51137/wrp.ijarbm.609
http://www.wr-publishing.org/
https://doi.org/10.1177/0193841X221134850


International Journal of Applied Research in Business and Management (ISSN: 2700-8983) 

Volume: 07 Issue: 09 Year: 2026 

https://doi.org/10.51137/wrp.ijarbm.609   

 

 

 

 

Discover publication opportunities: 
www.wr-publishing.org 

Adeleye, B. N., Olohunlana, A. O., Ibukun, C. O., Soremi, T., & Suleiman, B. (2022). Mortality rate, 

carbon emissions, renewable energy and per capita income nexus in Sub-Saharan Africa. PLOS ONE, 

17(9), e0274447. https://doi.org/10.1371/journal.pone.0274447  

Cevik, S., & Jalles, J. T. (2025). Corruption kills: Global evidence from natural disasters. Scottish Journal 

of Political Economy. https://doi.org/10.1111/sjpe.70024  

Crippa, M., Guizzardi, D., Pagani, F., Banja, M., Muntean, M., Schaaf, E., Quadrelli, R., Risquez-Martin, 

A., Taghavi-Moharamli, P., Koykka, J., Grassi, G., Rossi, S., & Brandao, J. (2025). GHG Emissions of 

all world countries. https://doi.org/10.2760/5917997  

Dam, M. M., Durmaz, A., Bekun, F. V., & Tiwari, A. K. (2024). The role of green growth and institutional 

quality on environmental sustainability: A comparison of CO2 emissions, ecological footprint and 

inverted load capacity factor for OECD countries. Journal of Environmental Management, 365, 121551. 

https://doi.org/10.1016/j.jenvman.2024.121551  

Erdogan, S., & Solarin, S. A. (2026). Quantification of the impact of innovation and human capital on 

sustainable development: a panel data analysis for newly industrialized countries. Quality & Quantity. 

https://doi.org/10.1007/s11135-026-02575-7  

Gibba, A., Khan, M. K., Jallow, M. A., Sanneh, T., Bojang, B., & Touray, M. (2025). Interrelationship 

among institutional quality, energy consumption and environmental degradation in Australia: a dynamic 

autoregressive distributed lag approach. International Journal of Environmental Science and 

Technology, 22(11), 10345–10364. https://doi.org/10.1007/s13762-024-06306-z  

Grossman, M. (1972). The Demand for health: A Theoretical and empirical investigation. Columbia 

University Press for the National Bureau of Economic Research.  

Hakovirta, M. (2023). Carbon neutrality. Springer Nature Switzerland. https://doi.org/10.1007/978-3-

031-45202-4  

Handoyo, S. (2024). Public governance and national environmental performance nexus: Evidence from 

cross-country studies. Heliyon, 10(23), e40637. https://doi.org/10.1016/j.heliyon.2024.e40637  

Hassan, M. ul, Siddique, H. M. A., Sumaira, & Alvi, S. (2025). Impacts of industrialization, trade 

openness, renewable energy consumption, and urbanization on the environment in South Asia. 

Environment, Development and Sustainability, 27(11), 28087–28110. https://doi.org/10.1007/s10668-

024-05846-1  

Isola, W. A., Adeleye, B. N., & Olohunlana, A. O. (2020). Boardroom female participation, intellectual 

capital efficiency and firm performance in developing countries: Evidence from Nigeria. Journal of 

Economics, Finance and Administrative Science, 25(50). https://doi.org/10.1108/JEFAS-03-2019-0034  

https://doi.org/10.51137/wrp.ijarbm.609
http://www.wr-publishing.org/
https://doi.org/10.1371/journal.pone.0274447
https://doi.org/10.1111/sjpe.70024
https://doi.org/10.2760/5917997
https://doi.org/10.1016/j.jenvman.2024.121551
https://doi.org/10.1007/s11135-026-02575-7
https://doi.org/10.1007/s13762-024-06306-z
https://doi.org/10.1007/978-3-031-45202-4
https://doi.org/10.1007/978-3-031-45202-4
https://doi.org/10.1016/j.heliyon.2024.e40637
https://doi.org/10.1007/s10668-024-05846-1
https://doi.org/10.1007/s10668-024-05846-1
https://doi.org/10.1108/JEFAS-03-2019-0034


International Journal of Applied Research in Business and Management (ISSN: 2700-8983) 

Volume: 07 Issue: 09 Year: 2026 

https://doi.org/10.51137/wrp.ijarbm.609   

 

 

 

 

Discover publication opportunities: 
www.wr-publishing.org 

Ketchoua, G. S., Avenyo, E. K., & Tregenna, F. (2025). Revisiting the sustainable industrialization 

paradigm in Africa: Exploring the influence of digitalization. Sustainable Development, 33(2), 2634–

2658. https://doi.org/10.1002/sd.3248  

Khalid, W., Aybudak, H. G., Rafay, A., Seraj, M., & Hassan, M. (2026). Environmental sustainability in 

G-7 countries: do technological Innovation, renewable energy and stringent environmental policies 

matter? Economic Change and Restructuring, 59(1), 11. https://doi.org/10.1007/s10644-025-09943-7  

Khan, H., Weili, L., Khan, I., & thi Kim Oanh, L. (2021). Recent advances in energy usage and 

environmental degradation: Does quality institutions matter? A worldwide evidence. Energy Reports, 7, 

1091–1103. https://doi.org/10.1016/j.egyr.2021.01.085  

Kisman, Z. A., Ozek, Y., Bayat, T., & Kirac, Z. K. (2025). Impact of institutional factors on environmental 

quality in European Union. International Journal of Energy Economics and Policy, 16(1), 51–59. 

https://doi.org/10.32479/ijeep.21567  

Le, T.-H., Chang, Y., & Park, D. (2020). Renewable and nonrenewable energy consumption, economic 

growth, and emissions: International evidence. The Energy Journal, 41(2), 73–92. 

https://doi.org/10.5547/01956574.41.2.thle  

Li, Z., Wu, L., Li, J., & Zhang, Y. (2025). The impact of digital industrialization on the level of green 

development. International Review of Economics & Finance, 101, 104193. 

https://doi.org/10.1016/j.iref.2025.104193  

Liu, B., Olayinka, O. A., Sofuoğlu, E., Abbas, S., & Sinha, A. (2023). Should Asia Pacific economic 

cooperation countries put all their eggs in one energy basket? Examining the linkage between energy 

diversification and sustainable development. Energy Policy, 179, 113619. 

https://doi.org/10.1016/J.ENPOL.2023.113619  

Magazzino, C., & Zoundi, Z. (2025). Enhancing climate action evaluation using artificial neural networks: 

An analysis of SDG 13. Sustainable Futures, 9, 100439. https://doi.org/10.1016/j.sftr.2025.100439  

Nasrullah, A. M. (2022). Economic governance. In Global Encyclopedia of Public Administration, Public 

Policy, and Governance (pp. 3534–3545). Springer International Publishing. 

https://doi.org/10.1007/978-3-030-66252-3_1728  

Nulambeh, N. A., & Jaiyeoba, H. B. (2024). Could industrialization and renewable energy enhance 

environmental sustainability: An empirical analysis for Sub-Saharan Africa? World Development 

Sustainability, 5, 100191. https://doi.org/10.1016/j.wds.2024.100191  

https://doi.org/10.51137/wrp.ijarbm.609
http://www.wr-publishing.org/
https://doi.org/10.1002/sd.3248
https://doi.org/10.1007/s10644-025-09943-7
https://doi.org/10.1016/j.egyr.2021.01.085
https://doi.org/10.32479/ijeep.21567
https://doi.org/10.5547/01956574.41.2.thle
https://doi.org/10.1016/j.iref.2025.104193
https://doi.org/10.1016/J.ENPOL.2023.113619
https://doi.org/10.1016/j.sftr.2025.100439
https://doi.org/10.1007/978-3-030-66252-3_1728
https://doi.org/10.1016/j.wds.2024.100191


International Journal of Applied Research in Business and Management (ISSN: 2700-8983) 

Volume: 07 Issue: 09 Year: 2026 

https://doi.org/10.51137/wrp.ijarbm.609   

 

 

 

 

Discover publication opportunities: 
www.wr-publishing.org 

Ofori, E. K., Onifade, S. T., Ali, E. B., Alola, A. A., & Zhang, J. (2023). Achieving carbon neutrality in post 

COP26 in BRICS, MINT, and G7 economies: The role of financial development and governance 

indicators. Journal of Cleaner Production, 387. https://doi.org/10.1016/j.jclepro.2023.135853  

Padhan, L., & Bhat, S. (2023). Analysing the role of globalisation, institutional qualities, and renewable 

energy consumption in environmental degradation mitigation: the SAARC experience. Environment, 

Development and Sustainability, 27(5), 10373–10397. https://doi.org/10.1007/s10668-023-04313-7  

Parveen, S., Khan, S., Kamal, M. A., Abbas, M. A., Syed, A. A., & Grima, S. (2023). The influence of 

industrial output, financial development, and renewable and non-renewable energy on environmental 

degradation in Newly Industrialized Countries. Sustainability, 15(6), 4742. 

https://doi.org/10.3390/su15064742  

Popogbe, O. O., & Olohunlana, A. O. (2025). Africa’s structural transformation and inequality dynamics: 

Could governance quality explain the Developer’s Dilemma? The Journal of Developing Areas, 59(2), 

109–123. https://doi.org/10.1353/jda.2025.a957755  

Prempeh, K. B. (2024). The role of economic growth, financial development, globalization, renewable 

energy and industrialization in reducing environmental degradation in the economic community of West 

African States. Cogent Economics & Finance, 12(1). https://doi.org/10.1080/23322039.2024.2308675  

Puertas, R., & Marti, L. (2021). International ranking of climate change action: An analysis using the 

indicators from the Climate Change Performance Index. Renewable and Sustainable Energy Reviews, 

148, 111316. https://doi.org/10.1016/j.rser.2021.111316  

Raggad, B. (2018). Carbon dioxide emissions, economic growth, energy use, and urbanization in Saudi 

Arabia: evidence from the ARDL approach and impulse saturation break tests. Environmental Science 

and Pollution Research, 25(15), 14882–14898. https://doi.org/10.1007/s11356-018-1698-7  

Raheem, I. D., & Ogebe, J. O. (2017). CO2 emissions, urbanization and industrialization: Evidence from 

a direct and indirect heterogeneous panel analysis. Management of Environmental Quality: An 

International Journal, 28(6), 851–867. https://doi.org/10.1108/MEQ-09-2015-0177  

Riaz, M. H., Alam, M., Ali, A., Ahmed, Z., Uddin, M. S., & Raihan, A. (2025). Resource-Driven 

industrialization and economic growth in BRICS+: A pathway to sustainability or environmental tension? 

Sustainable Futures, 10. https://doi.org/10.1016/j.sftr.2025.101136  

Saba, C. S., Alola, A. A., & Ngepah, N. (2025). Exploring the role of governance and institutional 

indicators in environmental degradation across global regions. Environmental Development, 54, 

101152. https://doi.org/10.1016/j.envdev.2025.101152  

https://doi.org/10.51137/wrp.ijarbm.609
http://www.wr-publishing.org/
https://doi.org/10.1016/j.jclepro.2023.135853
https://doi.org/10.1007/s10668-023-04313-7
https://doi.org/10.3390/su15064742
https://doi.org/10.1353/jda.2025.a957755
https://doi.org/10.1080/23322039.2024.2308675
https://doi.org/10.1016/j.rser.2021.111316
https://doi.org/10.1007/s11356-018-1698-7
https://doi.org/10.1108/MEQ-09-2015-0177
https://doi.org/10.1016/j.sftr.2025.101136
https://doi.org/10.1016/j.envdev.2025.101152


International Journal of Applied Research in Business and Management (ISSN: 2700-8983) 

Volume: 07 Issue: 09 Year: 2026 

https://doi.org/10.51137/wrp.ijarbm.609   

 

 

 

 

Discover publication opportunities: 
www.wr-publishing.org 

Sachan, A., Pradhan, A. K., & Mohindra, V. (2024). How do governance indicators, trade openness, 

industrialization, and population growth affect environmental degradation in BRICS Nations? Discover 

Sustainability, 5(1). https://doi.org/10.1007/s43621-024-00406-z  

Shahbaz, M., Nuta, A. C., Mishra, P., & Ayad, H. (2023). The impact of informality and institutional quality 

on environmental footprint: The case of emerging economies in a comparative approach. Journal of 

Environmental Management, 348, 119325. https://doi.org/10.1016/j.jenvman.2023.119325  

Sumaira, & Siddique, H. M. A. (2023). Industrialization, energy consumption, and environmental 

pollution: evidence from South Asia. Environmental Science and Pollution Research, 30(2), 4094–4102. 

https://doi.org/10.1007/s11356-022-22317-0  

Wang, Q., Ge, Y., & Li, R. (2025). Does improving economic efficiency reduce ecological footprint? The 

role of financial development, renewable energy, and industrialization. Energy & Environment, 36(2), 

729–755. https://doi.org/10.1177/0958305X231183914  

Wei, M., Olohunlana, A. O., Abdu, M., & Osabuohien, E. (2026). Environmental sustainability, 

institutions, and inclusive growth in mint countries: pathways to achieving SDG 13- Climate Action. 

Problemy Ekorozwoju , 21(1), 229–246. https://doi.org/10.35784/PREKO.8416  

Xaisongkham, S., & Liu, X. (2024). Institutional quality, employment, FDI and environmental degradation 

in developing countries: evidence from the balanced panel GMM estimator. International Journal of 

Emerging Markets, 19(7), 1920–1939. https://doi.org/10.1108/IJOEM-10-2021-1583  

Yang, B., Usman, M., & jahanger, A. (2021). Do industrialization, economic growth and globalization 

processes influence the ecological footprint and healthcare expenditures? Fresh insights based on the 

STIRPAT model for countries with the highest healthcare expenditures. Sustainable Production and 

Consumption, 28, 893–910. https://doi.org/10.1016/j.spc.2021.07.020  

Yuan, R., Wang, C., Masron, T. A., & Liu, P. (2025). Does the quality of institutions modify the economic 

complexity- environmental degradation? Evidence from a world sample. Polish Journal of Environmental 

Studies. https://doi.org/10.15244/pjoes/192768  

Yue, D., Guo, J., & Hui, C. (2013). Scale dependency of biocapacity and the fallacy of unsustainable 

development. Journal of Environmental Management, 126, 13–19. 

https://doi.org/10.1016/j.jenvman.2013.04.022  

Zeeshan, M., Han, J., Rehman, A., Bilal, H., Farooq, N., Waseem, M., Hussain, A., Khan, M., & Ahmad, 

I. (2020). Nexus between foreign direct investment, energy consumption, natural resource, and 

economic growth in Latin American countries . International Journal of Energy Economics and Policy, 

11(1), 407–416. https://doi.org/10.32479/ijeep.10255  

https://doi.org/10.51137/wrp.ijarbm.609
http://www.wr-publishing.org/
https://doi.org/10.1007/s43621-024-00406-z
https://doi.org/10.1016/j.jenvman.2023.119325
https://doi.org/10.1007/s11356-022-22317-0
https://doi.org/10.1177/0958305X231183914
https://doi.org/10.35784/PREKO.8416
https://doi.org/10.1108/IJOEM-10-2021-1583
https://doi.org/10.1016/j.spc.2021.07.020
https://doi.org/10.15244/pjoes/192768
https://doi.org/10.1016/j.jenvman.2013.04.022
https://doi.org/10.32479/ijeep.10255


International Journal of Applied Research in Business and Management (ISSN: 2700-8983) 

Volume: 07 Issue: 09 Year: 2026 

https://doi.org/10.51137/wrp.ijarbm.609   

 

 

 

 

Discover publication opportunities: 
www.wr-publishing.org 

Zhang, W., & Zhang, E. (2026). Carbon Intensity, renewable energy consumption and SDG8 – decent 

work and economic growth in MINT countries. Problemy Ekorozwoju, 21(1), 205–228. 

https://doi.org/10.35784/preko.8492  

Appendix 

Variable

s  

(1) (2) (3) (4) (5) (6) (7) (8) 

lg13 lg13 lg13 lg13 lcf lcf lcf lcf 

lecg 0.0646 0.0630 

-

0.225*** 0.140** 5.814*** 6.810*** 8.653*** 4.309*** 

 
(0.918) (0.891) (-2.991) (2.290) (3.493) (4.163) (5.793) (2.788) 

lecgs 

-

0.00906** 

-

0.00833** 

0.00704

* 

-

0.0123*** 

-

0.346*** 

-

0.407*** 

-

0.500*** 

-

0.272*** 

 
(-2.313) (-2.143) (1.689) (-3.722) (-3.736) (-4.524) (-6.046) (-3.253) 

lind 0.0162** -0.00257 0.0114 0.00886 0.0382 0.323** 0.0233 0.0874 

 
(2.501) (-0.449) (1.204) (1.238) (0.249) (2.432) (0.124) (0.481) 

insdex -0.282*** 
  

  3.504*** 
  

  

 
(-9.940) 

  
  (5.217) 

  
  

egv 
 

-0.235*** 
 

  
 

2.702*** 
 

  

  
(-9.385) 

 
  

 
(4.651) 

 
  

pgv 
  

-

0.246***   
  

3.406***   

   
(-5.689)   

  
(3.975)   

igv 
   

-0.189*** 
   

2.532*** 

    
(-5.741) 

   
(3.025) 

indsdex 0.0746*** 
  

  

-

0.959*** 
  

  

 
(8.871) 

  
  (-4.817) 

  
  

indegv 
 

0.0633*** 
 

  
 

-

0.789*** 
 

  

https://doi.org/10.51137/wrp.ijarbm.609
http://www.wr-publishing.org/
https://doi.org/10.35784/preko.8492


International Journal of Applied Research in Business and Management (ISSN: 2700-8983) 

Volume: 07 Issue: 09 Year: 2026 

https://doi.org/10.51137/wrp.ijarbm.609   

 

 

 

 

Discover publication opportunities: 
www.wr-publishing.org 

  
(8.627) 

 
  

 
(-4.643) 

 
  

indpgv 
  

0.0716**

*   
  

-

0.983***   

   
(5.958)   

  
(-4.123)   

indigv 
   

0.0487*** 
   

-0.665** 

    
(4.704) 

   
(-2.532) 

lrec 0.00960* 0.0161*** 

0.0241**

* 0.0211*** -0.109 -0.289** -0.179 -0.188** 

 
(1.924) (3.204) (3.946) (6.520) (-0.925) (-2.488) (-1.476) (-2.286) 

ltro 0.0129*** 0.0163*** 

0.0197**

* 

0.00796*

* -0.0255 -0.0834 -0.0779 0.0518 

 
(3.532) (4.530) (4.824) (2.196) (-0.295) (-1.002) (-0.961) (0.563) 

lurb 0.130*** 0.116*** 0.188*** 0.100*** 

-

1.688*** 

-

1.827*** 

-

2.303*** 

-

1.234*** 

 
(8.377) (6.729) (10.62) (6.460) (-4.594) (-4.597) (-6.560) (-3.126) 

Constan

t 3.942*** 4.004*** 4.955*** 3.669*** 

-

18.68*** 

-

22.42*** 

-

28.71*** -13.31** 

  (14.10) (14.11) (15.69) (15.24) (-2.826) (-3.411) (-4.580) (-2.178) 

Obs 96 96 96 96 96 96 96 96 

m_id 4 4 4 4 4 4 4 4 

chi2 6824*** 6120*** 4369*** 8577*** 740.4*** 688.2*** 670.9*** 815.1*** 

Robustness: Industrialisation, Governance Dynamics and Environmental Sustainability in MINT 

 

 

https://doi.org/10.51137/wrp.ijarbm.609
http://www.wr-publishing.org/


      ∑  n = 3  E n v _ S u s t  i t =    ∅ 0 +    ∅ 1   l i n d  i t +    ∅ 2   l r e c  i t   +    ∅ 3   l e c g  i t   +    ∅ 3   l e c g s  i t +    ∅ 4   l t r o  i t +   +    ∅ 5   l u r b  i t   +      ∅ 6   i n s d e x  i t +  ∅ 7   e g v  i t +  ∅ 8   p g v  i t +    ∅ 9   i g v  i t +  ∅ 10   i n d s d e x  i t +    ∅ 11   i n d e g v  i t +    ∅ 12   i n d p g v  i t +  ∅ 13   i n d i g v  i t +       𝜖  i t                                                                                                                                                                                                                                                                         ( E q .   1 )


  E n   v  S u s t


  l i n d


  l r e c


  l e c g   a n d   l e c g s


  l t r o


  l u r b


  i n s d e x ,   e g v ,   p g v   a n d   i g v      


    i n d s d e x ,   i n d e g v ,   i n d p g v   a n d     i n d i g v


    𝜖  i t


    i


  t


  C S D =    2 Τ  Ω ( Ω − 1 )  [   ∑  i = 0  Ω − 1    ∑  j = i + 1  u      𝜂 ^  i j ]                                                                                                                                                                       ( E q .   2 )


  Τ


  Ω


      𝜂 ^  i j


  t


  i


    S H ~ =     ∑  i = 1  N   (  (    Ψ ^  i −       Ψ 𝜃 ~  W F E )     ′   𝜒  i ′   I 𝜋  𝜏   𝜒  i      𝜌 ~  i 2    (    Ψ ^  i −      Ψ ~  W F E )   )                                                                                                                                                                                                                                                                                                                                         ( E q .   3 )


    S H ~


  Ψ


     Ψ ~  W F E


    I 𝜋  𝜏


      𝜌 ~  i 2


    𝜌  i 2


    ∆ 𝜔  i , t   =     𝜌  i +     𝛾  i   ∆ 𝜔  i , t − 1 +     𝛼  i       𝜔 -  t − i +     𝛿  i ∆     𝜔 -  t +     𝜀  i t                                                                                                                                                                                                                                               ( E q .   4 )


    ∆ 𝜔  i t


    𝜌  i


    𝛾  i ,     𝛼  i ,   a n d     𝛿  i  


    ∆ 𝜔  i , t − 1


    a n d   𝜀  i t  


  C I P S =    1  n   ∑  i = 1  N    t  i  ( N ,   T )                                                                                                                                                                                                                                                                     ( E q .     5 )


    t  i  ( N ,   T )


    𝜔  i , t =     𝜔  i t +     𝜔  i t 0

