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ABSTRACT 

Despite green innovation receiving more attention as an aspect of global sustainable 

development, there is little thorough research about factors that promote it, 

especially the contributions of financial technology (Fintech), information and 

communication technology (ICT), and natural resources. To close this void, the study 

focuses on the global green innovation dynamics by looking at how natural resources 

consumption, growing fintech and ICT, and rising carbon emissions enter into an 

eco-friendly technological advancement equation. Following systematic steps, the 

research investigates how literacy rates shape the factors with green innovations and 

the role of economic growth, measured by per capita GDP, in mediating these 

relationships. They analyze panel data from WDI for the years 2004-2021 to 

demonstrate different facets of green innovation in the context of sustainability 
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achievements. The results showed that economic development and literacy levels 

strongly affect the ability of the green technology adopters and users. The study 

stresses, too, that there is an urgent need for coordinated policy frameworks and 

integrative strategies to fully utilize the potential of fintech and ICT for achieving 

environmental sustainability. These findings underscore the need to focus on specific 

approaches to improve green innovation within certain regions that may lag due to 

economic and educational gaps. This research lays out the approach provides the 

determinants and obstacles to green innovation of green innovation, seeks to design 

effective strategies for transitioning to greener economies, reducing climate change 

impacts, and preserving sustainable living conditions for future inhabitants. 

Keywords: Green Innovation Dynamics; Fintech Sustainability Integration; ICT-

Driven Environmental Solutions; Natural Resource Exploitation and Innovation; 

Economic Growth. 

 

INTRODUCTION  

The twenty-first century presents a range of unprecedented global challenges, 

with the escalating environmental crisis standing out as one of the most urgent. Rapid 

depletion of natural resources, rapidly increasing threat of climate change, and an 

ever-expanding ecological footprint are pushing the world to a critical point, 

demanding immediate and decisive action. It indicates the main causes of the total 

world emissions are brought on by various human activities and the exploitation of 

natural resources. Natural resource depletion can lead to significant environmental 

decline; however, if sustainable management practices are effectively implemented, it 

is possible to mitigate this impact and promote resource regeneration with the patterns 

of utilization (Lisha et al., 2023). Despite substantial scholarly concentration on 

environmental sustainability, there has been minimal progress in developing a 

comprehensive pathway that considers all contributing factors to achieve long-term 

sustainability (Liu et al., 2024). And the core solution of this response lies in the need 

for innovation. Green innovation, in turn, is also influenced by fintech. As stated by 

Liu et al. (2023), in the current era of encompassing green-infused economic and social 

transformation, the creation of a bridge between corporate green innovation and 

fintech takes vital practical significance. However, a significant amount of ground has 

still to be covered in terms of the context of regional economies Also, as suggested by 

Sadiq et al. (2024), literature on environmental quality and green loans indicate that 

green financing significantly reduces CO2 emissions, which have been increasing 

rapidly over the years, with a slight decline in the past few years in some nations. Yet, 

several researchers report the significant impact of green finance on climate quality, 

but a limited study has been done to analyze the impact and significance of fintech on 

green innovation.  

In recent decades, the discussion on sustainability gained significant momentum, 

pushed by a communal recognition of the interrelationship between human activity 

and environmental damage. This paradigm transition highlights the necessity for 

businesses, governments, and communities to reconsider conventional methods of 

production and consumption. (Liu et al., 2023) emphasize exactly how in this 
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sustainable model, finance plays a revolutionary role in fostering company innovation. 

In an era that is becoming increasingly recognized for its commitment to sustainable 

development, the concepts of finance extend beyond conventional approaches to be 

an essential component in fostering innovation. Particularly, fintech has emerged as a 

dynamic facilitator that significantly fosters green innovation. The increasing 

integration of finance and technology creates diverse possibilities for green innovation 

development and its implementation, expanding the reach and influence of 

sustainable business practices. Fintech innovations are changing the financial services 

industry by encouraging more efficiency, transparency, and accessibility. These 

technological innovations play a critical role in sustainable projects and activities, 

which not only stimulate financial objectives that are consistent with environmental 

sustainability but also help to reduce the impact of climate change. Fintech thus 

occupies a unique position at the connection of environmental preservation and 

economic development, providing innovative solutions that ease the shift to a greener 

economy.  

Sustainable development has become crucial with the rapidly increasing 

environmental challenges on a global scale and the threats of climate change, yet 

several barriers prevent green innovation from being effectively incorporated into the 

global economic and environmental framework, even in the face of remarkable 

technological innovations and rising environmental consciousness. Green innovation 

is in contradiction with unsustainable resource extraction, and unrealized Fintech and 

ICT potential impacts environmentally friendly progress. The natural balance of our 

planet is further threatened by rising CO2 emissions. To better understand how 

natural resources, Fintech, ICT, and CO2 emissions interact, this study will examine 

how these factors affect the development of green technology worldwide. The 

adoption and spread of green innovations are also influenced by differences in literacy 

and economic status. The core objective is to get an understanding of how these 

variables collectively work together to shape the global landscape of environmentally 

friendly technological developments. The remainder of the document is organized as 

follows: The second section, "Literature review," summarizes the literature review; the 

third chapter, "Methodology," goes over the model and data usage in brief; the fourth 

section, "Results," goes over the study's actual results; and the fifth and final chapter, 

"Conclusion and discussion," wraps up the investigation. 

 

LITERATURE REVIEW 

Green innovations are associated with eco-friendly technologies, whereas 

traditional resource exploitation methods often undermine environmental 

sustainability efforts. These developments facilitate the shift from conventional 

resource-intensive sectors to those that rely more on renewable energy sources that 

support the environment (Sun et al., 2020). One issue of academic inquiry is the 

relationship between innovation in green technology and natural resource 

dependance. While some scholars claim that greater reliance on natural resources 

inhibits innovation in green technologies, others maintain that such dependence 

encourages it (Ran et al., 2023; Qian et al., 2021; Zhang & Brouwer, 2020; Mehlum et 



 
209 

 

al., 2006). Evidence suggests that countries which overly rely on resource extraction 

have lower capacity to diversify their economies, and are more susceptible to 

stagnation, conflicts, and even corruption (Dai & Du, 2023). Moreover, Dai and Du 

(2023), Sun et al. (2020), and Zhao et al. (2023) argue that the G20 countries need to 

integrate green innovations into their policies to promote economic growth while 

reducing their dependence on natural resources. In addition, creation and 

management of policies is required to mitigate the resource curse, achieve 

sustainability in the G20, support fiscal decentralization, and promote green 

innovation. Such policies ensure optimal resource management, ensuring social, 

economic, and environmental sustainability, and just or equitable socio-economic 

resource distribution (Pan et al., 2022). Ullah and Shaheen (2024) analyze the 

connection between sustainable finance and technological innovation through the 

governance index and other economic measures. Their work focuses on the role of 

these components in sustainable development, especially for decreasing greenhouse 

gas emissions.  

Moreover, the research of Feng & Li (2024) investigates the multifaceted 

nature of the relationships among natural resource rent (NRR) and other components 

such as fiscal decentralization (FD), green innovations, and market regulations of G20 

countries which indicates that some balance exists among the natural resource rent, 

fiscal decentralization (FD), and market regulations is necessary for sustainable 

growth and escaping the resource curse. The findings advocate for stronger 

governance and innovation pioneers on the other hand as enabling tools for extracting 

the potential of natural resources and fiscal decentralization towards diversified, 

resilient economies underscoring the robust role of green innovations on sustainable 

development. Huang et al (2022) further analyzed the linkage of natural resource rent 

with environmental degradation in the United States. From 1970 to 2016, natural 

resource rents increased economic growth in China, alongside Ahmad et al (2022) 

studying dynamic relations of NRRs and environmental sustainability employing the 

ARDL approach. Lisha et al (2023) used the quantile regression of the moment to study 

the relation between sustainability, NRR, and green innovations for the years 2000 to 

2019. Their findings show the NRR undermines sustainable development in all 

quantile strata.  

Fintech has inherent sustainable traits that could stimulate green innovation 

in a material economy through channels like information sharing and the promotion 

of digital literacy (Liu et al., 2023). FinTech advancements are not just reviving 

sustainability's social and economic goals but also protecting the environment and 

slowing down climate change (Deng et al., 2019). Fintech acts as a catalyst to improve 

the digital literacy of human resources involved in green innovation initiatives (Fang 

Lei and Liu, 2021). As proposed by Li et al. (2023), FinTech's customized services and 

helps in green finance broadens the long-tail market and expands capital generation 

for eco-friendly initiatives through economies of scale. It also provides additional 

opportunities for diminishing the financial constraints of foster corporate green 

innovations. Furthermore, Tariq et al. (2024) investigate the finTech, which is based 

on digital technology, can successfully handle the mismatch of green financial 
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resources and quickly assess and find green innovation projects, as well as speed up 

and accurately financial institution money transfers. Increased fintech development 

is correlated with increased advancements in the financial market environment as 

well as higher innovation performance. Bilal and Shaheen (2024) highlight that 

innovative financial solutions like crowdsourcing and online financial offers are 

examples of ways to lessen a company's financial limits, which encourages creative 

endeavors. In a modern milieu that is marked by a heightened resonance with respect 

to sustainable development, the idea that finance can facilitate business innovation 

raises a hypothesis that includes green innovation as a component of a wider range of 

innovative endeavors that may be fueled by Fintech developments (Liu et al., 2023).  

According to empirical research, fintech companies might lessen the financial 

barriers that businesses encounter in this situation by reducing the information 

asymmetry that frequently characterizes the interaction between banks and 

businesses (Liu et al., 2023 FinTech promotion makes the external financial 

environment for corporations better, encourages businesses to embrace green 

innovation, and greatly increases the efficacy of pre-lending review and post-lending 

risk management capability of green credit (Li, Du, et al., 2023). Prior to financing, 

FinTech can multichannel and thoroughly gather, examine, and analyze data (Zhu, 

2019), reduce adverse selection (Balyuk, 2016), and moral hazard problems 

(Sutherland, 2018) caused by the asymmetry of market information, and precisely 

guarantee that businesses secure and efficiently apply money for green innovation 

projects. Second, FinTech's customized services and facilitation can greatly expand the 

long-tail market's potential, broaden the spectrum of individuals involved in green 

finance, enable more capital to be raised for environmentally friendly projects due to 

economies of scale, and provide more avenues for reducing financial barriers to 

corporate green innovation initiatives. Furthermore, FinTech, which is based on 

digital technology, can successfully handle the mismatch of green financial resources 

and quickly assess and find green innovation projects, as well as speed up and 

accurately financial institution money transfers (Li, Du, et al., 2023) creating a 

catalytic stimulus that encourages increased participation in these kinds of 

revolutionary endeavors (Liu et al., 2023). Abbas et al. (2024) highlight that enhancing 

consumer engagement within brand communities is a key marketing objective for 

strengthening the brand-consumer relationship. Similarly, Kumar et al. (2024) 

investigate the relative influence of different genders of social media fitness 

influencers (SMFIs) on consumers’ decisions regarding supplement purchases.  

Moreover, Mansoor et al. (2018) study the effects of different subtype 

advertising messages using geographic segmentation on consumer attitudes. Scholarly 

literature extensively discusses the effects of information technology on innovative 

activities with environmental concern. From national and local perspectives, various 

studies have analyzed the impact of information technology on green innovations (Du 

et al., 2023). Some of the more recent studies have pointed out sustainability through 

various measures, including information and communication technologies (Liu et al., 

2022). Several scholars have pointed out that green ICT is more complex than 

conventional ICT and that its division of labor is much riskier and more challenging 
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due to the greater need for international technological collaboration (Barbieri et al., 

2020; Li et al., 2022). Almalki et al. (2023) remarked that the development of green 

Internet of Things (IoT) technologies in smart cities facilitates environmentally sound 

development and enhancement of the environment.  

Lee et al. (2023) examined the effect of green ICT on the ecological footprint 

empirically and found that the existence of non-market environmental protection 

legislation and more advanced global green ICT technologies mitigated environmental 

degradation. Furthermore, Chen et al. (2020) examined the innovation of the power-

generating industry by measuring the relationship between innovation, regional 

industrial CO2 emissions, and Euro low-carbon policy measures using data 

envelopment analysis (DEA). According to their research, the decrease of CO2 

emissions is inhibited by the progress of innovation. In addition, Shen et al. (2021) 

found that green innovation has both an indirect promoting effect and a direct 

inhibitory effect on CO2 emissions. The indirect effect, however, is more noticeable. 

Globally, the advancement of technology and modern innovations is raising serious 

concerns about climate change. The majority of developed nations in the modern 

world have implemented smart transportation systems, smart cities, modernized 

industrial processes, and energy-saving technology; it is hoped that these 

advancements will reduce CO2 emissions (Lennerfors et al., 2015).  

The G20 nations are at the forefront of adopting advanced technologies and 

modern innovations to address climate change. Their leadership in implementing 

smart solutions and sustainable practices sets a crucial example for global efforts to 

combat CO2 emissions and promote environmental sustainability (Emissions Gap 

Report, 2023). The influence of green innovation on the relationship between natural 

resources and sustainable economic growth has been explored by various scholarly 

works (Shah et al., 2022). Osabohien et al. (2023) studied the relationship of natural 

resources and other economic parameters, like growth in economic production, with 

the energy mix of China from 1971 to 2019. They demonstrated using autoregressive 

distributed lag (ARDL) and error correction modeling (ECM) that the clean energy 

transition programs of China are positively associated with the level of economic 

development and consumption of natural resources. Some Zhang et al. (2022) argued 

that there is a need to rethink the conventional approach towards economic 

development using a focus on green innovation. Also, Mircetic et al. (2022) provides 

insight that green innovation is pivotal for simultaneously achieving environmental 

protection and economic growth because it has the potential to cut costs and lessen 

damages to the environment at the tail end of the operations.  

While studying the ecosystem of green innovation in G20 countries, the 

intersection of natural resources, financial and information and communication 

technologies, CO2 emissions, development indices, and the literacy rate yields a 

remarkable gap in research. Even though literature does acknowledge these 

considerations, they are usually incorporated in a single framework devoid of an in-

depth examination of the economic, technological, and social dynamics of various 

countries. There is a shortage of empirical studies on how nations can leverage natural 

resources for green innovation without falling into the resource curse, the direct 
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impact of FinTech ecosystems on eco-friendly projects, and the role of ICT in fostering 

green innovation. While the adverse effects of CO2 emissions are well-documented, 

the effectiveness of green innovations in mitigating these emissions is still 

underexplored. Additionally, the mechanisms through which economic development, 

literacy, and education promote green technologies require further investigation. 

There is an essential need for integrated research that not only studies these aspects 

separately but also explores their combined impact on fostering or inhibiting green 

innovation, to achieve a comprehensive understanding of sustainable development 

and environmental sustainability. 

 

METHODOLOGY AND DATA 

Variable Description  

In our investigation of green innovation, we diverge from the traditional 

methodologies and instead adopt the approach which is used by (Brohi Awais Ahmed 

& Suzuki, 2023), focusing on the number of patent counts. This metric, derived from 

the World Development Indicators (WDI), considers global patent applications filed 

either through the Patent Cooperation Treaty or directly with national patent offices 

to secure exclusive rights for inventions. These inventions, encompassing new 

products or processes, represent innovative technical solutions, reflecting the core of 

green innovation. In our study, we examine the variable "Natural Resources" by 

measuring total natural resource rents, using data from the World Bank, in line with 

the methodology of Liu et al., 2024 and Lisha et al., 2023. To gauge the accessibility 

and adoption of financial technology within societies, we utilize the extent of 

Automated Teller Machine (ATM) networks as a proxy, following Afjal et al., 2023. 

This indicator reflects not only the physical infrastructure for financial transactions 

but also a society's technological sophistication and its readiness to integrate financial 

technologies. We further evaluate the use of the internet as a proxy measure for the 

integration of Information and Communication Technology (ICT) within a society, as 

done by Afjal et al. in 2023. This indicator reflects the extent to which digital 

technologies are integrated into daily activities including information dissemination, 

education, collaboration, and innovation. Lastly, we take into consideration the CO2 

emissions as analyzed by Lisha et al. in 2023 and Wei et al. in 2023 which reflect the 

environmental impact of human activities and is expressed in metric tons per capita. 

 

Table 1 Variable Description  

Variables Notion Proxy 

Data 

Source 

Dependent Variable       

Green Innovation GI Total Number of patent applications WDI 

Independent 

Variables    
Natural resources NRR Natural resource Rent WDI 

Financial 

Technology FIN Automated teller Machine Network WDI 
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ICT ICT Internet Usage WDI 

Co2 CO2 Metric Tons per capita emission WDI 

Mediating Variable    
Economic 

Development PGDP Per capita GDP WDI 

Moderating 

Variable    
Education Level EDU School enrollment, Primary (%gross)  WDI 

Control Variable    
Industrialization IND Industry value added % of GDP WDI 

Trade TRADE Trade (% of GDP) WDI 

Technology 

adaptation 

TECHA

D 

Mobile cellular subscriptions Per 100 

People WDI 

 

This metric acts as a pivotal gauge of the ecological stressors attributable to 

societal consumption and production patterns.  

Other Variables 

Economic Development Level was included in Table 1 as a mediating variable in 

Wang et al. (2023) and functions as a per capita GDP proxy. In our case, it acts as a 

mediator in our analysis of the green innovation’s determinants. This measure of 

economic development is vital because it provides insight on how the affluence and 

economic well being of a society is likely to influence its ability to develop and adopt 

green technologies. Secondary education is listed here as a moderating variable 

explaining that higher education attainment can improve the natural resource, 

financial technology, ICT, and CO2 emission response effectiveness towards green 

innovation and therefore enhance green innovation productivity. Education brings 

value by enabling the comprehension of issues involving technology and the 

environment and thus increases the level of impact that other variables have on green 

innovation. 

Control Variables  

In order to maintain the accuracy and reliability of our analysis on the 

determinants of green innovation, which we quantified by measuring the number of 

patent applications, we included as part of our control set industrialization, trade, and 

technology adoption associated with the innovation in question. Such factors 

represent more comprehensive socio economic, technologic, as well as ecologic 

considerations which may influence green innovation without direct relation to the 

primary independent factors posited in the study. 

Data  

For this research, we adopt a dataset from the World Development Indicators 

(WDI) which covers the years 2004 to 2021. WDI has an enormous database of 

development statistics which is reliable for several key aspects in our study cooling 

the number of patent applications, natural resource rents, ATM network density, 

internet usage, CO2 emissions, GDP per capita, and education. The dataset permits a 

comprehensive study of the correlation between technological advances, resource 
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consumption, environmental impact, and socioeconomic factors in terms of green 

innovation. Statistical analysis is done using STATA, a comprehensive statistical 

package with advanced data analysis features. 

 

ANALYSIS AND RESULTS  

Descriptive Statistics 

Table 2 Descriptive Statistics 

Variable  Obs  Mean  Std. Dev.  Min  Max 

 LnGI 774 6.515 1.751 .693 10.284 

 lnNRR 774 1.491 1.179 .001 5.349 

 LnFIN 774 4.036 .807 .239 5.431 

 LnICT 774 3.948 .685 .956 4.595 

 lnCO2 774 1.671 .608 -.152 3.243 

 lnPGDP 774 9.575 1.073 6.924 11.803 

 lnEDU 774 4.629 .055 4.409 4.818 

 

In table 2, the descriptive results shows that the dependent variable, green 

innovation has a mean of 6.515 and a standard deviation of 1.751, with a minimum 

value of 0.693 and a maximum of 10.284. This indicates a moderate level of variability 

in green innovation among the observations. Meanwhile, the variable Natural 

Resource Rent shows a mean of 1.491 with a higher standard deviation of 1.179, 

ranging from a minimum of 0.001 to a maximum of 5.349, suggesting significant 

diversity in natural resource rents. Financial Technology has a mean of 4.036 with a 

standard deviation of 0.807, with values ranging from 0.239 to 5.431, which suggests 

considerable variation. The Information and Communication Technology (ICT) 

variable has a mean of 3.948 and a standard deviation of 0.685, ranging from 0.956 to 

4.595, reflecting a relatively lower variation compared to other variables. The variable 

CO2 Emissions has a mean of 1.671 and a standard deviation of 0.608, with values from 

-0.152 to 3.243 which indicates a moderate variation in CO2 emissions. The mediator, 

economic development level, measured by per Capita GDP shows a mean of 9.575 and 

a standard deviation of 1.073, with a minimum value of 6.924 and a maximum of 

11.803, indicating considerable variation in economic development across the 

observations. Finally, the moderator, Education has a mean of 4.629 and a very low 

standard deviation of 0.055, with values ranging from 4.409 to 4.818, suggesting 

minimal variation in educational levels. Overall, the dataset reveals a diverse range of 

values across the variables, highlighting significant variations in green investment, 

natural resource rent, financial development, ICT, CO2 emissions, and per capita 

GDP, while educational levels appear to be more uniform. 

Correlation  

Table 3 VIF and correlation Matrix 

  Variables VIF   lnGI   

lnNRR 

lnFIN     

lnICT 

  

lnCO2 

  

lnPGDP 

  

lnEDU 

 lnNRR 1.134 0.091 1.000 
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 LnFIN 1.906 0.298 -0.088 1.000 

 LnICT 2.635 0.196 -0.104 0.631 1.000 

 lnCO2 2.016 0.412 0.093 0.519 0.478 1.000 

 lnPGDP 3.166 0.329 0.136 0.579 0.701 0.648 1.000 

 lnEDU 1.25 -

0.173 

-0.012 -

0.229 

-0.267 -0.297 -0.080 1.000 

  

The correlation between LnGI and LnEDU is -0.173. This negative correlation 

suggests that higher levels of education are somewhat associated with lower levels of 

green innovation in this dataset, which may reflect the complex dynamics between 

educational attainment and innovation efforts in green technologies. Natural Resource 

Rent (NRR) has a very weak negative correlation (-0.012), indicating almost no 

relationship between education levels and natural resource rents. Meanwhile, a 

moderate negative correlation (-0.229) exists between lnFIN and lnEDU, suggesting 

that higher levels of education are associated with lower levels of financial technology. 

Also, a moderate negative correlation (-0.267) exists between lnICT and lnEDU, 

indicating that higher education levels correspond with lower levels of ICT. 

Simultaneously, lnCO2 has a moderate negative correlation (-0.297), which suggests 

that higher education levels are associated with lower CO2 emissions. Lastly, the 

mediator, lnPGDP, has a weak negative correlation (-0.080), suggesting a slight 

inverse relationship between education levels and per capita GDP. Overall, the 

inclusion of lnEDU as a moderator provides a detailed understanding of the 

relationships among green innovation and its determinants.  

The inverse relationships between LnEDU and a number of critical variables 

indicates that higher schooling may affect green innovation, financial technology, ICT 

and CO2 emissions in more nuanced manners. Furthermore, the VIF analysis was 

performed to measure the possible multicollinearity among the predictors in the 

model to guarantee that all of the independent variables included do not possess high 

degrees of intercorrelation that could bias the regression estimates. Based on the 

results, all of the VIF values are significantly under the generally accepted level of 10 

which suggests that the special form of correlation under consideration does not pose 

a serious problem for the analysis performed. In particular, the highest VIF value is 

attributed to lnPGDP (per capita GDP) which stands at 3.166, indicating some degree 

of correlation with other variables. However, these figures do not raise concern and 

are still considered acceptable in econometric terms. lnICT (information and 

communication technology) ranks next with a VIF of 2.635 and lnCO2 (carbon 

dioxide emissions) rounds out the list with a VIF of 2.016, signifying low, albeit s 

manageable, multicollinearity. Even so, the variable financial technology (lnFIN) 

bolsters such claims by reporting a VIF of 1.906. 

The moderator (lnEDU) reports a relatively low correlation VIF value of 1.25 

which indicates weak association with other predictors. Finally, the natural resource 

rent variable (lnNRR) showed also the least VIF among all of 1.134 indicating low 

collinearity. The overall average VIF regarding all considered variables in the model 
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is 2.018 which is still considerably lower than the threshold limit justifying 

dependability of the regression analysis. With regards to multiple regression analysis, 

these VIF figures cumulatively demonstrate that the independent variables included 

in the model are sufficiently orthogonal to one another. Such a detailed assessment 

confirms the credibility of regression results alongside drawing pertinent conclusions 

from the analytical study. 

Cross Sectional Dependance 

Table 4 Cross Sectional Dependance 

Variable CD-test p-value 

average 

joint T mean ρ 

mean 

abs(ρ) 

LnGI 74.66 0.000 43 0.92 0.92 

LnNRR 68.101 0.000 43 0.84 0.84 

LnFIN 69.499 0.000 43 0.86 0.86 

LnICT 73.558 0.000 43 0.91 0.91 

lnCO2 69.831 0.000 43 0.86 0.86 

lnPGDP 79.8 0.000 43 0.98 0.98 

The results of the cross-sectional dependence test for the study's variables are 

quite interesting. The natural logarithm of Green Innovation (lnGI) appears to be 

highly cross-sectionally dependent with a CD-test score of 74.66. This was also 

verified with a p-value of 0 alongside a mean ρ of 0.92 which indicates strong 

correlation across the panel group's correlation. lnNRR alongside lnFIN also shows 

CD-test values of 68.101 and 69.499 with p-values of 0 indicating significant 

dependence. Their mean ρs of 0.84 and 0.86 respectively also demonstrate support for 

this. The Information and Communication Technology (ICT) variable demonstrates 

strong cross-sectional dependence with a CD-test score of 73.558, p-value of 0, and a 

mean ρ of 0.91. Likewise, for the natural logarithm of CO2 emissions (lnCO2) with 

CD-test value of 69.831, and p-value of 0, mean ρ renders 0.86. Last but not the least, 

in regards to the mediator (lnPGDP) shows the greatest extensiveness of cross-

sectional dependence when compared to all other variables, achieving a CD-test score 

of 79.8, p-value of 0 and mean ρ of 0.98. 

Heteroskedasticity (Breusch-Pagan Test)  

Table 5 Heteroskedasticity (Breusch-Pagan Test) Serial correlation 

Variable Var sd = sqrt(Var) 

LnGI 3.066193 1.751055 

E 1.988263 1.410058 

U 0 0 

The result indicates that the null hypothesis of zero variance in the random 

effect (Var(𝑢)=0) cannot be rejected. This means that there is no significant random 

effect in the model. Consequently, the random effects model does not provide a better 

fit than the simple OLS model. The absence of significant random effects suggests that 

variations across years do not have a significant impact on greeninnovation,n 

indicating that the influence of the variables on green innovation is consistent over 

time. These findings have important implications for our model selection. Since the 
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random effects are not significant, the use of a fixed effects or pooled OLS model might 

be more appropriate for this analysis. This result simplifies our econometric modeling, 

allowing us to focus on the impact of the explanatory variables without needing to 

account for unobserved heterogeneity across years. Such understanding provides a 

simpler and more effective approachton identifying the factors that influence green 

innovation. 

Unit Root Tests 

To check the stationarity of our variables, we used the second generation unit 

root test since it is crucial for panel data analysis with cross-sectional dependence. 

This includes the Cross-Sectionally Augmented Dickey-Fuller (CADF) and Cross-

sectionally Im, Pesaran, and Shin (CIPS) tests. These are suited for panel data and their 

results are useful even with cross-sectional dependence. Most tests have critical values 

which if significantly lower than their critical value allow the null hypothesis of a unit 

root (non-stationary) to be rejected. In this case, all of the variables show test statistics 

with ample distance from the critical value indicating that they are stationary at level 

I(0). These results indicate that there is no need to difference the variables to attain 

stationarity, thus allowing the inclusion in regression models without further 

modification. 

Table 6: 2nd Generation Unit Root Test 

 CIPS  CADF  

 1(0) 1(1) 1(0) 1(1) 

LnGI -5.717 / -5.717 / 

LnNRR -5.915 / -5.915 / 

LnFIN -5.824 / -5.824 / 

LnICT -5.832 / -5.832 / 

lnCO2 -5.642 / -5.642  

lnPGDP -5.948 / -5.948 / 

LnEDU -5.946 / -5.946 / 

A regression analysis must be free of spurious relationships, which can only be 

ensured through stationarity. The stationarity of these variables enhances the 

reliability of our regression analysis, thus allowing us to make decisions that are 

accurate and credible concerning the factors influencing green innovation. By 

ensuring that the data is stationary at the mean level, we limit the chances of biased 

results and strengthen the dependability of our econometric models. This initial action 

fortifies the dependability of subsequent analyses and conclusions pertaining to our 

examination of green innovation along with its influential factors. 

Cointegration Tests 

The test used for identifying the co-integration test is Pedroni, and the results 

of the co-integration test is given in table 7.  

Table 7 Pedroni Test for Cointegration 

Statistic Value p-value 

Modified Phillips-Perron t -9.412 0.000 

Phillips-Perron t -17.8652 0.000 
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Augmented Dickey-Fuller t -18.0143 0.000 

 

All three test statistics yield p-values of zero, which is far lower than any 

common significance level. This strongly indicates the null hypothesis of 

cointegration is rejected. The test result implies that there exists an equilibrium 

relationship in the long run among the variables in the panel. It shows that in the long 

run, the variables indeed fluctuate together and, moreover, around a certain 

equilibrium value. This cointegration supports the reliability of our model, showing 

that the chosen variables are appropriate in examining the factors of green innovation 

and its long-run effects. Lastly, the results from the Pedroni test verify that the 

variables in question from this study are indeed cointegrated, thereby validating the 

econometric analysis conducted and the causal relations postulated between green 

innovation and its determinants. This supporting evidence is fundamental to drawing 

reasonable conclusions and formulating effective policy recommendations from the 

outcomes of this research. 

Fixed Effect Regression 

Table 8 Fixed Effect Regression 

LnGI  Coef.  St.Err.  t-

value 

 p-value  [95% Conf  Interval]  Sig 

LnNRR .104 .049 2.11 .035 .007 .201 ** 

LnFIN .242 .094 2.58 .01 .058 .425 ** 

LnICT -.561 .162 -3.46 .001 -.879 -.243 *** 

lnCO2 1.075 .132 8.17 0 .817 1.334 *** 

lnPGDP .488 .098 5.00 0 .296 .68 *** 

LnEDU -5.647 1.071 -5.27 0 -7.75 -3.544 *** 

IND .016 .008 1.99 .048 0 .031 ** 

TECHAD .003 .003 1.25 .21 -.002 .009  

Trade -.015 .001 -13.52 0 -.017 -.013 *** 

Constant 27.868 4.982 5.59 0 18.087 37.649 *** 

 

Mean dependent var 6.515 SD dependent var  1.751 

R-squared  0.371 Number of obs   774 

F-test   49.039 Prob > F  0.000 

Akaike crit. (AIC) 2720.975 Bayesian crit. (BIC) 2767.491 

The coefficient for lnNRR (natural resource rent) is 0.104, with a standard 

error of 0.049, indicating a positive and significant relationship (p-value = 0.035) with 

green innovation, suggesting an increase in natural resource rent will lead to a 

moderate but significant increase in green innovation activities. Financial technology 

(lnFIN) also shows a significant effect on green innovation, with a coefficient of 0.242 

and a standard error of 0.094 (p-value = 0.01), suggesting the role of financial 

advancements in fostering environmentally friendly technological innovations. 

Conversely, lnICT (information and communication technology) demonstrates a 

negative coefficient of -0.561 with a standard error of 0.162, indicating a significant 
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negative relationship. This suggests that higher levels of ICT development might be 

associated with reduced green innovation, potentially due to the initial focus of ICT 

on efficiency improvements rather than sustainability. The CO2 emissions (lnCO2) 

variable has a strong positive impact on green innovation, with a coefficient of 1.075 

and a standard error of 0.132, establishing that higher emissions cause more significant 

innovation efforts to minimize environmental impacts. The mediating variable, 

lnPGDP (per capita GDP), has a positive coefficient of 0.488, highlighting that 

economic growth facilitates green innovation. The moderating variable, lnEDU 

(education), shows a strong negative effect with a coefficient of -5.647 (standard error 

= 1.071, p-value < 0.001). Higher levels of knowledge may result in more careful 

analyses and limited adoption of green technologies. Among the control variables, 

industrialization (IND) has a small but significant positive effect on green innovation 

(coefficient = 0.016, p-value = 0.048), while the technological advancement 

(TECHAD) variable, though positive, is not statistically significant (coefficient = 0.003, 

p-value = 0.21). Trade openness (trade) shows a significant negative relationship with 

green innovation (coefficient = -0.015, p-value < 0.001), indicating that higher trade 

volumes might be associated with reduced green innovation, potentially due to 

competitive pressures prioritizing cost over sustainability. The model has an R-

squared value of 0.371, suggesting that approximately 37.1% of the variance in green 

innovation is explained by the independent variables in the model. The F-test value 

of 49.039 and a p-value of less than 0.001 indicate that the overall model is statistically 

significant. The constant term of 27.868 (standard error = 4.982, p-value < 0.001) 

provides the level of green innovation when all other factors are zero. Overall, these 

findings highlight the complex nature of green innovation, which is driven by 

economic, technological, and educational aspects, as well as larger socioeconomic 

situations. 

Random Effect Regression 

Table 9 Random Effect Model 

 LnGI  Coef.  St.Err.  t-

value 

 p-value  [95% Conf  Interval]  Sig 

LnNRR .106 .048 2.21 .027 .012 .201 ** 

LnFIN .25 .092 2.72 .007 .07 .431 *** 

LnICT -.505 .137 -3.69 0 -.773 -.237 *** 

lnCO2 1.027 .122 8.44 0 .788 1.265 *** 

lnPGDP .471 .093 5.08 0 .289 .653 *** 

LnEDU -5.615 1.052 -5.34 0 -7.677 -3.553 *** 

IND .015 .008 1.97 .049 0 .03 ** 

TECHAD .004 .002 1.82 .069 0 .009 * 

Trade -.015 .001 -13.66 0 -.017 -.013 *** 

Constant 27.629 4.899 5.64 0 18.028 37.231 *** 

 

Mean dependent var 6.515 SD dependent var  1.751 

Overall r-squared  0.368 Number of obs   774 

Chi-square   444.410 Prob > chi2  0.000 
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R-squared within 0.371 R-squared between 0.061 

The random effects regression model provides an understanding of the 

relationship between the dependent variable (lnGI) and the other variables (lnNRR, 

lnFIN, lnICT, lnCO2, lnPGDP, lnEDU, IND, TECHAD, and trade). This regression 

was conducted using the `xtreg` command in STATA with random effects specified, 

and the choice of the random effects regression model for this analysis is guided by 

several considerations that make it suitable for the data and the research questions 

being addressed. Also, the dataset consists of panel data, which includes multiple 

observations over time for the same countries, which makes this regression suitable 

for the data. The results of the test reveal that the coefficient for lnNRR is 0.106, 

suggesting a positive and significant relationship with lnGI at the 5% level, with a p-

value of 0.027. This suggests that an increase in natural resource rents is associated 

with an increase in lnGI. While financial technology has a coefficient of 0.250, which 

is significant at the 1% level (p = 0.007). This suggests a statistically significant 

relationship between financial development and lnGI. Also, information and 

communication technology shows a negative relationship with lnGI, with a 

coefficient of -0.505, highly significant at the 1% level (p = 0.000). This implies that 

higher levels of ICT are associated with a decrease in lnGI. Further, the coefficient for 

lnCO2 is 1.027, which is highly significant (p = 0.000). This positive relationship 

suggests that increased CO2 emissions are strongly associated with higher lnGI. The 

mediator, lnPGDP, has a coefficient of 0.471, indicating a positive and highly 

significant impact on lnGI (p = 0.000). The overall R-squared value of 0.368 indicates 

that approximately 36.8% of the variance in lnGI is explained by the model. The 

within R-squared value of 0.371 and between R-squared value of 0.061 detailed 

understanding of the model's explanatory power within and between panels, 

respectively. The Chi-square statistic of 444.410 is highly significant (p = 0.000), 

indicating the overall model fit. Overall, the random effects regression results 

highlight the significant relationships between lnGI and the selected variables, with 

several variables showing strong impacts at different levels of statistical significance. 

GMM without Mediation 

Table 10 GMM without mediation 

 LnGI  Coef.  St.Err.  t-

value 

 p-value  [95% Conf  

Interval] 

 Sig 

L .08 .006 13.08 0 .068 .091 *** 

LnNRR .109 .027 4.00 0 .056 .163 *** 

LnFIN .38 .028 13.64 0 .325 .434 *** 

LnICT -.293 .046 -6.43 0 -.382 -.204 *** 

lnCO2 1.089 .07 15.63 0 .953 1.226 *** 

 

Mean dependent var 6.554 SD dependent var   1.771 

Number of obs   738 Chi-square   . 

 

The Generalized Method of Moments (GMM) regression analysis was 
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conducted to explore the determinants of green innovation (lnGI) without 

considering the mediating role of per capita GDP (lnPGDP). The model includes 

natural resource rents (lnNRR), financial technology (lnFIN), information and 

communication technology (lnICT), and carbon dioxide emissions (lnCO2) as key 

independent variables. Additionally, the lagged dependent variable (L) is included to 

capture the dynamic aspect of green innovation over time. The analysis shows that 

the coefficient for the lagged dependent variable (L) is 0.08, calculated with a standard 

error of 0.006 and a t value of 13.08. The p-value is 0.000 which indicates a significance 

level of 1%. This supports that prior values of green innovation, in fact, have positive 

impact on its current values owing to an enduring and incremental impact of the 

activities of innovation. Also, the coefficient for lnNRR is 0.109 with the associated 

standard error of 0.027 and t value of 4.00. The p-value is 0.000 which indicates a 

significance level of 1%. This indicates that higher green innovation is linked with the 

increase of natural resource rents. The reason for this is possibly due to greater 

financial resources accrued from the exploitation of resources that is later reinvested 

back into sustainable practices. For lnFIN, the coefficient is 0.38 with standard error 

of 0.028 and t-value of 13.64. The p-value for this is 0.000, valid at 1% significance 

level. This positively significant coefficient directs attention to the effect capital has 

on green innovation, which, in this case, is considering the enormous possibilities 

proclaimed by financial technology. The overwhelming access to new financial tools 

combined with rapid changes in fintech appears to greatly enhance endeavors directed 

towards sustainable development. In no particular order, lnICT has the following 

values – coefficient of -0.293, a standard error of 0.046 and a t-value of 6.43. This study 

establish an association within 1 percent significance due to the p-value of 0.000. The 

negative relationship suggest a possibility where higher degree of ICT is presumed to 

relate with lower degree of green innovation. This astonishing result can be attributed 

to the starting environmental burden of any ICT infrastructure development.  

The model is highly significant as Chi-square test confirms the overall fit of the 

model. Hence, these findings reveal that natural resource rents, financial technology, 

and CO2 emissions significantly promote green innovation, highlighting the 

importance of economic resources and technological advancements in sustainable 

development. Conversely, the negative impact of ICT necessitates further 

investigation to understand the underlying dynamics and address potential adverse 

effects.  

GMM With Mediation  

Table 11: GMM with mediation 

 LnGI  Coef.  St.Err.  t-

value 

 p-value  [95% Conf  Interval]  Sign 

L .073 .01 7.07 0.000 .053 .094 *** 

LnNRR .074 .032 2.34 .019 .012 .135 ** 

LnFIN .347 .068 5.07 0.000 .213 .481 *** 
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LnICT -.492 .069 -7.15 0.000 -.627 -.357 *** 

lnCO2 1.036 .075 13.73 0.000 .888 1.184 *** 

lnPGDP .175 .029 6.10 0.000 .119 .232 *** 

 

Mean dependent var 6.554 SD dependent var   1.771 

Number of obs   738 Chi-square   . 

The regression is performed after including the mediator (lnPGDGP) along 

with the independent variables which indicate a significant relationship between the 

dependent variable lnGI and the stated variable. The results suggests that a unit 

increase in lnNRR is associated with a 7.4% increase in lnGI, significant at the 5% 

level. The variable lnFIN shows a strong positive relationship with lnGI, with a unit 

increase in lnFIN leading to a 34.7% increase in lnGI, significant at the 1% level. 

Conversely, lnICT has a negative relationship with lnGI, with a unit increase in lnICT 

leading to a 49.2% decrease in lnGI, also significant at the 1% level. The variables 

lnCO2 and lnPGDP both have positive relationships with lnGI. A unit increase in 

lnCO2 is associated with a 103.6% increase in lnGI while a unit increase in lnPGDP 

is associated with a 17.5% increase in lnGI, both significant at the 1% level.  

Moderation Analysis 

The coefficient associated with the lagged dependent variable (L) is 0.069 

which comes with a standard error of 0.004 giving a t-value of 17.08. The value of p 

in this case is 0.000 which is significant at the 1% level. It can be noted that this p 

value confirms a strong significant t test. This coefficient is also equal to one and 

therefore proves useful for outline bounds forecasting. The econometric estimation 

indicates that green innovation is enduring and increases over time which in turn 

indicates that green innovation leads to higher innovation in the future further 

increasing innovation and ultimately leading to success. 

Table 12 Moderation Results (GMM) 

LnGI  

Coef. 

 St.Err.  t-

value 

 p-

value 

 [95% 

Conf 

 Interval]  Sig 

L .069 .004 17.08 0 .061 .077 *** 

lnPGDP_lnEDU .104 .001 72.48 0 .101 .107 *** 

 

Mean dependent var 6.554 SD dependent 

var   

1.771 

Number of obs   738 Chi-square   . 

 

This study built on the GMM regression analysis to study the interaction effect 

of per capita GDP (lnPGDP) and education level (lnEDU) on green innovation (lnGI) 

for moderating purposes. This enables an analysis of how the association between 

lnPGDP and lnGI changes with the level of education. It also incorporates the variable 
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L, representing the dependent variable, to capture the dynamics of green innovation 

over time. The estimated value for L is 0.069; the standard error for this is 0.004, while 

the t-statistic stands at 17.08. The p value equals zero, therefore it’s statistically 

significant at the 1% threshold. 

The model possesses a high degree of statistical significance, as indicated by the 

Chi-square test. Hence, these results highlight the critical role of education in 

enhancing the positive relationship between economic development and green 

innovation and provides significant information for policymakers and stakeholders 

looking to support sustainable development through targeted investments in 

education and economic growth initiatives.  

Robustness through Mean group estimator 

Table 13 Mean Group estimator 

 lnGI   Coef.  Std.Err.  z  P>z  

[95%Conf. 

 Interval] 

lnNRR      0.068     0.024     2.770     0.006     0.020     0.115 

lnFIN      0.374     0.091     4.120     0.000     0.196     0.552 

lnICT     -1.313     0.297    -4.420     0.000    -1.896    -0.731 

lnCO2      0.959     0.070    13.670     0.000     0.822     1.097 

lnPGDP      0.346     0.039     8.880     0.000     0.269     0.422 

_cons      5.519     0.885     6.240     0.000     3.785     7.254 

 

This allows for the variation in the relationships between the independent and 

dependent variables across different groups, making it particularly suitable when the 

assumption of uniformity in slopes is not valid. The results of the MG estimator are 

presented in the table, showcasing the coefficients, standard errors, z-values, p-values, 

and confidence intervals for each independent variable in relation to the dependent 

variable, lnGI (green investment). The independent variables include lnNRR (natural 

resource rents), lnFIN (financial development), lnICT (information and 

communication technology), lnCO2 (carbon dioxide emissions), and lnPGDP (per 

capita GDP). For NRR, the coefficient value is 0.068, suggesting that it is positively 

and statistically significantly related to GI (p value 0.006). Thus, higher resource rent 

directly translates to an increase of green investment. Greater value of lnFIN with a 

coefficient of 0.374, shows an equally positive and statistically significant relation to 

green investment (p value 0.000). This suggests that advanced financial system leads 

to greater amount of green investment. On the contrary, lnICT shows a value of -1.313 

which suggests a negative and statistically significant effect to green investment (p 

value 0.000). This indicates that high level of information and communication 

technology may lead to lower green investment. With value of 0.959 for lnCO2, the 

coefficient indicates strong positive and statistically significant impact of carbon 

dioxide emissions on green investment (p value 0.000). This request is interpreted that 

greater amount of carbon dioxide emissions leads to higher green investment. 

Coefficient value for pgdp per capita is 0.346 suggesting green investment will have 

positive and statistically significant impact (p value 0.000). Thus, larger value of per 

capita gdp, increases the amount of green investment. The constant term (cons) have 
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a coefficient value of 5.519 which is also significant with (p value 0.000). This indicates 

a certain baseline level of investment with a certain model of independent variables. 

 

CONCLUSION 

As noted, the focus of this study is a comprehensive evaluation of the primary 

determinants of green innovation, attempting to untangle the web between the 

natural resources available, Fintech, ICT, CO2 emissions, economic growth, and even 

literacy levels. Their findings seek to help understand the intricate relationship 

between these elements and how they work together to drive green innovation across 

the globe. The study, in particular, traces the astonishingly beneficial impact of 

Fintech and ICT on green innovation, but also raises serious issues regarding the 

depletion of natural resources and increasing CO2 emissions. Economic growth and 

literacy levels seem to be critical factors that determine a country's ability to adopt 

and utilize green technologies. The rest of the analysis, however, reveals the presence 

of multicollinearity among these variables, as shown with the VIF, which underscores 

how complex and interrelated these relationships are. Such complexity can be geared 

towards achieving more sustainable environmental outcomes through the 

development of legislation and strategic policies aimed at Pragmatic 

Environmentalism ICT and Fintech while utilizing their enormous potential to 

transform the environment. In addition, this study contributes to sustainable 

development by pinpointing the constraints and drivers of green innovations. It calls 

for prompt proactive measures to curb the adverse impacts of climate change while 

hastening a shift to a low carbon economy. These results are very valuable to 

governments, business executives, and scholars because they offer a plan for 

maintaining the balance and sustainability prudent for the future of our world. 

Finally, this analysis illustrates the different aspects of green innovation and its crucial 

role in helping an society achieve sustainability objectives. This encourages all 

rounded strategies for green innovation and environmental sustainability by 

addressing the many interactions that influence social systems. The research enhances 

our comprehension of such innovations so that decisions and actions for encouraging 

the sustainability of future generations can be carried out thoughtfully. 

Recommendations 

With respect to the advantages that fintech and ICT have on green innovation, 

it is clear that policies directed towards fostering the growth and acceptance of these 

technologies need to be initiated. Such policies might stimulate investment in these 

technologies or create a regulatory framework that promotes innovation. 

Furthermore, the negative impacts of natural resource damage and CO2 emissions 

underline the importance of having strict policies on the environment. These policies 

should encourage reducing resource depletion and emissions, thereby enabling green 

innovation. Moreover, policies directed towards stimulating economic growth which, 

in turn, enables the innovation of green technologies are needed. This may be 

achieved through investment in supporting business activities, fostering economic 

stability, and growth. Poised with the impact of literate citizens on green innovation, 

policies should aim towards improving literacy and education levels. This 
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encompasses expanding educational institutions, establishing literacy enhancement 

initiatives, and guaranteeing educational opportunities for everyone. Lastly, the 

presence of multicollinearity in the model implies that there are intricate relationships 

between the variables. Subsequent work should aim to determine these relations in 

order to better address the problem of green innovation. 
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