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This study explores the relationship between firms’ corporate social responsibility (CSR) and their “green” technology innovation in the context of a developing country with a high level of economic growth (China). Using data from listed companies, green patent authorization data from the State Intellectual Property Office, and social responsibility rating data from Rankin’s CSR Ratings of China from 2009 to 2017, we find that a higher CSR rating is highly positively correlated to green technology innovation as measured by number of green patents granted. Results indicated that corporate social performance plays a contributory role in green technology innovation. We also find that unabsorbed slack resources enhance the positive relationship between CSR rating and the number of green technology patents.
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1 INTRODUCTION
After a long period of rapid economic growth, China now faces severe challenges in ecological environment protection. According to the Ministry of Ecology and Environment, global warming has exacerbated the warming and acidification of China’s surrounding ocean and caused ecological risks, such as sea level rise, tsunamis, and alien species invasion, that seriously threaten the safety and livelihoods of people in the China’s coastal zone2.
The question of how to achieve “green” development has become one of great concern to China in recent years, guided by the Chinese government’s new focus on innovative, coordinated, green, open, and shared development3; on the philosophy that “green mountains are gold mountains”4; and on carbon peak and neutrality targets5. Green technology innovation is seen as an important way for China to achieve its “two Carbon” goal of coordinated economic and environmental development. With the implementation of a growing number of environmental regulations and the development of low-carbon technologies, many Chinese firms have committed themselves to the production of green products both to improve their competitiveness and to reduce carbon emissions.
Research has shown that by actively considering the interests of multiple (and possibly indirect) stakeholders, such as society and the environment, and by practicing corporate social responsibility (corporate social responsibility is abbreviated as CSR), firms can not only improve their own economic performance (Flammer, 2015) but can also promote the green development of society (Boulouta and Pitelis, 2014). Therefore, society may expect firms to assume more social responsibility and to help alleviate environmental pressure through green innovation, in China in particular (Zeng et al., 2020).
Studies have shown that there is an association between CSR and corporate innovation. There is a substantial body of research on CSR and technology innovation performance, and their economic effects (Martinez-Conesa et al., 2017; Ko et al., 2020). Some authors have found that many firms are able to access new markets and in so doing introduce outside knowledge that can promote increased levels of technological innovation (Piotr and Dawid, 2010; Bocquet et al., 2013; Bocquet et al., 2017). However, there are also studies showing that the CSR increases operating costs, affecting their research and development (R&D) inputs. Thus, CSR may have a negative effect on technological innovation performance (Gallego-Álvarez et al., 2011).
Luo and Du (2015) found that by strengthening the knowledge exchange between firms and external stakeholders, involvement in social responsibility plays a role in improving the performance of firm technology innovation. Similarly, Zhou et al. (2020) argued that by improving employees’ work enthusiasm and strengthening cooperation with suppliers, CSR can increase levels of firm technology innovation. In a related paper Martinez-Conesa et al. (2017) noted that fulfilling social responsibility can enhance firms’ innovation abilities, which is an important intermediary variable by which social responsibility can improve the financial performance of firms.
Different from traditional technology innovation, green technology innovation aims to achieve coordinated economic, resource, and environmental development by using new concepts and new technologies to reduce energy consumption and environmental pollution and obtain economic benefits. Most existing research focuses on the economic benefits of technology innovation, and studies on how CSR influences green innovation are scarce by comparison. Kraus et al. (2020) pointed out that firms engaged in CSR tend to pay more attention to green development strategies and as a result enjoy higher levels of green innovation. Likewise, Chang (2015) emphasized that in firms that proactively engage in social responsibility practices, high priority is given to the cultivation of green organizational culture, and more resources tend to be allocated for green innovative activities. From the perspectives of green identity and green organizational culture, current studies tend to view green innovation as a means practice CSR, and CSR practices promote firms’ performance in green technology innovation (Kraus et al., 2020; AAchi et al., 2022).
Although existing research on CSR is abundant, there are still gaps to be explored. First, most research investigates the relationship between CSR and green technology innovation based on developed countries; only a few, studies have attended to the case of developing countries. According to Sharma (2019) developed countries have stronger environment protection consciousness and social responsibility than developing countries due to different economic development levels and cultures (Sharma, 2019). However, green technology innovation has recently become a more pressing concern in developing countries, especially for China, and the question of whether the CSR-green technology innovation relationship for North America and Western Europe also holds for developing countries deserves closer study (AAchi et al., 2022). Many developing countries are plagued by weak institutions, underdeveloped capital markets, weak contract enforcement, lack of business freedom, and weak legal systems and property rights (Ghoul et al., 2017; Ioannou and Serafeim, 2012; Lanis and Richardson, 2015).
Second, the question of what is the moderating role of firm slack resources between CSR and green technology innovation in weak institutional settings remains unanswered. Resource dependence theory posits that the survival and development of firms are restricted by resources (Hillman et al., 2009). With both social responsibility and green technology innovation, firms must integrate and reconfigure resources. Drawing upon concepts from slack theory from Singh (1986), slack resources can be classified into two types. One is unabsorbed slack resources (resources that are temporarily idle to prepare for new goals), and the other is absorbed slack resources (resources that are intentionally invested to achieve specific goals). We may therefore reasonably ask: What role do slack resources plays and what effect differences between two types of slack resources. If we ignore the regulation of firm resources (Yuan and Cao, 2022) and focus on firms’ green willingness or cultural aspects alone, we might not fully understand the relationship between the performance of CSR and green technology innovation. Furthermore, due to data availability issues, more studies have focused on the overall level of green innovation (AAchi et al., 2022) than the quantity or quality of green innovation. To fill this research gap, this study examines how CSR affects both the quantity and quality of green technology innovation and examines the moderating role of the above two types of slack resources in China specifically.
To help us with this examination, we employ green patent authorization data from the State Intellectual Property Office, social responsibility rating data from Rankin’s CSR Ratings (RKS), and the data of Chinese A-share listed companies from 2009 to 2017. We find that firms with better performance in practicing social responsibility have higher numbers of green patents authorized. Furthermore, we find that the greater a firm’s unabsorbed slack resources, the more positively CSR correlates to its green technology innovation.
The contributions of this study to the literature are twofold. First, by investigating innovation quality and the moderating effect of slack resources, this study deepens the understanding of the relationship between CSR and green technology innovation. Whereas existing studies have highlighted the role of firms’ green innovation willingness (AAchi et al., 2022) and green technology innovation as a complex intellectual activity depending on the relevant resources of firms, this study finds that unabsorbed slack resources positively moderate the relationship between CSR and green technology innovation. Second, this study provides empirical evidence from a transitional developing country that CSR does in fact have an impact on green technology innovation. There are many differences for CSR and green technology innovation (green technology innovation is abbreviated as GTI) differences between developed and developing countries. Most explorations of the relationship between CSR and green technology innovation so far has concentrated on developed economies such as the United States or those in Europe, but there is scant research on developing countries such as China. Many developing countries face more severe environmental problems than developed countries, and their firms tend to have lower awareness of CSR practices.
We also note that Kawai et al., 2018 explored the relationship between CSR and green technology innovation for China’s listed companies and the moderating effect of corporate social capital and the regulation of incentives on executives. By contrast, again, this study examines the moderating effect of firm slack resources and the quality of green technology innovation, drawing conclusions that enhance our understanding of the relationship between CSR and green technology innovation. The rest of this paper is organized as follows. Section 2 presents our theoretical analysis and research hypotheses. Section 3 describes the research design. The empirical results and analysis are presented in Section 4, and Section 5 concludes.
2 THEORETICAL ANALYSIS AND RESEARCH HYPOTHESES
2.1 Corporate social responsibility and green technology innovation
Green technology innovation requires support from a wide range of external resources as it is a more complex intellectual activity than traditional technology innovation that necessarily involves the creation, integration, and diffusion of knowledge in different technical fields6 within an organization. It typically has the characteristics of dynamic and diverse content, a highly complex R&D process, and high levels of uncertainty (Peng et al., 2014). These features mean that green technology innovation cannot be effectively carried out by relying merely on previous technical experience or knowledge in only a single technical field (Yuan and Cao, 2022). To this end, high amounts of CSR participation can strengthen the ties between a firm and external stakeholders (Cheng et al., 2014), help a firm obtain the recognition and support of these stakeholders (Chang, 2015), and attract a wider range of resources for green technology innovation.
By forging a better relationship with external stakeholders and lowering the uncertainty of external investment, high amounts of CSR participation can help companies acquire needed external resources, including technical know-how, highly skilled workers, and outside financing. For example, firms can attract capital resources from investors and creditors (Zhang et al., 2022a; Martin and Moser, 2016); human resources in the form of excellent employees (Wiggenhorn et al., 2016); market resources, such as customers and suppliers (Flammer, 2018); public environmental and institutional resources from the government and society; and technological information from universities and research institutions. However, in the era of increasingly strong demand for environmental protection, firms with “good” CSR performance cannot afford to overlook their environmental responsibility (Meng et al., 2013) and are more likely to adopt environment-oriented innovative behaviors proactively (AAchi et al., 2022). As a result, these firms invest both internal and external resources in a complementary fashion in order to promote green technology innovation. Accordingly, we propose the following hypothesis.
H1: Good CSR performance can promote a firm’s output of green technology innovation.
2.2 The moderating role of absorbed slack and unabsorbed slack
Slack resources can be divided into absorbed slack resources (abbreviated as A-slack) and unabsorbed slack resources (abbreviated as U-slack). The unabsorbed slack resources of a firm are those resources possessed by the firm that have the potential to be developed and are able to support firm wide innovation. Firms can rapidly convert U-slack resources into those needed for all aspects of innovation activities. Absorbed slack resources, however, are difficult to reuse inside a firm once they have been put to use for specific projects.
Corporate social responsibility strategies and green technology innovation have a competitive relationship. Since both compete for firm resources, utilizing U-slack resources as either a basis for the initiation of corporate green innovation activities or as a buffer for environmental changes can positively affect corporate innovation activities. A firm can theoretically rapidly transform U-slack resources into sources for innovation activities when faced with new opportunities for market development. Although CSR is a strategic innovation rather than a technology innovation, both of these types of innovation require corporate resources.
Firms’ U-slacks resources can be readily reconfigured to new targets and thus may exert a positive moderating effect on a firm’s CSR-GTI relationship. The concept of U-slack7 resources reflects the financing and investment capacities that firms can develop and utilize in the long term (Herold et al., 2006). After integrating green technology innovation knowledge and resources, a firm needs to consume additional learning costs to identify and absorb external knowledge and resources for green technology innovation, however, and here flexible U-slack resources can provide long-term support. They can improve the efficiency and capacity for firms to manage external knowledge and resources, deliver the specific knowledge and resources needed for green technology innovation, and boost the success rate of green technology innovation as well (Lee, 2009). In contrast, A-slack representatives are difficult to repurpose. In light of this we propose the following pair of hypotheses.
H2: U-slack resources positively moderate the positive relationship of CSR performance with green technology innovation.
H3: A-slack resources have no significant positive moderating effect on the relationship between CSR performance and green technology innovation.
3 RESEARCH DESIGN
3.1 Data sources and sample selection
This study selected Chinese listed firms from the RKS index from 2009 to 2017 as a sample of relevant firms. Data on CSR ratings were collected from Rankin’s CSR Ratings (RKS), the leading independent CSR-rating entity in China (Chen and Wan, 2020). Green technology innovation data were obtained from the website of the State Intellectual Property Office through python crawling, referencing the World Intellectual Property Organization (WIPO) IPC Green Inventory to identify green patents authorized (Xing et al., 2021). Data of all moderating and control variables were collected from the WIND database provided by Shanghai Wind Information Co., Ltd., and the CSMAR database provided by Shenzhen GTA Education Tech. (Bao et al., 2017). Our final sample was obtained by excluding the following categories: 1) firms in the financial or insurance industries; 2) companies that had not released a CSR report; 3) ST (special treatment) and *ST (delisting risk warning) companies with abnormal financial data; 4) samples with key missing data, such as firm’s total number of employees. After applying these rules, we were left a total of 2,734 valid firms. Finally, we winsorized the continuous variables of firm characteristics using a 5% threshold for both tails to avoid possible estimation errors caused by outliers.
Drawing on Herold et al. (2006) and Peng et al. (2010), we measured slack resources by dividing current assets by total assets, and we classified slack resources into A-slack and U-slack. A-slack resources represent short-term solvency, (investment) financing capacity, and reflect the size of slack resources that the firm can directly utilize or transform in the short term. Higher A-slack means more “short-term idle” or “potential” resources that the firm has not fully utilized and more “short-term free” resources that can be used to support process or product innovation activities. By contrast, U-slack resources represent long-term solvency, liabilities (financing) and investment capacity of the firm, and reflect the financing and investment capacities that it can develop and utilize.
3.2 Model construction and variables
3.2.1 Model construction
We constructed the following model to test the impact of CSR on green technology innovation as well as the moderating role of firm slack resources.
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where Patent represents GI or GII in different situation (variable definitions are given in Table 1); CSR denotes the CSR performance score; Control represents the control variables; Industry stands for industrial variables; Year denotes the year variable; ε is the error term for each equation (abusing notation), assumed to be distributed (i.i.d. Normal with mean 0 and variance sigma 1); A_Slack represents firm absorbed slack resources; U_Slack represents firm unabsorbed slack resources; ASla*csr is the interaction term of centralized CSR and A_Slack; and USla*csr is the interaction term of decentralized CSR and U_Slack. In the data on green patents authorized, the dependent variable consists of “merging data” that has a left-truncated distribution, referring to (Chen et al., 2017). Hence we adopt the Tobit two-stage IV method for this regression.
TABLE 1 | Variable definitions.
[image: Table 1]Research on green innovation began in the 1990s and primarily focuses on green technology innovation specifically (Qi et al., 2018). Whether a technology is “green” is determined by a general heuristic rubric that considers technologies, processes, and products that lead to reduced pollution, less raw material use, or lower energy consumption. Generally, the existing literature measures firms’ green technology innovation by questionnaire scoring or by R&D investment per unit of energy consumption, among others methods (Wang et al., 2021). However, such methods suffer from the problem of high subjectivity. To overcome this defect, we instead use the number of green patents authorized to measure firms’ performance in green technology innovation as this is a more objective measure that can be quantified and also has the benefit of a large available sample of data.
In 2010, the WIPO published the IPC Green Inventory, which classified green patents into seven categories following the United Nations Framework Convention on Climate Change: transportation, waste management, energy conservation, alternative energy production, administrative mediation or design aspects, agriculture or forestry, and nuclear power generation, and we use these categories to count firm green patents authorized each year. Whereas Chinese patent law divides patents into invention patents, utility model patents, and design patents, the IPC Green Inventory includes only invention patents and utility model patents. For this reason, the green patents authorized in this study include the total amount of green invention patents and green utility model patents. In order to take green patents’ sometimes processing times from the beginning of R&D to full patent authorization into consideration, we lag all proxy variables for green technology innovation by one period.
In the existing literature, RKS has been widely used to measure firms’ CSR performance (McGuinness et al., 2017; Wang et al., 2018), and the higher the rating score means the better the firm’s CSR performance. For mediating variables, we refer to Herold et al. (2006) and Peng et al. (2010) and measure A_Slack by dividing current assets by current liabilities and measure U_Slack by dividing owners’ equity by total liabilities. In addition, in order to avoid the multicollinearity problem caused by multiplying mediating variables and independent variables, we centralize these variables according to the suggestion of Toothaker (1994).
Drawing on existing studies (Qi et al., 2018), we control for several variables. Frist, R&D investment represents the importance firms attach to innovation activities (Li and Liu, 2021). Next, debt ratio (Debts) is to control for the corporate debt ratio, which is related to innovation investment. Additionally, firm scale (LnNstaff) is to control for innovation strategy differences between larger and smaller companies (Wu et al., 2018). Tobin’s Q ratio (Tonbinq) is in the regression in order to capture the investment opportunity differences across firms (Eger and Mahlich, 2014). Firm ownership (Soe) is a dummy for state-owned firms (SOE), and Firm age (LnAge) is to control for the fact that older firms may generally have more experience and problem-solving skills than younger ones (Wu and Qu, 2021). The definitions of the variables are summarized in Table 1.
3.2.2 Descriptive statistics and analysis
Table 2 reports the descriptive statistics each of the variables. The minimum value of green patents authorized is 0, and the maximum is 442, with a standard deviation of 22.78, indicating large variation in the number of green patents authorized among all firms. The CSR ratings have a minimum of 11.85 and a maximum of 87.95, with a standard deviation of 14.15, again pointing to a large difference in CSR performance among the firms. The average score of CSR was 38.10 points, indicating that China’s CSR is still in its infancy.
TABLE 2 | Descriptive statistics.
[image: Table 2]Table 3 shows the correlation coefficient matrix of the variables. The results indicate that: 1) the correlation coefficient of CSR and total green patents authorized is statistically positive at the 1% significance level, suggesting a positive correlation between CSR performance and green technological innovation; and 2) the correlation coefficients between most control variables are less than 0.5, indicating that the problem of multicollinearity is not serious in our model.
TABLE 3 | Correlation coefficient matrix.
[image: Table 3]4 EMPIRICAL RESULTS AND ANALYSIS
4.1 Corporate social responsibility and green technology innovation
Table 4 displays the empirical results of CSR performance and green technology innovation estimations with fixed-effect panel data method. Column (1) includes the regression results of CSR performance, firm scale, firm age, debt ratio, Tobin’s Q ratio, R&D investment, firm ownership the industry effect, and the year effect. The coefficient of CSR is statistically positive (0.732***) at the 1% significance level, indicating that firms with better CSR performance had a higher number of green patents.
TABLE 4 | CSR performance and green innovation output.
[image: Table 4]Among invention patents, utility model patents, and design patents, invention patents can better reflect innovation at advanced technological levels. With other conditions unchanged, the higher the number of green invention patents authorized, the greater the quantity of a firm’s green innovation. Further, we also examined the impact of CSR on the number of green invention patents authorized. Column (2) of Table 4 presents the results using green invention patents authorized as the indicator for green technology innovation, which show that the estimation coefficient on CSR is statistically significantly positive (0.780***) at the 1% significance level. This result suggests that CSR is positively related to quantitative measures of green technology innovation.
4.2 The moderating effects of both types of slack resources
In Table 5, we present the moderating effect of slack resources on the relationship between CSR performance and green technology innovation. Column (1) shows that the coefficient of the interaction term of CSR and firm A_Slack is 0.043 (statistically insignificant), so we cannot conclude that A_Slack plays a role in moderating the relationship between CSR and green technology. From a practical point of view, we may explain this by supposing that as firms pursue profit maximization in the short term, they might not consider inputting A_Slack into green innovation in their short-term decisions. Columns (2) and (4) show that the coefficient of the interaction term of CSR and U_Slack is 0.089 and 0.105 (10% significance), implying that U_Slack positively moderates the positive correlation between CSR performance and green technology innovation output.
TABLE 5 | The moderating effects of different types of slack resources.
[image: Table 5]4.3 Robustness test
4.3.1 Two-stage Tobit IV regression
Due to the complexity of firm green technology innovation, it is difficult to encompass all influencing factors in a single model, and the omission of important variables is therefore a common source of endogeneity in related studies. Following Chen et al., 2017, we adopt a two-stage Tobit instrumental variable (IV) method to carry out regressions by adding CSR lagged by one period (L.CSR) and two periods (L2.CSR) as IVs to avoid endogeneity problems to some extent. Here, the control variables are the same as before. The first-stage results in Table 6 show that CSR’s mean values across both industries and regions are statistically positively correlated with green patents authorized (1% level). Additionally, the F-statistic of the weak instrument test is 115.50, which is far higher than 10, indicating that the IV is valid. The second-stage regression results show that after controlling for the action channel of endogenous problems that may be caused by omitted variables, the previous regression conclusions from Sections 4.1, 4.2 remain valid.
TABLE 6 | Two=Stage tobit IV results.
[image: Table 6]4.3.2 Changing the measurement of the independent variables
Measurement bias of the key independent variable CSR can lead to biased coefficient estimation or inconsistency in the model. For this reason, drawing on Zhang et al. (2019), we now use the CSR ratings published by hexun.com as a proxy variable of CSR and conduct our regressions again. Control variables remain unchanged, and the results are shown in Table 7. Columns (1) and (2) show that the signs and significance of the effects of CSR represented by proxy variables are consistent with the previous results, indicating the robustness of our conclusions in this respect.
TABLE 7 | Changing the measurement of the independent variables.
[image: Table 7]4.3.3 Changing the measurement of the dependent variables
Measurement bias of green technology innovation can lead to endogeneity problems. Based on Qi et al. (2018) and Akcigit et al. (2016), we thus carry out regressions adopting the proportion of green patents authorized and the quality of green patents authorized as the proxies of green technology innovation and use the patent knowledge width method according to the previous research of Aghion et al. (2015) and Akcigit et al. (2016). Corporate patent knowledge width refers to the level of complexity of the knowledge contained within a certain patent and reflects patent quality in terms of the complexity and extensiveness of the knowledge contained by patents. This metric is beneficial for overcoming the inadequacy of using only the quantitative dimension of patents to measure firm innovation activities. Since patents serve as important carriers of innovative knowledge oftentimes with significant economic value, the level of complexity of the knowledge contained in patents necessarily affects the quality of patents. The more complex the knowledge contained within a patent, the more difficult it is to mimic and improve on that patent. Furthermore, patents protected by the State Intellectual Property Office, get monopoly rights to their patents. This can profoundly affect corporate performance. The results of our regressions using this measure of green patent quality are presented in Columns (1) and (2) of Table 8. The signs of the coefficients are consistent with the previous results and are all statistically significant at the 1% level, indicating the robustness of the above conclusions in this respect.
TABLE 8 | Changing the measurement of the dependent variables.
[image: Table 8]4.3.4 Additionally lagged green technology innovation
Considering the uncertainties and extended processes from R&D to patent authorization of green technology innovation in the case of China, we now lag the output of green technology innovation by t+2 and t+3 periods referring to Fang et al. (2014). The regression results are presented in Columns (1) and (3) of Table 8. Column (1) shows that the estimated coefficients of the effects of lagged green technology innovation output are statistically positive (1% level). Column (2) shows that the estimated coefficients of the moderating effect of U_Slack on lagged green technological output are statistically significant at the 10% level. Column (3) shows that the estimated coefficients of the moderating effect of U_Slack on lagged green technological output are not statistically different from 0. These results indicate that the conclusions of this study have no serious lagged correlation and that the above conclusions are robust in this respect (Table 9).
TABLE 9 | Additionally lagged green patents authorized.
[image: Table 9]5 CONCLUSION
This study explored the relationship between CSR performance and firm green technology innovation with firm slack resources as mediating variables. We find that different slack resource types have different influences on the relationship between CSR performance and green technology innovation. Our regression results show that good CSR performance relates positively to green technology innovation and that firm slack resources play a partial mediating role. A larger amount of unabsorbed slack resources strengthens the positive relationship of CSR performance on green technology innovation (Aghion et al., 2005; Surroca et al., 2010; Schiederig et al., 2012; Kawai et al., 2018; Zhang et al., 2022b; Peng et al., 2014; Shen et al., 2020).
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