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This study considers five regions, i.e., South Asia, South-East Asia, China, Middle Eastern countries, and European countries, and took their data for 15 years. This study makes a significant contribution to the literature by examining the impact of green finance on environmental sustainability. Green finance development is represented by GDP, investment in renewable energy sources, investment in research and development (R&D) for eco-friendly projects, and public–private partnership investment in renewable energy projects. Green financing development in the chosen panel exhibits a distinct geographical cluster effect, with significant regional variances. The most important influencing elements are regional GDP, regional innovation level, and air quality, whereas the degree of financial development and industrial structure optimization are insignificant. The degree of financial development and industrial structure optimization are related to the amount of green finance development mostly via spillover effects. The degree of financial development has a positive spillover impact, but industrial structure optimization has a negative spillover effect. This study reveals that an increase in the production of energy from renewable sources, an increase in R&D, and the evolution of public–private partnership investment in renewable energy reduce CO2 emissions. It is evidenced that green finance in renewable energy sources is necessary to achieve environmental sustainability. There is a strong need to increase green finance in renewable sources to target the minimization of global CO2 emissions. There should be cross-border trade of renewable energy between regions/countries to mitigate CO2 emissions globally. Moreover, this study ranks the regions based on environmental sustainability, which may help researchers and decision-makers to entice foreign direct and private investment in these regions. The implications of the findings of the study suggest that environmental sustainability benefits greatly from green financing and investing in renewable energy sources through public–private partnerships, which represents one of the best ways to ensure environmental sustainability.
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1 INTRODUCTION
Green finance has become one of most discussed topics as the current generation is now becoming aware of the importance of a sustainable environment (Che et al., 2021). The term green finance is defined as the provision of financial services for environmental protection projects, i.e., “the collection of economic activities that revitalize the environment and optimize resource usage” (Peng & Zheng, 2021), encompassing the sustention of energy, clean and safe energy, environment-friendly transportation, and green buildings projects. If only the term “green” is considered, then this refers to those activities leading to decreased pollution, saving natural resources, and achieving sustainable green development (Shan et al., 2018). The development of green finance includes credit availability to obtain a sustainable green environment (Xie et al., 2020). Green finance includes green securities, green credit sources, green investment, and carbon finance.
From a broader perspective, it is believed that green finance development causes the optimization of the whole structure of an economy in the form of supply-side quality improvement, demand-side awareness, and the maintenance of growth (Zhang et al., 2021). From a narrower perspective, green finance development can enable entrepreneurs to innovate green products through the green production processes, to make the product available in such a way that decreases the transaction costs, and to promote the product in a way that guides consumers (Usman et al., 2019).
Green finance plays a role as a driving force in transforming ecological development in two ways. First, it encourages entrepreneurs to engage in safe environmental processes and products, and second, it decreases pollution levels, replacing high-energy equipment with energy-efficient equipment. Green finance development is also helping in poverty alleviation in cases where the awareness of green products is provided to farmers. Farmers must be encouraged to grow green and organic crops without the use of any ingredients causing environmental degradation (Wang and Zheng, 2020).
Green finance development is more effective if all sectors adopt the same national policy at the same time (Zhang et al., 2022). All sectors of the economy, including agriculture, industry, and services, should follow the same national strategy. With the promotion of rural regeneration, green finance needs to be inserted into ecological and environmentally safe projects. Moreover, governments should target high environmental quality and encourage other sectors through the use of various financial tools to speed up green development. Hence, the characteristics of green finance development are considered to be of great significance (Lee and Min, 2015; Bashir et al., 2020).
Green finance development has been focused on in terms of a theoretical framework, production functions, and the role of technology in the economy. The environmental quality has to be improved as sustainable development is a major concern of the world today (Nasim et al., 2022a; Nisar et al., 2022). There is a need to save the environment for future generations. The quality of the environment determines the quality of life. The cost of advanced industry is rising pollution in various forms, which affects all living creatures. The deterioration of the environment is a huge problem that is constantly worsening, and there is an obvious need to clean this toxic environment with full awareness of green finance. All of these negative environmental consequences have associated negative effects on ensuring human health, which is the broader purpose of human existence. The environment is a public, not a private, concern, and it is no secret that humanity today is confronting an environment hostile to its goals for a better life (Rafiq et al., 2022).
Environmental quality is a regular economic good with two distinct meanings. The first is related to the fact that a clean environment is a common commodity for which economic agents are prepared to pay (although prices may fall). As economic expansion and technological progress coexist, it is plausible to assume that citizens in wealthier nations have access to technological advancements that make improving local air quality substantially less expensive (Nisar et al., 2022). As a result, individuals in affluent nations consume proportionately more air quality than those in poorer ones. The second meaning is related to the fact that individuals are prepared to spend more on the environment when their income rises, even if the price remains constant. These two inferences suggest a negative link between pollution and per capita income. Because of the nature of externality, the environment will not be cleansed by individual efforts unless the whole of society collectively plans to do so through government involvement, such as taxes, standards, and tradeable emissions control (Morelli, 2011). Through induced policy response, a stronger correlation between income and pollution may be established.
Human factors may have a significant impact in influencing severe temperatures and rising CO2 emissions. Those who oppose globalization believe that the environmental impacts are two-fold. First and foremost, pollution havens occurs when trade reforms of liberalization enable polluting industries to be relocated to regions with less stringent regulatory controls (Wang, Huang, and Xiang, 2021). It is also likely that pollution will rise in low-income or emerging nations as a result of globalization until they reach a certain degree of economic development. Pollution and income have a quadratic (or inverted U-shaped) connection, known as the environmental Kuznets curve (EKC).
All economic sectors, in their unique ways, contribute to the destruction of the environment. To achieve long-term prosperity, every country has turned its attention to environmental concerns. Environmental quality is described as a collection of environmental features and qualities that impact human beings and all other living things. The only way to ensure long-term prosperity is to take advantage of green financing. It is a way to compare the state of the environment to the wants and requirements of all kinds of living things. As a result of the quality of one’s home environment, human health and well-being are improved. This enhances mental health and allows individuals to recuperate from stress and carry out physical activities more effectively, resulting in more enjoyment and better mental health. Green finance is related to the importance of public and private projects creating a clean environment. It also reflects the impacts of climate change and pollution on human lives, as well as showing the social benefits and long-run returns of such financing (Bhattacharyya, 2022).
Consumers’ changing tastes for products and services illustrate the influence of environmental quality on economic output. All sectors are obligated to meet the needs of customers and behave accordingly. As long as customers are willing to pay more for environmentally friendly products, the agricultural and industrial sectors will follow suit (Jie et al., 2022). Furthermore, environmental deterioration would be reduced if governments regulate sectors to adhere to environmental quality improvements. Agricultural disasters, such as floods, harm the ecosystem. Additionally, this industry is responsible for many environmental issues, such as pollution, overgrazing, and the production of greenhouse gases (Shan et al., 2018). By using pesticides and fertilizers, as well as through deforestation, this industry contributes to global warming and other environmental problems. By using pesticides and fertilizers, agricultural output has been improved; however, this does not imply that the health quotients of those goods are boosted. There is a cause-and-effect link between agricultural production and environmental quality. Organic foods have become more popular since environmental quality has become a frequent problem across the globe. Because of the rising popularity of nutritious foods and the resulting rise in demand, environmental quality has a direct influence on agriculture. The contribution of green finance to reducing the usage of fertilizers and CO2 emissions is massive. The research inferences are providing a scientific basis for China’s actions (Guo et al., 2022).
To meet the rising demand for organic food products, agriculture’s productivity is likely to shift toward the cultivation of these products. Natural food may be obtained in many retail outlets, including supermarkets and farmers’ markets (Jie et al., 2022). Demand for organic foods and the price farmers charge for their produce boosts agricultural production, as does the demand for organic food. Farmers will be able to boost their output of these goods as a result of increased public knowledge. It is the mixture of marketing mixes that directly affects consumer desire for foodstuffs such as organic products (Sohail et al., 2020). Environmental quality regulation is a community effort to restore a better environment both for present and future generations, so big changes in productivity may occur. Unlike customary financial actions, green finance focuses more on environmental advancement and pays more attention to environmental protection projects (Wang and Zhi, 2016).
The quality of the environment also influences the industrial sector in a more environmentally friendly direction. There is an industrial revolution taking place throughout the globe to satisfy the demands of an expanding population, rising living standards, and diminishing natural resources. Manufacturers are polluting the air and water through their use of chemicals and fossil fuels (Martins et al., 2022). Increased emphasis on environmental quality is necessary in light of industry’s significant negative influence on the environment. Industrial pollution is not only harmful to human health, it also harms the environment. Changes in weather patterns, ozone depletion due to greenhouse gas emissions, CO2 emissions, and other chemo-emissions are all results of these causes. In addition to the aforementioned problems, the overabundance of cars and trucks on the highways also contributes to pollution, which needs the serious attention of concerned authorities, along with financial assistance for the replacement of old transportation means. Financial development for the green revolution is measured in terms of domestic credit to the public and private sector for green environment projects and, to a certain extent, the nature of foreign direct investment (Afzal et al., 2021).
Green innovations are fully reconciling the association between financial resources and finance performance, while partly reconciling the association between financial resources and environmental quality (Khan et al., 2022). Specific tasks have also been described for the environmental protection sector, the existing level of knowledge (industry), and the gap between the information needed and what is now known. An industry that produces and sells environmentally friendly products and services is referred to as an “environmental protection industry.” There are many major issues concerning environmental protection linked to the existing condition of a business, such as the difficulty in analyzing and monitoring the sector it is operating in. As a result, it might be seen as a strategy that is distinct from regulated sectors. For example, it has been recommended that industrial advantages should be given mainly to provide additional expenses for environmental protection to control such companies.
There is a need to identify the important subjects for green finance development and plan the strategies that enhance green financing in such a way that it will also be profitable (Ozili, 2022). A huge investment is required to decarbonize the environment to slow down global warming (Murshed et al., 2021; Yu et al., 2022). A large difference has been found between the consequences of regulations in China and those in the United States. Environmental changes have a direct impact on the allocation of resources and company activity across sectors. Increases in productivity may be attributed in large part to resource reallocation, which shows that resources in developing nations are often misused. Addressing this issue could reduce the large differences in productivity (Restuccia and Rogerson, 2013).
Companies and markets will be stimulated by this kind of legislation, which is likely to result in increased productivity. Environmental rules that encourage polluting companies to innovate may also help highlight and boost productivity, as can environmental policies. Innovations based on a lower technological level are expected to perform better in underdeveloped nations than in developed ones. Low production outputs and high emissions might be a result of new advancements in this area. Financial institutions are also offering discounted and promotional loans for green projects to restrict CO2 emissions and pollution (Xu, 2013). Environmental regulation’s net beneficial impact on industrial performance may be achieved via either an offset effect or a net negative effect.
Regarding the invention and uses of new renewable energy resources, research and development (R&D) is required to formulate specific projects to focus on the problems of economic production and green innovations in the economy (Ullah et al., 2022). For this purpose, institutional support has evolved around the financial provision for such green projects (Naqvi et al., 2021). Yafi et al. (2021) explained green finance development as a way to invest in environmentally safe businesses and the attitude of entrepreneurs towards identifying the incentives and benefits. According to the findings of various studies, policymakers should actively stimulate R&D for low-carbon technology and investment in renewable energy (Akbar et al., 2020). In particular, industries with higher energy use, and hence higher consumption-based CO2 emissions, should be targeted for reductions in nonrenewable energy sources (Rafiq et al., 2022).
The study aims to explore the effect of green finance on environmental sustainability by considering five regions (South Asia, Southeast Asia, China, Middle Eastern countries, and European countries) for 15 years. This study represents a significant addition to the literature by providing evidence of green finance’s impact on environmental sustainability. Green finance development is represented by GDP, investment in renewable energy sources, R&D for eco-friendly projects, and public–private partnership investment in renewable energy projects. The research questions addressed are as follows:
Q1: Is there any significant positive relationship between R&D expenditure for eco-friendly projects and environmental sustainability, and does this relationship reduce CO2 emissions?
Q2: Can public–private partnership investment projects significantly impact environmental sustainability and reduce CO2 emissions?
The remainder of this study is structured as follows. The literature review is presented in Section 2 and the methodology is presented in Section 3. Section 4 covers the results and a discussion of various econometric tools. Finally, Section 5 concludes the study and provides recommendations.
2 LITERATURE REVIEW
Environmental sustainability and green transition are strongly associated with each other; green transition without energy and environmental sustainability can only be partial and inadequate (Hall et al., 2018; Ji et al., 2021). There is a need for cross-border renewable energy trade for long-term environmental sustainability and to mitigate climate change (Sun et al., 2020; Taghizadeh-Hesary et al., 2021; Ferrat et al., 2022). Renewable alternatives to fossil fuels, such as wind and solar, are seen as an effective method of restoring environmental balance throughout the world (Murshed et al., 2021).
The growing awareness of carbon emissions in Iran’s agricultural sector was examined by Pakrooh et al. (2020) to get a better understanding of the driving forces behind CO2 emissions. In the last decade, the agriculture sector has been confronted with increased carbon emissions, ineffective government regulations, and rising fossil fuel consumption rates. An investigation into the link between agricultural productivity and greenhouse gas emissions in Latin America and the Caribbean was conducted by Saravia-Matus et al. (2019). This research presented a performance ratio for comparison, computed as greenhouse gas emissions over agricultural production in 2015, to analyze progression in these two regions. Insights into the relationship between agricultural production and greenhouse gas emissions may be gained by examining the variations in elasticities among land management strategies. The research found that only a small number of nations could offset agricultural emissions using land-use-related carbon sequestration techniques in these regions.
In their study, Zhang et al. (2019) used data from China’s major grain-producing regions from 1996 to 2015 to examine the connection between carbon emissions, energy consumption, and economic development in the agricultural sector. China Rural Statistical Yearbook data from 1996 to 2015 were used for the ARDL model and Granger causality test. Estimated carbon emissions from the agriculture sector in major grain-producing regions were found to agree with the EKC theory. For the years 2001–2012, Fei and Lin (2017) conducted research on China’s agricultural sector’s CO2 emission efficiency. A proxy for environmental deterioration was developed by the researchers, and it was used in conjunction with two other important factors: the technology gap and management failure. Different areas of China, such as the eastern, central, and western regions, revealed differences in the agricultural industry.
Inter-annual instabilities and long-term trends in land demand for food supply, such as crops, animal products, and biomass-derived products (Chen et al., 2019), were the topic of a study conducted by Sandströmet al. (2014) between 1961 and 2007. It was difficult to locate the data and merge the statistics, empirical estimation coefficients, and parameters in the research because of several uncertainties. An increased number of strategies, including land discharges due to deforestation, are needed to analyze the inter-annual changes in land demand and supply and the environmental implications of agricultural goods. However, since the world’s population seeks the finest sustainable mixtures of ecosystem services, it was advocated to enhance agricultural systems.
Nasim et al. (2022b) conducted a study to explore the effectiveness of environment quality and trade along with human capital by using a pool of 63 countries, applying a panel ARDL approach. Wang et al. (2019) noted that OECD economies have implemented a green economic growth strategy by establishing and enforcing environmental rules and regulations. Studying the impact of environmental regulations on green production in a specific location was the focus of this research. The rigor of anti-degradation policies on the development of green output was examined using a set of panel data. In a restricted degree of rigidity, the Porter hypothesis proved that environmental policy has a beneficial influence on growth in environmentally friendly production. Innovation activities were shown to help maintain technological dynamism, possibly exceeding passive green expenditures incurred as a result of environmental legislation to create a green Earth.
Based on the World Bank’s world development indicators, Wasti and Zaidi (2020) examined the relationship between environmental degradation, energy consumption, and Kuwait’s economic growth and trade liberalization using yearly data from 1970 to 2017. According to Wang, Sun, and Guo (2019), carbon emissions have had a large and prominent influence on current environmental crises all over the world. As a result, it is necessary to investigate new approaches to boosting energy efficiency to reduce environmental damage while simultaneously supporting China’s rapid economic growth.
R&D includes efforts to create and launch new goods and services. Typically, it is the initial step in the development process. Usually, the objective is to sell new goods and services (Karim et al., 2022). Environmental quality increases as a result of energy innovation. Policymakers should consider increasing public spending, notably in the energy sector, to encourage technological innovation and, in turn, reduce CO2 emissions (Ferrat et al., 2022). As part of their research, Fernández et al. (2018) looked at how the United States, the European Union (EU), and China’s CO2 emissions changed from 1994 to 2013. R&D expenditures have had a favorable influence on reducing CO2 emissions in the United States and the EU. As a result of favorable social and economic externalities and financial incentives, investment in green finance has increased in recent decades. It is worth noting that renewable energy funds were unable to outperform more conventional energy funds during COVID-19, underscoring the need for more capital injections. Nevertheless, contrary to popular belief, the majority of research has found that the most effective way to create a carbon-neutral economy is to encourage the development of carbon-neutral investments. It has been shown that green funds have outperformed their non-green equivalents (Ji et al., 2021). Volatility in green funds is lower than in high-emission funds, according to research. As an alternative to fossil fuels, the use of renewable energy sources is thought to improve environmental conditions. As a result, it is critical to discover ways to reduce the world’s dependence on fossil fuels to guarantee that economic and environmental progress are linked (Murshed, 2020).
According to other research, the creation of a green financial intermediation channel is essential for the realization of carbon-free economies. Using two distinct credit risk indicators, Umar et al. (2021) showed that exposure to carbon-neutral lending is inversely associated with default risk. The findings were similar across all bank sizes, indicating that green financing had the same effect on credit risk regardless of bank size. As a result of a decrease in credit risk, financial institutions may reduce their loan loss provisions and capital needs. This incentive is essential for increasing carbon-neutral credits and contributing to environmental objectives.
Based on a review of the literature, this research reveals an affinity between green finance and environmental sustainability, highlighting the significance of public–private partnership investment for renewable and efficient energy projects and economic growth, as well as other relevant variables. As a result, various factors not previously considered in previous research are included in this investigation into the effects of green financing on environmental sustainability. This research is based on the following hypotheses:
H1: The R&D expenditure for eco-friendly projects has a significant positive impact on the sustainable environment and reduces CO2 emissions.
H2: Public–private partnership investment projects have a significant positive impact on the sustainable environment and reduce CO2 emissions.
3 METHODOLOGY
To rationalize the objective of the study, data were collected for five geographical regions and analyzed through quantitative methods. The sample size is five heterogeneous cross-sections for 15 periods from 2007 to 2021 in time series. The data are analyzed in the form of balanced panel data. Panel data also take into account individual heterogeneity, and analysis can be done through three methods: common effect model, fixed effect model, and random effect model.
3.1 Research design and method
The study is quantitative and empirical in nature, involving a panel of five regions (South Asia, Southeast Asia, China, Middle Eastern countries, and European countries). As all the regions are geographically and demographically different, the study considers all the panels as heterogeneous. The heterogeneity can be captured in the variation of the random term of the model. The selection of this model is based on two reasons: the study is based on heterogeneous panels, and the Hausman test is used to validate the model. Therefore, the panel data random effect model is used in this study. The data are a collection from various sources, including the International Energy Agency, the World Bank, and the US Energy Information Administration.
3.2 Granger causality
Granger causality is a statistical hypothesis to test the causality between two series or variables. The study used Ganger causality to test the nature of causality among the variables of the study. The causality can be unidirectional, bi-directional, or neutral.
3.3 Sample
The sample size is five heterogeneous cross-sections for 15 periods from 2007 to 2021. Data are analyzed in the form of balanced panel data to evaluate the impact of green finance on environmental sustainability. Environmental sustainability is measured through investment in, and financing for, energy efficiency projects, as well as renewable energy. China, being the largest economy, is separately compared to other regions. The sample regions include the following countries:
• China: Mainland China, Hong Kong, and Macau;
• South Asia: Afghanistan, Bangladesh, Bhutan, India, Nepal, Pakistan, Sri Lanka, and Maldives;
• Southeast Asia: Brunei, Burma (Myanmar), Cambodia, Timor-Leste, Indonesia, Laos, Malaysia, the Philippines, Singapore, Thailand, and Vietnam;
• Middle Eastern countries. Cyprus, Lebanon, Syria, Iraq, Iran, Israel, Jordan, Saudi Arabia, Kuwait, Qatar, Bahrain, United Arab Emirates, Oman, and Yemen;
• European Union countries: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxemburg, Malta, the Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, and Sweden
4 RESULTS AND DISCUSSION
Table 1 elaborates descriptive statistics for times series data of all variables, which are as follows:
LNGDP = GDP;
LNCEM = CO2 emissions;
REDE = R&D expenditure for eco-friendly projects;
INRES = investment in renewable energy sources; and
LNPPP = public–private partnership investment in renewable energy projects.
TABLE 1 | Descriptive statistics.
[image: Table 1]The model is considered more robust if the distribution is normally distributed. The values of skewness and kurtosis determine the normality of the variables. According to Hair et al. (2010) and Byrne (2010), the values of skewness and kurtosis should be between the positive and negative values of 2 and 7, respectively. The empirics of the variables confirm that the distribution is normal. The measures of central tendency and dispersion are also calculated and reported in Table 1.
4.1 Correlations
Table 2 contains the results for correlations between variables. A correlation matrix is helpful to detect the severity of multicollinearity in the model. The results of the correlation matrix are given below, confirming that the presence of multicollinearity is at an acceptable level.
TABLE 2 | Correlations.
[image: Table 2]4.2 Granger causality test
Choosing the best technique for capturing the effects is always problematic. As the dataset used in the study has more time series than cross-sections, Dumitrescu and Hurlin’s (2012) panel Granger causality test was deemed the most appropriate for exploring the causal relationships among the variables of the study.
Table 3 reports the output for the Dumitrescu–Hurlin test. As shown, at both 5% and 10% levels of significance, the probability values are too large/small to justify the presence of causal relationships between the variables. This demonstrates that the current study finds the relationship between GDP and CO2 emissions, and between GDO and REDE, to be valid for bi-directional causality, whereas CO2 emissions cause REDE, INRES causes GDP, REDE causes PPP, PPP causes INRES, and INRES causes REDE uni-directionally. If we observe the results more closely, it can be seen that no evidence is found to support the null hypothesis that there is no bi-directional Granger causality between the variables INRES and LNCEM, and LNPP and PNGDP. However, uni-directional causality is not found from LNPPP to LNCEM, INRES to LNPPP, LNGDP to INRES, and REDE to INRES.
TABLE 3 | Dumitrescu‐Hurlin panel Granger causality test.
[image: Table 3]4.3 Panel unit root test
The application of the panel data unit root test assumes the null hypothesis that the series contains a unit root, and the alternative is that the series is stationary. As the output indicates in Table 4, the Levin–Lin–Chu (LLC) test assumes a common autoregressive parameter for all panels, so this test does not allow for the possibility that some countries’ growth rates contain unit roots, while other countries’ growth rates do not (Levin et al., 2002). Each test was performed on all variables of the study along with the Im–Pesaran–Shin (IPS) test to validate the results (Im et al., 2003). The IPS test assumes that all series are non-stationary under the null hypothesis. The results of the two panel unit root tests are presented in Table 4. The results of both tests confirm that all panel data series are stationary.
TABLE 4 | IPS and LLC tests.
[image: Table 4]4.4 Panel EGLS random effect model
The results for panel EGLS random effects are reported in Table 5, taking LNCEM as the dependent variable, analyzed through the panel random effect model after considering the results of the IPS and LLC test results. The coefficients of the independent variables and their respective standard errors, t-statistics, and probability values are reported in Table 5. LNGDP exerts a positive and significant impact on LNCEM. The t-statistic of the LNGDP coefficient is greater than 2, and the probability value is also very high. This significant value validates the impact of LNGDP in increasing environmental degradation. The results suggest that increasing GDP deteriorates the environment.
TABLE 5 | White cross-section panel EGLS (period random effects).
[image: Table 5]If the estimated coefficient values of LNPPP and REDE are taken into consideration, then this has a negative impact on CO2 emissions, indicating that public–private partnerships will create a cleaner environment. Public–private partnership can be enhanced by providing funds. R&D finance also shows a significant and negative relationship with CO2 emissions and a positive relationship with environmental quality. Investment in renewable energy has a positive but very low impact on CO2 emissions.
4.5 Hausman test
The panel EGLS random effect model was the best match for the Hausman test findings. The Hausman test is used to distinguish between random and fixed effect models. The best model is selected using the following statistical technique:
H0: Select random effect (p > 0.05),
H1: Select fixed effect (p < 0.05).
As shown in Table 6, the study used a random effect model based on heterogeneity and the results of the Hausman test used for validation. The probability of the estimated value clarifies not rejecting the null hypothesis, which means that random effect model is the most suitable method for our dataset.
TABLE 6 | Correlated random effects: Hausman test.
[image: Table 6]5 CONCLUSION
According to the findings, environmental sustainability benefits greatly from green financing. Investing in renewable energy sources through public–private partnerships is one of the best ways to ensure environmental sustainability. According to this research, this leads to greater renewable energy investment and higher environmental sustainability. This is the same result found by Chowdhury et al. (2013). Renewable energy sources’ development has a considerable negative influence on CO2 emissions, which implies that a rise in the percentage of total power generation from renewable sources is important to minimize CO2 emissions. This discovery is consistent with that of Wang et al. (2019 and Murshed et al. (2021).
The development of new renewable energy sources has a huge influence on CO2 emissions, which means that the world should invest more in R&D to find ways to minimize these emissions. A similar conclusion was reached by Koçak and Ulucak (2019), Álvarez-Herránz et al. (2021), and Wang et al. (2019, 2021). Public–private partnership investments in renewable energy are increasing because of the negative effects on CO2 emissions that come with such investment. Ahmad and Raza (2020), Balsalobre-Lorente et al. (2019), and Shahbaz et al. (2020) found the same thing in the short term.
The overall GDP of a region has a considerable influence on CO2 emissions, which indicates that the output rise is connected to the increased usage of energy; according to this study, renewable energy sources should be given greater weight and attention to address the problem. A similar conclusion was reached by Nordin and Sek (2018). This study has certain limitations as it uses public–private partnership and R&D expenditures to represent green finance. The term “green finance” can be expanded and explored further by introducing more specific proxies that may have potential effects on environmental sustainability. Moreover, the data sample is small; future studies can address this by adding more cross-sections and can increase the sample size, as well as including more indicators of green finance.
5.1 Future recommendations
This research found that green finance has a substantial effect on environmental sustainability. A precise assessment of carbon emissions is essential for designing an effective climate policy to address ecological challenges. Based on updated carbon emission figures, a significant climate policy response is possible. To fulfill the Paris Agreement commitment by the world’s nations to “hold the increase in the global average temperature to well below 2°C above pre-industrial levels and pursue efforts to limit the temperature increase to 1.5°C above pre-industrial levels” (UNFCCC, 2015, p.3), the present study suggests focusing on green finance to achieve environmental sustainability. There is a strong suggestion to expand investments in renewable energy to combat global CO2 emissions. Globally, there is also a need to promote green bonds at the municipal, provincial, and national levels. Industrialized nations should significantly enhance their renewable energy investments in poorer nations. To reduce global CO2 emissions, there should be international commerce in renewable energy across regions/countries. Thus, policies geared toward globalization, economic expansion, and the use of renewable energy will have a substantial impact on CO2 emissions. There is a need for increased investment in R&D for technical innovation to halt environmental deterioration.
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