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Environmental pollution has long been a global concern, and the development of fintech has led to radical changes in the financial industry, while finance plays a very important role in environmental governance. We use the number of fintech companies to create a city fintech index, and with the data of 827 listed companies in heavily polluting industries from 2011 to 2020, we study the impact of fintech development on enterprise environmental investment. We find that fintech can significantly increase the environmental investment of heavily polluting enterprises, while increasing the size of enterprise green bonds and improving the green cognition of executives are two important influence mechanisms. Heterogeneity analysis found that the impact of fintech on Southern enterprises and state-owned enterprises is more significant. Further analysis shows that fintech can significantly reduce the carbon emissions of heavily polluting enterprises and increase the number of green invention patents. The results of the study provide a useful reference for the government to promote the implementation of fintech policies and explore new ways to modernize pollution management.
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1 INTRODUCTION
Facing increasingly serious global problems such as global warming, environmental pollution, and wasted resources, more and more countries have started to pay attention to greening economic growth (Wang et al., 2020; Liu et al., 2022). However, the development of low-carbon technologies and green industries requires financial support, and it has become a consensus to innovate financial forms and realize the coordinated development of economic greening (He et al., 2019). Currently, the rapid development of fintech (Haddad and Hornuf, 2019) has changed the operation mode of traditional financial institutions (Sangwan et al., 2020). The innovation of financial service model has supported the development of green enterprises (Huang and Ma, 2024). Fintech can ensure the availability of credit, solve information asymmetry and promote the green development of enterprises (Yu et al., 2020). Meanwhile, the development of fintech accelerates the procurement and deployment of special funds for environmental projects (Deng et al., 2019). Fintech supports the green transformation of enterprises and provides impetus for their ecological protection and sustainable development (Wu et al., 2024). Therefore, it is of great practical significance to study the impact and mechanism of fintech on enterprise environmental investment, both for the transformation and development of enterprises and for government decision-making.
Based on the above analysis, we created a city fintech index using the number of fintech companies and measured the environmental investment of enterprises using text mining. We investigated the impact of fintech on the environmental investment of heavily polluting enterprises, and explored the impact mechanism in terms of green bonds and executives’ green cognitions. Considering the regional differences, we divided the enterprises into south and north according to their location. Meanwhile, considering the differences in enterprises’ property rights, we divided the enterprises into state-owned and non-state-owned. Finally, we test the impact of fintech on carbon emissions and green invention patents of heavily polluting enterprises, which further proves the usefulness of fintech for enterprise environmental investment.
The contributions of this paper include the following three aspects. First, we explore the mechanisms through which fintech influences enterprise Environmental investment from two perspectives: green bonds and executive green cognitions, thus better explaining the channels through which fintech works. Second, we conducted a heterogeneity analysis according to the location of enterprises and the nature of property rights, and found that there were differences in the impact of fintech, which provided a basis for the government to formulate differentiation policies. Third, we found that fintech can significantly reduce carbon emissions of heavily polluting enterprises and increase the number of green invention patents. These research conclusions have important reference significance for the development of fintech and the design of green transformation mechanism of heavily polluting enterprises.
2 LITERATURE REVIEW
Increasing investment in environmental protection by heavily polluting enterprises can help solve the world’s current environmental pollution problems (Zhong et al., 2022; Yu et al., 2023). Therefore, governments have encouraged enterprises to increase their investment expenditures in environmental protection by implementing centralized environmental monitoring policies (Wang et al., 2022b) and carbon emission trading policies (Yang, 2023), as well as strengthening local environmental regulation (Zhang et al., 2022) and increasing environmental subsidies to local governments (Peng et al., 2023). However, most enterprises face certain financing constraints, coupled with the long-term and low economic returns of environmental investment, enterprises are reluctant to use their limited funds in the field of environmental protection (Wei et al., 2020). Therefore, financing is crucial for the green development of enterprises.
At present, the literature on the relationship between fintech and enterprise green development mainly focuses on the following aspects. First, fintech can significantly increase the number of green patent applications by enterprises, which in turn promotes enterprise green innovation (Xue et al., 2022; Tan et al., 2023; Ding et al., 2022; Tian et al., 2023). Second, environmental, social, and governance (ESG) rating systems have emerged globally as a comprehensive evaluation standard for green and sustainable corporate development (Feng and Yuan, 2023), and some scholars (Du et al., 2022; Wang et al., 2022a), using data from Chinese enterprises, have found that fintech development significantly improves corporate ESG performance. Again, optimizing resource allocation and improving investment efficiency is also an important way to achieve sustainable national economic development (Lv and Xiong, 2022), and some scholars (Huang, 2022; Lv and Xiong, 2022; Sun and Zhang, 2023) have found that fintech can significantly improve the investment efficiency of listed companies.
The impact of fintech on enterprises’ Environmental investment has been studied in the literature. Digital finance can promote green investment by stimulating capital flows within firms and intensifying market competition (Ding et al., 2023), and the development of fintech helps reduce sulfur dioxide emissions (Muganyi et al., 2021). However, some scholars have come to the opposite conclusion, arguing that digital finance increases financial investment by firms, thereby crowding out green investment (Jiang et al., 2022).
There is already relevant literature that proves that fintech can promote environmental investment in heavily polluting enterprises, but the existing literature still has the following three shortcomings. First, the impact of fintech on enterprise environmental investment is uncertain, some scholars believe that it is a positive impact, while some hold the opposite view. Second, the role of fintech on enterprise environmental investment mechanism is not perfect, while the degree of impact on different types of enterprises is uncertain whether there is a difference. Third, the effect of fintech on enterprise environmental investment needs further verification. Therefore, this paper thoroughly explores the mechanism of the influence of fintech on the environmental investment of heavy polluting enterprises, and at the same time explores whether there is a difference in the influence of different enterprises, and further analyzes whether it really reduces the carbon emissions of heavily polluting enterprises.
3 RESEARCH HYPOTHESES
Fintech has transformed and innovated the traditional financial services or business, which in turn has an important impact on the investment and financing behavior of enterprises (Fazzari et al., 1988). Firstly, financial institutions use big data, cloud computing and other technologies to alleviate information asymmetry (Dong and Yu, 2023; Li et al., 2024), and promote more capital flowing into the green economy. Second, fintech can promote enterprise investment in emission reduction and promote green transformation from the end of the governance link (Guo et al., 2023). Financial institutions are more willing to provide services to enterprises that actively invest in environmental protection and take social responsibility, and financial development can help guide the flow of capital to enterprises with strong environmental awareness (Heiskanen, 2017). Finally, while reducing the cost of financing, fintech also makes the environmental information of enterprises transparent, and to enhance enterprise social responsibility, managers will pay more attention to the green development of enterprises. Therefore, we propose the first hypothesis.
H1. Fintech will promote Environmental investment in heavily polluting enterprises.
Fintech policy promotes the standardization of resource elements in the financial market by innovating the form of financial business, and promotes the development of green credit, green bonds and other financial forms, which improves the quality of financing in the capital market (Forslid et al., 2018). Digital finance is based on the support of big data, cloud computing, distributed computing and other technologies, which can effectively crack the credit insufficiency dilemma of enterprises, solve the trust problem between the two sides of the transaction, and then promote the alleviation of financing constraints (Chiu and Koeppl, 2019; Chen et al., 2023). Currently, the Chinese government requires financial institutions to increase support for green industries, and the flow of funds from financial institutions will change the investment and financing behavior of enterprises (Sharfman and Fernando, 2008). Therefore, the development of fintech can promote the environmental investment of heavily polluting enterprises by increasing the funds for green projects of enterprises. Based on the above analysis, we propose the following hypothesis.
H2. Fintech will increase the size of green bonds for heavily polluting enterprises, which in turn will increase environmental investment.
Currently, financial institutions and investors have begun to pay attention to enterprise environmental development issues. It has been found that institutional investors are increasingly concerned about enterprise environmental governance (Krueger et al., 2020; Ilhan et al., 2023), and they are demanding that enterprises increase their commitment to social and environmental issues (Larcker et al., 2022). And the development of fintech has made enterprise environmental information transparent, forcing a shift in enterprise executives’ cognitions, and social responsibility has become an important part of enterprise strategy (Hao and He, 2022). If the rich data brought by fintech can attract the attention of executives, enterprises are likely to respond to this attention and thus increase their environmental investment (Ding et al., 2024). Therefore, the development of fintech can promote the environmental investment of heavy polluters by increasing the green awareness of enterprise executives. Based on the above analysis, we propose the following hypothesis.
H3. Fintech will increase the green cognitions of executives of heavily polluting enterprises, which in turn will increase environmental investment.
4 VARIABLE SELECTION AND MODELING
4.1 Definition of variables
4.1.1 Enterprise environmental investment (investment)
The dependent variable in this article is enterprise environmental investment (Investment). We obtained relevant environmental investment data by screening keywords related to environmental investment in the construction in progress and management expenses of the financial statements of listed companies (Lu, 2021). We take the logarithm of the total amount of environmental investment of the enterprise as an indicator to measure their environmental investment.
4.1.2 Fintech development index (fintech)
The independent variable of this paper is fintech development index (Fintech). We search the “Tian yan cha” website for keywords such as “Fintech”, “Cloud Computing”, “Big Data”, “Blockchain”, “Artificial Intelligence”, “Internet of Things”, and so on. We keep the samples with the above keywords in the company name or business scope (Liu et al., 2023). Finally, sum the number of all fintech enterprises in the same city and take the logarithm.
4.1.3 Control variables
We use the existing literature (Guo and Wei, 2022; Li et al., 2023) for reference to select control variables: proportion of shares held by the largest shareholder (Top1), return on assets (Roa), Tobin’s Q (Tobin), number of enterprise boards (Board), asset-liability ratio (Lev), operating revenue per share (Sale), net cash flow from operating activities (Cash), and macroeconomic environment (GDP). We also control for time and individual fixed effects.
4.1.4 Mechanism variables
The influence mechanisms in this paper include two: green bonds (GB) and executive green cognition (EGC). We manually organize the bonds issued by heavy polluters between 2011 and 2020, and determine whether they are green bonds by searching for keywords related to environmental protection in the use of funds. We summed up the amount of green bonds issued in the same year to finally get the data of enterprise green bonds. Using text mining, we collect word frequencies related to environmental awareness and environmental responsibility in the annual reports of listed companies, and use the total number of word frequencies in the same year to measure the green cognition of executives. Table 1 shows the description of the variables.
TABLE 1 | Description of variables.
[image: Table 1]4.2 Data sources
We use data from A-share listed companies from 2011 to 2020, and based on the “Classification and Management List of Environmental Protection Verification Industries for Listed Companies” released by the Chinese government in 2008, 14 industries such as thermal power, steel, and cement are classified as heavily polluting industries, which are matched with the revised “Industry Classification Guidelines for Listed Companies” in 2012. At the same time, we process the sample as follows: we exclude companies with abnormal financial conditions and companies with serious data missing, and finally get unbalanced panel data of 827 highly polluting enterprises. The city fintech index is based on the number of keyword searches on the “Tian yan cha” website, and the company data in this article comes from the Wind database. The descriptive statistics characteristics of each variable are shown in Table 2, including mean, standard error, minimum, median, maximum. We report the Pearson correlation matrix among the main variables in Table 3.
TABLE 2 | Descriptive statistics for variables.
[image: Table 2]TABLE 3 | | Pearson correlation matrix.
[image: Table 3]4.3 Modeling
We use individual and time fixed effects models, modeled as follows:
[image: image]
The explained variable [image: image] is the amount of enterprises’ investment in environmental protection; the Key variable [image: image] is the fintech development index of the city where the enterprise is located; [image: image] is the control variable affecting enterprises’ investment in environmental protection; [image: image] and [image: image] are the time fixed effects and individual fixed effects; and [image: image] is the random perturbation term.
Combined with the previous mechanism analysis, we will explore the mechanism of its role from the perspective of green bonds and executives’ green cognitions, and the empirical model is as follows:
[image: image]
The explained variables [image: image] are mechanism variables, including green bond (GB) and executive green cognition (EGC).
5 EMPIRICAL ANALYSIS
5.1 Baseline regression
Table 4 presents the impact of fintech on enterprise environmental investment, 1) and 2) are the results of regression alone and with the addition of control variables, respectively, and we find that fintech has a significant positive impact on enterprise environmental investment. We believe that with the help of big data, cloud computing, and other fintech, we can reduce the borrowing cost of financial institutions and alleviate the problem of information asymmetry, so that more funds can flow into the environmental management program of enterprises. Financial institutions are more willing to serve enterprises that actively make environmental investment and assume social responsibility, and financial development helps to guide the flow of capital to enterprises with strong environmental awareness. While reducing the cost of financing, fintech also makes the environmental information of enterprises transparent, and in order to enhance enterprise social responsibility, managers will pay more attention to the green development of enterprises. Therefore, the development of FinTech can significantly increase the environmental investment of heavily polluting enterprises, and hypothesis H1 is correct.
TABLE 4 | Impact of fintech on enterprise Environmental investment.
[image: Table 4]5.2 Robust test
5.2.1 Endogenous issues
Considering that the model may have endogeneity problems such as omitted variables, we selected the number of urban computer services and software professionals as instrumental variables for endogeneity testing. We use 2SLS for regression, and the results of the endogeneity test are shown in Table 5 1) and 2). In the first stage, Cragg-Donald Wald F-statistic is 1153.804, there is no weak instrumental variable problem, so our selected instrumental variables are reasonable. The second stage regression results show that the effects of fintech on environmental investment in heavy polluters are still all significantly positive, indicating that the baseline regression is robust when tested after the introduction of instrumental variables.
TABLE 5 | Robustness test.
[image: Table 5]5.2.2 Replacing independent variable
At present, there are many methods to measure fintech indicators. In order to avoid the error of results caused by the difference of indicators, we use other methods to measure the level of urban fintech. We try to use the digital level in Peking University’s digital inclusive finance index to represent the city’s fintech. Regression (3) in Table 5 is the empirical result. We found that the regression coefficient is still significantly positive, and the regression result is consistent with the original result.
5.3 Mechanism analysis
5.3.1 Green bond channels
The development of fintech can alleviate the problem of information asymmetry between borrowers and lenders, and change the difficulty of enterprises to obtain financing from financial institutions. Under China’s current policy, it is difficult for high-pollution and high-energy consumption projects to obtain loans from financial institutions, while green environmental protection projects are more likely to receive financial support. Therefore, the development of fintech will reduce the financing constraints of high-polluting enterprises for environmental protection projects, allowing enterprises to issue more green bonds, which in turn will promote enterprises’ environmental investment. To test this mechanism, we replace the explanatory variable with the amount of enterprise green bond issuance, and regression (1) in Table 6 shows the empirical results of the impact of fintech on enterprise green bonds. The coefficient of fintech is significantly positive, which indicates that the development of fintech can increase the green bond issuance of heavily polluting enterprises, which ultimately leads to an increase in environmental investment expenditures, and hypothesis H2 is correct.
TABLE 6 | Mechanism analysis.
[image: Table 6]5.3.2 Executive green cognition channels
With the gradual increase in environmental awareness, investors and financial institutions have begun to pay attention to enterprise environmental management. The development of fintech makes the environmental information of enterprises transparent, forcing enterprise managers to change their cognition, and more and more enterprises are beginning to incorporate green factors into their development strategies. The executives of enterprises should also have green cognition and integrate the concept of environmental protection into the development of enterprises. Through the application of big data, artificial intelligence and other fintech, financial institutions can more accurately provide financing services for green projects and publicize enterprise environmental data. These can attract the attention of executives, and in response to this attention, improve the environmental investment of enterprises. Thus, fintech promotes enterprise environmental investment by increasing executives’ green cognition and, in turn, their environmental investment. Regression (2) shows the empirical results of the impact of fintech on executives’ green cognition. The coefficients of fintech are all significantly positive and hypothesis H3 is correct.
5.4 Heterogeneity analysis
5.4.1 Impact on enterprises in different regions
We divide the sample into South and North according to the location of the enterprises and run the regressions separately. We divide the sample into southern enterprises and Northern Enterprises according to the location of enterprises, and conduct regression respectively. Regression (1) and (2) in Table 7 are empirical results. We find that fintech can significantly improve the environmental investment of enterprises in the south, but the impact on enterprises in the north is not significant. We also conduct a test of difference between groups, and the Chow test is 2.6941, indicating that fintech has a greater impact on the environmental investment of heavily polluting enterprises in the South. We believe that, on the one hand, the level of development of fintech in the South is higher than that in the North, and fintech is more widely used in the financial field. On the other hand, the South is more economically developed than the North, and the financial sector is better developed, which can provide more funds for enterprises to invest in environmental protection. Therefore, fintech has a greater impact on the environmental investment of heavily polluting enterprises in the South.
TABLE 7 | Heterogeneity analysis.
[image: Table 7]5.4.2 Impact on different property right enterprises
We divide the sample into two groups of state-owned and non-state-owned enterprises according to the nature of their property rights, and regressions (3) and (4) in Table 7 show the empirical results for the two samples, state-owned and non-state-owned, respectively. We find that fintech does not have a significant effect on non-state-owned enterprises, but it can significantly increase the environmental investment of state-owned heavy polluters. We also conduct a between-groups difference test, and the Chow test is 9.1247, indicating that fintech has a greater impact on the environmental investment expenditures of state-owned heavy polluters. The possible explanation is that state-owned enterprises tend to receive support from local governments, and financial institutions are more willing to provide loans to state-owned enterprises. Therefore, state-owned enterprises are more likely to receive financial support with the help of fintech, and the development of fintech has a significant impact on them. On the other hand, non-state-owned enterprises have a lack of access to funds, and the development of fintech is also difficult to solve the problem of financing difficulties of non-state-owned enterprises, so the impact of fintech on the environmental investment of non-state-owned enterprises is not significant.
5.5 Further studies
5.5.1 Impact on enterprise carbon emissions
First, we examine the impact of fintech on the carbon emissions of heavy polluters, as measured by enterprise carbon emissions. This data is manually collected from the social responsibility reports, sustainability reports, and environmental reports disclosed by companies. We replace the explained variable with carbon emissions (Carbon) for the regression, and (1) in Table 8 shows the regression results, which shows that fintech is significantly negatively correlated with enterprise carbon emissions, indicating that the development of fintech inhibits the carbon emissions of heavy polluting enterprises. In order to improve their competitiveness, enterprises may increase the research and development of green technology to reduce the emission of pollutants. Meanwhile, they increase R&D investment to transform from low-end products with high pollution and energy consumption to high-end products that are energy-saving and environmentally friendly. Heavily polluting enterprises can use fintech to obtain financial support to develop new energy technologies, increase energy recycling rates, and improve exhaust gas treatment capacity, thereby promoting the greening of production structures.
TABLE 8 | Further studies.
[image: Table 8]5.5.2 Impact on enterprise green innovation
Secondly, we explore the impact of fintech on green invention patent applications of heavily polluting enterprises. Generally speaking, the more green invention patents an enterprise has, the stronger its green innovation ability is (Soltmann et al., 2015). Since design patents cannot be used to represent substantive innovation (Zhang et al., 2019), the number of green patent applications (patents) is measured by the number of green invention patents of heavily polluting enterprises. We change the explanatory variable into the number of green invention patent applications for regression. The empirical results in Table 8 (2) show that the development of fintech can significantly increase the number of green patent applications of heavy polluting enterprises, which shows that the fintech skills promote heavy polluting enterprises to carry out green innovation. We believe that fintech can change the green cognition of executives, provide more funds for green projects of heavily polluting enterprises, and make enterprises dare to carry out green innovation.
6 CONCLUSION
Using panel data of 827 Chinese listed companies from 2011 to 2020, we construct a city fintech index using the number of local fintech companies to empirically study the impact of fintech on the environmental investment expenditures of heavy polluters. It is found that the development of fintech significantly increases the environmental investment expenditure of heavy polluters. Furthermore, it is found that fintech increases environmental investment by increasing the issuance of green bonds and the green cognition of managers of heavy polluters. Analyzing from regional heterogeneity, the impact of fintech on southern enterprises is greater than that in the north. Analyzing from property rights heterogeneity, fintech significantly increases environmental investment in state-owned enterprises and is insignificant for non-state-owned enterprises. Furthermore, we find that fintech significantly reduces the carbon emissions of heavy polluting enterprises and significantly increases the number of green invention patent applications of enterprises, which indicates the significant impact of fintech on the green development of heavy polluting enterprises.
The conclusions of this paper have important policy implications for promoting the development of fintech, as well as promoting the green transformation and upgrading of heavily polluting enterprises. First, the application of technologies such as big data, cloud computing, artificial intelligence, and blockchain in the financial sector should be accelerated. The conclusion of this paper has shown that the development of fintech can significantly improve the environmental investment of heavily polluting enterprises, confirming the important role of fintech in the green development of the economy. Second, based on the analysis of the influence mechanism, we believe that financial institutions should take advantage of fintech to combine the real needs of the green transformation of heavy polluting enterprises, and promote the flow of funds to the environmental protection projects of heavy polluting enterprises by increasing the amount of green bond issuance, improving the green cognition of executives and other functions. Thirdly, enterprises should realize that the past rough development mode is no longer adapted to the needs of current economic development, and only by gradually eliminating the backward production capacity, increasing the innovation of green technology, and finally realizing the transformation and upgrading of enterprises, can we improve the competitiveness of enterprises in the market and their development prospects.
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