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Abstract

:

This study investigates the heterogeneous effects of the green credit policy (GCP) on firms’ green innovation and transformation and upgradation. Using a comprehensive dataset of companies operating in the green sector, we employ panel regression models to examine the interaction between the policy and firm characteristics among SMEs in Kazakhstan. The results reveal significant heterogeneity in the effects of the policy across different scales of enterprises. In terms of green innovation, the policy has a positive and significant impact on large enterprises, while its effects are not significant for small- and medium-sized enterprises. Similarly, for transformation/upgradation, the policy demonstrates a positive effect on large enterprises but lacks significance for smaller firms. These findings suggest that larger enterprises may have a greater capacity and more resources to capitalize on the policy incentives and implement greener practices effectively. Additionally, the study identifies technological capability as a mediating factor and regulatory environment as a moderating factor influencing the relationship between the policy and green outcomes. The theoretical implications highlight the importance of considering firm characteristics and contextual factors in understanding the heterogeneous effects of environmental policies. From a practical standpoint, policymakers should tailor policy interventions to account for the varying needs and capacities of different scales of enterprises. Moreover, fostering technological capability and improving the regulatory environment can enhance the effectiveness of green policies.
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1. Introduction


In recent years, there has been increasing global recognition of the urgent need to address environmental challenges and transition toward a more sustainable future (Shammi et al. 2022). The detrimental impacts of climate change, the depletion of natural resources, and pollution have sparked a collective realization that immediate action is necessary to protect the planet for future generations (Faroque and South 2022). Governments, businesses, and financial institutions are actively seeking ways to promote environmentally friendly practices and investments that can mitigate these challenges (Desalegn and Tangl 2022). One prominent approach that has gained significant traction is the implementation of GCP (Ma et al. 2023). These policies, also known as sustainable finance initiatives, aim to provide financial incentives and support for initiatives that contribute to sustainability. By aligning financial systems with environmental objectives, green credit policy (GCP) has the potential to drive substantial change across sectors and foster a transition to a low-carbon and resource-efficient economy (Chai et al. 2022).



GCP plays a crucial role in encouraging companies to adopt greener practices, invest in green technologies, and engage in sustainable development (Li and Chen 2022). These policies can take various forms, such as offering preferential loan terms, reduced interest rates, or access to additional capital for projects that meet specific sustainability criteria. By providing financial incentives, GCP motivates businesses to integrate sustainability into their core strategies, operations, and supply chains (Zheng et al. 2022). One key aspect of GCP is its ability to mobilize capital toward green investments. Financial institutions, including banks, asset managers, and venture capitalists, increasingly incorporate environmental, social, and governance (ESG) factors into their decision-making processes. Through GCP, these institutions can direct their lending and investment portfolios towards environmentally friendly projects, such as renewable energy, energy efficiency, sustainable agriculture, and clean transportation (Wang et al. 2022). This helps address environmental challenges and opens up new avenues for economic growth and job creation in the emerging green sectors.



The existing literature on the influence of GCP has primarily focused on the impact of promoting green innovation within companies (Tian et al. 2022; Zheng et al. 2022). However, there is a notable gap in understanding how these policies interact with corporate diversification strategies, particularly in the context of emerging economies. Corporate diversification refers to expanding companies into multiple industries or sectors, and it has been recognized as a crucial driver of economic growth and competitiveness (Wang 2023). Likewise, there is a limited understanding of how the policy’s effects vary across firms and their characteristics. More specifically, research is scant on the heterogeneous effects of the GCP on small and medium enterprises’ green innovation and transformation and upgradation (Li and Chen 2022). Therefore, exploring the relationship of GCP with green innovation and transformation and upgradation as a function of corporate diversification is essential to study. It can comprehensively facilitate an understanding of the mechanisms through which these policies can catalyze sustainable development within diversified companies operating in emerging economies (Su et al. 2023). This understanding can inform the design and implementation of more targeted and tailored GCP, ultimately enhancing its effectiveness in promoting sustainable practices and facilitating the transition towards a low-carbon and resource-efficient economy (Zhang et al. 2022).



Additionally, the GCP indirectly influences green innovation and transformation by promoting the adoption of cleaner technologies and sustainable practices. Financial incentives provided by the policy encourage firms to undertake green projects, such as renewable energy installations, energy-efficient infrastructure, and waste management systems (Chai et al. 2022). These investments contribute to environmental sustainability and enhance firms’ technological capabilities by providing them with practical experience and knowledge in implementing green technologies (Chen et al. 2022). Hence, enhancing technological capability is one key pathway through which the GCP influences green innovation and transformation. Technological capability refers to an organization’s ability to develop, adopt, and effectively utilize environmentally friendly technologies (Chin et al. 2022). Researchers have found that the availability of green credit encourages firms to invest in research and development activities, fostering the acquisition and development of innovative technologies that support sustainable practices (Fan et al. 2023). At the same time, this study extends previous findings and projects the mediatory role of technological capability.



Simultaneously, the current study is unique in presenting that the impact of the GCP on green innovation and transformation is contingent on the regulatory environment within which firms operate. The regulatory framework plays a moderating role by shaping the incentives and disincentives firms face in pursuing sustainable practices. A supportive regulatory environment, characterized by clear and stringent environmental regulations, reinforces the positive effects of the GCP (Li et al. 2023). Besides, this study is grounded in the resource-based view (RBV) theory, which suggests the significance of firms’ capabilities and resources in deriving performance (Xu et al. 2022). In the context of this study, the GCP is regarded as an external and technological capability as an internal resource that firms can utilize to enhance their green innovation and transformation and upgradation efforts. By accessing green credit, companies can obtain financial resources that enable them to invest in environmentally friendly technologies, processes, and practices. Hence, based on the research gap and integration of RBV theory, the objectives of this study are as follows:




	
To examine the direct influence of GCP on green innovation, transformation and upgradation, and technological capability within companies operating in emerging economies. This includes investigating how these policies incentivize companies to adopt environmentally friendly practices, invest in green technologies, and engage in sustainable development;



	
To explore the heterogeneous effects of GCP on small and medium enterprises (SMEs) in terms of their green innovation and transformation/upgradation. This objective aims to shed light on how the impact of GCP may vary depending on the characteristics of SMEs, such as their size, sector, and level of diversification;



	
To assess the mediating role of technological capability in the relationship of GCP with green innovation and transformation and upgradation. This objective seeks to understand how the availability of financial incentives provided by GCP enhances firms’ technological capabilities, thereby facilitating their adoption and utilization of environmentally friendly technologies;



	
To investigate the moderating role of the regulatory environment in the relationship of GCP with green innovation and transformation and upgradation. This objective aims to understand how the regulatory framework within which firms operate influences the effectiveness of GCP in promoting sustainable practices.








By addressing these objectives, this study aims to contribute to a comprehensive understanding of the mechanisms through which GCP can catalyze sustainable development within diversified companies in emerging economies. Moreover, the rest of the study includes a theory and literature review section followed by a methods section. Section 4 presents the study’s analysis and results, followed by a discussion and conclusion based on the findings and their suggested implications.




2. Theory and Literature Review


2.1. Resource-Based View (RBV) Theory


Under the RBV framework, the theory suggests that firms with diverse business activities and capabilities are better positioned to leverage green credit effectively (Patnaik et al. 2022). Corporate diversification allows companies to access different markets, technologies, and resources, which can enhance their ability to adopt and implement green practices (Hsu 2023). Diversified firms may have the advantage of transferring knowledge, skills, and experiences from one business unit to another, thereby facilitating the integration of sustainable practices throughout their operations (Su et al. 2023). Furthermore, the RBV theory signifies the firm’s resources and capabilities to attain a competitive edge (Khanra et al. 2022). In the context of this study, diversified firms may possess unique resources, such as managerial expertise, technological capabilities, and network relationships, which can be leveraged to successfully implement green innovation, transformation, and upgradation initiatives (Kruesi and Bazelmans 2023). These resources and access to green credit can enable firms to develop and deploy environmentally friendly technologies, improve operational efficiency, and adapt to changing market demands. Applying the RBV theory to the study allows researchers to analyze how the availability of green credit interacts with a firm’s diversification strategy and internal resources to drive green innovation, transformation, and upgradation. Furthermore, the theory emphasizes the importance of resource heterogeneity and immobility, as resources that are unique to a firm and are difficult to replicate by competitors can lead to sustained competitive advantage (Van Schoubroeck et al. 2023). Hence, the theory provides a framework to examine how firms can achieve a competitive advantage by effectively utilizing green credit and leveraging their diversified operations.




2.2. Green Credit Policy


The GCP is a financial instrument designed to encourage and support environmentally sustainable projects and initiatives. It is a policy framework that governments or financial institutions implement to channel credit and financial resources toward activities that promote ecological preservation, resource conservation, and the transition to a low-carbon economy (Tian et al. 2022). The policy aims to address pressing environmental challenges. The core objective of the GCP is to align financial flows with sustainable development goals by redirecting capital toward environmentally beneficial projects (Wang et al. 2022). It recognizes that traditional financial systems often overlook the environmental impact of investments and lending practices. The policy seeks to rectify this by incorporating environmental criteria into credit evaluation and lending decisions (Su et al. 2023). Hence, by integrating environmental considerations into financial decision-making, the GCP aims to incentivize and accelerate the adoption of sustainable practices across various sectors of the economy. Moreover, financial institutions under the GCP offer preferential terms, such as lower interest rates, longer repayment periods, or reduced collateral requirements, to borrowers engaged in green projects or activities. These projects can include renewable energy installations, energy-efficient buildings, sustainable agriculture, waste management systems, clean transportation, and eco-friendly manufacturing processes (Yin et al. 2022).



The policy aims to overcome the initial barriers and costs associated with adopting green technologies and practices by providing financial incentives. Additionally, GCP also promotes transparency and accountability in financing activities (Kamran and Zhao 2016; Xue et al. 2022). It encourages financial institutions to disclose information on their green lending portfolio and environmental impact, enabling stakeholders to assess the effectiveness and sustainability of their lending practices. This transparency helps build trust and confidence among investors, consumers, and the general public, fostering a more sustainable financial system. Furthermore, the GCP can have broader economic and social benefits. It stimulates the development of green industries, creating new job opportunities and contributing to economic growth (A. Xu et al. 2023). By channeling funds towards sustainable projects, the policy encourages innovation and technological advancements, supporting the development and diffusion of clean technologies and solutions.




2.3. Green Credit Policy and Its Outcomes in Kazakhstan


The influence of GCP on green innovation, transformation, and upgradation as it relates to corporate diversification in an emerging economy like Kazakhstan represents a significant contextual gap in the existing research landscape. As a rapidly developing nation, Kazakhstan faces a unique set of environmental challenges and opportunities that necessitate a closer examination of the effects of GCP on sustainable development (Ain and Waheed 2021; Popkova and Sergi 2023). For instance, Kazakhstan has experienced remarkable economic growth in recent years, largely driven by its rich natural resources, particularly in the oil and gas sectors. However, this rapid growth has also resulted in environmental degradation, including high levels of greenhouse gas emissions, water pollution, and land degradation (Zhang et al. 2023). According to the World Bank, Kazakhstan emitted 286 million metric tons of CO2 in 2018, making it one of the top greenhouse gas emitters in the region (Raihan et al. 2023). In response to these environmental challenges, Kazakhstan has taken steps toward promoting sustainability and green practices. For instance, the country has ratified the Paris Agreement, signaling its commitment to reducing greenhouse gas emissions (Nurgaliyeva et al. 2022).



Additionally, Kazakhstan launched the Green Economy Transition concept, which aims to diversify the economy, reduce environmental risks, and foster green innovation and technologies. These initiatives highlight the government’s recognition of the importance of transitioning towards a more sustainable and low-carbon economy. However, there is a lack of empirical research specifically examining the influence of GCP on green innovation, transformation, and upgradation within diversified companies operating in Kazakhstan. This contextual gap is particularly relevant given Kazakhstan’s economic diversification efforts, including agriculture, renewable energy, and transportation. Moreover, conducting this study in Kazakhstan would provide valuable insights into the challenges and opportunities an emerging economy faces in implementing GCP. It would shed light on the barriers and facilitators that companies encounter in integrating sustainability practices while pursuing diversification strategies.




2.4. Hypotheses Development


2.4.1. Green Credit Policy and Green Innovation


By providing financial incentives and support to businesses and organizations engaged in green activities, the GCP encourages adopting and developing environmentally friendly technologies, practices, and products (Gao et al. 2022). Research shows that the policy encourages financial institutions to offer favorable loan terms, reduced interest rates, and other financial incentives to businesses involved in green innovation (Anam 2023; Chai et al. 2022). This support helps companies invest in research and development, product design, and the implementation of sustainable technologies, which has accelerated the pace of green innovation. The GCP also facilitates the diffusion of green technologies by supporting their market adoption (Feng et al. 2023; Jam et al. 2018).



With financial support and incentives available, businesses have been motivated to adopt sustainable practices and technologies. This has led to the widespread implementation of green solutions across industries, accelerating the transition toward a more sustainable economy (Maghnaoui 2021; Luo et al. 2022). This further reflects that GCP has had a transformative effect on green innovation. Moreover, based on the theoretical foundation, we expect that the implementation of the GCP will incentivize firms to engage in green innovation activities. Additionally, given the differences in resources, capabilities, and institutional contexts, we anticipate that the impact of the GCP on green innovation will vary across different firm sizes. Larger enterprises typically have more financial resources, research and development capacities, and access to external knowledge networks, making them better equipped to effectively leverage policy incentives. Therefore, we hypothesize the following:



H1. 

The GCP has a positive effect on green innovation. This effect is heterogeneous across firm sizes, with a stronger effect for larger enterprises compared to smaller- and medium-sized enterprises.






2.4.2. Green Credit Policy and Transformation and Upgradation


The GCP incentivizes the upgrade and modernization of infrastructure to align with green and sustainable standards. Financial institutions provide loans and credit facilities to support building renovation, installing energy-efficient systems, the development of sustainable transportation networks, and the improvement of waste management and recycling facilities (Bertoldi et al. 2021; Maryam and Ahamad 2021). It further facilitates the transformation of outdated and inefficient infrastructure into more environmentally friendly and resource-efficient structures. Simultaneously, the GCP has encouraged businesses to invest in and adopt clean technologies as part of their transformation efforts (Sun et al. 2022). Additionally, research reveals that the GCP has spurred the transformation and upgrading of supply chains toward sustainability (Ayuningrat and Hadiwidjojo 2016; Lai et al. 2023). Financial institutions offer support to companies for implementing sustainable sourcing practices, promoting eco-friendly packaging, and reducing the carbon footprint of transportation and logistics operations (Du et al. 2021). This has led to the integration of green principles throughout the supply chain, encouraging suppliers and partners to adopt sustainable practices and contribute to overall sustainability goals (Li and Chen 2022). Hence, we expect that implementing the GCP will positively influence transformation and upgradation in firms’ operations and processes. As with green innovation, we anticipate that the effect of the GCP on transformation and upgradation will vary across different firm sizes. Thus, it is postulated that



H2. 

The GCP has a positive effect on transformation and upgrading. This effect is heterogeneous across firm sizes, with a stronger effect for larger enterprises compared to smaller- and medium-sized enterprises.






2.4.3. Green Credit Policy, Technological Capability, and Green Innovation


Technological capability refers to a firm’s ability to develop, acquire, and apply technology in the pursuit of innovation and improved performance (Peerally et al. 2022). The GCP encourages enterprises to focus on enhancing their employees’ knowledge and skills in green technologies and practices (Ngah et al. 2022). In order to qualify for green credit, businesses often need to demonstrate their ability to effectively utilize and maintain green technologies. As a result, training programs, workshops, and knowledge-sharing platforms have been established to build capacity and expertise in environmentally friendly technologies (Bustinza et al. 2019; McCracken et al. 2019). This focus on skill development has elevated the technological capability of individuals and organizations, enabling them to innovate and implement green solutions effectively. In the context of green innovation and transformation and upgradation, firms with strong technological capabilities are better positioned to develop and implement environmentally friendly practices, technologies, and processes. Building upon the RBV theory, the technological capabilities further facilitate the firms in driving the adoption and success of green innovation and transformation/upgradation. Hence, the following hypotheses are posited.



H3. 

The GCP has a positive effect on SMEs’ technological capabilities.





H4. 

Technological capability positively influences the adoption of (a) green innovation and (b) transformation/upgradation.






2.4.4. Technological Capability as a Mediator


Technological capability, a firm’s capacity to develop and apply technology, is crucial in driving innovation outcomes. Studies indicate that the policy’s focus on promoting environmentally friendly practices and encouraging the adoption of green technologies has resulted in tangible impacts on developing and improving technological capabilities (Smania et al. 2022). Researchers have observed that the availability of green credit facilitates increased investments in research and development (R&D) initiatives, particularly in areas related to renewable energy, waste management, sustainable agriculture, and clean manufacturing (Taghizadeh-Hesary and Yoshino 2020). These investments have played a crucial role in acquiring and creating advanced technological knowledge and expertise. Additionally, enterprises with strong technological capabilities possess the knowledge, expertise, and resources to develop and implement environmentally friendly solutions (A. Xu et al. 2023). Through their technological capabilities, businesses can integrate green technologies, optimize processes, and improve resource efficiency, thereby fostering green innovation (Yuen et al. 2021). Technological capability bridges the potential of technological advancement and the actual implementation of green innovation. It enables enterprises to leverage their technological prowess to adopt sustainable practices, create innovative green products and services, and address environmental challenges (Qalati et al. 2022).



Additionally, by harnessing their technological capabilities, businesses can embark on digital transformation journeys, adopt sustainable practices, and enhance operational efficiency (Shen et al. 2022). Technological capability acts as an enabler of transformation by providing the tools, knowledge, and resources necessary to upgrade and modernize business operations (Wibowo 2022). Through technological capability, enterprises can navigate the complexities of digital disruption, transform their business models, and adapt to changing market dynamics. Additionally, technological capability enables businesses to embrace sustainable practices, optimize resource utilization, and drive operational excellence, which are fundamental aspects of transformation and upgradation. Hence, the policy’s support for technology adoption and development can enhance firms’ technological capabilities, enabling them to implement transformative changes and upgrade their systems effectively. Thus, it is postulated that



H5. 

Technological capability mediates the relationship of the GCP with (a) green innovation and (b) transformation and upgradation.






2.4.5. Regulatory Environment as a Moderator


Governments also play a pivotal role in facilitating the implementation of GCP. They can introduce regulatory frameworks and incentives that encourage financial institutions to embrace sustainable finance practices (Hong et al. 2021). For example, governments can establish green bonds or green loan programs, where the proceeds are dedicated to funding projects with environmental benefits (Mansoor et al. 2022). By doing so, governments create a favorable environment for businesses and financial institutions to prioritize sustainability in their decision-making processes. Furthermore, GCP can potentially drive innovation and technological advancements (Li and Chen 2022; Ma et al. 2023; Tian et al. 2022). As companies seek to meet the sustainability criteria required to access green credit, they are incentivized to invest in the research and development of new technologies and practices that are environmentally friendly. This can lead to discovering innovative solutions and developing clean technologies that address environmental challenges and present significant economic opportunities. Besides, the regulatory environment, encompassing the formal and informal rules, regulations, and institutional frameworks governing environmental practices, can shape firms’ responses to the GCP (Biclar 2022; Borsatto and Bazani 2021). We anticipate that a more favorable regulatory environment, characterized by stringent environmental standards and clear guidelines, will strengthen the positive impact of the GCP on green innovation. Likewise, the regulatory environment’s influence is also expected to moderate the relationship between the GCP and transformation and upgradation. A supportive regulatory framework, characterized by clear guidelines and incentives for environmental improvements, can reinforce the effectiveness of the policy in driving transformation and upgradation efforts (Peng et al. 2021). Hence, it is postulated that



H6. 

The effect of the GCP on (a) green innovation and (b) transformation and upgradation is moderated by the regulatory environment.








3. Research Methodology


3.1. Data Sources and Models


In this study, we adopted a quasi-natural experiment design by collecting data from multiple sources relevant to SMEs in Kazakhstan. Financial and other relevant data specific to SMEs were obtained from the Agency of the Republic of Kazakhstan for Statistics, Kazakhstan Stock Exchange (KASE), and Small Business Development Centres relevant to SMEs in Kazakhstan. The sample period for data collection spanned from 2010 to 2020. The primary sample for analysis consisted of SMEs in Kazakhstan meeting the criteria of being registered as SMEs according to the guidelines provided by the Ministry of National Economy (MNE) of the Republic of Kazakhstan. Additionally, the sample was further refined to include only the SMEs from the manufacturing, services, and technology industries out of 1.3 million registered SMEs in the country as of 2020 (as per MNE). These SMEs contribute significantly to the economy, providing employment opportunities and driving economic growth in various sectors (Malik and Jasińska-Biliczak 2018). After applying these criteria, a final sample dataset was obtained, comprising 500 SMEs in the treatment group and 650 SMEs in the control group. The continuous variables were winsorized at the 0.5 and 99.5 percentiles to mitigate the influence of extreme outliers. The study employed a difference-in-differences (DIDs) model to examine the impact of GCP on the diversification strategies of SMEs. The proposed model of the study is represented as follows:


Green Innovation = β0 + β1 * GCP + β2 * Technological Capability + β3 * (GCP * Technological Capability) + β4 * Regulatory Environment + β5 * Control Variables + ε



(1)






Transformation and Upgradation = β0 + β1 * GCP + β2 * Technological Capability + β3 * (GCP * Technological Capability) + β4 * Regulatory Environment + β5 * Control Variables + ε



(2)







The coefficient β1 represents the direct effect of the GCP on green innovation. A positive and statistically significant β1 indicates that the implementation of GCP positively impacts the promotion of green innovation among SMEs in Kazakhstan. The coefficient β2 represents the direct effect of technological capability on green innovation. A positive and statistically significant β2 suggests that higher technological capability enhances the level of green innovation. The coefficient β3 represents the interaction effect of GCP and technological capability on green innovation. A positive and statistically significant β3 indicates that the combined effect of GCP and technological capability is greater than the sum of their individual effects on green innovation. The coefficient β4 represents the moderating role of the regulatory environment. A positive and statistically significant β4 suggests that a supportive regulatory environment strengthens the relationship between GCP, technological capability, and green innovation. The coefficient β5 represents the control variables and their influence on the dependent variables. These control variables include factors such as firm size, innovation investment (Int), operating cash flow (Cfo), and asset-to-liability ratio (Lev) to account for potential confounding factors that might influence the outcomes of interest.




3.2. Conceptualization of Study Variables


Table 1 presents the conceptualizations of the study constructs.





4. Analysis and Results


4.1. Descriptive Statistics


The descriptive statistics in Table 2 provide an overview of the variables included in the analysis.



In terms of green innovation, the mean value is 0.324, with a standard deviation of 0.094. The variable ranges from 0.150 to 0.520, indicating a moderate level of green innovation among SMEs in Kazakhstan. For transformation and upgradation, the mean value is 0.278, with a standard deviation of 0.082. The variable ranges from 0.130 to 0.480, suggesting a moderate level of transformation and upgradation among SMEs in the context. The mean value of GCP is 0.237, with a standard deviation of 0.071. The variable ranges from 0.100 to 0.380, indicating SMEs’ average GCP implementation level. Technological capability shows a mean value of 0.185, with a standard deviation of 0.063. The variable ranges from 0.100 to 0.320, indicating the average level of technological capability among SMEs in the study.



The mean value of the regulatory environment is 0.094, with a standard deviation of 0.038. The variable ranges from 0.050 to 0.160, suggesting the average level of regulatory support for green initiatives among SMEs in Kazakhstan. Regarding the control variables, firm size exhibits a mean value of 0.082, with a standard deviation of 0.027. The variable ranges from 0.050 to 0.120, representing the average size of SMEs in the sample. Innovation investment shows a mean value of 0.051, with a standard deviation of 0.019. The variable ranges from 0.030 to 0.080, indicating the average level of investment in innovation among SMEs. Operating cash flow exhibits a mean value of 0.036, with a standard deviation of 0.015. The variable ranges from 0.020 to 0.060, representing the average operating cash flow among SMEs. Finally, the asset-to-liability ratio has a mean value of −0.063, with a standard deviation of 0.027. The variable ranges from −0.100 to −0.030, indicating the average financial leverage of SMEs in the sample. These descriptive statistics provide a snapshot of the variables’ central tendencies and variability, offering insights into the characteristics of the SMEs and their green innovation and transformation initiatives in Kazakhstan.




4.2. Regression Analysis


Table 3 presents the results of the regression analysis examining the heterogeneous impact of the GCP on green innovation and transformation/upgradation.



For the treatment group, the coefficient for the green innovation variable is 0.0675, which is statistically significant at the 1% level. This indicates a positive and significant impact of the GCP on green innovation among the firms in the treatment group. On the other hand, for the control group, the green innovation coefficient is insignificant. Regarding transformation/upgradation, the coefficient for the treatment * post is 0.0351, which is statistically significant at the 1% level. This suggests a positive and significant impact of the GCP on transformation and upgradation among the firms in the control group. However, no significant effect is observed for transformation/upgradation in the treatment group.



The constant terms (−1.2240 and −1.0562) represent the estimated values when all other independent variables are held constant. Including the control variables and prov/year/id helps control the potential confounding factors and ensures the reliability of the results. Overall, the regression results indicate that the GCP has a heterogeneous impact on green innovation and transformation/upgradation, mediated by technological capability and moderated by the regulatory environment. It significantly promotes green innovation among the treatment group firms while positively affecting transformation/upgradation among the firms in the control group. These findings highlight the importance of considering the mediating and moderating factors in assessing the effectiveness of the GCP and provide valuable insights for policymakers and stakeholders in promoting sustainable practices and technological advancements in the SME sector.



Panel A: green innovation: the results indicate that the interaction term “Treat * Post” is statistically significant for the complete sample (coefficient of 0.0675, p < 0.01), suggesting the positive effect of the GCP on green innovation (See Table 4). However, when examining different scales, the effects are not significant for small- and medium-sized enterprises (coefficient of −0.0431) and are significant for large enterprises (coefficient of 0.0718, p < 0.01). The mediation variable, technological capability, is positively and significantly associated with green innovation in all three samples (complete sample: coefficient of 0.0562, p < 0.01; small- and medium-sized enterprises: coefficient of 0.0415, p < 0.05; large enterprises: coefficient of 0.0638, p < 0.01). The moderation variable, regulatory environment, is also positively related to green innovation but is only statistically significant for the complete sample (coefficient of 0.0396, p < 0.1). Overall, the findings suggest that the GCP positively influences green innovation, with technological capability playing a mediating role and the regulatory environment having a moderating effect.



Panel B: transformation and upgradation: the interaction term “Treat * Post” is statistically significant for the complete sample (coefficient of 0.0351, p < 0.01), indicating the positive impact of the GCP on transformation and upgradation. However, the effects are not significant for small- and medium-sized enterprises (coefficient of −0.0043) and are significant for large enterprises (coefficient of 0.0357, p < 0.01). The mediation variable, technological capability, is positively associated with transformation and upgradation in the complete sample (coefficient of 0.0274, p < 0.1), but the effects are not significant for the separate scale analysis. The moderation variable, regulatory environment, is not statistically significant in any of the samples. These findings suggest that the GCP has a positive impact on transformation and upgradation, primarily for large enterprises, but the mediating and moderating effects are not prominent in this context.



The robustness tests involved implementing propensity score matching and reducing the sample size to the manufacturing industry, which aimed to address any potential selection biases and improve the reliability of the results. The findings from these tests as shown in Table 5 aligned with the initial analysis, reinforcing the validity of our conclusions.



In Panel A, the robustness tests confirmed the initial findings. The coefficient for the Treat * Post interaction term remained statistically significant for the Complete Sample (0.0552, p < 0.01) and the Matched sample (0.0998, p < 0.01), indicating a positive effect of the GCP on Green Innovation. However, the effect was not significant in the Not Matched sample (0.0392). The inclusion of propensity score matching and the reduction in the sample size to the manufacturing industry supported the reliability of the results. The control variables and Prov/year/id were also consistent across all samples. In panel B, the robustness tests confirmed the initial findings for Transformation and Upgradation. The coefficient for the Treat * Post interaction term remained statistically significant for the Complete Sample (0.0297, p < 0.01) and the Matched sample (0.0641, p < 0.01), indicating the positive effect of the GCP. However, the effect was not significant in the Not Matched sample (−0.0035). These results supported the reliability of the initial analysis. Control Variables and Prov/year/id were consistent across all samples.



Based on the robustness tests conducted and the previous multiple regression analysis, our study provides further support for the heterogeneous effects of the GCP on green innovation and transformation/upgradation. The results consistently indicate a positive impact of the policy on both green innovation and transformation/upgradation in the complete sample and the matched sample. In terms of green innovation, the policy demonstrated a significant positive effect across all samples, indicating that it promotes innovation activities aimed at environmentally sustainable practices. This implies that firms, particularly larger enterprises, can leverage the GCP to drive innovation efforts and develop greener technologies and processes. Similarly, in the context of transformation and upgradation, the policy showed a significant positive effect in the complete and matched samples. This suggests that the policy plays a crucial role in encouraging firms, particularly larger ones, to adopt and implement transformative changes that promote sustainable practices and enhance their environmental performance.



The consistent findings from the multiple regression analysis and the robustness tests strengthen the conclusion that the GCP positively impacts green innovation and transformation/upgradation. These results have important implications for policymakers, businesses, and stakeholders interested in promoting sustainable development and transitioning towards greener practices.





5. Discussion and Conclusions


The analysis revealed the significant heterogeneous effects of the GCP on green innovation, suggesting that the policy may have a more pronounced impact on innovation outcomes for larger enterprises, possibly due to their greater resources and capabilities to implement green initiatives effectively (Mirza et al. 2023). Similarly, in Panel B, the interaction term “Treat * Post” was significant for the complete sample, indicating a positive effect of the policy on transformation and upgradation. However, the effects were not significant for small- and medium-sized enterprises, while they remained significant for large enterprises. This suggests that the policy may be more effective in driving transformative changes and upgradation in larger enterprises, possibly due to their capacity to invest in green technologies and adapt their processes accordingly (J. Xu et al. 2023). The results consistently demonstrated a positive and significant association between technological capability and green innovation, transformation, and upgradation.



This suggests that enterprises with higher technological capability are better equipped to leverage the incentives and opportunities provided by the policy to drive their innovation and transformation efforts (Kolade et al. 2022). Besides, the technological capability enables firms to develop and adopt environmentally friendly technologies, improve energy efficiency, and enhance their overall environmental performance (Vrontis et al. 2022). The results also revealed a positive relationship between the regulatory environment and green innovation in the complete sample. However, the moderating effects of the regulatory environment were not significant in the separate scale analysis, indicating that the influence of the regulatory environment may vary across different types of enterprises (Cahyani et al. 2022). The results further depict that the regulatory environment is vital in promoting sustainable practices by setting environmental protection standards, regulations, and guidelines (Du et al. 2023). In an enabling regulatory environment, firms may face fewer barriers and enjoy more supportive conditions for implementing green innovation and transformation initiatives (Cahyani et al. 2022). However, the absence of significant moderating effects in the separate scale analysis suggests that the impact of the regulatory environment on the policy’s outcomes may be influenced by other factors specific to different enterprise sizes.



5.1. Theoretical Implications


The findings of this study have several theoretical implications that shed light on the complex dynamics between policy interventions, firm characteristics, and environmental outcomes and provide theoretical insights for researchers and policymakers in the field. Firstly, the study contributes to the literature on environmental policy effectiveness by demonstrating the heterogeneous effects of the GCP on green innovation, transformation, and upgradation. The results indicate that the impact of the policy varies across different scales of enterprises, with larger firms experiencing more significant effects. This finding suggests that the firm’s size plays a crucial role in determining the effectiveness of environmental policies. It underscores the importance of considering firm-level characteristics and resources when designing and evaluating policy interventions.



Secondly, the study contributes to the literature on green innovation by highlighting the mediating role of technological capability. The positive and significant association between technological capability and both green innovation and transformation/upgradation indicates that firms with higher technological capabilities are more likely to engage in sustainable practices and develop innovative solutions. This finding aligns with the resource-based view of the firm, which emphasizes the importance of firm-specific resources and capabilities in driving competitive advantage. It suggests that technological capability acts as a mechanism through which firms can leverage environmental policies to enhance their innovation efforts. Future research can delve deeper into the specific mechanisms through which technological capability influences green innovation, such as the role of R&D investments, knowledge transfer, and collaborative networks.



Thirdly, the study provides insights into the moderating role of the regulatory environment in the relationship between the GCP and green innovation. While the overall results indicate a positive association between the regulatory environment and green innovation, the lack of significant moderating effects across different enterprise sizes suggests that the influence of the regulatory environment may vary. This finding implies that the impact of environmental regulations on innovation outcomes may be contingent upon other contextual factors, such as firm size, industry characteristics, and institutional arrangements. It highlights the need for a more nuanced understanding of the regulatory landscape and its interactions with firm-level dynamics. Lastly, the study underscores the importance of considering the specific context of developing countries when examining the effects of environmental policies. The authors emphasize the need to tailor policy interventions to developing economies’ unique characteristics and challenges, such as limited financial resources, technology access, and institutional capacities.




5.2. Practical Implications


The findings of this study have important practical implications for policymakers, managers, and stakeholders involved in the design and implementation of environmental policies and initiatives. These implications offer practical guidance for leveraging the potential of the GCP and promoting green innovation, transformation, and upgradation in the context of developing economies. Firstly, policymakers can use the insights from this study to refine and optimize the GCP. The heterogeneous effects observed across different enterprise sizes suggest tailoring the policy to specific firm characteristics can enhance its effectiveness. For small- and medium-sized enterprises (SMEs), additional support mechanisms can be integrated into the policy framework, such as capacity-building programs, technical assistance, and access to green technologies. This can help SMEs overcome resource constraints and promote their engagement in green innovation and transformation efforts. For larger enterprises, policymakers can focus on facilitating collaboration and knowledge-sharing platforms to foster collective learning and innovation. Additionally, understanding the mediating role of technological capability can inform the design of policy interventions that specifically target technological capacity-building, research and development initiatives, and technology diffusion programs.



Secondly, managers and decision-makers in firms can benefit from the findings of this study by strategically aligning their organizational capabilities and practices with the GCP. The positive association between technological capability and green innovation highlights the importance of investing in research and development, fostering a culture of innovation, and integrating sustainability considerations into the firm’s strategic decision-making processes. Firms can proactively seek opportunities to enhance their technological capabilities through collaborations with research institutions, partnerships with technology providers, and continuous employee training and development investments. Thirdly, stakeholders, such as industry associations, financial institutions, and non-governmental organizations (NGOs), can play a critical role in supporting the implementation of the GCP and promoting sustainable practices. Industry associations can facilitate knowledge-sharing platforms, best practice exchanges, and industry-wide initiatives that encourage collaboration and learning among firms. They can also advocate for supportive policies and regulations that enable green innovation and transformation.



Financial institutions can design specialized financial products and services catering to firms’ unique needs and engaging in sustainable practices. This can include offering green financing options, providing incentives for environmentally friendly investments, and incorporating environmental risk assessments into lending practices. NGOs can contribute by raising awareness, conducting capacity-building programs, and fostering partnerships between firms and local communities to promote sustainable development practices. Furthermore, the findings emphasize the importance of considering the regulatory environment and its interactions with environmental policies. Policymakers and regulators should ensure coherence and alignment between different policy frameworks to avoid conflicting regulations and minimize regulatory burdens on firms.




5.3. Limitations and Future Research Directions


One limitation of this study is the reliance on secondary data sources. The data used in the analysis were collected from existing databases and may have limitations in terms of accuracy, coverage, and comprehensiveness. Future research could benefit from collecting primary data through surveys or interviews to obtain more detailed and context-specific information about firms’ green innovation and transformation/upgradation activities. This would provide a more comprehensive understanding of the mechanisms and factors driving the observed effects. Another limitation is the focus on a specific policy, the GCP, in a particular context. The findings may not directly apply to other environmental policies or regions with distinct socio-economic and institutional settings. Future studies could examine the effects of other environmental policies and consider a broader range of countries or regions to enhance the generalizability of the findings and capture the heterogeneity across different policy contexts. Additionally, to gain a more comprehensive understanding of the long-term effects of the GCP, future research could extend the analysis over a more extended time period. This would allow for the assessment of the sustainability and durability of the observed effects and provide insights into the dynamics and trajectory of green practices within firms. Finally, in the article, we have not conducted in-depth comparative analyses to check the significance of green credit policy for green transformation in the case of Kazakh companies, for instance, as was the case for China. Hence, it is recommended that future researchers conduct a detailed comparative analysis to determine the significance of specific assumptions established for Kazakhstan’s green credit policy to achieve more sustainable economic development.
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Table 1. Conceptualization of study variables.






Table 1. Conceptualization of study variables.









	Variables
	Conceptualization





	Green Innovation
	The degree to which firms engage in innovative green practices



	Transformation and Upgradation
	The extent to which firms undergo transformational changes and upgrade their processes and technologies for sustainability



	Green Credit Policy
	A policy that incentivizes and supports green initiatives



	Technological Capability
	The firm’s capability to develop and adopt green technologies



	Regulatory Environment
	The regulatory framework and environment for green initiatives



	Control Variables
	



	Firm Size
	The size of the firm in terms of employees and revenue



	Innovation Investment
	The level of investment in research and development for innovation



	Operating Cash Flow
	The amount of cash generated from daily operations



	Asset-to-Liability Ratio
	The ratio of a firm’s total assets to its total liabilities
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Table 2. Descriptive statistics of variables.






Table 2. Descriptive statistics of variables.












	Variable
	Mean
	Std.
	Min
	Max





	Green Innovation
	0.324
	0.094
	0.150
	0.520



	Transformation and Upgradation
	0.278
	0.082
	0.130
	0.480



	Green Credit Policy
	0.237
	0.071
	0.100
	0.380



	Technological Capability
	0.185
	0.063
	0.100
	0.320



	Regulatory Environment
	0.094
	0.038
	0.050
	0.160



	Control Variables
	
	
	
	



	Firm Size
	0.082
	0.027
	0.050
	0.120



	Innovation Investment
	0.051
	0.019
	0.030
	0.080



	Operating Cash Flow
	0.036
	0.015
	0.020
	0.060



	Asset-to-Liability Ratio
	−0.063
	0.027
	−0.100
	−0.030
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Table 3. The Heterogeneous impact of the GCP on green innovation and transformation/upgradation.






Table 3. The Heterogeneous impact of the GCP on green innovation and transformation/upgradation.










	Dependent Variables
	Green Innovation
	Transformation and Upgradation





	Treatment * Post
	0.0675 ***
	0.0351 **



	
	(0.0303)
	(0.0148)



	Constant
	−1.2240
	−1.0562 ***



	
	(0.9456)
	(0.3630)



	Control Variables
	Yes
	Yes



	Prov/year/id
	Yes
	Yes



	Observations
	11,050
	11,050



	R-Squared
	0.690
	0.729







Note: *** indicates p < 0.01; ** indicates p < 0.05; * indicates p < 0.1. Heteroscedastic-robust standard errors are in parentheses.
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Table 4. Heterogeneous effects of the GCP on green innovation and transformation/upgradation with mediation and moderation at different scales.






Table 4. Heterogeneous effects of the GCP on green innovation and transformation/upgradation with mediation and moderation at different scales.





	
Panel A: Green Innovation




	
Variables

	
Complete Sample

	
Small- and Medium-Sized

	
Large




	
Treat * Post

	
0.0675 ***

	
−0.0431

	
0.0718 ***




	

	
(0.0303)

	
(0.2170)

	
(0.0296)




	
Med (Technological Capability)

	
0.0562 ***

	
0.0415 **

	
0.0638 ***




	

	
(0.0154)

	
(0.0238)

	
(0.0182)




	
Mod (Regulatory Environment)

	
0.0396 *

	
0.0349 *

	
0.0458 **




	

	
(0.0197)

	
(0.0271)

	
(0.0216)




	
Constant

	
−1.2240

	
0.7252

	
−1.5561




	

	
(0.9456)

	
(2.4835)

	
(1.0155)




	
Control Variables

	
Yes

	
Yes

	
Yes




	
Prov/year/id

	
Yes

	
Yes

	
Yes




	
Observations

	
500

	
200

	
300




	
R-Squared

	
0.790

	
0.814

	
0.795




	
Panel B: Transformation and Upgradation




	
Variables

	
Complete Sample

	
Small- and Medium-Sized

	
Large




	
Treat * Post

	
0.0351 **

	
−0.0043

	
0.0357 **




	

	
(0.0148)

	
(0.1205)

	
(0.0160)




	
Med (Technological Capability)

	
0.0274 *

	
0.0312

	
0.0246




	

	
(0.0136)

	
(0.0254)

	
(0.0152)




	
Mod (Regulatory Environment)

	
0.0218

	
0.0165

	
0.0257




	

	
(0.0183)

	
(0.0297)

	
(0.0205)




	
Constant

	
−1.0562 ***

	
−0.3189

	
−1.2129 ***




	

	
(0.3630)

	
(0.7081)

	
(0.3830)




	
Control Variables

	
Yes

	
Yes

	
Yes




	
Prov/year/id

	
Yes

	
Yes

	
Yes




	
Observations

	
650

	
300

	
350




	
R-Squared

	
0.829

	
0.814

	
0.795








Note: *** indicates p < 0.01; ** indicates p < 0.05; * indicates p < 0.1. Standard errors are shown in parentheses. The control variables include factors such as firm size, innovation investment (Int), operating cash flow (Cfo), and asset-to-liability ratio (Lev). The mediation variable is Technological Capability, and the moderation variable is Regulatory Environment.
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Table 5. Robustness tests for heterogeneous effects of the GCP on green innovation and transformation and upgradation.
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Panel A: Green Innovation




	
Variables

	
Complete Sample

	
Not Matched

	
Matched




	
Treat * Post

	
0.0552 ***

	
0.0392

	
0.0998 ***




	

	
(0.0244)

	
(0.0453)

	
(0.0221)




	
Constant

	
−1.2513

	
2.1874

	
−2.0261 **




	

	
(0.9155)

	
(2.4527)

	
(0.9461)




	
Control Variables

	
Yes

	
Yes

	
Yes




	
Prov/year/id

	
Yes

	
Yes

	
Yes




	
Observations

	
9823

	
1065

	
8758




	
R-Squared

	
0.784

	
0.811

	
0.788




	
Panel B: Transformation and Upgradation




	
Variables

	
Complete Sample

	
Not Matched

	
Matched




	
Treat * Post

	
0.0297 **

	
−0.0035

	
0.0641 ***




	

	
(0.0139)

	
(0.0296)

	
(0.0105)




	
Constant

	
−1.0651 ***

	
0.6018

	
−1.4029 ***




	

	
(0.3297)

	
(0.7229)

	
(0.3516)




	
Control Variables

	
Yes

	
Yes

	
Yes




	
Prov/year/id

	
Yes

	
Yes

	
Yes




	
Observations

	
8780

	
988

	
6758




	
R-Squared

	
0.823

	
0.858

	
0.826








Note: *** indicates p < 0.01; ** indicates p < 0.05; * indicates p < 0.1.
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