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Abstract

:

An increasing number of manufacturing enterprises are adopting environmental technologies to cope with the increasingly severe environmental regulatory pressure, but the existing studies about the impact of environmental technologies on economic performance come up with mixed results. This paper contributes to the literature by using the financial constraints and market advantages as a dual mediating process in this relationship. An empirical test using a sample of Chinese manufacturing enterprises listed in the Shanghai and Shenzhen exchange from 2011 to 2018 is established. The results of regression analyses show that end-of-pipe technologies and clean technologies have a positive effect on firms’ economic performance. Moreover, we find that clean technologies not only directly affect economic performance but also indirectly affect economic performance through mitigating financial constraints. With the negative influence of end-of-pipe technologies on market advantages, the positive economic effect caused by end-of-pipe technologies is weakened. This research provides useful insights into the selection of environmental technologies for manufacturing firms and the establishment of new policies to promote green finance and green consumption.
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1. Introduction


An extensive economic growth pattern has caused excessive resource consumption and deterioration of the environment in developing countries, especially in China [1]. Consequently, China has implemented a series of environmental policies and emission reduction targets to achieve sustainable development [2,3]. The manufacturing sector, the largest energy consumption industry in China’s economic development, has played a primary role in driving severe air and water pollution, causing widespread health problems [4]. According to the data in the China Environmental Statistics Yearbook from 2013 to 2015, 66.14% of the total emissions of waste gas came from manufacturing, and industrial sulfur dioxide emissions from manufacturing account for 51.79% of the total volume. Meanwhile, more than 38.68% of nitrogen oxides emissions come from manufacturing. The pure pursuit of GDP (gross domestic product) at the expense of resource waste and environmental damage is bound to be unsustainable [5]. How to achieve green transformation and development has become an important direction for the future development of China’s manufacturing.



A large number of manufacturing firms in China have implemented environmental technologies as a strategic activity to reduce environmental impact [6,7]. Environmental technologies refer to the improvement of existing production processes or the addition of new processes, and are commonly divided into end-of-pipe technologies and clean technologies [8,9]. End-of-pipe technologies focus on pollution control technologies, using equipment that is added as a final process step to capture pollutants and wastes prior to their discharge. Clean technologies are defined as pollution prevention technologies, referring to fundamental changes to the manufacturing process that reduce any negative impact on the environment during material acquisition, production, or delivery.



The balance or trade-off between reducing pollution emissions and improving economic performance is key to the sustainable development of manufacturing companies. In the literature, two opposing views circulate regarding the impact of environmental technologies on firms’ economic performance. On the one hand, the traditional or cost-based view argues that under the constraints of environmental regulations, companies tend to redistribute their existing labor and capital resources to environmental technologies, which often adversely affect their economic performance [10]. On the other hand, supporters of environmental technologies hold that environmental technologies can improve the productivity and competitiveness of firms, thus increasing the profits of firms [11]. In addition, most manufacturing firms are dependent more on end-of-pipe technologies, which are conveniently added to the existing production process, ignoring the role of clean technologies [9]. Therefore, the first focus of this study is to analyze how different types of environmental technologies affect economic performance.



Previous studies have shown that corporations can obtain many benefits and resources from external stakeholders through adopting environmental technologies [12,13]. The stakeholder theory identifies the generation of value as a central driver of the enterprise, this value is to be shared by a group of stakeholders who can affect or be affected by an organization [14]. Along with green finance and green consumption spring up, investors and consumers are playing an increasing role in the profits of manufacturing enterprises. Consequently, this research further develops the second focus, that is, whether the adoption of environmental technologies responds to the requirements of stakeholders and thus improves the economic performance of the company.



There are obvious gaps in the current answers to the above questions; this statement can be explained as follows. For the first question, existing literature mainly examines the impact of environmental technologies on economic performance, while different types of environmental technologies are rarely discussed. Although Xie et al., (2016) examined the effects of green process innovation on the financial performance of manufacturing [15], they neither exploit empirical research using firm-level data nor focus on stakeholder impact. For the second question, existing literature mainly explains the motivation of firms to adopt environmental technologies from the stakeholder’s perspective. Current research on the relationship between environmental technologies and stakeholders comes up with mixed or inconclusive results [16]. It remains unclear how different types of environmental technologies affect financial constraints and market advantages.



In order to address the above gaps, this study empirically identifies the direct influence of different types of environmental technologies on economic performance at the firm level, as well as the indirect influence mechanism on financial constraints and market advantages. We use a large firm-level dynamic panel data set from 2011 to 2018 to investigate the effect of environmental technologies on manufacturing firms’ economic performance. Our findings show that end-of-pipe technologies and clean technologies have a positive effect on a firm’s economic performance. Furthermore, financial constraints and market advantages have a mediating effect on the relationship between a firm’s environmental technologies and economic performance, and its mediating effect differs depending on the types of environmental technologies. Finally, we test the endogeneity and robustness via several methods.



This paper mainly contributes to three aspects. First, prior studies concerning environmental technologies lack attention to environmental technologies. Therefore, we employ the investment in environment protection alteration and green patent as the measurement indicators in order to truly reflect technological characteristics of end-of-pipe technologies and clean technologies. Second, this paper enriches the literature related to the relationship between environmental sustainability behavior and the economic performance of manufacturing firms. It explains that environmental technologies may improve firms’ economic performance through alleviating financing constraints and market advantages, which provides new insights for manufacturing enterprises to promote green transformation. Finally, this research further supplements the stakeholder theory literature, especially regarding the investors and customers. In the context of booming green finance and green consumption, corporations can obtain more benefits and resources through clean technologies. Based on these findings, this paper provides practical guidance to manufacturing enterprises and government, enabling decisions to be made more efficiently.




2. Literature Review and Hypotheses


2.1. Environmental Technologies and Economic Performance


Regarding the relationship between environmental technologies and economic performance, the cost-based view emphasizes that costs incurred by a firm putting into environmental technologies decrease the firm’s competitiveness and economic performance [10,17,18,19]. Against that view, most scholars believe that environmental technologies had a positive impact on firms’ economic performance through production cost reduction, processes improvement, and product innovation [11,20,21,22,23]. To be specific, Chiou et al. [24] and Chan et al. [25] revealed that environmental technologies have provided firms with a competitive advantage by increasing cost efficiency and profitability. Yan et al., found that both technology- and process-based environmental innovations positively influence airline revenue [26]. Chang revealed that environmental technologies can perform corporate social responsibility, which can improve the reputation and image of firms and increase their economic performance [27].



To sum up, while the additional financial expenditure of environmental technologies, environmental technologies can improve economic performance. Economic performance can be improved with: (1) Pollution control costs decreased by reducing pollution emissions and waste recycling; (2) reducing costs at the source and increasing revenue by redesigning production processes, improving resource utilization; and (3) obtaining numerous benefits and resources from stakeholders. From the perspective of technology types, end-of-pipe technologies involve removing ex-post emissions, i.e., the by-product of manufacturing through filters, scrubbers, cyclones, or centrifuges [28]. The distinguishing feature of end-of-pipe technologies is that they do not affect the production process itself. Therefore, end-of-pipe technologies have a positive effect on economic performance by primarily reducing pollution control costs. Compared with end-of-pipe technologies, clean technologies reduce emissions ex-ante at the production level. Examples of such technologies include closed-loop production processes, switching to less polluting materials and fuels, and the replacement of coolants or encapsulation of equipment. The purpose of clean technologies is to continuously improve efficiency and minimize cost. In the long run, clean technologies are conducive to economic performance improvement because of the reductions in by-product and resource utilization. Therefore, the following hypotheses are proposed:



Hypothesis 1a (H1a):

End-of-pipe technologies are positively associated with economic performance.





Hypothesis 1b (H1b):

Clean technologies are positively associated with economic performance.






2.2. Environmental Technologies and Financial Constraints


As stakeholders are concerned more about the environment, environmental technologies may play a significant role in mitigating financing constraints. China has been implementing a green loan policy as a trial to control pollution and protect the environment through financial systems [29]. For enterprises, the impact of environmental technologies on corporate financing may be achieved through green loans. The “Green Credit Guide,” implemented in 2012 by the China Banking Regulatory Commission (CBRC) indicates that banks treat corporate environmental behavior as an important loan reference to improve the likelihood of obtaining a loan [30]. It is a well-known fact that manufacturing firms with success in environmental technologies could send a positive signal to the public. As a result, it can improve the level of the firm’s credit financing. Moreover, investors and analysts will attribute a high investment value and high future expectations to these firms committed to environmental technologies [31]. If a firm with a high level of environmental technologies issues new shares or new bonds to raise funds, it could attract more potential shareholders and creditors or increase capital from existing investors [13].



In summary, environmental technologies are an important approach to reduce financial constraints by reducing the cost of corporate credit financing, increasing external investment. Considering the different kinds of environmental technologies, end-of-pipe technologies can be easily added to the existing production processes with few barriers [32]. For banks, a loan to these firms adopting end-of-pipe technologies can simultaneously meet the requirements of the company’s solvency and the government green development. On the other hand, the main concern of investors is whether they can obtain higher future returns. The clean technologies can potentially reduce production costs in the long term, thus attracting more investment [13]. Therefore, the following hypotheses are proposed:



Hypothesis 2a (H2a):

End-of-pipe technologies are positively associated with financial constraints.





Hypothesis 2b (H2b):

Clean technologies are positively associated with financial constraints.






2.3. Environmental Technologies and Market Advantages


For enterprises, environmental technologies respond to the requirements of stakeholders and strengthen the relationship between enterprises and stakeholders. As global climate change and the deterioration of the ecological environment accelerate, the concept of green consumption, as a global trend in consumption, has been popularized [33]. Compared to traditional products, green products or services that are supported by environmental technologies can better match the values and preferences of consumers [34]. Corporations could acquire higher market advantages by proactively adopting environmental technologies activities to meet the increasing demands for green consumption [35]. Nogareda stated that eco-innovation could positively affect a firm’s competitiveness and market recognition [36]. In addition, developing environmental and social-friendly technology can obtain a first-mover advantage for novel products and create a new green market [37]. However, academics who doubt or disagree with this view are still concerned with the “unrecoverable costs” caused by green investments [19]. To breakeven on “unrecoverable costs”, suppliers may charge higher prices on green products [38,39].



End-of-pipe technologies pertain to incremental innovations because they do not affect the implementation of essential technology or modify fundamentally the production processes [9]. Therefore, customers may be unaware of the environmental benefits of end-of-pipe technologies, which are perceived as a cost burden and hamper companies’ competitiveness [40]. Related to the outcomes of environmental technologies, Ghisetti and Rennings found that clean technologies positively affect company competitiveness, while this is not the case when adopting end-of-pipeline technologies [41]. In contrast, clean technologies have the potential to reduce the use of materials and/or energy, which enhances the supplier’s brand image and reputation among customers [42]. The implementation of clean technologies satisfies the increasing demand for green consumption and gains consumer trust, with greater market advantages expected. Therefore, the following hypotheses are proposed:



Hypothesis 3a (H3a):

End-of-pipe technologies are negatively associated with market advantages.





Hypothesis 3b (H3b):

Clean technologies are positively associated with market advantages.






2.4. Mediating Role of Financial Constraints and Market Advantage


Similar to other emerging markets, enterprises in China are faced with severe financial constraints [43]. Multiple studies have examined the role of financial constraints on a firm’s performance [44,45]. In the presence of market imperfection, financial constraints could affect a firm’s investment decisions, further affecting firms’ productivity [44]. Firm survival and growth are negatively related to the difficulty faced in accessing external funds because financial constraints have a negative effect on innovation expenditures and overall investment [46]. Using firm-level data from 81 countries, Haider et al., show that firms with less financial constraint outperformed those with more financial constraint [47]. Therefore, firm economic performance improvement of manufacturing firms might be caused by mitigating financial constraints.



The literature well documents that the ultimate consequence of any competitive advantage deriving from proactive environmental management will most probably be an improvement in economic performance [48,49,50]. Firms with market advantages have successfully created a unique product to differentiate themselves from competitors and thus, can reap the benefits of high levels of customer loyalty and satisfaction [51]. On the one hand, loyal customers are less sensitive to price changes, firms can command premium prices or sell more of their products at a given price, leading to better economic performance [52]. On the other hand, the positive reputation that results from higher levels of market advantage enables the firm to attract new customers and introduce new products [19]. Therefore, market advantage has a positive effect on economic performance.



In summary, our proposed research model states that the adoption of end-of-pipe technologies and clean technologies, respectively, affects firms’ financial constraints and market advantages in different ways, and thus have different influences on economic performance.



In the case of end-of-pipe technologies, they increase the possibility that companies will receive green credit. This brings about more financing with lower cost, which will positively affect firm economic performance. On the other hand, the costs caused by the adoption of end-of-pipe technologies would not be effectively converted into market advantages. This, in turn, will make price-sensitive consumers less willing to buy and thus reduce economic performance. To test the theoretical mechanism that end-of-pipe technologies affect a firm’s economic performance through the role of green finance and green consumption, we hypothesize that a firm’s financial constraints and market advantages mediate the influence of environmental technologies on a firm’s economic outcomes. To summarize hypotheses H4a and H4b:



Hypothesis 4a (H4a):

Financial constraints mediate the relationship between end-of-pipe technologies and economic performance.





Hypothesis 4b (H4b):

Market advantages mediate the relationship between end-of-pipe technologies and economic performance.





Compared with end-of-pipe technologies, the adoption of clean technologies provides additional benefits from investors and consumers because clean technologies are more uncertain but more effective in the long run, and more in line with the preference of green investors. Meanwhile, more innovative clean technologies are more conducive to obtaining a first-mover advantage for green products. In light of increasing environmental awareness, the enterprises can a achieve comparison advantage in the financial market and product market by introducing clean technologies, which then improve their economic performance. Summarizing Hypotheses H4c and H4d:



Hypothesis 4c (H4c):

Financial constraints mediate the relationship between clean technologies and economic performance.





Hypothesis 4d (H4d):

Market advantages mediate the relationship between clean technologies and economic performance.





The overall research model and hypotheses are summarized in Figure 1 and Table 1.





3. Research Design


3.1. Data Sources


Our initial sample consists of all firms in manufacturing industries listed on the A-share market of the SSE (Shanghai Stock Exchange) and the SZSE (Shenzhen Stock Exchange) from 2011 to 2018. To ensure the completeness and reliability of our data analysis, the following guidelines were used in our sample selection: (1) Excluding ST and ST*firms to ensure the stability and validity of sample; (2) excluding firms established within three years; and (3) excluding firms with incomplete or missing financial information. Finally, we obtained a sample of 13,275 firm-years from 2123 manufacturing firms. The financial data for the firms were primarily obtained from the China Stock Market & Accounting Research (CSMAR) database. The patent data were mainly acquired from the Patsnap patent network (https://analytics.zhihuiya.com, accessed date: 7 April 2020), it was possible to identify individual companies that have been granted or have applied for a patent.




3.2. Variables


3.2.1. Dependent Variable: Economic Performance


Return on assets (ROA) is a standard accounting measure of economic performance commonly used in the literature, indicating the outcomes of specific past and present actions [19]. ROA is more stable than sales growth or return on sales in measuring economic performance because of both the managerial effect of short-term activities and uncertainty about the external environment in emerging markets. Thus, because of its stability and reliability, we used ROA to measure the economic performance of the firms [22].




3.2.2. Independent Variable: Environmental Technologies


In this study, environmental technologies were divided into end-of-pipe technologies and clean technologies [8,28,53]. We employed the firm’s capital expenditure in environment protection alteration to measure the firm’s end-of-pipe technologies (PIPE). The capital expenditure was hand-collected from the “construction in progress” notes in the firm annual report, including environmental treatment, sewage treatment, environmental design, and energy conservation, and waste recycling [54]. We used the ratio of the total amount of end-of-pipe technologies to total assets to measure the intensity of end-of-pipe technologies.



Considering the availability of data, we used the green patents applicated by enterprises to measure the level of clean technologies (PATENT). However, it must be clarified that this may underestimate the level of clean technology of enterprises, since enterprise clean technology also includes technology introduction. Based on the literature, we identified clean technologies by using the IPC Green Inventory, which were developed by the IPC Committee of Experts [55,56]. Due to the distribution of green patents being skewed, we referred to Li et al.’s study and employed the logarithm of the number of green patent applications to measure the firm’s clean technologies [57].




3.2.3. Mediators


Financial Constraints


Based on previous literature, we employed the SA index (SA) to measure a firm’s financial constraints [58]. The calculation formula is as follows: SA = −0.737 × Size+0.043 × Size2 − 0.04 × Age, where Size is the log of total assets and Age is the number of years the enterprise has been listed. Taking into account that the SA index is negative; the greater its absolute value, the more serious the financial constraints [59].




Market Advantages


Market share (SHARE) can reflect the competition situation of the existing enterprises in the industry (horizontal competitiveness from the perspective of the same industry). We employed the firm’s market share to measure market advantages. The larger the market share is, the more favored the enterprise’s products are in the market, which also means that the enterprise’s market advantages are stronger [60].





3.2.4. Controls


In order to accurately reflect the influence of the environmental technologies on economic performance, this paper also controls the firm size (SIZE), firm age (AGE), cash flow (CASH), the ratio of intangible assets (IA), organizational slack (SLACK), green subsidies (SUBSIDY), CEO duality (DUALITY), board independence (BI), and the largest shareholder’s shareholding (LS) (see details of the variable definition in Appendix A Table A1).





3.3. Empirical Models


To assess whether the environmental technologies improve economic performance through the channel of mitigating financial constraints and improving market share, we conducted empirical research using a mediation effect test method [61]. First, to validate the relationship between the environmental technologies and the firm’s economic performance, based on H1a–H1b, Equation (1) is constructed.



Then, we established that environmental technologies are associated with the mediator (financial constraints and market share), based on H2a–H2b and H3a–H3b, Equations (2) and (3) are constructed.



Finally, to show what mediates the relationship between environmental technologies and dependent variables, we repeat the analysis for Equation (1) by adding the mediating as the additional independent variable, based on H4a–H4d, the Equation (4) is constructed. All equations are shown below:


    R O A   i t   =  α 0  +  β 1  P I P  E  i t   +  β 2  P A T E N  T  i t   +  β k  C o n t r o l  s  i t   +  ε  i t    



(1)






  S  A  i t   =  α 0  +  β 1  P I P  E  i t   +  β 2  P A T E N  T  i t   +  β k  C o n t r o l  s  i t   +  ε  i t    



(2)






  S H A R  E  i t   =  α 0  +  β 1  P I P  E  i t   +  β 2  P A T E N  T  i t   +  β k  C o n t r o l  s  i t   +  ε  i t    



(3)






  R O  A  i t   =  α 0  +  β 1  P I P  E  i t   +  β 2  P A T E N  T  i t   +  β 3  S  A  i t   +  β 4  S H A R  E  i t   +  β k  C o n t r o l  s  i t   +  ε  i t    



(4)




where i denotes the firm, t indicates the year, β and γ represent estimated parameters, and εit represents stochasticity across the firm.





4. Empirical Results


4.1. Descriptive Statistical Analysis


The summary statistics of the variables are shown in Table 2. The average value of ROA is 0.044, and the standard deviation is 0.076, indicating a difference in the economic performance between different companies. The median of PATENT is 0, while the median of PIPE is 0, indicating that over half of the manufacturing enterprises have not invested in environmental technologies. We also conducted an analysis to examine environmental technologies adoption by firms under different subgroups. For the group with ROA above the mean, 24 percent of the companies used clean technology, and 14 percent used end-of-pipe technology. There was no difference in the use of cleaning technologies compared to the group below the mean, but the use of end-of-pipe technologies was lower. Further analysis shows that the number of green patents is higher in the above-average group than in the low-average group. This analysis verifies that manufacturing companies that tend to adopt green technologies are more likely to achieve higher economic performance. The correlation coefficients of all variables are less than 0.5, indicating that there is no serious multi-collinearity among variables (Appendix A Table A2 provides the full correlation matrix).




4.2. Regression Analysis


This paper uses the fixed effects model to verify the impact of environmental technologies on the economic performance of manufacturing firms, as well as the mediating role of financial constraints and market share. Table 3 provides the results for hypotheses (H1) to (H4). Model 1 examines the direct effects of end-of-pipe technologies and clean technologies on economic performance. The coefficient of PIPE is positive and significant (Model 1, β1 = 0.1592, p = 0.028), supporting H1a. Model 1 also shows that the coefficient for PATENT is significant and positive (Model 1, β2 = 0.0028, p = 0.032). This provides support for H1b. Ceteris paribus, the results indicate that if a manufacturing firm’s end-of-pipe technologies investment increases by 1% or the number of green patent applications increase by 1, the company will see a 0.159 and 0.0028% increase in ROA respectively. Therefore, it can be concluded that no matter whether manufacturing firms use more clean technologies or end-of-pipe technologies, they can obtain better economic performance.



Model 3 tests the direct effects of end-of-pipe technologies and clean technologies on financial constraints. The results indicate that firms with clean technologies which attracting green investment tend to have lower financial constraints (Model 2, β2 = −0.0074, p = 0.000). That is, ceteris paribus, if companies apply for an additional green patent, enterprises with average financial constraints level will see a 0.0074% decrease in financial constraints. This provides support for H2b. However, the effect of end-of-pipe technologies on financial constraints is not significant (Model 2, β1 = 0.0321, p = 0.482). H2a is not supported. In addition, Model 4 examines the direct effects of end-of-pipe technologies and clean technologies on market advantages. The result shows that manufacturing companies using end-of-pipe technology have a negative and significant association with market advantages (Model 3, β1 = −0.0369, p = 0.021). Ceteris paribus, a 1% increase in end-of-pipe technologies investment reduces ROA by 0.0369, supporting H3a. Meanwhile, there is no significant positive correlation between clean technologies and market advantage. H3b is not supported.



Models 4, 5, and 6 test the mediation effects. In Models 4 and 5, the coefficient of SA is negative and significant (Model 4, β3 = −0.0308, p = 0.041); the coefficient of SHARE is positive and significant (Model 5, β4 = −0.1920, p = 0.000), indicating that lower financial constraints and more market advantages enhance firms’ economic performance. When controlling for financial constraints and market advantages, the effect of end-of-pipe technologies on innovation performance is still significant and the coefficient of end-of-pipe technologies increases from 0.1592 to 0.1669 (Model 6, β1 = 0.1669, p = 0.022). Associated with the significant negative impact of end-of-pipe technologies on market advantages, these results indicate that market advantages mediate the relationship between end-of-pipe technologies and economic performance. Significantly, the mediation of market share is a masking effect, that is, the negative effect of end-of-pipe technologies on the market share will weaken the positive effect of end-of-pipe technologies on economic performance. H4b is supported, while H4a is not.



After controlling for mediators, the coefficient of PATENT is also significant and decreases from 0.0028 to 0.0026 (Model 6, β2 = 0.0026, p = 0.053), which indicated that financial constraints have a mediation effect on the relationship between clean technologies and a firm’s economic performance. In other words, clean technologies not only directly influence economic performance but also indirectly affects economic performance through mitigating financial constraints. H4c is supported, while H4d is not.




4.3. Robustness Testing


4.3.1. Heckman Two-Stage Procedure


In the study above, this research preliminarily demonstrates the positive relationship between environmental technologies and economic performance. However, the relationship may be affected by unobservable variables, resulting in wrong results. To ensure the robustness of empirical results, this paper uses a two-stage processing effect model to analyze the impact of environmental technologies on a firm’s economic performance. The first-step regression was conducted to obtain the inverse Mill ratio (IMR). In the second-step regression, the IMR was introduced into all models. Table 4 shows the regression estimates of the above two steps. As shown in Panel A of Table 4, we conducted the probit model for the first-step regression, with the dependent variable was the environmental technologies adoption dummy (ETA), which equals 1 if the firm adopts environmental technologies, and 0 otherwise. Carbon markets are a globally accepted tool to encourage the adoption of environmental technologies [62]. China’s pilot carbon emissions trading programs began operating in the second half of 2013 in seven provinces and cities [63]. The new variable introduced in the first-step regression is the dummy variable of carbon emission trading pilots (CEP).



Through the above two-stage regression test, it can be found that in the first-stage regression results, there is a significant positive correlation between CEP and environmental technologies adoption. The result from Panel A indicates that manufacturing companies participating in Carbon Emission Trading are 26.71% more likely to adopt environmental technologies compared to non-pilot manufacturing companies. In the second stage regression, the inverse Mills ratio is significant in each model, which suggests that our models have a problem with sample selection bias. The two-stage regression results after controlling for endogenous selection bias show that there is a significant positive correlation between different types of environmental technologies and economic performance. These results are consistent with the above analysis conclusions.




4.3.2. Accuracy of Independent Variable Measurement


The difference between clean technologies and end-of-pipe technologies is that the former affects the production process itself. Therefore, we can analyze the impact of different types of environmental technologies measurement indicators on enterprise productivity to demonstrate the accuracy of independent variable measurement. In this paper, we use a semi-parametric estimation approach (LP for short) to calculate the total factor productivity (TFP). We provide the results of the effect of end-of-pipe technologies and clean technologies on TFP in Table 4. The result shows that the effect of clean technologies on TFP is significant and positive (Model 1, β = 0.0166, p = 0.02). Ceteris paribus, if companies apply for an additional green patent, enterprises will see a 0.0167% increase in TFP. However, the coefficient of end-of-pipe technologies is not significant, indicating the end-of-pipe technologies has a limited impact on the firms’ productivity. Taken together, our use of environmental alteration investments and green patents to measure different types of environmental technologies is accurate, and only clean technologies play an important role in a firm’s productivity.




4.3.3. One-Year Lagged Effect


As environmental technologies take a longer period of time to influence firm economic performance, we ran a robustness analysis by lagging environmental technologies by tone-year periods in Table 5. The result for clean technologies indicates that financial constraints and market advantages mediate the positive influence of PTENTt−1 on a firm’s economic performance, and the effects last for at least 1 year. On the other hand, the results for PIPEt−1 differ in that it is not significantly associated with economic performance. These results show that clean technologies have a more permanent impact on economic performance than end-of-pipe technologies.






5. Conclusions


This study explored the relationship between environmental technologies and economic performance using a sample of listed manufacturing companies. As environmental technologies are divided into clean technologies and clean technologies, both types of environmental technologies can improve firms’ economic performance. Concurrently, this study proved that the more focus a manufacturing firm on environmental technologies inputs, the more it is equipped to meet the green finance and green consumption demands; consequently, its economic performance is improved through mitigating financial constraints and improving market advantage. Therefore, we draw the following conclusions.



First, the adoption of environmental technologies, whether clean technologies or end-of-pipe technologies, could improve the economic performance of manufacturing firms. On one hand, environmental technologies could directly reduce pollution control costs and increase revenue. On the other hand, environmental technologies could indirectly affect economic performance through external benefits and resources from stakeholders. Second, clean technologies not only directly affect economic performance but also indirectly affects economic performance through mitigating financial constraints; end-of-pipe technologies do not significantly affect financial constraints. The possible explanation for this outcome is that end-of-pipe technologies need to pay high transformation costs in the short term, which cannot be covered by the support of green finance. Finally, the end-of-pipe technologies not only directly influence economic performance but also indirectly affect economic performance through weakened market advantages; clean technologies do not significantly affect market advantages. The reason may be the complexity in the process of environmental technologies compared to traditional innovation, which leads to the difficulty to forming market advantages quickly. In addition, the awareness of green consumption is still inadequate.



The aforementioned findings also significantly contribute to industrial implications and social practice. First, this study provided new ideas for green transformation of manufacturing industries. Most Chinese firms have a low environmental innovation capacity [7]. This phenomenon hinders the development of companies, especially for manufacturing enterprises. This paper found that the adoption of environmental technologies, whether end-of-pipe technologies or clean technologies, could improve a manufacturing firm’s economic performance. In addition, compared with end-of-pipe technologies, clean technologies will be more effective in the long run. Therefore, the implementation of green innovation and environmental disclosure should be enhanced to help firms obtain more financing resources and maximize benefits and ensure the rapid development of enterprises and healthy economic practices.



Second, this research provides important help for the government to more effectively formulate and implement green financial system. Green finance is an important pushing way of green transformation and development, it encourages enterprises to conduct environmental technologies and promotes the clean production of industries. Our study shows that the Chinese green financial system provides effective financial support for manufacturing enterprises adopting clean technologies, while it does not for those adopting end-of-pipe technologies. This requires the government to formulate more detailed financial policies and improve differentiated financial policies for enterprises adopting different types of environmental technologies. By promoting these practices, the governments could also alleviate the financing difficulties of manufacturing enterprises and then proceeding to promote regional green development economic growth.



Finally, our result stresses the importance of popularizing the concept of green consumption. On one hand, enterprises require an in-depth analysis of the market green demands and turn green R&D investment into a measurable business return. Meanwhile, the enterprises need to establish the overall green image of the enterprise through building green product promotion and sales channels. On the other hand, the government is the most important promoter of green consumption; it shoulders the responsibility of promoting and disseminating knowledge related to green environmental protection. By strengthening market supervision and fostering the market participants’ attention for green development, we could create a situation where the enterprise’s green product innovation ability and market shares are closely related and mutually reinforcing.



As with any empirical study, our study is not exempt from limitations. A primary limitation relates to the use of green patents to measure clean technologies. It should be recognized that we focused exclusively on green patents, which led to an underestimation of the impact of clean technologies. Future studies might focus on introducing clean technologies, which then can encompass overall R&D funding of clean technologies. Furthermore, future environmental technologies studies might compare the impact of different environmental technologies types on enterprise performance through the expenditure of capitalization. A second limitation is our use of a carbon trading pilot policy as an antecedent variable influencing the adoption of environmental technologies. We encourage future studies to collect different antecedent variables for specific types of environmental technologies to more effectively control model endogeneity. Another limitation is our focus on green financing and green consumption. An interesting direction for future studies would be to investigate the link between environmental technologies and benefits from other stakeholders. Finally, a potential limitation is the lack of examination of industry heterogeneity. We certainly encourage scholars to conduct comparative studies on different industries, which may provide more targeted guidance for enterprises to strengthen their environmental technologies and economic performance.
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Table A1. Variable definitions






Table A1. Variable definitions





	
Type

	
Variables

	
Definition






	
Dependent Variable

	
ROA

	
the net income (earnings before tax and interest) divided by total assets




	
Independent Variables

	
PIPE

	
the ratio of total amount of investment in the end-of-pipe technologies to total assets




	

	
PATENT

	
the nature logarithm of (the number of green patent applications + 1)




	
Mediating Variables

	
SA

	
the absolute value of SA index




	

	
SHARE

	
the percentage of enterprise’s sales divided by total industry sales




	
Control Variables

	
SIZE

	
the nature logarithm of total assets




	
AGE

	
the number of years since the firm




	
CASH

	
the current assets divided by the total assets




	
IA

	
the ratio of intangible assets to total assets




	
SLACK

	
the current assets/current liabilities ratio




	
SUBSIDY

	
the nature logarithm of government subsidies related to environmental protections




	
DUALITY

	
1 for CEO is also the COB and 0 otherwise




	
BI

	
the ratio of independent directors to the total number of directors on the board




	
LS

	
the sharing ratio of the top shareholders
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Table A2. Pearson correlation matrix.






Table A2. Pearson correlation matrix.



















	
	PIPE
	PATENT
	SIZE
	AGE
	CASH
	IA
	SLACK
	SUBSIDY
	DUALITY
	BI
	LS





	PIPE
	1
	
	
	
	
	
	
	
	
	
	



	PATENT
	0.040 ***
	1
	
	
	
	
	
	
	
	
	



	SIZE
	0.033 ***
	0.308 ***
	1
	
	
	
	
	
	
	
	



	AGE
	−0.019 **
	−0.00900
	0.178 ***
	1
	
	
	
	
	
	
	



	CASH
	−0.023 ***
	0.00500
	0.052 ***
	0.032 ***
	1
	
	
	
	
	
	



	IA
	0.00400
	−0.055 ***
	−0.058 ***
	0.00400
	0.023 ***
	1
	
	
	
	
	



	SLACK
	0.048 ***
	0.056 ***
	0.306 ***
	0.136 ***
	−0.057 ***
	0.117 ***
	1
	
	
	
	



	SUBSIDY
	0.068 ***
	0.058 ***
	0.185 ***
	0.060 ***
	0.017 *
	0.030 ***
	0.188 ***
	1
	
	
	



	DUALITY
	0.021 **
	−0.019 **
	−0.180 ***
	−0.076 ***
	0.00200
	−0.020 **
	−0.105 ***
	−0.092 ***
	1
	
	



	BI
	−0.00100
	0.019 **
	−0.00700
	−0.00800
	−0.017 **
	0.00200
	−0.00300
	−0.045 ***
	0.105 ***
	1
	



	LS
	0.00800
	0.0110
	0.124 ***
	−0.097 ***
	0.092 ***
	−0.034 ***
	−0.00400
	−0.026 ***
	0.00300
	0.063 ***
	1







Note: * p < 0.1, ** p < 0.05, *** p < 0.01.













References


	



Wen, F.; Ye, Z.; Yang, H.; Li, K. Exploring the Rebound Effect from the Perspective of Household: An Analysis of China’s Provincial Level. Energy Econ. 2018, 75, 345–356. [Google Scholar] [CrossRef]

	



Li, M.; Mi, Z.; Coffman, D.; Wei, Y.-M. Assessing the Policy Impacts on Non-Ferrous Metals Industry’s CO2 Reduction: Evidence from China. J. Clean. Prod. 2018, 192, 252–261. [Google Scholar] [CrossRef]

	



Guan, D.; Meng, J.; Reiner, D.M.; Zhang, N.; Shan, Y.; Mi, Z.; Shao, S.; Liu, Z.; Zhang, Q.; Davis, S.J. Structural Decline in China’s CO2 Emissions through Transitions in Industry and Energy Systems. Nat. Geosci. 2018, 11, 551–555. [Google Scholar] [CrossRef]

	



Jiang, L.; Lin, C.; Lin, P. The Determinants of Pollution Levels: Firm-Level Evidence from Chinese Manufacturing. J. Comp. Econ. 2014, 42, 118–142. [Google Scholar] [CrossRef]

	



Peng, B.; Zheng, C.; Wei, G.; Elahi, E. The Cultivation Mechanism of Green Technology Innovation in Manufacturing Industry: From the Perspective of Ecological Niche. J. Clean. Prod. 2020, 252, 119711. [Google Scholar] [CrossRef]

	



Shen, L.; Fan, R.; Wang, Y.; Yu, Z.; Tang, R. Impacts of Environmental Regulation on the Green Transformation and Upgrading of Manufacturing Enterprises. Int. J. Environ. Res. Public Health 2020, 17, 7680. [Google Scholar] [CrossRef]

	



Cheng, M.; Shao, Z.; Gao, F.; Yang, C.; Tong, C.; Yang, J.; Zhang, W. The Effect of Research and Development on the Energy Conservation Potential of China’s Manufacturing Industry: The Case of East Region. J. Clean. Prod. 2020, 258, 120558. [Google Scholar] [CrossRef]

	



Klassen, R.D. The Impact of environmental technologies on manufacturing performance. Acad. Manag. J. 1999, 42, 18. [Google Scholar] [CrossRef]

	



Rennings, K.; Ziegler, A.; Ankele, K.; Hoffmann, E. The Influence of Different Characteristics of the EU Environmental Management and Auditing Scheme on Technical Environmental Innovations and Economic Performance. Ecol. Econ. 2006, 57, 45–59. [Google Scholar] [CrossRef]

	



Doran, J.; Ryan, G. Regulation and Firm Perception, Eco-innovation and Firm Performance. Eur. J. Inn. Mnagmnt 2012, 15, 421–441. [Google Scholar] [CrossRef]

	



Porter, M.E.; Linde, C. van der Toward a New Conception of the Environment-Competitiveness Relationship. J. Econ. Perspect. 1995, 9, 97–118. [Google Scholar] [CrossRef]

	



Zhang, Y.; Xing, C.; Tripe, D. Redistribution of China’s Green Credit Policy among Environment-Friendly Manufacturing Firms of Various Sizes: Do Banks Value Small and Medium-Sized Enterprises? Int. J. Environ. Res. Public Health 2020, 18, 33. [Google Scholar] [CrossRef]

	



Zhang, Y.; Xing, C.; Wang, Y. Does Green Innovation Mitigate Financing Constraints? Evidence from China’s Private Enterprises. J. Clean. Prod. 2020, 264, 121698. [Google Scholar] [CrossRef]

	



Freeman, R.E. Strategic Management: A Stakeholder Approach; Pitman series in business and public policy; Pitman: Boston, MA, USA, 1984; ISBN 978-0-273-01913-8. [Google Scholar]

	



Xie, X.; Huo, J.; Qi, G.; Zhu, K.X. Green Process Innovation and Financial Performance in Emerging Economies: Moderating Effects of Absorptive Capacity and Green Subsidies. IEEE Trans. Eng. Manag. 2016, 63, 101–112. [Google Scholar] [CrossRef]

	



Wang, X.; Zhao, Y.; Hou, L. How Does Green Innovation Affect Supplier-Customer Relationships? A Study on Customer and Relationship Contingencies. Ind. Mark. Manag. 2020, 90, 170–180. [Google Scholar] [CrossRef]

	



Jaffe, A.B.; Peterson, S.R.; Portney, P.R.; Stavins, R.N. Environmental Regulation and the Competitiveness of U.S. Manufacturing: What Does the Evidence Tell Us? J. Econ. Lit. 1995, 33, 132–163. [Google Scholar]

	



Jaffe, A.B.; Palmer, K. Environmental Regulation and Innovation: A Panel Data Study. Rev. Econ. Stat. 1997, 79, 610–619. [Google Scholar] [CrossRef]

	



Amores-Salvadó, J.; Castro, G.M.; Navas-López, J.E. Green Corporate Image: Moderating the Connection between Environmental Product Innovation and Firm Performance. J. Clean. Prod. 2014, 83, 356–365. [Google Scholar] [CrossRef]

	



Long, X.; Chen, Y.; Du, J.; Oh, K.; Han, I. Environmental Innovation and Its Impact on Economic and Environmental Performance: Evidence from Korean-Owned Firms in China. Energy Policy 2017, 107, 131–137. [Google Scholar] [CrossRef]

	



Banerjee, S.B. Managerial Perceptions of Corporate Environmentalism: Interpretations from Industry and Strategic Implications for Organizations. J. Manag. Studs 2001, 38, 489–513. [Google Scholar] [CrossRef]

	



Xie, X.; Huo, J.; Zou, H. Green Process Innovation, Green Product Innovation, and Corporate Financial Performance: A Content Analysis Method. J. Bus. Res. 2019, 101, 697–706. [Google Scholar] [CrossRef]

	



Chen, Y.-S.; Lai, S.-B.; Wen, C.-T. The Influence of Green Innovation Performance on Corporate Advantage in Taiwan. J. Bus. Ethics 2006, 67, 331–339. [Google Scholar] [CrossRef]

	



Chiou, T.-Y.; Chan, H.K.; Lettice, F.; Chung, S.H. The Influence of Greening the Suppliers and Green Innovation on Environmental Performance and Competitive Advantage in Taiwan. Transp. Res. Part E Logist. Transp. Rev. 2011, 47, 822–836. [Google Scholar] [CrossRef]

	



Chan, H.K.; Yee, R.W.Y.; Dai, J.; Lim, M.K. The Moderating Effect of Environmental Dynamism on Green Product Innovation and Performance. Int. J. Prod. Econ. 2016, 181, 384–391. [Google Scholar] [CrossRef]

	



Yan, W.; Cui, Z.; Gil, M.J.Á. Assessing the Impact of Environmental Innovation in the Airline Industry: An Empirical Study of Emerging Market Economies. Environ. Innov. Soc. Trans. 2016, 21, 80–94. [Google Scholar] [CrossRef]

	



Chang, C.-H. The Influence of Corporate Environmental Ethics on Competitive Advantage: The Mediation Role of Green Innovation. J. Bus. Ethics 2011, 104, 361–370. [Google Scholar] [CrossRef]

	



Hammar, H.; Löfgren, Å. Explaining Adoption of End of Pipe Solutions and Clean Technologies—Determinants of Firms’ Investments for Reducing Emissions to Air in Four Sectors in Sweden. Energy Policy 2010, 38, 3644–3651. [Google Scholar] [CrossRef]

	



Zhang, D.; Vigne, S.A. The Causal Effect on Firm Performance of China’s Financing–Pollution Emission Reduction Policy: Firm-Level Evidence. J. Environ. Manag. 2020, 111609. [Google Scholar] [CrossRef]

	



Raza, Z. Effects of Regulation-Driven Green Innovations on Short Sea Shipping’s Environmental and Economic Performance. Transp. Res. Part D Transp. Environ. 2020, 84, 102340. [Google Scholar] [CrossRef]

	



Flammer, C. Corporate Social Responsibility and Shareholder Reaction: The Environmental Awareness of Investors. AMJ 2013, 56, 758–781. [Google Scholar] [CrossRef]

	



del Río González, P. Analysing the Factors Influencing Clean Technology Adoption: A Study of the Spanish Pulp and Paper Industry: A Study of the Spanish Pulp and Paper Industry. Bus. Strat. Environ. 2005, 14, 20–37. [Google Scholar] [CrossRef]

	



Devezer, B.; Sprott, D.E.; Spangenberg, E.R.; Czellar, S. Consumer Well-Being: Effects of Subgoal Failures and Goal Importance. J. Mark. 2014, 78, 118–134. [Google Scholar] [CrossRef]

	



Chan, R.Y.K. Determinants of Chinese Consumers’ Green Purchase Behavior. Psychol. Mark. 2001, 18, 389–413. [Google Scholar] [CrossRef]

	



Sueyoshi, T.; Wang, D. Radial and Non-Radial Approaches for Environmental Assessment by Data Envelopment Analysis: Corporate Sustainability and Effective Investment for Technology Innovation. Energy Econ. 2014, 45, 537–551. [Google Scholar] [CrossRef]

	



Seijas Nogareda, J. Determinants of Environmental Innovation in the German and Swiss Chemical Industry: With Special Consideration of Environmental Regulation. Ph.D. Thesis, ETH Zurich, Zürich, Switzerland, 2007; p. 1. [Google Scholar]

	



The Innovation High Ground: Winning Tomorrow’s Customers Using Sustainability-driven Innovation. Strateg. Dir. 2006, 22, 35–37. [CrossRef]

	



Dhull, S.; Narwal, M.S. Drivers and Barriers in Green Supply Chain Management Adaptation: A State-of-Art Review. Int. J. Ind. Eng. Comput. 2016, 61–76. [Google Scholar] [CrossRef]

	



Gupta, H.; Barua, M.K. A Framework to Overcome Barriers to Green Innovation in SMEs Using BWM and Fuzzy TOPSIS. Sci. Total Environ. 2018, 633, 122–139. [Google Scholar] [CrossRef] [PubMed]

	



Ghisetti, C.; Rennings, K. Environmental Innovations and Profitability: How Does It Pay to Be Green? An Empirical Analysis on the German Innovation Survey. J. Clean. Prod. 2014, 75, 106–117. [Google Scholar] [CrossRef]

	



Varadarajan, R. Innovating for Sustainability: A Framework for Sustainable Innovations and a Model of Sustainable Innovations Orientation. J. Acad. Mark. Sci. 2017, 45, 14–36. [Google Scholar] [CrossRef]

	



Xie, X.; Zhu, Q.; Wang, R. Turning Green Subsidies into Sustainability: How Green Process Innovation Improves Firms’ Green Image. Bus. Strat Environ. 2019, 28, 1416–1433. [Google Scholar] [CrossRef]

	



Chava, S.; Livdan, D.; Purnanandam, A. Do Shareholder Rights Affect the Cost of Bank Loans? Rev. Financ. Stud. 2009, 22, 2973–3004. [Google Scholar] [CrossRef]

	



Jin, M.; Zhao, S.; Kumbhakar, S.C. Financial Constraints and Firm Productivity: Evidence from Chinese Manufacturing. Eur. J. Oper. Res. 2019, 275, 1139–1156. [Google Scholar] [CrossRef]

	



Zhang, D. Can Export Tax Rebate Alleviate Financial Constraint to Increase Firm Productivity? Evidence from China. Int. Rev. Econ. Financ. 2019, 64, 529–540. [Google Scholar] [CrossRef]

	



Musso, P.; Schiavo, S. The Impact of Financial Constraints on Firm Survival and Growth. J. Evol. Econ. 2008, 18, 135–149. [Google Scholar] [CrossRef]

	



Haider, Z.A.; Liu, M.; Wang, Y.; Zhang, Y. Government Ownership, Financial Constraint, Corruption, and Corporate Performance: International Evidence. J. Int. Financ. Mark. Inst. Money 2018, 53, 76–93. [Google Scholar] [CrossRef]

	



López-Gamero, M.D.; Molina-Azorín, J.F.; Claver-Cortés, E. The Whole Relationship between Environmental Variables and Firm Performance: Competitive Advantage and Firm Resources as Mediator Variables. J. Environ. Manag. 2009, 90, 3110–3121. [Google Scholar] [CrossRef] [PubMed]

	



González-Benito, J.; González-Benito, Ó. Environmental Proactivity and Business Performance: An Empirical Analysis. Omega 2005, 33, 1–15. [Google Scholar] [CrossRef]

	



Saeidi, S.P.; So, S.; Saeidi, S.P.; Saaeidi, S.A. How Does Corporate Social Responsibility Contribute to Firm Financial Performance? The Mediating Role of Competitive Advantage, Reputation, and Customer Satisfaction. J. Bus. Res. 2015, 68, 341–350. [Google Scholar] [CrossRef]

	



Miller, D. Relating porter’s business strategies to environment and structure: Analysis and performance implications. Acad. Manag. J. 1988, 31, 280–308. [Google Scholar] [CrossRef]

	



Yenipazarli, A.; Vakharia, A. Pricing, Market Coverage and Capacity: Can Green and Brown Products Co-Exist? Eur. J. Oper. Res. 2015, 242, 304–315. [Google Scholar] [CrossRef]

	



Turken, N.; Carrillo, J.; Verter, V. Strategic Supply Chain Decisions under Environmental Regulations: When to Invest in End-of-Pipe and Green Technology. Eur. J. Oper. Res. 2020, 283, 601–613. [Google Scholar] [CrossRef]

	



Ren, S.; Wei, W.; Sun, H.; Xu, Q.; Hu, Y.; Chen, X. Can Mandatory Environmental Information Disclosure Achieve a Win-Win for a Firm’s Environmental and Economic Performance? J. Clean. Prod. 2020, 250, 119530. [Google Scholar] [CrossRef]

	



Fujii, H.; Managi, S. Decomposition Analysis of Sustainable Green Technology Inventions in China. Technol. Forecast. Soc. Chang. 2019, 139, 10–16. [Google Scholar] [CrossRef]

	



Luo, Y.; Salman, M.; Lu, Z. Heterogeneous Impacts of Environmental Regulations and Foreign Direct Investment on Green Innovation across Different Regions in China. Sci. Total Environ. 2021, 759, 143744. [Google Scholar] [CrossRef] [PubMed]

	



Chen, X.; Yi, N.; Zhang, L.; Li, D. Does Institutional Pressure Foster Corporate Green Innovation? Evidence from China’s Top 100 Companies. J. Clean. Prod. 2018, 188, 304–311. [Google Scholar] [CrossRef]

	



Hadlock, C.J.; Pierce, J.R. New Evidence on Measuring Financial Constraints: Moving Beyond the KZ Index. Rev. Financ. Stud. 2010, 23, 1909–1940. [Google Scholar] [CrossRef]

	



Qi, S.-Z.; Zhou, C.-B.; Li, K.; Tang, S.-Y. Influence of a Pilot Carbon Trading Policy on Enterprises’ Low-Carbon Innovation in China. Clim. Policy 2021, 1–19. [Google Scholar] [CrossRef]

	



Coşar, A.K.; Grieco, P.L.E.; Li, S.; Tintelnot, F. What Drives Home Market Advantage? J. Int. Econ. 2018, 110, 135–150. [Google Scholar] [CrossRef]

	



Boh, W.F.; Huang, C.; Wu, A. Investor Experience and Innovation Performance: The Mediating Role of External Cooperation. Strat Mgmt. J. 2020, 41, 124–151. [Google Scholar] [CrossRef]

	



Zeng, S.; Jia, J.; Su, B.; Jiang, C.; Zeng, G. The Volatility Spillover Effect of the European Union (EU) Carbon Financial Market. J. Clean. Prod. 2021, 282, 124394. [Google Scholar] [CrossRef]

	



Zeng, S.; Nan, X.; Liu, C.; Chen, J. The Response of the Beijing Carbon Emissions Allowance Price (BJC) to Macroeconomic and Energy Price Indices. Energy Policy 2017, 106, 111–121. [Google Scholar] [CrossRef]








[image: Ijerph 18 04012 g001 550] 





Figure 1. Research model. 
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Table 1. Hypotheses summary.






Table 1. Hypotheses summary.





	Hypothesis
	Mediation Notation





	H1a
	X  →  Y for end-of-pipe technologies



	H1b
	X  →  Y for clean technologies



	H2a
	X  →  M1 for end-of-pipe technologies



	H2b
	X  →  M1 for clean technologies



	H3a
	X  →  M2 for end-of-pipe technologies



	H3b
	X  →  M2 for clean technologies



	H4a
	X  →  M1 → Y for end-of-pipe technologies



	H4b
	X  → M2 →  Y for end-of-pipe technologies



	H4c
	X  →  M1 → Y for clean technologies



	H4d
	X  → M2 →  Y for clean technologies







Note: X, M1, M2, and Y represent the following notations: X—independent variable; M1—mediating variable financial constraints; M2—mediating variable market advantages; Y—dependent variable.
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Table 2. Descriptive statistics.






Table 2. Descriptive statistics.





	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
Variables

	
Observation

	
Mean

	
SD

	
Min

	
Median

	
Max






	
ROA

	
13,275

	
0.0442

	
0.0764

	
−2.008

	
0.042

	
2.163




	
PIPE

	
13,275

	
0.00128

	
0.00877

	
0

	
0

	
0.357




	
PATENT

	
13,275

	
0.370

	
0.801

	
0

	
0

	
6.430




	
SA

	
13,275

	
3.456

	
0.288

	
2.593

	
3.413

	
4.294




	
SHARE

	
13,275

	
1.780

	
4.881

	
0.000587

	
0.378

	
79.47




	
SIZE

	
13,275

	
21.89

	
1.153

	
18.29

	
21.747

	
27.39




	
AGE

	
13,275

	
15.76

	
5.488

	
4

	
15

	
51




	
CASH

	
13,275

	
0.0455

	
0.0708

	
−1.080

	
0.044

	
0.661




	
IA

	
13,275

	
0.0464

	
0.0408

	
0

	
0.038

	
0.677




	
SLACK

	
13,275

	
0.649

	
0.564

	
0.00488

	
0.555

	
21.36




	
SUBSIDY

	
13,275

	
4.631

	
6.419

	
0

	
0

	
22.00




	
DUALITY

	
13,275

	
0.300

	
0.458

	
0

	
0

	
1




	
BI

	
13,275

	
0.373

	
0.0547

	
0.143

	
0.333

	
0.800




	
LS

	
13,275

	
34.72

	
14.36

	
3.003

	
33.145

	
89.99








ROA: Return on assets; PIPE: firm’s end-of-pipe technologies; PATENT: green patents applicated by enterprises to measure the level of clean technologies; SA: SA index; SHARE: Market share; SIZE: firm size; AGE: firm age; CASH: cash flow; IA: the ratio of intangible assets; SLACK: organizational slack; SUBSIDY: green subsidies; DUALITY: CEO duality; BI: board independence; LS: largest shareholder’s shareholding.
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Table 3. Baseline results of overall samples.






Table 3. Baseline results of overall samples.





	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
ROA

	
SA

	
SHARE

	
ROA

	
ROA

	
ROA






	
PIPE

	
0.1592 **

	
0.0321

	
−3.6866 **

	
0.1601 **

	
0.1662 **

	
0.1669 **




	

	
(2.1912)

	
(0.7026)

	
(−2.3031)

	
(2.2051)

	
(2.2901)

	
(2.2990)




	
PATENT

	
0.0028 **

	
−0.0074 ***

	
0.0426

	
0.0026 **

	
0.0028 **

	
0.0026 *




	

	
(2.1481)

	
(−8.8726)

	
(1.4634)

	
(1.9697)

	
(2.0878)

	
(1.9374)




	
SA

	

	

	

	
−0.0308 **

	

	
−0.0260 *




	

	

	

	

	
(−2.0432)

	

	
(−1.7264)




	
SHARE

	

	

	

	

	
0.0019 ***

	
0.0019 ***




	

	

	

	

	

	
(4.4690)

	
(4.3330)




	
SIZE

	
0.0167 ***

	
0.0434 ***

	
0.8410 ***

	
0.0180 ***

	
0.0150 ***

	
0.0162 ***




	

	
(9.8196)

	
(40.6937)

	
(22.5028)

	
(9.8984)

	
(8.6797)

	
(8.7101)




	
AGE

	
−0.0063 ***

	
0.0383 ***

	
−0.2054 ***

	
−0.0051 ***

	
−0.0059 ***

	
−0.0049 ***




	

	
(−15.5037)

	
(1.5e+02)

	
(−22.8394)

	
(−7.2811)

	
(−14.2203)

	
(−6.9852)




	
CASH

	
0.1184 ***

	
−0.0030

	
0.7527 ***

	
0.1183 ***

	
0.1169 ***

	
0.1169 ***




	

	
(11.4797)

	
(−0.4580)

	
(3.3119)

	
(11.4724)

	
(11.3436)

	
(11.3410)




	
IA

	
−0.0754 ***

	
−0.0447 ***

	
0.4630

	
−0.0768 ***

	
−0.0763 ***

	
−0.0775 ***




	

	
(−3.4140)

	
(−3.2174)

	
(0.9507)

	
(−3.4751)

	
(−3.4570)

	
(−3.5074)




	
SLACK

	
−0.0514***

	
0.0014

	
0.0227

	
−0.0514 ***

	
−0.0515 ***

	
−0.0515 ***




	

	
(−33.8679)

	
(1.5167)

	
(0.6789)

	
(−33.8398)

	
(−33.9248)

	
(−33.8984)




	
SUBSIDY

	
−0.0001

	
0.0002 ***

	
−0.0029

	
−0.0001

	
−0.0001

	
−0.0001




	

	
(−0.5552)

	
(2.8747)

	
(−1.0799)

	
(−0.4994)

	
(−0.5099)

	
(−0.4639)




	
DUALITY

	
0.0069 ***

	
−0.0035 **

	
−0.0149

	
0.0068 ***

	
0.0070 ***

	
0.0069 ***




	

	
(3.2103)

	
(−2.5376)

	
(−0.3118)

	
(3.1607)

	
(3.2262)

	
(3.1835)




	
BI

	
−0.0195

	
−0.0013

	
0.8077 **

	
−0.0196

	
−0.0211

	
−0.0211




	

	
(−1.1139)

	
(−0.1168)

	
(2.0903)

	
(−1.1163)

	
(−1.2032)

	
(−1.2027)




	
LS

	
0.0006 ***

	
−0.0005 ***

	
0.0009

	
0.0006 ***

	
0.0006 ***

	
0.0006 ***




	

	
(5.7657)

	
(−6.7588)

	
(0.3537)

	
(5.6242)

	
(5.7556)

	
(5.6342)




	
Fe

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Year

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Constant

	
−0.2081 ***

	
−1.9206 ***

	
−13.6908 ***

	
−0.1490 ***

	
−0.1818 ***

	
−0.1325 ***




	

	
(−5.9191)

	
(−86.8050)

	
(−17.6693)

	
(−3.2737)

	
(−5.1047)

	
(−2.9037)




	
N

	
13275

	
13275

	
13275

	
13275

	
13275

	
13275




	
R2

	
0.1359

	
0.8900

	
0.0633

	
0.1362

	
0.1374

	
0.1377








Note: * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 4. Results with Heckman two-stage procedure.






Table 4. Results with Heckman two-stage procedure.





	
Panel A: The First−Step Regression—Model Employed to Estimate Inverse Mills




	
Variable

	
CEP

	
AGE

	
CASH

	
IA

	
SUBSIDY

	
Year

	
Constant

	
N

	
R2




	
ETA

	
0.2671 ***

	
−0.0088 ***

	
0.0092

	
−1.0467 ***

	
0.0259 ***

	
Y

	
−0.5036 ***

	
13,275

	
0.0196




	
−5.81

	
(−3.94)

	
−0.06

	
(−3.64)

	
−14.71

	
(−9.17)




	
Panel B: The Second−Step Regression—After Introducing Inverse Mills




	

	
−1

	
−2

	
−3

	
−4

	
−5

	
−6




	

	
ROA

	
SA

	
SHARE

	
ROA

	
ROA

	
ROA




	
PIPE

	
0.1622 **

	
0.0187

	
−3.7564 **

	
0.1627 **

	
0.1695 **

	
0.1697 **




	

	
−2.2329

	
−0.4136

	
(−2.3469)

	
−2.2398

	
−2.3349

	
−2.338




	
PATENT

	
0.0028 **

	
−0.0072 ***

	
0.0435

	
0.0026 **

	
0.0027 **

	
0.0026 *




	

	
−2.1209

	
(−8.7814)

	
−1.4924

	
−1.9717

	
−2.0585

	
−1.9391




	
SA

	

	

	

	
−0.0261*

	

	
−0.0209




	

	

	

	

	
(−1.7124)

	

	
(−1.3712)




	
SHARE

	

	

	

	

	
0.0019 ***

	
0.0019 ***




	

	

	

	

	

	
−4.5233

	
−4.4051




	
IMR

	
−0.0471 **

	
0.2090***

	
1.0869 **

	
−0.0416 **

	
−0.0492 **

	
−0.0448 **




	

	
(−2.2922)

	
−16.3577

	
−2.4011

	
(−2.0030)

	
(−2.3965)

	
(−2.1546)




	
SIZE

	
0.0166 ***

	
0.0438 ***

	
0.8431 ***

	
0.0177 ***

	
0.0149 ***

	
0.0159 ***




	

	
−9.7653

	
−41.5486

	
−22.5576

	
−9.7144

	
−8.6122

	
−8.5019




	
AGE

	
−0.0074 ***

	
0.0431 ***

	
−0.1807 ***

	
−0.0063 ***

	
−0.0070 ***

	
−0.0061 ***




	

	
(−11.9351)

	
−111.7797

	
(−13.2339)

	
(−6.9480)

	
(−11.2897)

	
(−6.8165)




	
CASH

	
0.1181 ***

	
−0.0019

	
0.7585 ***

	
0.1181 ***

	
0.1167 ***

	
0.1167 ***




	

	
−11.457

	
(−0.2901)

	
−3.3378

	
−11.4532

	
−11.3182

	
−11.3182




	
IA

	
−0.0393

	
−0.2054 ***

	
−0.3722

	
−0.0446

	
−0.0385

	
−0.0429




	

	
(−1.4459)

	
(−12.1583)

	
(−0.6221)

	
(−1.6325)

	
(−1.4204)

	
(−1.5690)




	
SLACK

	
−0.0515 ***

	
0.0018 *

	
0.0247

	
−0.0515 ***

	
−0.0516 ***

	
−0.0515 ***




	

	
(−33.9196)

	
−1.9264

	
−0.7364

	
(−33.8856)

	
(−33.9799)

	
(−33.9494)




	
SUBSIDY

	
−0.0009 **

	
0.0041 ***

	
0.0172 **

	
−0.0008 **

	
−0.0010 **

	
−0.0009 **




	

	
(−2.3529)

	
−16.4724

	
−1.9627

	
(−2.0608)

	
(−2.4386)

	
(−2.1949)




	
DUALITY

	
0.0069 ***

	
−0.0031 **

	
−0.013

	
0.0068 ***

	
0.0069 ***

	
0.0068 ***




	

	
−3.1735

	
(−2.3036)

	
(−0.2731)

	
−3.1356

	
−3.188

	
−3.157




	
BI

	
−0.0189

	
−0.0042

	
0.7925 **

	
−0.019

	
−0.0204

	
−0.0205




	

	
(−1.0763)

	
(−0.3869)

	
−2.051

	
(−1.0827)

	
(−1.1650)

	
(−1.1680)




	
LS

	
0.0006 ***

	
−0.0004 ***

	
0.0011

	
0.0006 ***

	
0.0006 ***

	
0.0006 ***




	

	
−5.671

	
(−6.1825)

	
−0.4491

	
−5.5616

	
−5.6567

	
−5.5672




	
Fe

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Year

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Constant

	
−0.1366 ***

	
1.6034 ***

	
−15.3405 ***

	
−0.0948 *

	
−0.1068 **

	
−0.074




	

	
(−2.9082)

	
−54.8612

	
(−14.8152)

	
(−1.7905)

	
(−2.2535)

	
(−1.3922)




	
N

	
13275

	
13275

	
13275

	
13275

	
13275

	
13275




	
R2

	
0.1363

	
0.8926

	
0.0638

	
0.1365

	
0.1379

	
0.138








Note: * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 5. Results of other robustness tests.
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(1)

	
(2)

	
(3)

	
(4)

	
(5)




	

	
TFP

	
F.ROA

	
F.SA

	
F.SHARE

	
F.ROA






	
PIPE

	
−0.1460

	
0.0130

	
0.0854 *

	
−0.7503

	
0.0088




	

	
(−0.4993)

	
(0.1601)

	
(1.9026)

	
(−0.5352)

	
(0.1079)




	
PATENT

	
0.0167 ***

	
0.0028*

	
−0.0073 ***

	
0.0477 *

	
0.0033 **




	

	
(3.0321)

	
(1.7845)

	
(−8.3146)

	
(1.7341)

	
(2.0446)




	
F.SA

	

	

	

	

	
0.0790 ***




	

	

	

	

	

	
(4.1200)




	
F.SHARE

	

	

	

	

	
0.0033 ***




	

	

	

	

	

	
(5.3771)




	
SIZE

	
0.5476 ***

	
−0.0203 ***

	
0.0185 ***

	
0.5985 ***

	
−0.0237 ***




	

	
(72.8001)

	
(−9.5871)

	
(15.8436)

	
(16.4150)

	
(−10.9036)




	
AGE

	
−0.0094 ***

	
−0.0009*

	
0.0400 ***

	
−0.1489 ***

	
−0.0036 ***




	

	
(−5.3053)

	
(−1.7154)

	
(137.9196)

	
(−16.4470)

	
(−3.8414)




	
CASH

	
0.6867 ***

	
0.1046 ***

	
−0.0017

	
0.1769

	
0.1041 ***




	

	
(15.4177)

	
(8.5233)

	
(−0.2546)

	
(0.8377)

	
(8.5061)




	
IA

	
−0.7567 ***

	
−0.1143 ***

	
0.0006

	
−0.2563

	
−0.1135 ***




	

	
(−7.9813)

	
(−4.3214)

	
(0.0429)

	
(−0.5632)

	
(−4.3012)




	
SLACK

	
−0.1000 ***

	
0.0302 ***

	
−0.0007

	
0.0482

	
0.0301 ***




	

	
(−12.1477)

	
(17.0459)

	
(−0.7000)

	
(1.5788)

	
(17.0233)




	
SUBSIDY

	
0.0007

	
0.0001

	
0.0001

	
0.0007

	
0.0000




	

	
(1.4827)

	
(0.3515)

	
(1.1737)

	
(0.2917)

	
(0.2845)




	
DUALITY

	
0.0158 *

	
0.0058 **

	
−0.0039 ***

	
−0.0266

	
0.0062 **




	

	
(1.7157)

	
(2.1993)

	
(−2.6591)

	
(−0.5822)

	
(2.3526)




	
BI

	
−0.0503

	
−0.0005

	
0.0032

	
0.4656

	
−0.0023




	

	
(−0.6847)

	
(−0.0234)

	
(0.2705)

	
(1.2579)

	
(−0.1069)




	
LS

	
0.0008 *

	
0.0006 ***

	
−0.0003 ***

	
0.0035

	
0.0006 ***




	

	
(1.7083)

	
(4.1984)

	
(−3.9200)

	
(1.4520)

	
(4.2924)




	
Fe

	
Y

	
Y

	
Y

	
Y

	
Y




	
Year

	
Y

	
Y

	
Y

	
Y

	
Y




	
Constant

	
−3.8264 ***

	
0.4539 ***

	
2.4917 ***

	
−9.3514 ***

	
0.2880 ***




	

	
(−24.3270)

	
(10.3974)

	
(103.5258)

	
(−12.4451)

	
(4.4558)




	
N

	
11694

	
11002

	
11002

	
11002

	
11002




	
R2

	
0.4982

	
0.0646

	
0.8744

	
0.0450

	
0.0691








Note: * p < 0.1, ** p < 0.05, *** p < 0.01.
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