[image: image1]How do companies with different life cycles respond to carbon trading?—Analysis of the moderating role of government subsidies

		ORIGINAL RESEARCH
published: 18 January 2024
doi: 10.3389/fenvs.2024.1320039


[image: image2]
How do companies with different life cycles respond to carbon trading?—Analysis of the moderating role of government subsidies
Xiaoxu Guo and Yue Zhang*
College of Finance, Nanjing Agricultural University, Nanjing, China
Edited by:
Wojciech Przychodzen, ESIC Business and Marketing School, Spain
Reviewed by:
Fernando Gómez-Bezares, University of Deusto, Spain
Sa'D Shannak, Hamad bin Khalifa University, Qatar
* Correspondence: Yue Zhang, moonnzhang@163.com
Received: 11 October 2023
Accepted: 04 January 2024
Published: 18 January 2024
Citation: Guo X and Zhang Y (2024) How do companies with different life cycles respond to carbon trading?—Analysis of the moderating role of government subsidies. Front. Environ. Sci. 12:1320039. doi: 10.3389/fenvs.2024.1320039

Enterprises with diverse life cycles possess distinct survival and operational laws. Hence, it is crucial to comprehend whether all these enterprises can proficiently engage in green innovation under the guidance of carbon emissions trading (CET). This study leverages the quasi-natural experiment of CET policy, employing panel data encompassing A-share listed companies in Shanghai and Shenzhen spanning from 2008 to 2020. Through the application of the triple difference model, the research examines the influence of CET policy on the green innovation endeavors of enterprises characterized by various life cycles. The research outcomes reveal the following: 1) CET policy significantly impacts the green innovation of mature enterprises, and contributes to the enrichment of the quality of their green innovation endeavors. 2) Due to limitations pertaining to financing constraints and business expansion, CET policy fails to foster green innovation within the growth and decline phases of enterprises. 3) Government subsidies can overturn the unfavorable position of growth-stage enterprises in carbon emissions trading and propel them towards heightened green innovation. However, government subsidies do not yield a substantial moderating effect on the green innovation endeavors of maturity-stage enterprises. Simultaneously, even if declining-phase enterprises are subjected to government subsidies, these subsidies do not reverse their innovation disadvantage in carbon emissions rights trading. In addition, we also found that in areas with heightened public awareness of environmental protection and state-owned enterprises, the positive regulatory effect of government subsidies is more significant. The findings derived from this study bestow invaluable insights for decision-makers striving to optimize the implementation of the CET policy and effectively allocate government subsidies.
Keywords: carbon emission trading policy, corporate green innovation, government subsidies, life cycle, moderating effects, triple-difference (DDD) model
1 INTRODUCTION
China’s exponential economic expansion in the last 40 years has given rise to increasingly dire environmental contamination predicaments. The correlation between the environment and economic prosperity has consequently become crucial for the pursuit of sustainable development (Zhong and Peng, 2022). Given that enterprises serve as major contributors to environmental degradation, it becomes imperative for governments to implement environmental regulatory policies aimed at curbing their emission levels (Tariq et al., 2017). The carbon emissions trading system (CET), which fosters the advancement of a low-carbon economy through green financial approaches, is regarded as a mechanism capable of internalizing environmental costs. Moreover, the CET can more equitably restrict the indiscriminate emissions of high-carbon-emitting enterprises driven solely by profit-seeking motives. Inspired by the European Union’s carbon emissions trading system, China has introduced and continually emphasized the CET policy, endorsed and promoted by the government (Gao et al., 2020). Consequently, the CET policy has transformed into a pivotal tool for emission reduction in China, it has also evolved into an instrumental driver for efficaciously managing carbon emissions.
According to key data, the collective volume of the seven trading markets in China, namely, Shanghai, Beijing, Shenzhen, Guangdong, Tianjin, Hubei, and Chongqing, is projected to reach 381 million tons in 2022, representing a noteworthy increase of 9.80% compared to 2021. Additionally, the combined turnover is expected to be 9.387 billion RMB, reflecting a significant surge of 17.48% from the previous year. An essential consideration lies in the expanding coverage of the Carbon Emissions Trading (CET) policy, leading to a diverse range of enterprises impacted by this policy with distinct life cycle stages encompassing growth, maturity, and decline. The production, operation, and innovation needs of these enterprises vary, resulting in potential heterogeneous effects of the CET policy. Notably, through green innovation, enterprises can effectively transform their production modes and factor structures (Medeiros et al., 2014). This serves as a crucial avenue for enterprises to gain a competitive edge in carbon emissions trading, as it is a testament to their ability to adapt and respond to the evolving landscape. Thus, this paper aims to explore whether enterprises in all life cycle stages can readily adapt to CET policy from the perspective of green innovation. Such an investigation holds immense practical significance in evaluating the effectiveness of CET policy and informing future enhancements.
In China, the CET policy is regarded as a market-oriented tool, yet it remains under the control of government authority, as pointed out by Yang et al. (2016). In terms of regulating the decision-making process of micro-firms, subsidies play a significant role and can potentially influence green innovation within firms operating under different life cycles, as supported by the CET policy. Theoretically, research has shown that government subsidies may assist firms in breaking through financial barriers and overcoming the negative effects of the CET policy’s financial constraints (Liu J et al., 2020; Li et al., 2021). This assistance enables firms to engage in carbon quota trading and fosters their willingness to pursue green innovation. Moreover, the subsidies alleviate the pressure faced by firms in reducing emissions and positively contribute to the regulation of green innovation. However, a key question remains: do government subsidies have a positive moderating effect on the green innovation of enterprises operating under different life cycles and affected by the CET policy? The current body of literature has yet to adequately address this issue from a life cycle perspective.
This study aims to investigate the response of enterprises with diverse life cycles to the CET policy, specifically focusing on their inclination towards green innovation. Through the implementation of a triple difference model, this study examines whether these enterprises actively respond or negatively avoid the policy. Furthermore, this study explores the influence of government subsidies on promoting green innovation among enterprises with varying life cycles. Substantively, this paper makes the following key contributions: Firstly, it pioneers the comprehensive integration of life cycle theory and environmental regulation theory, allowing for a differentiated understanding of the survival strategies and operational characteristics of enterprises at different stages. This analysis provides insights into the adaptability of enterprises, at various stages, to the environmental regulatory pressures imposed by carbon emissions trading, thus enhancing the existing literature on this topic. Secondly, this study introduces the moderating role of government subsidies in the context of CET policy, helping to guide the allocation of subsidies in the market. By aiding policy implementers in making scientifically and reasonably informed decisions, this research facilitates the promotion of green innovation within the carbon allowance trading realm.
The remainder of this article is organized as follows: Section 2 introduces relevant literature. Section 3 presents the main hypotheses. Section 4 details the research design, including model construction and variable definitions. Section 5 provides empirical results and robustness tests, analyzing the impact of CET policy on green innovation among enterprises at different stages of the corporate life-cycle, and examining the moderating role of government subsidies. Section 6 offers discussion, conclusions and policy recommendations.
2 LITERATURE REVIEW
There is a plethora of literature regarding the CET policy and corporate sustainable development. About the trading mechanism of CET policy, enterprises with high carbon emissions need to buy carbon quota, while enterprises with low carbon emissions can sell carbon quota to make profits (Braun, 2009; Jaehn and Letmathe, 2009). With the advantages of flexible trading mechanisms, cost-effectiveness and technological incentives (Duan and Hu, 2014; Jiang et al., 2016), scholars believe that CET policy can achieve short-term emission reduction for companies (Shimizu, 2020), enhancing corporate core competitiveness, and achieve long-term emission reduction (Porter and Linde, 1995; Caparros et al., 2013). Liu and Li (2022) find that Chinese CET policy promotes corporate green innovation, which is more pronounced among large firms, non-state firms and firms with higher external concerns. Liu et al. (2022) argue that the CET policy promotes green innovation in firms and the quality of green innovation rather than quantity. Wei et al. (2022) use the ABM model to identify the impact of CET policy on corporate green innovation using a virtual decision and transaction mechanism, and obtain a similar conclusion. However, some scholars disagree with such views, which might be due to the oversupply of carbon emission quota reducing the market trading price. For firms whose cost of obtaining quota is lower than the cost of green technology innovation, they are more inclined to buy carbon emission quota with R&D funds (Tang et al., 2015), squeezing out R&D inputs and thus reducing green innovation output. Also, the top-level institutional design aspects of carbon markets and carbon quota allocation are still inadequate (Zhang and Zhang, 2020), which can also hinder corporate green innovation.
Through the aforementioned review of literature, it has been determined that prior research has primarily focused on the ramifications of CET policy on the ecological advancement of businesses, particularly in the realms of emissions reduction, pollution control, and technological innovation (Zhang et al., 2019; Wang et al., 2023). Although there exist select studies that touch upon the correlation between CET policy and corporate green innovation, no consensus has been reached on whether the policy stimulate or hinder such innovation (Zhang et al., 2022; Xiao et al., 2023). Consequently, it is our belief that further investigation in this area is warranted. Furthermore, notable gaps exist in the examination of how firms’ life cycle stages, CET policy, and innovation-related activities intertwine. These life cycle stages imbue firms with distinct characteristics in terms of their production and operations, organizational attributes, propensity for research and development, resources and capabilities, as well as relationships with investors and managers (Abdallah et al., 2012; Luo et al., 2021; He et al., 2022). It is reasonable to expect that the impacts of CET policy on firms’ green innovations will also fluctuate accordingly. Thus, a more comprehensive comprehension of the connection between CET policy and firms’ green innovation may be achieved through a life cycle perspective. Moreover, the existing literature primarily evaluates firms’ performance in CET policy, often neglecting the role of government subsidies and overlooking the influence of local governments in shaping CET policy. In fact, government subsidies serve as a crucial tool for micro-enterprise regulation and can greatly influence the relationship between CET policy and the green innovation of businesses.
3 RESEARCH HYPOTHESIS
3.1 Resource-based theory
The resource-based theory posits that an organization’s viability hinges on its ability to obtain critical resources from the external environment. And the degree of an organization’s dependence on external resources depends on two factors: the importance of the resource to the organization and its scarcity and non-substitutability. As organizations increasingly lean on external resources, the external environment limits their autonomy and exert control over them. Moreover, the external environment is characterized by volatility and unpredictability. Therefore, organizations must adopt strategic measures to reduce their dependence on external environments and increase their control over external resources (Qiu et al., 2016). Obtaining critical external resources is also imperative for organizations to maintain their competitive advantage (Barney, 1991).
Carbon emissions trading stands as a distinctive instrument within the low-carbon economy, leveraging financial resources to bolster corporate environmental governance. Carbon emissions trading offers financial resources that are scarce and liquid (Sheng et al., 2020), enabling companies to recognize that continued environmental governance can yield this scarce resource, and thus participate in green governance activities. In other words, companies must improve their production methods towards more environmentally-friendly ones, provide green equipment updates, engage in green innovative activities (Christophe and Tina, 2018), in order to be in a favorable position in carbon quota trading. Furthermore, obtaining financial resources support through carbon trading means that companies are more likely to possess resource advantages in production and manufacturing. Undoubtedly, this can help expand a company’s market share, enhance its green competitive advantage, and achieve broad market development prospects.
3.2 Corporate life-cycle theory
The corporate life-cycle theory suggests that enterprises continuously progress through evolution and transformation (Abdallah et al., 2012). Life-cycle can generally be divided into stages such as growth, maturity, and decline. The decision-making processes and management mechanisms employed by business managers differ across these life-cycle stages, resulting in dynamic patterns of growth (He et al., 2022). Moreover, organizations exhibit differentiated organizational structures, resource endowments, corporate governance, and innovation intentions at different stages of growth. Consequently, enterprises in different life-cycles possess diverse financial resources and innovative elements, which subsequently impact their financing and innovation activities (Wei et al., 2022). In essence, green innovation in organizations serves a dual purpose of economic benefits and environmental impact. Engaging in green innovation activities can be seen as a proactive response to carbon trading. Based on the theory of corporate life-cycle, this study explores the green innovation performance of enterprises in different life-cycle stages under the influence of CET policy, aiming to elucidate how these enterprises address the challenges associated with carbon trading.
3.3 Research hypothesis
According to life-cycle theory, growing enterprises often experience limited internal reserves and scale, necessitating external funding to bridge significant capital gaps (Habib and Hasan, 2019). Nevertheless, due to elevated investment risks and uncertain short-term returns, investors frequently hesitate to support these companies’ growth ambitions, resulting in profound financing constraints. Furthermore, as growing firms prioritize profit maximization and swift expansion, managers may place greater emphasis on ventures with considerable returns on investment (Miller and Friesen, 1984), neglecting environmental initiatives (Yang et al., 2021). The CET policy encourages firms to exchange surplus emission rights for additional emission reduction benefits when overall emissions remain below the imposed limit through carbon pricing. Alternatively, companies must acquire additional emission rights or reduce production. Based on resource-based theory, organizations frequently strive to achieve stage-specific objectives aimed at expanding their market size and augmenting their market influence, driven by constraints imposed by limited resource capacity. Considering their substantial capital requirements and financing limitations, growing firms are more inclined to adopt the most cost-efficient approach to comply with the CET policy in the short term (Yang and Luo, 2020). Enterprises may undertake the following actions: Firstly, growing firms will reallocate resources, prioritizing end-of-pipe pollution control measures to achieve rapid emission reduction, thus alleviating the burden of continuous carbon quota purchases. However, such an approach tends to neglect the development of green technologies, discouraging corporate innovation (Tavassoli, 2015). Secondly, enterprises will allocate funds towards purchasing carbon allowances, reducing the uncertainties associated with carbon trading. In turn, diminishing resources allocated to corporate research and development, as well as impeding the output of green innovation. Based on these observations, we can formulate the following assumptions:
H1:. The impact of CET policy on green innovation in growing firms has not yet been seen.
Drawing on the life-cycle theory, mature enterprises possess ample cash flow and consistent profits, enabling them to facilitate R&D and enhance green innovation outputs. Simultaneously, these mature firms, equipped with well-established and standardized management procedures (Lian et al., 2022), cultivate an environment conducive to the pursuit of green innovation. Notably, these enterprises possess a defined trajectory for growth and possess core values that facilitate adaptation to the evolving demands of the era (Cucculelli and Peruzzi, 2020). They comprehensively consider the requirements of stakeholders, particularly external ones such as investors, consumers, and suppliers, who demonstrate a keen interest in sustainability initiatives. Enhanced by their capabilities and resources, mature firms display a heightened responsiveness towards green innovation, thus showcasing greater incentive to take action. Under the guidance of CET policy, these enterprises stand to generate additional carbon quotas and accrue enhanced benefits through their commitment to green innovation (Dutta, 2018), thereby creating a growing disparity between themselves and their competitors. Consequently, mature firms exhibit a willingness to engage in green innovation and bolster its output (Utterback and Abernathy, 1975; Cohen and Klepper, 1996; Fritsch and Meschede, 2001). Meanwhile, mature enterprises also aspire to establish credibility in the carbon market and reap reputational benefits. They actively explore sustainable paths and strive toward an intensified and refined green production model through green innovation. This enables them to uphold their competitiveness and market position. Therefore, we posit hypothesis H2:
H2:. CET policy can promote green innovation in mature firms.
According to the life-cycle theory, deteriorating enterprises exhibit reduced competitiveness and a lack of new revenue growth. Firms in this phase tend to experience negative trends in product sales, market share, and profits (McGahan and Silverman, 2001), resulting in a decline in cash flow and a deteriorating financial position (Potter and Watts, 2011). Unfavorable corporate conditions directly diminish shareholders’ and creditors’ confidence, manifested in shrinking businesses and reduced debt. From the perspective of acquiring resources, on one hand, declining firms tend to perform poorly under CET policy as their main focus is on finding survival strategies (Cao and Chen, 2012). Management prioritizes enhancing corporate production efficiency and cost reduction during this period, where short-term performance becomes paramount. The primary objective is to conceal issues with their poor management and increase their market value. Consequently, management may allocate fewer resources to environmental projects. On the other hand, declining companies are more disadvantaged in carbon trading due to factors such as low product profitability, rigid systems and procedures, and decreased market share. Consequently, such companies encounter impediments in swiftly advancing their capabilities to devise and implement efficient green technologies. Therefore, this paper posits the following assumptions:
H3:. CET policy is ineffective in promoting green innovation in declining firms.
The research framework of this paper is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Framework.
4 RESEARCH DESIGN
4.1 Data and sample
This paper takes the listed enterprises in Shanghai and Shenzhen A-shares from 2008 to 2020 as the initial research sample. It is imperative to acknowledge that the comprehensive nature of our dataset may lead to occasional gaps in annual data for specific companies. Therefore, our data set is considered unbalanced panel, yet this does not diminish the feasibility and credibility of our conclusions. Similarly, in the literature on CET policy, the use of unbalanced panels has been acknowledged (Qi et al., 2023). We make the following selection on the initial samples: 1) Excluding data of financial and insurance enterprises and enterprises with ST/ST*/PT in the current period. 2) Excluding enterprises with restructuring, mergers and acquisitions, and cross-listing. 3) Excluding enterprises with missing and incomplete data. This paper finally obtains 23322 valid samples. Corporate financial data is from the CSMAR database, and corporate green innovation data is from published annual company statements and CNRDS database. We use 1% winsorize for all continuous variables.
The determination of the start time of the CET policy is worth exploring. Relevant studies have indicated that when the Chinese government first issued a notice on the pilot work of carbon trading in 2011, market participants may have already responded to carbon trading. Therefore, some scholars consider either 2011 or 2012 as the starting time of the policy (Zhang et al., 2020; Zhao et al., 2023). The CET policy was instituted at an earlier juncture; nonetheless, the actual formation and regular functioning of the carbon market transpired subsequently. As a consequence, the successful execution of the CET policy necessitates the comprehensive establishment of the seven carbon markets. In this regard, this paper follows the research by Zhao et al. (2023) and sets the implementation year of the CET policy as 2014.
4.2 Model selection
A triple-difference model is a Frontier approach for assessing policy effects, which differs from the design of the double-difference model in that it can better solve the pollution attribute problem of the industry (Cai et al., 2016). This study considers the pilot industries in the pilot areas as the “treatment group”, the non-pilot industries in the pilot areas as “control group I”, and the industries in the non-pilot areas as “control group II”. The common double-difference model sets all firms in the pilot region as the “treatment group” and the non-pilot region as the “control group”, which is less refined and comprehensive than the triple-difference model. At the same time, the triple-difference model can eliminate the existing industry-region differences between the “treatment” and “control” groups, obtaining more robust test results. The triple-difference model is constructed below.
[image: image]
The subscripts i, j, k and t denote firm, region, industry and year, respectively. Y is the green innovation. [image: image] is the CET policy. The estimated coefficient [image: image] is the key indicator in this paper, which reflects the net effect of CET policy on green innovation of firms in the treatment group. Following Garthwaite et al. (2014), we set joint fixed effects to estimate the triple-difference model. By joint fixed effects, the regions, years and industries involved in the model are cross-multiplied with each other, thus achieving complete control of the level term and the double interaction term in the triple-difference model. Where [image: image] represents the joint fixed effects of region and high carbon emission industry, [image: image] represents the joint fixed effects of high carbon emission industry and year, [image: image] represents the joint fixed effects of region and year. Control variables just cover firm-level variables because triple-difference already controls the joint region and time effects.
4.3 Variables and data descriptions

1) Dependent variable
In our study, the dependent variable is corporate green innovation. Drawing on Chen et al. (2021), we matched two sets of data: the “Green List of International Patent Classification” released by WIPO in 2010, the patent classification number information of enterprise invention and utility models in the CNRDS database. After the matching, we summarized the data into listed companies to obtain the annual number of green innovation applications for each enterprise. The aggregated number of green innovation patent applications is used as the green innovation index (GI). The approach taken in this article may overlook the use of R&D expenses as a measure of innovation, primarily due to the accurate depiction of innovation levels through patent data (Hu et al., 2020). Previous literature has also predominantly utilized patent data rather than R&D expenditure data to measure innovation indicators (Jiang et al., 2020; Liu and Sun, 2021).
2) Independent variable
The core explanatory variable of this paper represents the carbon emission right pilot policy variable, composed of the interaction of three virtual variables. When enterprise i is located in the carbon trading right pilot province, such as Shenzhen, Beijing, Shanghai, Tianjin, Hubei, Chongqing, and Guangdong, the variable [image: image] = 1; otherwise it is 0. When the enterprise i belongs to the high carbon industry controlled by the carbon market, such as petrochemical, chemical, building materials, iron and steel, non-ferrous, paper, power, and aviation, the variable [image: image] = 1; otherwise it is 0. [image: image] represents the time virtual variable, the year 2014 is taken as the benchmark, and the value is 1 in 2014 and after, otherwise it is 0 in the sample range of this paper. If the CET policy coefficient is significantly positive in the mature stage enterprise sample, but not statistically significant in the growth and decline stage samples in empirical testing, it indicates conformity with the theoretical hypothesis presented in this article.
3) Adjustment variable
Corporate life cycle. A common method for delineating the life cycle of a firm is the cash flow portfolio approach constructed by Dickinson (2011). Compared with the univariate analysis and the comprehensive index analysis, it can successfully prevent the interference of the industry’s intrinsic variations and flaws such overly subjective solid analysis. As shown in Table 1, the cash flow model divides the corporate life cycle into three stages, namely, the growing period, mature period, and declining period, and reflects the operating risk, profitability, and growth rate of various life cycles through the positive and negative combination of the net cash flows of operation, investment and financing.
TABLE 1 | Types of cash flow portfolios for different life cycles of enterprises.
[image: Table 1]We have adopted the approaches of previous literature (Chen et al., 2021; Lian et al., 2022; Ni et al., 2022), selecting indicators that have an impact on corporate green innovation as control variables. In contemplation of a firm’s attributes, it is observed that as the dimensions and expansion of a company escalate, there is a corresponding augmentation in its propensity to allocate greater resources towards endeavors in innovation. A protracted corporate history signifies heightened resilience to risk and a more harmonious alignment with the distinctive high-risk, high-reward attributes inherent in innovative pursuits (Barasa et al., 2017). Consequently, the impact of organizational longevity on technological innovation merits careful consideration and should not be underestimated. From a financial perspective, indicators such as asset return rate, financial leverage, and cash holdings at satisfactory levels indicate stronger operational and profitability capabilities, which positively impact the execution of innovation activities (Rong et al., 2017). Furthermore, from the perspective of corporate governance, metrics such as ownership concentration, dual appointment, board size, and independent director proportion can reflect the effectiveness of a company’s governance (Zuo and Lin, 2022). These metrics reveal whether management has made decisions to carry out innovation activities and control R&D investments, thus they can exert an influence on a company’s innovation. The classification, definitions and descriptions of all variables are given in Table 2.
TABLE 2 | Definition of variables.
[image: Table 2]4) Control variables
4.4 Description of variables
Table 3 summarizes descriptive statistics for variables. The mean value of corporate green innovation (GI) is 0.368. The maximum value is 7.341, and the minimum value is 0, indicating a large gap between different companies’ green innovation. About 36.8% of the companies in the sample have a certain amount of green innovation. The mean value of the quality of green innovation (GPI) is 0.230, and the mean value of green innovation quantity (GUI) is 0.200, which shows that the quality of green innovation is slightly more prominent.
TABLE 3 | Descriptive statistics of main variables.
[image: Table 3]5 EMPIRICAL RESULTS AND DISCUSSIONS
5.1 Benchmark regression
The results of the benchmark regression are shown in Table 4. In the total sample, CET policy has a significant positive effect on corporate green innovation. Columns (2)–(4) show the effects of CET policy on the green innovation of firms in the growing, mature and declining periods, where all control for joint fixed effects. In column (2), the regression coefficient of CET policy is −0.185 and is significant at the 1% level, indicating that CET policy inhibits green innovation in growing firms, verifying H1. In column (3), the regression coefficient of CET policy is 0.147 and is significant at the 5% level, indicating that CET policy significantly promotes green innovation in mature firms, which verifies H2. In column (4), the regression coefficient of CET policy does not pass the significance test, indicating that CET policy does not impact the green innovation in declining firms, which verifies H3. In conclusion, the findings indicate that the influence of CET policy differs depending on the stage of a firm’s life cycle, favoring green innovation in mature firms but not significantly boosting it in growing or declining firms. This result implies that the conclusions obtained from studying the innovation effects of CET policy without distinguishing the characteristics of life-cycle firms are not comprehensive and accurate. Policy recommendations from a life-cycle perspective consideration can support the precise implementation of CET policy.
TABLE 4 | Test results of the impact of CET policy on corporate green innovation with different life cycles.
[image: Table 4]5.2 Parallel trend test
The assumption of parallel trends holds to verify the consistency of the triple-difference estimates, to promise that the treatment and control groups maintain the same trend before the event, ensuring that the exogenous event is the only driver of the difference between them. Although the triple-difference model can solve the problem that the parallel trend hypothesis is not valid, the parallel trend test is conducted in this paper for rigor and accuracy. Drawing on the idea of Feng et al. (2024), the model focuses on whether the sample and corresponding variables are consistent with parallel trends before implementing the CET policy. The baseline regression has some new interaction terms that include dummy variables for each year prior to the implementation of the pilot over the period of 2009–2013. Post2009 is a dummy variable that indicates whether the time is 2009, and the rest of the dummy variables are similarly built. From the regression results in Table 5, in the full sample as well as in each life cycle sample, the regression coefficients of the CET test variables are almost insignificant in the estimated models. It indicates that the firms in the treatment and control groups have the same trend when the CET policy was not yet implemented.
TABLE 5 | Parallel trend test results.
[image: Table 5]5.3 Robustness test
5.3.1 Replacement of control group sample test
In the baseline regression, the CET policy for the treatment group equals to 1 in the Shenzhen, Shanghai, Beijing, Guangdong, Hubei, Tianjin and Chongqing provinces, and 0 otherwise, which is the setting method generally used by the current academic. Considering the well economic development of pilot cities and the geographical location feature, the samples from Jiangsu, Shandong, Zhejiang, Sichuan, Hunan, Hebei, Anhui and Henan provinces are chosen to appear as the control group to narrow the economic gap between the treatment and control groups. From the regression results in Table 6, the direction and significance of the regression coefficients of CET policy are robust in each model.
TABLE 6 | Test results of replacement control group sample.
[image: Table 6]5.3.2 The problem of time lag in innovation
The corporate green innovation index is tested by moving it forward by one period due to the R&D uncertainty. The regression results in columns (1)–(4) of Table 7 show that the direction and significance of the regression coefficients of CET policy are relatively robust.
TABLE 7 | Test results of replacement innovation variables.
[image: Table 7]5.3.3 Placebo test
To exclude potential effects of unobservable factors on the triple-difference model, the placebo test is conducted by randomly selecting the treatment group in this paper. Specifically keeping the policy time constant, the same number of firms as those supported by the CET policy are randomly selected from the sample as a random treatment group, and the above random simulation is chosen to be repeated 1000 times. According to the kernel density distributions present in Figure 2, Figure 3, Figure 4, Figure 5, it can be found that the coefficients based on random sample estimation are concentrated around the value of 0. Numerically, they are all much lower than the truly estimated coefficients and insignificant, which means that the green innovation of firms is influenced by the CET policy and is not due to random and unobservable factors. The placebo test confirms the conclusions are robust.
[image: Figure 2]FIGURE 2 | Sample of growing period.
[image: Figure 3]FIGURE 3 | Sample of mature Period.
[image: Figure 4]FIGURE 4 | Sample of Declining period.
[image: Figure 5]FIGURE 5 | Full sample.
5.4 Analysis to distinguish the categories of green innovation
To further test whether the impact of CET policy is heterogeneous for different categories of green innovation across life-cycle firms, the overall green innovations are divided into qualitative green innovations and quantitative green innovations. Qualitative green innovations are based on significant changes in the leading technologies for resource conservation, energy consumption reduction and pollution prevention, generating unique features and benefits superior to existing green products and markets. From the R&D and manufacturing perspective, quality-based green innovations reduce emissions and fight pollution from the design and development source with more advanced technical concepts, advanced performance, and greater product quality. In contrast, quantitative green innovations are primarily concerned with the selling of green goods and services in response to specific market demands in order to better serve both present and potential clients. Changes in the technological trajectory of quantitative green innovation typically have a tiny impact on the underlying technology. It primarily focuses on customer feedback to develop its products, technologies and services.
The results in Table 8 show that the regression coefficient of CET policy is significantly positive only in the model of qualitative green innovation of mature firms, indicating that CET policy significantly promotes qualitative green innovation of mature firms while having no significant effect on quantitative green innovation. The CET policy does not support green innovation for firms in either growing or declining firms. The finding further confirms the higher quality of green innovation sought by mature firms currently supported by CET policy. It is reasonable to explain that, in comparison to quantitative green innovation, qualitative green innovation could better meet the requirements of carbon quota trading and financial performance gain, enabling firms to gain more economic benefits from CET policy.
TABLE 8 | Test results for differentiating green innovation categories.
[image: Table 8]6 FURTHER RESEARCH
6.1 Moderating role of government subsidies
The flexible carbon quota trading mechanism within the CET policy enables the comprehensive utilization of both regulatory and market approaches to internalize the environmental costs incurred by enterprises, thereby attaining emission reduction targets. The profitability or loss of trading enterprises is determined by the market carbon quota and their own carbon emissions. Government subsidies, characterized as gratuitous transfer payments offered by the government to microeconomic entities, can be accounted for as current or future income to enhance the financial performance of enterprises (Lee et al., 2014). The provision of government subsidies aids enterprises with a willingness for green innovation yet facing disadvantages in carbon quota trading, enabling them to surpass financial barriers and counteract the adverse effects of the CET policy’s financial constraints (Pan et al., 2022). Conversely, for enterprises that could have benefited from carbon quota trading, the allocation of government subsidies is expected to reinforce their resilience to risks and enhance their performance under the CET policy (Dong et al., 2019; Flora and Vargiolu, 2020). Therefore, for firms supported by CET policy, government subsidies has the potential to influence their initial decisions regarding green innovation.
In order to test the moderating role of government subsidies, the value of government subsidies (DS) is introduced on the basis of model (1) and the model form is constructed as follows:
[image: image]
Where [image: image] denotes the CET policy after adding government subsidies, and [image: image] is the main coefficient to be considered, if the regression coefficient is positive, it means that the government subsidies play a positive moderating role in influencing the relationship between CET and corporate green innovation. The explanation of the remaining variables is consistent with Equation 1.
The outcomes of the regression in column (1) of Table 9 reveal that the coefficient of DS is significantly positive, indicating that government subsidies are conducive to improving corporate green innovation output. Treat*Indus*Post*DS exhibits a significantly positive result. This indicates that government subsidies have the ability to positively modify the negative impact of CET policy on the green innovation of firms in the growth period. Specifically, with the introduction of government subsidies, the CET policy transform from impeding green innovation in growth period firms to fostering such innovation. Upon comparing the direction and significance of the regression coefficients of the interaction terms in columns (2)–(3), we observe that the provision of government subsidies has a favorable effect on this shift from inhibition to promotion, particularly in relation to quality-based green innovation.
TABLE 9 | Test results of the moderating effect of government subsidies.
[image: Table 9]Why is it possible for government subsidies to mitigate the bias against low-carbon innovation in growth-stage firms under CET policy? According to the life-cycle theory, growth-stage firms face significant survival pressure while simultaneously striving to expand their production scale and mature. Hence, they possess heightened incentives for innovation (Acs and Audretsch, 1987). However, the volatility of carbon prices introduces uncertainty into firms’ returns, leading growth-stage firms to underperform in terms of green innovations. By providing subsidies, the government can alleviate the additional costs incurred by firms in carbon quota trading, thereby granting them more financial resources to invest in green innovations. These investments may encompass green R&D projects, procurement of environmentally friendly equipment, and the recruitment of specialized technical personnel (Shao and Chen, 2022). Additionally, receiving government subsidies serves as a positive signal to external stakeholders (Yan and Li, 2018), encouraging their participation and alleviating financial constraints. Furthermore, government subsidies function as a means to address externalities (Bi et al., 2016), ultimately reducing the risks and uncertainties associated with enterprise green innovation (Bai et al., 2019), thus encouraging growth-stage firms to engage in green innovation activities.
The regression outcomes in columns (4)–(5) of Table 9 reveal that the coefficient for Treat*Indus*Post*DS is statistically significant and positive. This demonstrates that the inclusion of government subsidies can effectively enhance the impact of CET policy on fostering green innovation among mature enterprises. Nevertheless, when considering the outcomes in Table 4 it becomes evident that even in the absence of government subsidies, CET policy still significantly stimulates green innovation in mature enterprises. This suggests that the added value of government subsidies is comparatively smaller.
We have also formulated an explanation for this phenomenon. In contrast to companies in the growth stage, mature firms possess consistent profitability and robust resilience against risks. Additionally, they are more likely to obtain supplementary advantages by fine-tuning the balance between transaction costs and compensation for innovation within the context of CET policy (Ma and Li, 2021). Therefore, such firms do not exhibit a strong demand for government subsidies (Richardson, 2006; Shahzad et al., 2022). The firms are already in a state of equilibrium concerning their own contributions and anticipations regarding green innovation. Consequently, the infusion of government subsidies does not demonstrate a substantial positive impact when firms’ technological and financial streams are still stabilizing in the mature stage. In other words, even without government-imposed subsidies, mature firms will voluntarily allocate funds towards R&D for green innovation (Malerba and Orsenigo, 1997). It is more probable that the injection of government subsidies will merely play a modest facilitating role and will not significantly alter the R&D investment decisions of mature firms.
In the context of declining enterprises, Treat*Indus*Post*DS does not hold statistical significance in Columns (7)–(9), indicating that government subsidies do not effectively regulate green innovation within such firms. For businesses experiencing recession, they face heightened survival pressures and limited financial resources, which, coupled with reduced awareness towards innovation and other factors, places them at a disadvantage under the CET policy. Consequently, as a first step in obtaining subsidies, these enterprises should focus on reinforcing their own “stop-loss” infrastructure, utilizing the subsidies to acquire trading quotas, thus preventing market elimination and laying a stronger foundation for conduct business. The likelihood of utilizing subsidies for green research and development (R&D) remains low, as the subsidies primarily reinforce fundamental business operations to evade market elimination. Furthermore, the inclusion of subsidies also contributes to the inertia associated with innovation in declining firms (Shao and Wang, 2023), further diminishing their motivation to innovate. Hence, the injection of government subsidies does not effectively enhance green innovation in declining firms.
6.2 Heterogeneity analysis
First, we consider the heterogeneous influence of regional public environmental awareness. From the perspective of demand, the higher the public awareness of environmental protection, the greater the demand for green products. Consumers are more aware of the environmental advantages of products, interested in green production and willing to pay more for environmentally friendly products (Thongplew et al., 2017), which can offer firms cost compensation on green innovation (Sueyoshi and Wang, 2014). From a regulatory point, the public with high environmental awareness can effectively monitor firms for malicious emissions and require firms to participate jointly in the process of environmental remediation, which could promote green innovation. Conversely, in regions with low public awareness of environmental protection, the ability and desire of firms to benefit from environmental management is reduced, which have a negative impact on green innovation (Liu et al., 2012) and slump the influence of CET policy in the area.
Second, we examine the diverse impact of nature property rights. As SOEs are required to undertake more national policy-oriented tasks and have close ties with the government (Wang and Xu, 2015), they have certain financing facilities and may face lower financing constraints under the CET policy. To elevate the caliber of green innovation, there exists a heightened likelihood that SOEs will engage in comprehensive environmental conservation efforts, enhance green product offerings to align with established standards, and undertake various governance measures. Furthermore, SOEs bear the responsibility for fulfilling national and societal environmental objectives, thereby displaying a proclivity towards embracing environmentally sustainable and innovative approaches to address the imperative national demand for environmental protection within the context of the CET policy.
In Panel A of Table 10, the samples were divided into two groups based on the median of the “Public Environmental Protection Livelihood Index” published by the China Environmental Culture Promotion Association. The study found that in areas with higher public environmental awareness, the interaction effect of CET policy and government subsidies (Treat*Indus*Post*DS) positively promotes green innovation in both growth and mature companies. However, this positive effect is not observed in areas with lower public environmental awareness. This indicates that in areas with higher public environmental awareness, the effects of both CET policy and government subsidies are enhanced. Public supervision enables companies to effectively utilize government subsidies to carry out green innovation and strive for profits in carbon quota trading. In Panel B of Table 10, we found that in SOEs, the moderating effect of government subsidies can promote green innovation in both growth and mature companies. However, this promoting effect is not evident in non-SOEs. This suggests that compared to non-SOEs, SOEs truly benefit from the moderating effect of government subsidies. The reason is that when receiving government subsidies, SOEs are more likely to use them for technological innovation, demonstrating a positive response to CET policy.
TABLE 10 | Results of group tests of the moderating effect of government subsidies.
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Firstly, although some scholars employing panel data from various provinces in China to examine the impact of CET policy on economic transformation and technological innovation (Shi et al., 2022; Song et al., 2023; Wu et al., 2023), an oversight remains regarding the pivotal role of micro-level economic activities in shaping macro development. Enterprises, as primary innovators, serve as foundational drivers within this context. This paper investigates the influence of CET policy on green innovation in heavily-polluting enterprises, thus enriching the literature on carbon emissions trading systems from micro viewpoint. Moreover, existing literature has also examined the effects of CET policy in different geographic or industrial contexts, whereas the findings of this study present significant research significance in comparison to these works. From an industrial perspective, Zhao et al. (2023) studied the impact of CET policy on green innovation in the electricity industry and found that the pilot programs in Beijing and Guangdong had a substantial promoting effect on this sector. Wang et al. (2023) found that CET facilitated technological innovation in industries such as chemical, non-ferrous metals, electricity, and aerospace, but had no influence on industries such as petrochemicals, construction, and steel. Liu et al. (2023) revealed that CET policy had an impact on the stock value of industrial enterprises. From a spatial geographical perspective, Qi et al. (2023) argued that CET policy exhibited certain spatial spillover effects and could cross-regional influence carbon emissions of enterprises. The aforementioned studies have explored the impact of CET policy on enterprise innovation with industry and regional heterogeneity based on industrial and geographical backgrounds. However, these studies have not yet identified the life-cycle heterogeneity of CET policy. Building upon the foundation of these studies, this paper delves into whether differences in enterprise life-cycle lead to variations in the effects of CET policy.
Secondly, there are still divergent views on the existence of a “Porter effect” in carbon emissions trading (Zhang et al., 2022; Xiao et al., 2023). This study has found that companies in different life-cycles have varying responses to carbon trading, which may be the primary reason for the divergent viewpoints. It is possible that these scholars lacked consideration for company life-cycle when exploring the innovative effects of carbon emissions trading. Moreover, this study indicates that carbon emissions trading can significantly promote green innovation in mature-stage enterprises, thus confirming the viewpoint proposed by Wang et al. (2023) that carbon emissions trading effectively stimulates technological innovation in enterprises. Generally speaking, this study has not only utilized China’s carbon emissions trading mechanisms to examine whether emerging economies are subject to the “Porter effect,” but has also verified the effectiveness of the “Porter effect” in various life-cycle stages.
Thirdly, existing studies have mainly focused on the impact of the CET policy on carbon emissions and technological innovation (Zhang et al., 2019; Chen et al., 2020; Zeng et al., 2020). However, these studies primarily emphasize the direct effects and channels of CET policy. They fail to examine the role of government subsidies in this context, which hinders the provision of recommendations on how government intervention can promote the development of carbon trading and corporate innovation. This article examines the moderating role of government subsidies between the CET policy and green innovation in different stages of the corporate life-cycle, expanding the literature on how government involvement influences carbon trading and enterprise innovation. It provides valuable insights for evaluating the implementation effectiveness of the CET policy.
Finally, the research findings reveal the “double-edged sword” effect of carbon emissions trading system, providing reference for the optimization and improvement of CET policy. We believe that enterprises in different life cycle should adopt distinct approaches to carbon trading, and the promotion of green innovation by CET policy is not always tangible. Mature enterprises are more likely to rely on carbon trading for green innovation, but growing and declining enterprises may not profit from the carbon market, especially the growing ones that require government subsidies to benefit from the carbon market. Therefore, compared with previous studies on CET policy (Huang et al., 2021), this paper offers a deeper interpretation of the innovative effect of carbon emissions trading, deepening our understanding of CET policy.
8 CONCLUSION
Based on the dataset of Chinese A-share listed companies in Shanghai and Shenzhen from 2008 to 2020, this paper constructs a triple difference model using a quasi-natural experiment to investigate the influence of the CET policy on the green innovation of firms at different stages of their life-cycle. Additionally, it explores the moderating role of government subsidies in this process. The findings of this study reveal that the CET policy stimulates the green creativity of mature enterprises. However, its impact on the green innovation of firms in the growth and decline phases is not statistically significant. These results imply that while the CET policy can foster firms’ green innovation, its effects are most apparent during the maturity stage of a firm’s life-cycle. Furthermore, further examination reveals that government subsidies can alleviate the disadvantageous position faced by growing firms in carbon emissions trading, thereby motivating them to intensify their green innovation endeavors. Nonetheless, for mature firms, government subsidies do not demonstrate a notable moderating effect on their green innovation. Moreover, even if government subsidies are allocated to declining enterprises, they are unable to reverse the innovation disadvantage of such firms in carbon emissions trading.
The policy implications of this paper are as follows: As the CET policy undergoes gradual advancement, it becomes imperative for the government to systematically refine and optimize it. This involves ensuring alignment with the distinctive development stages of enterprises, fostering an environment conducive to corporate green innovation.
Firstly, in terms of environmental regulation, the government should establish a scientifically reasonable allocation and carbon pricing system, leveraging the advantages of market-based environmental regulatory tools. Building upon this foundation, the government should supervise and guide enterprises in complying with the operational rules of the carbon trading market, affording businesses more time to adapt to the impacts of the carbon trading system, instead of imposing a one-size-fits-all approach. It is crucial to consider the actual production and operational conditions of regulated enterprises. In this process, special consideration should be given to growing enterprises by relaxing regulatory constraints to alleviate their carbon trading disadvantages, providing them with plentiful growth opportunities. Simultaneously, the government should actively encourage mature enterprises to respond to the CET policy, incentivizing increased investment in green innovation, thus enabling them to make significant contributions in emissions reduction and pollution control realms.
Furthermore, in terms of corporate behavior, businesses under the influence of the CET policy should also pay attention to their life cycle stages and carry out corresponding green innovation work. For example, during the growth phase, companies can address the funding shortage issue encountered in the CET policy through utilizing government subsidies and other expenditure methods. This will gradually foster a green development mindset and focus on the research and development of green innovation. Mature companies, with relatively abundant cash flows, should actively respond to the CET policy and carry out green innovation activities in a stable and orderly manner, thus achieving high-quality green innovation. As for companies in the decline phase, it is crucial to distribute government subsidies in an orderly manner to ensure steady progress with the CET policy. Guiding declining companies to explore the potential profitability of carbon quota trading is needed, which could gradually push firms to adopt green production technologies effectively tackle the challenges posed by carbon quota trading.
Finally, the government is supposed to develop differentiated CET policies and green innovation pathways based on different regions and company characteristics, as this is the key to achieving enhanced green innovation performance. The government should enhance public awareness of environmental protection, driving corporate green innovation through public regulation and demand for green products, thus creating a favorable regional environment for the implementation of CET policy. Additionally, the government should implement relevant measures such as direct subsidies to enhance the enthusiasm of both growing and mature SOEs in carrying out green innovation activities. Furthermore, the market mechanisms of CET policy should be fully utilized to address the financing difficulties faced by non-SOEs in the process of green innovation. In terms of carbon quota allocation, certain relaxations should be granted to non-SOEs, relieving the innovation sustainability challenges caused by insufficient funds during the growth and maturity stages.
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