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ascertain the pivotal role of sustainable development in enhancing environmental quality. The 

present study investigates the influence of green finance, environmental taxes, financial 

development, renewable energy (REN), green growth, and income per capita on carbon 

emissions in 16 OIC economies over the time span from 2007 to 2021. Employing the fully 

modified ordinary least square (FMOLS) method, this study aims to determine the impact of 

green finance, environmental taxes and financial development on environmental quality, taking 

into account various plausible variables according to the environmental Kuznets curve (EKC) 

paradigm. In order to ensure robustness, the study also adoptsthe dynamic ordinary least 

square(DOLS) method in conjunction with FMOLS to gauge the impact of green finance, 

environmental taxes and financial development on environmental quality. The findings indicate 

that CO2 emissionis significantly influenced by green finance, environmental taxes, financial 

development, renewable energy, green growth, and income per capitawithin the context of 

OICnations. Moreover, the effect ofall independent variables (except GDP) and CO2 emissions 

is inversely proportional. Based on the findings, policymakers are advised to prioritize the 

transformation of their respective energy systems in a manner that will surpass previous 

expectations by significantly reducing energy-related CO2 emissions. 

Keywords: Green Finance, Financial Development, Carbon Emission, OIC Nation, FMOLS. 

 

Introduction  

High dependence on fossil fuels for industrial and communal operations has raised 

concerns about carbon dioxide (CO2) emissions in the Organization of Islamic Cooperation 

(OIC) region. While worldwide greenhouse gas (GHG) emissions increased by 43% between 

1990 and 2017, OIC GHG emissions surged by 77%, reaching 9 Gt-CO2 equivalent (SESRIC, 

2022). Over time, many countries of OIC are oil producing, have witnessed a rise in CO2 

emissions per person. This is primarily resultsdue to increased industrial and communal activities 

that depend on fossil fuels. The OIC nations should implement measures to mitigate climate 
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change, such as adopting environmental friendly technologies. Reduction of CO2 emission and 

maintenance of socioeconomic development has become a burning issue for OIC region (Irfany 

et al., 2022).   

Figure 1 shows the distribution of CO2 release by sample nations. Kazakhstan is the 

largest pollution emitter followed by Malaysia and Turkey. Mali has the lowest emission of CO2 

may be due to its small size of economy.  

Figure 1. CO2 emission (metric tons per capita) 

 

 

Source: WDI 

Figure 2 makes it evident that the chosen OICnations differ significantly in terms of patents on 

environmentalrelated technologies. 
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Figure 2. Patents on ERT 

 

Source: WDI 

In the OIC region, the effects of environment taxes and patents on technologies on CO2 

emissions is complicated matter. Studies indicate that the quantity of patents in environmental 

technologies, a measure of technological innovation, may contribute to a decrease in CO2 

emissions. For example, eco-innovation is anticipated to have a positive impact on 

environmental qualities and is perceived as a solution to environmental issues (Hassan et al., 

2023).Furthermore, research has demonstrated that a rise in technological innovation can reduce 

CO2 emissions(Adebayo et al., 2022).This suggests that reducing CO2 emissions in the OIC 

region may be possible through the creation and adoption of green technologies through patents. 
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Patents filed with the intention of improving humanity and the environment are referred 

to as "green patents." Usually, they are associated with innovations that seek to lower energy 

usage, cut emissions, and offer further environmental benefits (GlobalData, 2024).These patents 

include wide range of innovations such as renewable energy technologies i.e. wind and solar 

energy, green transportation technologies, and other environmental friendly innovations (Leon et 

al., 2018). To detect and track green patents, the World Intellectual Property Organization 

(WIPO) and the Organization for Economic Cooperation and Development (OECD) have 

created classification systems i.e. the IPC Green Inventory. This allows for the tracking of 

technological progress in the environmental domain (Favot et al., 2023; OECD, 2024).The 

increase in green patents is suggestive of an increasing emphasis on creating solutions that 

resolve climate change issues and promote environmental sustainability (GlobalData, 2024). 

The implementation of environmental taxes can also contribute to lessening in CO2 

emissions. In order to provide businesses with an economic incentive to cut their emissions, 

environment taxes are intended to internalize the external costs of environmental harm into the 

price of goods and services. Although direct research on the effect of environment taxes on CO2 

emissions in the OIC region is lacking, general economic theory indicates that taxes can help 

lower emissions by increasing the cost of carbon-intensive activities and promoting the use of 

cleaner technologies (Saleem et al., 2022). 

In an effort to save the environment, many nations have recently made investments in 

energy-related technology. Likewise, many industrialized and emerging nation have been 

encouraged to shift their focus to green growth and sustainable economic growth due to factors 

such as energy supply security, climate change, energy dependency, environmental disasters, and 

energy price volatility (Wang and Azam, 2024).Global policy changes in recent times, however, 

seem to indicate that different policymakers are committed to changing the nation's energy 

system to a low-carbon, green growth path that will cut CO2 emissions and air pollution 

associated with energy use more rapidly than anticipated. Using green growth practices and 

technologies is playing a fundamental role on a worldwide scale, and resource depletion and 
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protect environment. Thus, itensures that successive generations have access to a clean 

environment. 

Green growth techniques have the potential to attain both poverty reduction and 

sustainable economic growth objectives. Depletion of natural resources and environmental 

damage can pose a threat to the economic expansionof any economy. Schmalensee, (2012), 

however, looked at the unfavorable relationship between environmental deterioration and 

economic growth. Previous studies revealed that emerging nations are ending poverty through 

traditional growth, and their regulations are unclear when it comes to green growth and the shift 

to a sustainable growth route for a clean environment (Saleem et al., 2020; Shahbaz, 2018a). 

There has been less research on green growth within the context of EKC than traditional 

growth (GDP gross), which was the subject of much earlier writing (Saqib et al., 2022; Kar, 

2022; Naveed et al., 2022; Omri et al., 2023; Kostakis et al., 2023; khan et al., 2023; Imran et al., 

2023). As a result, this study offers academics and policymakers fresh perspectives. 

Additionally, existing researches have focused on the effect of FD and use of REN on CO2 

release in OIC nations (Salahodjaev et al., 2023). Umar and Safi, (2023) analyzed the impact of 

green financing and green innovation on CO2 release in OECD nations.  

Thus, there is a vacuum and the current research is an endeavor to fill this vacuum by 

contributing to the importance of the green financing-green growth-CO2 emission relationship 

through distinct aspects. (i) Our research extends the study of Salahodjaev et al., (2023) through 

examining the effect of green financing, environment taxes and green growth on CO2 release in 

16 OIC nation. The relationship between green growth and environmental quality to promote 

sustained economic growth for OIC nations is not discussed extensively in the previous literature 

except (Saleem et al., 2022). Although, several studies have discussed the relation between 

environmental taxes, green innovation, renewable energy, and CO2 emission (Saleem et al., 

2022; Salahodjaev et al., 2023), their findings are ambiguous. A more profound analysis is 

needed to reassess the relation among green financing-green growth-CO2 emission nexus in OIC 

nations. Further, OIC nations are not considered in previous researches (Can et al., 2021; Hao et 
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al., 2021). (ii) We have exploited the latest data (2007-2021) for green finance, environmental 

taxes, and green growth to highlight the importance of technological advancement motivated by 

environmental concerns, renewable energy innovations, GDP, green growth, patents for eco-

friendly projects, and environmental taxes within the framework of Environmental Kuznets 

Curve. (iii) Modern panel data econometric techniquesi.e. Pesaran, (2007) unit root test, 

Westerlund, (2007) cointegration test, FMOLS, and DOLS areemployed in the analysis to 

achieve the stated goals.Lists of abbreviations and countries are provided in Appendix (see Table 

A1 and A2, repectively).  

Rest of the paper is as following, section 2 presents literature review, section 3 presents 

data and methods, section 4 presents results and discussion and finally section 5 presents 

conclusionalong with policy implications.  

Literature Review  

The financial sector promotes environmental cleanliness via technological changes for 

eco-friendly production. Energy efficiency policies additionally lower capital costs (Saleem et 

al., 2020). Environment sustainability is influenced by several factors, including greenhouse gas 

(CO2) emissions, GDP growth,FD, (Shoaib et al., 2020), FDI inflow, renewable energy 

usage(Erdogan, 2014), technological innovation (Ahmad and Raza, 2020), and relationship 

betweeneconomic growth, population, energy usage, and CO2 release (Rahman et al., 2017). 

Green financing-Green technology and CO2  

Technological innovations significantly contribute to energy-related growth, 

supportingendogenous growth theory. Innovation externality (Romer, 1990) reduces 

environmental pollution by improving air quality. Technological improvements can leads to 

increasing returns in the long term; progressively reduces pollution in the EKC framework. 

Studies, including Lin et al., (2016), Balsalobre et al., (2018), and Sarkodie and Ozturk, (2020), 

discussed the implication of EKC framework for enhanced production capacity and cleaner 

technology, fostering improved environmental quality. 
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Andreoni and Levinson, (1998) argued that decontamination process is dependent on 

technological improvement, greater investment in innovation leads to reduce air pollution. Thus, 

the process of energy innovation accelerates environmental improvement. Researchers have 

found that technological innovation led the reduction in use of fossils in Malaysia.Jones, (1995) 

also found the same result. Fang, (2011) and Inglesi-Lotz, (2015) argued that expenditure on R & 

D and economic growth have direct relationship. Technological innovation leads to energy 

efficiency and reduces energy consumption (Sohag et al., 2015).  

Lazarashvili, (2020) and Fedotova et al., (2022) argued that financial investment in 

environmentally sustainable growth is significant, particularly in the context of "green" 

financing. The development of a green economy is dependent on green financing, which can 

mitigate resource depletion and reduces environmental risks. Wen et al., (2021) analyzed the 

association between green innovation and environmental quality in South Asiaover 1990 to 

2014.The results revealed that green technology improves environmental quality significantly in 

South Asia.  

Zhang et al., (2021) examined the impact of green credit on  environmental quality in 

China from 2007 to 2016. Using fixed effect model,the results showed that green credit improves 

environmental quality overall by reducing environmental pollution. Jahanger et al., (2023) 

investigated the mitigating role of green finance and clean energy in carbon emissions in 

ASEAN countries over the time of 2000-2020. Using NARDLthey found that positive shocks in 

green finance and clean energy improve air quality.Zhou et al., (2020), Huang and Chen, (2022), 

Su et al., (2022), Li et al., (2022) and Zeng et al., (2022) exploredthe effect of green financing on 

environmental conservation in China.They found that green financing has positive effect on 

environmental quality. Similarly, Kahraman, (2022) also supported that green finance promotes 

environmental quality. Pizzol and Andersen, (2022), utilizedgreen patents to investigate the 

challenges faced in introducing green technologies to the market. The study highlighted that 

upscaling green technology innovations is a challenging and enduring process, often more 

difficult than expected by inventors, the public, and policymakers. 
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Environmental Taxes and CO2  

Facilitating investment in clean energy and reducing CO2 emissions involves controlling 

non-renewable energy prices and implementing taxes on them (Saleem et al., 2020). Many 

countries are adopting environmental taxes for this purpose. Gerlagh and Van der Zwaan, (2006) 

in their study underlined the significance of taxes on carbon emission using energy consumption 

model. Using general equilibrium simulation model, Bruvoll and Larsen, (2004) investigated the 

role of carbon taxes in CO2 reduction in Norway. Likewise, Xia et al., (2007) explored the 

indirect link between environment tax and carbonrelease, underscoring the significant effect of 

carbon taxes and economic growth as essential environmental degradationpredictors. 

Nakata and Lamont, (2001) highlighted environmental protection programs in Japan, 

specifying the taxes on carbon release, for improved environment quality. Wissema and Dellink, 

(2007) addressed environmental condition in Ireland, signifying that carbon taxes can 

significantly reduce future carbon emissions. Earlierresearch work byHao et al., (2021) have 

concentrated on growth, carbon release, and carbon tax due to their growingsignificance in 

economic expansion and environmental cleanliness. These empirical researches consistently 

report similar findings regarding causal relationship between carbon tax and pollution. 

Financial Development and CO2  

Diverse economies can achieve sustainability by implementing policies related to 

financial liberalization to address environmental pollution (Saleem et al., 2022). FD is critical 

factor that affects environment quality. A strong financial sector promotes economic growth but 

may have harmfulconsequences for environmental quality. However, it can also contribute to 

environmental protection through financial aid (Nassani et al., 2017). The financial sector 

supports environmental cleanliness through technological changes, enabling eco-friendly 

production processes. Implementing energy efficiency policies can also effectively lower capital 

costs (Szabo and Jager-Waldau, 2008). 
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Environmental quality could be achieved through efficient utilization of financial 

resources for energy-efficient industries (Saleem et al., 2020; Shahbaz et al., 2013d). Dogan and 

Turkekul, (2016) found the unidirectional causality from CO2release to financial sector growth 

in USA. Aye and Edoja, (2017) studied bidirectional causality between CO2 emissions and FD 

in selected emergingnations. Li et al., (2020) examinedhow environmental regulation and 

FDaffect green technological advancement in Chinese enterprises, with the aim of promoting 

economic transformation towards sustainability in China. The study found that FD and 

environmental regulationslead to green technological progress. Xu et al., (2021) studied the 

influence ofFDon environment quality in China from 2001 to 2017.Employing panel smooth 

transition regression,findings reveal that FD indirectly affects environmental pollution. In 

regions with inadequate FD,there is environmental contamination. While in more developed 

regions, FD has mixed effects, improving environmental quality through technological 

innovation while decreasing it by supporting industries. 

Green growth and CO2  

Achieving MDGs is imperative. Energy is closely related to economic growth, 

transportation, and employment (Karekezi et al., 2012). Global agreements to combat climate 

changes force nations to decide between prioritizing economic growth and reducing energy to 

limit CO2 emission. Focusing on the causal nexus among energy, the economy, and the 

environment is crucial for sustainable growth. The UN and the PCCC prioritize green growth, 

alternative energy, and global warming reduction for sustainable development (Renewable 

Global Status Report, 2017). Thus, investigation into the relationship between CO2 emissionsand 

green growth is vital for environmental safety and SDGs. The main objectives include reducing 

the global temperature to below 2 °C and stressing upon green growth. Wei et al., 

(2023)examined the impact of green growth on environment sustainability in top 10 green future 

economies from 1990-2018. Yikun et al., (2022) investigated the trends in sustainable 

development goals (SDGs) in G7 countries. The results of both studiesrevealed that 

technological innovations and green growth encourage environmental sustainability.  
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Nevertheless, literature regarding the relationships amongst energy consumption, CO2 

emission, green growth, andeconomic growth is limited. In currentera, green growth has become 

significant variable in research on the nexus between carbon emission andeconomic growth, as 

evident in studies by Sohag et al., (2019), Hao et al., (2021), and Wei et al., (2023).  

Renewable energy (REN) consumption and CO2  

Jos et al., (2012) state that heavy reliance on fossil fuels has led to a significant increase in 

CO2 emissions. According to Jos et al., (2012), above 90% of CO2 emission result due to fossil 

fuels combustion. The EU Joint Research Centre reports a substantial rise in CO2 emissions due 

to the heavy use of fossil fuels. The IEA, (2014) report highlights that historically, fast economic 

expansion in industrialized nations has notably deteriorated environment quality and several 

emerging nations have recently made significant contributions to CO2 emissions. 

Tan and Cao, (2022) examined the effect of green technology innovation and renewable 

energy (REN) consumption on environmental quality in 81 nations from 2001 to 2020. The 

findings showed that these factors have negative effect on carbon CO2 emissions. Moreover, the 

study argued that the effects of green technology innovation and REN consumption on CO2 

emissions vary among different country groups. Specifically, they significantly affect CO2 

emissions in non-Belt and Road (B&R) and high-income nations, while they have no effect in 

middle- and low-income and B&R nations.  

The reduction infossil fuel reliance could be alleviated through the production and 

utilization of renewable energy(REN) (Saleem et al., 2022). Consequently, advancements in 

technology within the energy sector have the potential to stimulate economic expansion. Several 

prior empirical analyses conducted for various nations have employed data on economic growth 

and REN, as demonstrated by Halkos and Tzeremes, (2014) andAzlina et al., (2014). 

Particularly, Lu, (2017), Amri, (2017), Troster et al., (2018), andSaad and Taleb, (2018)have 

recently engaged in extensive discussions on the consumption of REN and its impact on growth. 

Moreover, the research conducted by Pata, (2018), Saleem et al., (2020) and Hao et al., (2021) 



                                                                                                              Remittances Review 
January, 2024 

Volume: 9, No: 1, pp. 1503-1535 
ISSN: 2059-6588(Print) | ISSN 2059-6596(Online) 

 

1514                                                                                                                                        remittancesreview.com  
 
                                                                                                                               
 
 
 

have underscored the crucial role ofREN, technological advancements, and progress in 

enhancing environment quality. 

Nepal et al., (2020) explored the relationship between economic growth and 

environmental quality in Asia from 2000 to 2018. They concluded that economic growth 

positively affects environmental quality, supporting the EKC hypothesis. Saleem et al., (2022) 

analyzed the effect of GDP on CO2 emission in 12 Asian nations from 1990 to 2018. Using CS-

ARDL, the study found that at first GDP increase carbon emission but square of GDP leads to 

decrease carbon emission leading to support EKC hypothesis. 

Research Gap 

The reviewed studies emphasize the complex relationship between various factors and 

their influence on environmental sustainability. Technological innovations, as demonstrated by 

Lin et al., (2016), Sarkodie and Ozturk, (2020), positively affect energy-related growth and 

environmental quality, leading to reduced pollution. Green financing, highlighted by 

Lazarashvili, (2020) and Wen et al., (2021), drives environmentally sustainable growth, 

mitigating resource depletion and reducing environmental risks. Environmental taxes are 

effective in controlling non-renewable energy prices and reducing CO2 emissions, as suggested 

by Gerlagh and Van der Zwaan, (2006) and Wissema and Dellink, (2007). Additionally, 

financial development promotes economic growth and contributes to environmental protection 

through technological innovation (Li et al., (2020); Xu et al., 2021).  Green growth is prioritized 

in achieving sustainable development goals (Wei et al., 2023; Yikun et al.,2022) highlighting its 

positive impact on environmental sustainability. Furthermore, renewable energy consumption 

negatively affects CO2 emissions, supporting the idea that reducing reliance on fossil fuels 

improves environmental quality, as evidenced by Tan and Cao, (2022) and Saleem et al., (2022). 

Overall, these findings stress the need for a comprehensive approach involving financial 

mechanisms, technological innovation, and sustainable policies to address the challenges of 

environmental sustainability and climate change. 
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There are few studies that are conducted in OIC nations (Salahodjaev et al., 2023). 

However, there is a lack of a synthesized outlook that examines the interactions and potential 

trade-offs among these components in context of OIC nations. Thus, current study extends the 

model of Salahodjaev et al., (2023) by incorporating the effect of green fiancé, environmental 

taxes, and green growth explicitly.  

Model, Data and Method  

Theoretical framework  

Multiple input and output variables make up the production function form, and the model 

needs to have a specific mathematical form (Yang et al., 2021). Consequently, in light of 

objective of the current study, we employ the model of neoclassical. The following is the 

production function model: 

( ) ( ). ( ( ), ( ))........(1)Y t A t f K t L t  

Where Y stands for output, L stands for labor, and K stands for capital.A represents the 

proportion of production inputs in total productivities.Environmental pollution results from the 

production and consumption of inputs in a number of economic sectors, including services, 

agriculture, and manufacturing. The following represents the equation for pollution emission 

(Hao et al., 2021); 

, ,1
( ) .......(2)

N

t t i t i ti
PEM Y t QPEM


   

Equation (2) denotes the total pollution emissions from various economic sectors as 

PEMt, the aggregate output of those sectors as Y(t)t, the proportion of each sector's production to 

the aggregate production as ,i t , and the share of each commercial sector to the emission as 

QPEMi,t. 

Three stages of development i.e. "scale effect, composition effect, and technique effect" 

are described by the EKC analysis. If composition and technology stay the same in a given 
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scaling effects validate the positive association between growth and environmental quality in a 

country (in the first stage), whereby increasing economic expansion degrades environmental 

quality because of inefficient industry. As per Ansari and Khan, (2021), the composition effect is 

linked to structural change in the economy, wherein pollution rises as a result of increased 

energy-extensive activity ofindustries. However, when less energy intensiveeconomic 

sector’stransitionto the process of development, the nature and significance of technological 

effects can be determined by examining the association between trade openness and 

environmental deterioration. 

Environment related policies aims to increaseenvironment quality through regulations. 

Technical effects in Environmental Kuznets Curve models strengthen the link between 

environment quality and economic growth. According tothe study of Andreoni and Levinson, 

(1998), increased innovation investment positively mitigates pollution, particularly in 

decontamination processes. Strategies with high returns to scale in innovation facilitate energy 

efficiency improvements. 

The following is the equation for these effects and the breakdown of the emissions rate 

change, according to Hao et al., (2021); 

1 1
.......(3)i i

N NTQE CQPEM SY

i ii i
g g g g 

 
     

Where iCQ
g , iTQE

g , and PEMg are composition, technical and scale effect respectively. The 

economic sector's portion of overall CO2 emission is denoted by i . Equation 3 states that if the 

rise in production is brought about by the employment of eco-friendly technology, the scale 

effect will rise without causing pollution. As long as the rate of pollution reduction exceeds or 

stays constant with the rate of output growth. Stated otherwise, the following is the 

decomposition equation; 

.......(4)SY TQE Eg g g    

Data and methodology  
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The study aims to investigate the effect of green growth and green finance along with 

other control variables on environmental quality in 16 OIC countries from 2007 to 2021. The 

data has been collected from WDI and OECD databases. The description is provided in Table 1. 

Following Seleem et al., (2022), we developed 2 models presented as follows;  

Model 1 

2

0 1 2 3 4 5 6 .......(1)it it it it it it it itENV ET GF FD RE GG GG                

Model 2 

2

0 1 2 3 4 5 6 .......(2)it it it it it it it itENV ET GF FD RE GDP GDP                

Where i = 1,2,3,…,10     t = 2007, 2008,…, 2021 

ENV is environmental quality and we measured it with CO2 emissions (metric tons per 

capita). Environmental taxes (% of GDP) is used to measure green taxes. GF is green finance and 

is measured with green patents (patents on environmental related technologies % of all). 

Financial development (FD) has a dual impact on environment, driving economic growth but 

also deteriorating environment through increased industrial pollution. Yet, it also offers 

opportunities for clean environment through technological advancements and eco-friendly 

production practices (Saleem et al., 2022). Energy is a crucial element for GDP growth, affecting 

productivity. The EKC framework underscores the interplay between energy and pollution. Non-

renewable energy increases air pollution, while renewable source offers a pathway to mitigate 

environmental impact. EKC model considers the role of renewable energy consumption in 

carbon emissions (Shahbaz et al., 2017; Balsoalobre et al., 2018). GG and GG
2
 are linear and 

square of green economic growth respectively. In order to assess the existence of EKC, this 

study used GDP and square of GDP. 

Table 2 explain the data characteristics such as mean, standard deviation, minimum, maximum, 

and normality. It is evident that none of the data series hasnormaldistribution, as probability 

values are quite significant. Correlation analysis is provided in the appendix (see appendix A). 
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Table 1. Data description  

Variable  Measure Unit Source  

ENV Environment Quality CO2 (metric tons per capita) WDI 

ET Environmental Tax % of GDP OECD 

GF Patents on Environmental related 

Technologies 

% of all technologies  OECD 

FD Domestic credit to private sector % of GDP WDI 

RE Renewable Energy Consumption  Total final energy 

consumption in % 

WDI 

GG Green Growth/Production based CO2 In percentage point % OECD 

GDP Gross Domestic Product per capita constant 2015 US$ WDI 

Note: WDI stands for World Development Indicators.  

 

Table 2.Descriptive analysis 

Variable  Mean  S.D Min  Max  Jarque-Bera 

CO2 0.4932 1.2502 -1.5234 2.7305  9.0814 

( 0.010) 

ET 1.0706 0.2575 0.6602 1.7422  16.841 

( 0.000) 

GF 3.2295 0.5040 2.3872 5.1220  116.027 

( 0.000) 

FD 3.6717 0.6998 2.1144 4.8968  6.5482 

( 0.037) 

RE  2.7027 1.2625 0.1397 4.3998  7.7337 

( 0.020) 

GG 1.6668 0.5170 0.2623 2.6354  4.8594 
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( 0.088) 

GG
2 

3.0438 1.6688 0.0688 6.9457  10.047 

( 0.006) 

GDP 25.477 1.3915 22.009 27.754  19.167 

( 0.000) 

GDP
2 

651.04E 69.261 484.416 770.29 14.299 

(0.000) 

Source: Calculated by author. Note: All variables are used in log form. Probability values are in parenthesis. S.D is 

standard deviation.  

Methods  

This study begins with cross sectional dependence test (CD). CD represents a crucial 

concern in case of panel data analysis, requiring its empirical examinations. The occurrence of 

CSD can be attributed to the presence of unobserved common shocks and progressively 

significant interconnection among socioeconomic factors. Consequently, the panel estimators 

yield inconsistent and unreliable outcomes. Thus, it is necessary to address the issue of CD, as 

failure to do so may give rise to serious consequences (Sarafdis and Wansbeek, 2012).This 

research examines the dependency among different cross sections by implementing Pesaran's 

parametric test, introduced by Pesaran, (2007).The test statisticis as follows: 

1

1 1

2
CDT= .......(3)

( 1)

N N

ig

i g i
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N N


 

  
   

Unit Root Tests 

Increasing global economic interdependence made it difficult to quantify disturbances 

and their cross-sectional panel analysis challenging. In panel data analysis, independence of 

disturbances across cross-sections is assumed. Presence of CSD among cross sections makes 

traditional unit root test quite powerless. Thus, to address the issue of stationarity, this study 

employed the first and second-generation panel unit root(IPS and CADF)testby Pesaran, 
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(2007)and Im et al., (2003) respectively. This analysis initially tests cross-sectional dependence 

(CSD) to determine joint dependence in a panel unit process. Ignoring CSD leads to invalid 

statistics and inefficiencies.  

Panel Cointegration Tests 

Time series cointegration has recently been extended to panel data, similar to the panel 

unit root tests.Cointegration is the systematic relationship between selected variables, which 

allows the examination of stable long-term association. In cointegration, non-stationary variables 

are acceptable, but their linear combination must be stationary. To ensure robust inferences, this 

study has employed the Westerlund, (2008) panel cointegration test in addition to traditional 

cointegration test by Pedroni, (1999, 2004). The Durbin-Hausman test relies on cointegration-

based metrics for fundamental analysis. In panel cointegration analysis, considering cross-

sectional dependence (CSD) and common factors determines1(1) for the dependent variable and 

1(0) and 1(1) integration levels for independent variables. Testing for cointegration involves the 

H1 (cointegration exists) against the H0 (no cointegration exists). 

Fully Modified Ordinary Least Square (FMOLS) 

The subsequent stage involves estimating the coefficients of long-term cointegration 

parameters after verifying that all the variables exhibit cointegration relationships with each 

other. When applied to cointegrated panel data, fixed effects (FE), random effects (RE), and 

generalized method of moments (GMM) approaches may produce inconsistent and misleading 

results. Therefore, in order to estimate the long run models, this researchappliedFMOLS and 

DOLS methods. The FMOLS technique yieldsreliable results even in cases with small sample 

size. Furthermore,it can address the problem of distorted outcomes caused by endogeneity and 

heterogeneity dynamics, as stated by Pedroni, (2001). Finally, FMOLS tackles the issues of 

serial correlation and heteroscedasticity (Narayan and Narayan, 2004), thus leading to more 

efficient results when dealing with limited sample size. 

Results and Discussion  
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Empirical outcomes of the test for CD test are presented in Table 3. In order to determine 

the presence of CD across the variables, two different tests are employed, namely, the Pearson 

CD normal test and the Friedman chi-square test. Our results indicate the existence of cross-

sectional dependence in the sample, H0 is rejected. The findings of the specified cross-sectional 

statistics confirm the presence of cross-sectional dependency among the sample. 

Table 3 also presents the results of unit root test. We have employed both IPS (first 

generation) unit root test by IM et al., (2003) and CADF (second-generation) unit root test by 

Pesaran, (2007). Outcomes of CADFtest revealthe non-stationarity of data series at level. 

However, they are first difference stationary. 

Table 3: CSD and Unit Root 

Test  Statistic  Probability  Hypothesis  Decision  

Pesaran CD normal  6.449 0.000 No CSD in residuals  Reject  

Friedman chi-square 40.750 0.000 No CSD in residuals Reject 

Variable CADF 

 Coefficient  p-value  Coefficient  p-value  

CO2 -1.914 0.277 -2.537 0.008 

ET -1.720 0.489 -3.089 0.000 

GF -2.069 0.149 -2.509 0.010 

FD -1.549 0.680 -2.919 0.028 

RE -1.283 0.893 -3.020 0.000 

GG -1.546 0.683 -3.168 0.000 

GG
2 

-1.378 0.832 -3.135 0.000 

GDP -1.377 0.833 -2.803 0.001 

GDP
2 

-1.332 0.864 -2.822 0.001 

Source: Calculated by author. 
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The subsequent phase of this investigation involves the identification of 

cointegrationamong the variables by means of Westerlund, (2007) cointegration test. In Table 4, 

the statistical findings of variance ratioisgiven, and the null hypothesis isrejected, thereby 

accepting the alternative hypothesis that a long-term cointegrationexists among variables. For 

robustness check, we have also employed Pedroni cointegration test by Pedroni, (2007). Pedroni 

cointegration test also supports the occurrence of cointegration amongst variables of the study 

(see Table 5).  

Table 4: Westrlund Cointegration 

 t-statistic Probability  

Model 1 1.739 0.041 

Model 2 -1.348 0.088 

Source: Calculated by author. 

Table 5: Pedroni Cointegration  

Within-dimension 

 Model 1 Model 2 

 Statistic Probability Statistic Probability. 

Weighted Panel v-Statistic -1.6181  0.9472 -1.2927  0.9020 

Weighted Panel rho-Statistic  2.3890  0.9916  3.1040  0.9990 

Weighted Panel PP-Statistic -1.9867  0.0235 -2.4303  0.0075 

Weighted Panel ADF-Statistic -1.4454  0.0742 -2.9715  0.0015 

 Between-dimension 

Group rho-Statistic  3.5712  0.9998  3.9816  1.0000 

Group PP-Statistic -2.559862  0.0052 -5.7679  0.0000 

Group ADF-Statistic -1.884565  0.0297 -1.9653  0.0247 

Source: Calculated by author. 
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Following the objective of our study, we have employed the FMOLS and DOLS to 

explain the influence of green finance, green growth and FD on environmental quality. We have 

also investigated the effect of GDP and square of GDP on CO2 emission within the 

Environmental Kuznets Curve (EKC) framework. The outcomesof the FMOLS and DOLS are 

reported in Table 6, which indicates that ET, GF, FD, RE, GG, and GDP significantly influence 

CO2 emissions, in the context of OICnations. Notably, all variables except for GDP (economic 

growth) demonstrate an inverse relationship with CO2 emissions. 

To achieve the environmental efficiency and effectiveness,it is necessary to implement 

environment taxes, whereby they have inverse relation to the CO2 emission. The industrial 

sector has the potential to change its framework from fossil fuel consumption to the employment 

of renewable technologies. Through the efficient utilization of eco-innovative technologies, 

industries can combat the CO2 emissions. Thus, the implementation of environmental taxes can 

urge investors to engage in eco-friendly projects. Consequently, the application of 

environmentally friendly production methods will contribute to the CO2 reduction through the 

enforcement of environmental taxes. According to the empirical findings, an increase of 1% in 

ET leads to a decrease of 0.18% and 0.12% in CO2 in model 1 and 2 respectively. These 

findings are in line with the research conducted by Criqui et al., (2019), Andersson, (2019) and 

Saleem et al., (2022).  

The findings also indicate that green finance enhances environmental qualitysignificantly. 

Holding rest of the factors fixed, a 1% increase in green finance (patents on environmental 

related technologies) results in a decrease of 0.08% and 0.05% in CO2 in model 1 model 2 

respectively. ManyOICnations are making efforts to reduce the level of CO2 emissions. This 

finding accords with Liu et al., (2020), Umar et al., (2020b), and Saleem et al., (2022).  

The relationship between CO2 emissions and financial development is inversely 

correlated. A 1% increase in FDleads to a significant decrease of CO2 emissions by 0.17% and 

0.15% in model 1 and model 2, respectively. This finding is consistent with prior researches by 

Shahbaz et al., (2013c), Al-Mulali et al., (2015, 2016), Saleem (2020), and Saleem et al., (2022). 
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Moreover, the utilization of renewable energy is found to mitigate the adverse effects of 

environmental degradation. 1% increase in use of renewable energy is associated with CO2 

reduction of 0.15% in model 1 and 1.16% in model 2. Prior studies supportour finding(Liu et al., 

2020;Saleem 2020; and Saleem et al., 2022). 

Sustainable developmentis highly correlated with the concept of green 

growth.Environmental deterioration can be reduced through the implementation of green growth 

strategies. Consequently, the outcomes of green growth initiatives demonstrate an inverse 

relation with the emission of CO2. According our empirical findings, a 1% increase in the GG 

and its square value result in reduction of CO2 emission of 0.61% and -0.05% respectively, as 

indicated by model 1 (see Table 6, column 1). These findings are in line with the research 

conducted by Jouvet and de Perthuis, (2013), Hao et al., (2021), and Saleem et al., (2022). 

Moreover, model 1 reveals an inverse relationship between GG and the square value of GG, 

which aligns with the concave EKC framework. It is evident that green growth has adverse effect 

on CO2 emission, thereby significantly mitigating it in OIC nations. 

 In light of this, it is evident that green growth plays afundamental role in achieving 

sustainable development goals and promoting eco-friendly strategies. The future of OIC 

economies stands to reap substantial social and economic benefits with the efficient 

implementation of green growth strategies. There is also inverse relationship between GDP2 and 

CO2 emission;however, GDP has positive impact on CO2 emission, suggesting the presence of 

an inverted U-shaped EKC in OIC nations. This is similar to the findings of Saleem et al., (2020, 

2022).  

The key objective of many economies is to achieve economic growth and development, 

resultingmajor focus on the production at the expense of environmental deterioration. However, 

once economies have achieved the peakpoint of economic expansion, they seek to maintainthe 

growth while keepingenvironment clean through investment in eco-friendly initiatives. This 

findingis supported by the studies of Saleem et al., (2020), Mania, (2020), Shahbaz et al., (2018a, 

2018b), and Saleem et al., (2022).  
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At first, increase GDP leads to a corresponding increase in CO2 emissions. Specifically, a 

1% rise in GDP and GDPsquare lead to increase and decrease CO2 emission by 0.53% and 

0.52%, respectively, in model 2 (see Table 6). These results align with the outcomes of Ahmad et 

al., (2020) and Saleem et al., (2022).  

Finally, we have employed DOLS methodto verify the robustness of the outcomes. As 

demonstrated in Table 6, the statistical findings reveal that, excluding the GDP growth rate, all 

variables have reducing effecton the level of CO2 emission. 

Table 6: FMOLS and DOLS (dependent variable is CO2 emission). 

Variable  FMOLS DOLS 

 Model 1 Model 2 Model 1 Model 2 

 Coef. p-value Coef. p-value  Coef. p-value Coef. p-value 

LET -0.1810 0.000 -0.1208 0.015 -1.4429 0.000 -1.1123 0.002 

LGF -0.0887 0.000 -0.0556 0.009 -0.0020 0.097 -0.5033 0.002 

LFD -0.1783 0.000 -0.1549 0.022 -0.4346 0.000 -0.2542 0.090 

LRENN -0.1596 0.000 -1.1631 0.000 -0.8036 0.000 -1.8551 0.000 

LGG -0.1672 0.000 - - -0.8237 0.049 - - 

LGG
2
 -0.0583 0.000 - - -0.2876 0.034 - - 

LGDP   0.5321 0.011   1.2560 0.009 

LGDP
2   -0.5236 0.018   -0.0506 0.011 

Source: Calculated by author. Note: Coef = Coefficient value.  

Conclusion  

Many nations are striving to attain carbon neutrality goals by utilizing environmentally 

friendly technology and promoting sustainable development. Consequently, this analysis 

endeavors to ascertain the pivotal role of sustainable development in enhancing environmental 

quality. To this end, this research investigated the complex relationships between green finance, 

environmental taxes, green growth, renewable energy consumption, financial development, and 
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GDP and CO2 emissions in 16 OIC countriesover the time span of 2007 to 2021. For empirical 

estimation, we started with CSD test to check the cross sectional dependence among cross 

sections. We have used IPS and CADF unit root tests to check the stationarity property of data 

series. Before estimating long run parameters, we applied Pedroni and Westerlund cointegration 

test for the long run association among variables of our study. Finally, we used FMOLS and 

DOLS methods to get numerical estimates of study parameters. 

Outcomes of IPS and CADF tests showed that all the variables are first 

differencestationary. Results of FMOLS and DOLS showed that all the variables have 

statistically significant and negative impact on carbon emissions (CO2) except GDP per capita. 

GDP per capita has positive impact on carbon emissions suggesting the inverted U-shaped 

relationship between independent variables GDP and GDP squared and CO2. Green finance 

(patent on environmental related technologies), environmental taxes, financial development, 

green growth and renewable energy consumption have decreasing effect of CO2 emissions. This 

implies that these variables are helpful in achieving environmental sustainability. 

These findings have significant implications for policymakers striving to align regional 

development with Sustainable Development Goal 13, emphasizing climate action. The negative 

impact of study variables underscores the potential of targeted interventions in these areas to 

mitigate CO2 emissions. Based on current findings, we suggest that governments of OIC nations 

should grant patents on environmental related technologies. Patents act as incentives for 

innovators and businesses to invest in the development of environmental friendly technologies. 

By granting exclusive rights to inventors, patents create a competitive environment that promotes 

continuous research and development in the field of green technologies. Which, in turn, 

contributes to the creation of more efficient and sustainable solutions for reducing carbon 

emissions. 

Secondly, patents and environmental taxes work in together to align economic incentives 

with environmental objectives. Governments can strategically use both devices to support a 

transition towards a low-carbon economy. By providing legal protection through patents and 
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imposing taxes on carbon intensive activities, policymakers create a framework that fosters the 

development and adoption of environmental friendly technologies. 

Thirdly, OIC governments should take initiatives to improve financial institutions, which 

can work in collaboration with governments to develop and implement policies that encourage 

green growth and the transition to renewable energy. This may involve supporting regulatory 

frameworks that incentivize clean energy projects and penalize carbon intensive activities. 

Finally, governments should also undertake green growth initiatives as they prioritize energy 

efficiency in various sectors. Moreover, green growth schemes may involve the implementation 

of carbon capture and storage technologies. These technologies capture CO2 emissions from 

industrial processes and power plants, preventing them from entering the atmosphere. 

However, it is essential to acknowledge the limitations of the study, such as. These 

factors warrant cautious interpretation of the results and underscore the need for further research 

to address these gaps.  
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Table A1: list of abbreviation 

 

 

 

 

 

 

Abbreviation 

LET Log of Environment Taxes 

LGF Log of Green Finance 

LFD Log of Financial Development 

LREN Log of Renewable Energy Consumption 

LGG Log of Green Growth 

LGG
2
 Log of Green growth Square 

LGDP Log of Gross Domestic Product 

LGDP
2 Log of Gross Domestic Product square 

FMOLS Fully Modified OLS 

DOLS Dynamic Ordinary Least Square 

CADF Cross Sectional Augmented Dicky Fuller Test 

CSD Cross Sectional Dependence 

H0 Null hypothesis 

H1 Alternative  hypothesis 

PCCC Paris Climate Change Conference 

FD Financial Development 

REN Renewable energy 

ERT Environmental related technologies 
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Table A2: List of sample countries  

Sr.no Countries  Sr.no Countries  

1 Bangladesh 9 Malaysia 

2 Burkina Faso 10 Mali 

3 Cameroon 11 Mauritania 

4 Cote d'Ivoire 12 Morocco  

5 Egypt 13 Niger 

6 Arab Republic 14 Pakistan 

7 Kazakhstan 15 Togo 

8 Tunisia 16 Turkey 
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