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In the past two decades, China’s government subsidy policy has promoted the rapid development of the photovoltaic industry. Concerns have been raised about how the financial performance of China’s photovoltaic firms changes with the gradual cancellation of subsidies. Taking the “531 New Policy” of China’s photovoltaic industry as an exogenous shock, based on the sample of listed companies in Shanghai and Shenzhen A-share photovoltaic industry from 2015 to 2023, this paper uses the diference-in-diferences model to study the impact of the phasing out subsidy on the financial performance of photovoltaic enterprises from the micro level. The study found that the implementation of the “531 New Policy” significantly reduced the financial performance of photovoltaic enterprises in general. Considering the difference of industrial chain links, the negative impact of decreasing subsidies on the financial performance of downstream photovoltaic enterprises is more significant, among which R&D investment plays a partially intermediary role. In addition, the phasing out subsidy has a more significant negative impact on the financial performance of senior and eastern enterprises than young and midwest enterprises. The conclusions of this study have important practical implications for photovoltaic enterprises’ decision-making under the changing external policy environment.
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1 INTRODUCTION
The growing availability of renewable energy, especially the rapid growth of the photovoltaic (PV) industry, is deemed essential for promoting climate change mitigation and decreasing carbon dioxide emissions within the framework of energy conservation, emission reduction, and sustainable development (Abbasi et al., 2021; Qi et al., 2022). Numerous nations, including Japan and Germany, have enacted various industrial and economic policies to guide the development of the PV industry. China, a major carbon emitter, has pledged to reach carbon peaking by 2030 and carbon neutrality by 2060 (Cai et al., 2024). In recent years, China’s PV industry has experienced rapid growth and held its status as a global leader. The International Energy Agency (IEA) reports that China’s new solar PV installations in 2023 was comparable to the total global solar PV installations of the preceding year. As a crucial part of China’s new energy industry, the rapid development of PV enterprises benefits from a series of industrial subsidy policies introduced by the Chinese government (Xiong and Yang, 2016; Wang and Fan, 2021).
Nonetheless, these subsidies have engendered some issues, including a widening subsidy gap that has adversely affected the sustainable and systematic growth of the PV industry, culminating in challenges such as abandonment the electricity generated by PV power stations, limiting power output, and overcapacity (Dong et al., 2021; Liu et al., 2021; Zhang H. et al., 2021; Chen and Wang, 2022; Luan and Lin, 2022). In 2015, China’s PV abandonment rate was 12%, decreasing to 11% in 2016. The cumulative installed capacity of PV power generation was 43.18 GW in 2015, 77.42 GW in 2016, and 130.02 GW in 2017. The cessation of subsidies signifies the advanced maturation of a developing sector, as all industries ultimately require firms to engage in market competition independently of subsidies. The Chinese government has commenced the reduction of financial subsidies for the PV industry to promote its healthy, high-quality, and sustainable development (Liu et al., 2021). In 2013, China reduced the benchmark on-grid energy price for financial subsidies to the PV industry for the first time and initiated a fiscal subsidy strategy for PV that decreased annually starting in 2016. On 31 May 2018, the National Development and Reform Commission (NDRC), the Ministry of Finance (MOF), and the National Energy Administration (NEA) collaboratively released the “Notice on Matters Related to Photovoltaic (PV) Power Generation in 2018” (“531 New Policy”), which explicitly mandates the expedited reduction of subsidies for PV power generation. The “531 New Policy” seeks to redirect the PV industry’s development emphasis from scale expansion to enhancements in quality and efficiency. This policy aims to transition the PV industry from the “subsidy era” to the “market era,” enabling its evolution. Compared to prior subsidy reductions, the “531 New Policy” had a significantly greater impact than anticipated. Investments in terrestrial PV power stations have practically ceased, and PV concept stocks have experienced a substantial drop. The “531 New Policy” indicates a pronounced acceleration in subsidy reduction within China’s PV industry, resulting in significant repercussions for the sector.
The prolonged government subsidies for firm development have led to the need for an examination of the impact mechanisms and effects of China’s “531 New Policy” on the financial performance of PV companies. The PV industry is a sector characterized by a tightly interlinked supply chain. Variations in electricity rates for downstream enterprises can immediately influence the expenses and earnings of upstream PV companies. This paper also discusses the disparities in financial performance among PV enterprises situated at various stages of the industry chain in response to the “531 New Policy.” The research findings can furnish theoretical support for the advancement of PV enterprises and provide empirical references for governmental policy formulation in the PV industry.
The paper is organized as follows: Section 2 presents the literature review, Section 3 outlines the theoretical analysis and research hypotheses, and Section 4 explains the data and research methodology. Section 5 provides the empirical results and discussion, while the final section offers conclusions and policy recommendations.
2 LITERATURE REVIEW
Three predominant viewpoints exist in current research about the influence of government industrial subsidy on the financial performance of PV firms. One perspective is that government subsidies can significantly improve the financial performance of PV firms. The feed-in tariff subsidy diminishes power generation expenses and enhances inventory turnover and profitability (Wang et al., 2016). Research and development subsidies can alleviate the adverse effects of innovation spillovers, while expanding funding avenues and fostering the sustainable growth of Chinese PV companies (Jiang et al., 2021). Against the backdrop of subsidy reduction, the decrease in government subsidies forces enterprises to break away from their past development model reliant on subsidies, shifting their focus towards innovation and sustainable development, thereby enhancing the overall performance of the companies (Luan and Lin, 2022). It is anticipated that following the elimination of these subsidies, the capacity utilization rate of Chinese PV module manufacturers will attain 80% by 2030, thereby resolving the overcapacity problem (Zhang et al., 2024). The second viewpoint contends that government subsidies negatively affect the PV firms. During the initial phases of the industry’s evolution, numerous companies increased production to obtain additional subsidies, so intensifying the risk of overcapacity and negatively impacting the growth of PV firms (Wang et al., 2014; Zhang H. et al., 2016). Large-scale government subsidies have led to a lack of innovation in the industry, resulting in outdated PV technology, and Chinese PV companies have low competitiveness in the international market (Xiong and Yang, 2016). The reduction in subsidy policies has put pressure on the costs and benefits of PV power generation companies (Liu et al., 2021). The third perspective posits that government subsidies exert a threshold influence on the financial performance of PV firms. The influence of subsidies is a dynamic adjustment process, and the effects of industrial subsidies are varied. In the initial phases of development, substantial government subsidies can facilitate swift expansion in the solar sector. However, during the semi-maturity and maturity phases, persistent government subsidies may hinder the market adjustment mechanism and intensify overcapacity (Xiong and Yang, 2016). From the perspective of the industry life cycle, there is an inverted U-shaped relationship between subsidies and firms’ output, driven by the resource allocation effect of subsidies and the signaling effect of investment (Du et al., 2023).
Research has explored the impact of subdivided industrial policies on the financial performance of PV firms. However, previous studies have yielded conflicting results. Some scholars argue that government subsidies enhance the financial performance of PV firms, while others contend that the effect may not be as straightforward (Zhao et al., 2023). Certain experts believe that government subsidies enhance the financial performance of PV enterprises (Zhao et al., 2023), while others argue that the impact of these subsidies is negative (Wang et al., 2017). A common limitation of the above studies is that the impact of subsidy reductions on PV enterprises is rarely considered from the perspective of the industrial chain.
Various methods have been used to study the impact of PV industry policies on firm performance. The DEA-Tobit model has been applied to demonstrate that government subsidies positively affect the innovation performance of PV firms (Lin and Luan, 2020). Additionally, the PSM-DID methodology was employed to examine the impact of subsidy redistribution policies on innovation in China’s PV industry. The study concluded that the transition in subsidy policies generally improved the innovation performance of PV firms (Zhang and Wang, 2023). The game model of the PV supply chain under different power structures suggested that reasonable government subsidies have an incentive effect and can increase PV firms’ profits (Zhao et al., 2023). The Stochastic dynamic model was used to find that the important factor driving PV adoption is technology, and although subsidy policies help PV adoption and diffusion, policies such as financial subsidies gradually become ineffective in the face of accelerated technological change (Torani et al., 2016).
Compared to existing studies, this paper makes three main contributions: 1) The solar energy sector has a wide range of incentive programs. The influence of subsidizing retreat policies on the financial performance of PV firms is the main subject, which divides the subsidy programs. There are few studies on the effects of subsidy retreat policy, and the majority of studies that are now available concentrate on the advantages of government subsidies for business performance. 2) This paper exceeds the limited scope of prior studies by thoroughly investigating various segments of the PV industry chain, encompassing upstream raw material supply, midstream battery module manufacturing, and downstream system integration and application. The paper clarifies the distinct effects of the subsidy withdrawal policy on different segments of the PV industry by comparing the financial performance alterations of firms across these segments under the policy. The outcome provides a persuasive rationale for the adoption of more precise and targeted subsidy policies in the future, while also aiding in the reconciliation of the contradictory findings from previous studies about the effects of subsidy policies. 3) This study analyzes the effects of the subsidy retreat strategy on the financial performance of enterprises by affecting their R&D investment behaviour from the essential viewpoint of R&D investment. This research enhances the theoretical understanding of the policy implications of the PV sector and provides policymakers with valuable insights on promoting increased company investment in R&D and improving technological innovation capabilities through adjustments to subsidy programs.
3 THEORETICAL ANALYSIS AND RESEARCH HYPOTHESIS
3.1 Impact of phasing out subsidy on the financial performance of PV enterprises
The market failure and externalities theories say that the new energy industry needs help and protection from the government in its early stages of growth. The main way the government helps the business is through financial subsidy policies, which come in many forms (Yu et al., 2020). Just like many other industries in the new energy field, the PV industry has gotten a lot of assistance from the government as it has grown. These supports make the industry grow quickly by making businesses more financially stable, lowering the risks of new technologies, and encouraging the “learning by doing” effect (Lin and Luan, 2020; Jiang et al., 2021). Nevertheless as the industry evolved into its middle and later stages, overcapacity and huge subsidy gaps force the government to start cutting back on subsidies. Given this, the PV industry’s financial subsidy strategy goes into a phase where subsidies are cut.
According to the theory of externalities, enterprises’ actions to research and develop new ideas have considerable positive impacts on society. The PV business is riskier when it comes to innovation, more capital-intensive, and policy-sensitive than traditional industries. Its innovation activities exhibit more pronounced positive externalities and uncertainties (Zhang and Wang, 2023). Subsidy reductions can reduce firms’ non-operating revenue and cash flow, worsening their financial position and raising their financial burden (Cai et al., 2024). The subsidy retreat policy can also, in accordance with the signal transmission theory, transmit a negative signal to the market, make it harder for companies to attract investment, and tighten their financing constraints. Accordingly, the financial strain brought on by the reduction in subsidies may, to some extent, raise the risk associated with R&D and innovation, impede these activities within businesses, and consequently harm those businesses’ ability to develop sustainably. Additionally, some PV enterprises may over-rely on subsidies to maintain their profitability and market position. These enterprises may be under more market pressure when subsidies are cut, and they might be forced to use aggressive tactics like price wars to fight for market share. Enterprises may be more likely to prioritize short-term goals above long-term technical innovation and knowledge acquisition in the midst of intense market competition. This weakens the impact of “learning by doing,” which is detrimental to the long-term growth of enterprises.
Based on the above analysis, the following hypothesis is proposed:
Hypothesis 1:. The phasing out subsidy negatively affects the financial performance of PV firms.
3.2 Impact of phasing out subsidy on the financial performance of PV enterprises in different industrial chain links
The industrial chain of the PV industry comprises various stakeholders across different segments. As a typical technology-intensive industry, the upstream polysilicon segment is distinguished by a challenging raw material gathering procedure, a high entrance threshold, and a complex production process. The midstream sector, which produces thin-film PV modules, is a typical labor-intensive enterprises with a lower entrance threshold, lower costs, and reduced hazards. With a concentration on PV power generation, the downstream industry boasts enormous production scales, excellent production efficiency, and ongoing technological advancements. This industry fits the description of a typical capital-intensive industry because it has a longer production cycle and requires relatively significant investment (Yu and Lv, 2015; Bao et al., 2022; Wang H. et al., 2022). Owing to substantial variations in capital and technological thresholds, production cycles, and profit margins among these segments, same policies have disparate effects on various sectors of the industry chain (Zhang and He, 2013; Wang et al., 2016; Zou et al., 2017).
The upstream polysilicon process is highly developed, with manufacturing capacity and technology at a global forefront, allowing enterprises to efficiently manage costs. Despite diminished government subsidies, some firms can sustain robust profitability. The scale advantage of the polysilicon enterprises confers enhanced resilience to these enterprises in the face of market instability. As a technology-intensive sector, the decline in government subsidies can be mitigated by policies such as green finance and support for technical innovation, which can incentivize upstream firms to enhance R&D investment and facilitate industrial upgrading. The midstream sector enjoys comparatively cheap production expenses because to minimal entry barriers and its labor-intensive characteristics. Moreover, advancements in technology and economies of scale can substantially diminish production expenses. This cost advantage makes midstream enterprises more resilient to the impacts of subsidy reductions. Therefore, the effect of subsidy reductions on the financial performance of PV enterprises in the upstream and midstream sectors is insignificant.
The downstream PV power generation sector entails the establishment and operation of PV power stations, typically necessitating extensive land, equipment, and capital investment, hence imposing significant fixed and sunk costs on firms. The persistent emergence of new technologies, materials, and processes in the downstream sector necessitates that firms consistently spend in research and development to maintain a competitive edge in technology. This technological advancement enhances manufacturing efficiency while simultaneously elevating the operational expenditures for firms. While elevated production efficiency diminishes the per-unit production cost, in light of decreasing subsidies, enterprises must enhance production efficiency to compensate for the revenue loss resulting from subsidy reductions. Nonetheless, enhancing manufacturing efficiency frequently necessitates greater financial expenditure and technical assistance. The revenue of PV power generation plants under the subsidy program mostly derives from two sources: electricity sales and government subsidies. Following the reduction of the subsidy, government support is either diminished or entirely revoked, leading to a decrease in the project’s overall revenue. The reduction in subsidies can adversely affect the financial performance of downstream photovoltaic companies.
Based on the above analysis, the following hypothesis is proposed:
Hypothesis 2:. The impact of phasing out subsidy on the financial performance of PV firms in the downstream segment of the industrial chain is stronger than that on firms in the midstream and upstream segments.
3.3 The mediating role of R&D investment
The PV industry, being a high-tech sector, inherently requires substantial upfront investments, extended recovery periods, and faces information asymmetry, resulting in significant financing constraints that can hinder technological innovation within enterprises. This suggests that government subsidies during the start-up phase of the PV industry are essential for enterprises to engage in innovative activities. When the phasing-out of subsidies is introduced, the external liquidity of PV enterprises is affected, leading to financing difficulties and a reduction in innovative R&D activities. China’s PV industry starts late, and there remains a gap between the level of technological innovation in the PV industry and the international advanced standards. For instance, significant room for improvement remains in the research, development, and application of high-efficiency PV technologies. Moreover, PV enterprises often develop an excessive dependence on government subsidies, which can weaken their motivation and pressure to innovate. Consequently, they may choose to reduce R&D activities to adjust to the new operating environment. From these perspectives, the level of R&D investment in PV enterprises is highly sensitive to policy changes, and the introduction of phasing-out subsidies may significantly reduce R&D investment in PV enterprises.
Research on the relationship between R&D investment and corporate financial performance has been relatively comprehensive. The mainstream view of scholars in recent years is that R&D investment has a significant positive impact on enterprise performance (Lee and Min, 2015; Qi et al., 2022; Wang X. H. et al., 2022; Baek and Lee, 2023). On one hand, increasing the intensity of R&D investment can help enhance the ability to resist potential risks, improve sensitivity to market development trends, and thus improve financial performance. On the other hand, enterprises engaged in innovation activities can release positive signals to society, attract investment and R&D talent, achieve technological innovation, and thus improve financial performance. According to Schumpeter’s theory of technological innovation, innovation is the driving force behind economic development. Technological innovation not only enhances the core competitiveness of enterprises but also promotes sustainable profit generation. The PV industry has a long technological innovation cycle and rapidly changing markets. In the context of subsidy reductions, a decrease in R&D investment and lack of technological innovation can exacerbate the disconnect between products and market demand, reduce the core competitiveness of enterprises, and negatively impact the revenue of PV enterprises.
Based on the above analysis, the following hypothesis is proposed:
Hypothesis 3:. R&D investment has a significant mediating effect on the relationship between the phasing out subsidy and financial performance of PV enterprises.
4 METHOD AND DATA
4.1 Data source and processing
The financial data of PV companies listed on China’s Shanghai and Shenzhen A-shares from 2015 to 2023 were used as the sample data. The criteria for identifying PV enterprises are as follows: First, companies were screened from the “photovoltaic” concept sector in the Flush Finance and Sina Finance platforms. Second, the main business and products of these companies were examined by searching for keywords such as “polysilicon, monocrystalline silicon, silicon wafers, solar photovoltaic cells, battery modules, photovoltaic modules, photovoltaic mounts, photovoltaic glass, and optical film” in their annual reports from the previous year (Wang et al., 2016; Zou et al., 2017; Lin and Luan, 2020; Cai et al., 2024). A total of 192 listed PV companies were selected.
When categorizing these companies according to the industry chain, the definition provided by the China Photovoltaic Industry Association (CPIA) is used: polysilicon materials and related sectors are classified as upstream, thin-film photovoltaic modules and related sectors as midstream, and photovoltaic power generation applications and related sectors as downstream. Based on this classification, the 192 companies are divided into 134 upstream and midstream enterprises and 58 downstream enterprises.
Considering that the vast majority of listed companies in the PV industry belong to six major manufacturing sectors under the SEC Industry Classification (2012 edition)—namely, the electric power, heat production and supply industry; general equipment manufacturing industry; special equipment manufacturing industry; non-metallic mineral manufacturing industry; electrical machinery and equipment manufacturing industry; and computer, telecommunications, and other electronic equipment manufacturing industry—this paper initially screens 1,695 listed companies in these industries as the original control group sample. Using propensity score matching (PSM) with return on total assets (ROA), gearing ratio (Lev), enterprise size (Size), and total revenue (Lnoi) as matching covariates, the nearest-neighbor 1:1 matching method is applied. As a result, 164 PV firms and 161 non-PV firms are selected as the full sample. To avoid the impact of the major event of the 2020 COVID-19 pandemic on the empirical results, the 2020–2022 data are excluded. Additionally, firms with missing values and ST firms are removed. This process yields a final total of 973 observations, including 657 observations in the experimental group and 316 in the control group.
To ensure the accuracy of the PSM results, a balance test on the matched sample data is necessary. This test verifies that the propensity scores of the matched covariates are not significantly different between the experimental and control groups under the assumption of conditional exogeneity. As shown in Table 1, the balance test results indicate that the covariates are significantly different between the experimental and control groups before matching. However, after matching, the deviation rate for each covariate is less than 10%, demonstrating that the selected matching covariates and the matching method are reliable. Therefore, it can be concluded that the observable variables selected in this paper are appropriate and that the matching method is estimated reliably.
TABLE 1 | The propensity score matching balance test.
[image: Table 1]4.2 Model setting
Difference-in-Differences (DID) model is one of the most commonly used non-experimental methods for policy evaluation, allowing for the assessment of the micro effects of macro policies. Following Zhang and Wang (2023) and Cai et al. (2024), we treat the introduction of the “531 New Policy” in 2018 as a quasi-natural experiment to investigate the impact of phasing out subsidy on the financial performance of PV enterprises. The following initial model is constructed:
[image: image]
In Equation 1, ROEit represents the financial performance of enterprises, DIDit represents the interaction term of policy variables, Xit represents a set of control variables, γ is the time fixed effect, μ is the individual fixed effect, and ε is the residual term. The coefficient of DIDit measures the impact of the “531 New Policy” on the financial performance of PV companies.
Additionally, following the reference by Cai et al. (2024), an interaction term containing industry chain dummy variables is added to the model to estimate the moderating effects of different industry chain segments on PV firms. The DID model is then obtained as follows:
[image: image]
In Equation 2, Chainit represents the industry chain dummy variable, where downstream enterprises are denoted by 1, and upstream and midstream enterprises are denoted by 0. The coefficients of the interaction term DIDit × Chainit, which combines the policy dummy variable and the industry chain dummy variable, reflect the impact of the subsidy degradation policy on downstream PV enterprises. A significantly positive coefficient indicates that the policy promotes the financial performance of downstream PV enterprises, while a significantly negative coefficient suggests that it is detrimental to their development. The coefficient of the policy dummy variable DIDit reflects the impact of the policy on upstream and midstream PV enterprises.
4.3 Variables description
4.3.1 Explained variables
The explained variable is return on equity (ROE). Various indicators can reflect the economic performance of enterprises, including return on equity (ROE), return on assets (ROA), and TobinQ. However, considering that China’s capital market is not fully developed and TobinQ is less representative of enterprise performance compared to the first two, this paper empirically analyzes the model using return on equity (ROE) and includes return on assets (ROA) in robustness testing (Xu et al., 2021; Zhang X. B. et al., 2021; Rao et al., 2023).
4.3.2 Explanatory variables
The explanatory variables include a time dummy, a firm dummy, and a policy dummy. The time dummy variable, Post, is set to 0 before the implementation of the “531 New Policy” and to 1 afterward. The firm dummy variable, Treat, indicates whether a firm is a policy target, with a value of 1 for PV enterprises and 0 for non-PV enterprises. The policy dummy variable, DID, is the interaction term Treat × Post, used to determine whether PV enterprises are affected by the “531 New Policy.”
4.3.3 Moderating variable
The moderating variable in this paper is the industry chain dummy variable, Chain, where downstream enterprises are coded as 1 and upstream and midstream enterprises as 0. The industry chain is classified based on the definition provided by the China Photovoltaic Industry Association (PVIA), with upstream and midstream PV enterprises primarily engaged in the production of silicon materials, battery cells, and photovoltaic modules, while downstream PV enterprises are mainly involved in PV power generation, including installation, operation, and maintenance.
4.3.4 Mechanism variable
R&D investment tends to play an important role in the relationship between government subsidies and financial performance. Therefore this paper takes R&D investment as an intermediary variable.
4.3.5 Control variables
Previous studies have shown that both firm characteristics and financial status are key factors influencing business performance (Wang et al., 2016; Zhang L. et al., 2016; Hu et al., 2020; Pang et al., 2022; Cai et al., 2024). Therefore, this study selects firm size (Size), firm age (Age), gearing ratio (Lev), growth rate of total assets (Growth), asset turnover (At), and nature of the firm (Soe) as control variables. The specific definitions of each variable are shown in Table 2.
TABLE 2 | The definitions of the variables.
[image: Table 2]5 RESULTS AND DISCUSSION
5.1 Descriptive statistics
As shown in Table 3, each continuous variable exhibits significant dispersion. To mitigate the impact of extreme values on the model estimation results, this paper applies the Winsorization method to handle the extreme values of continuous variables below the 1st percentile and above the 99th percentile.
TABLE 3 | Descriptive statistics.
[image: Table 3]5.2 Baseline regression results
To assess the impact of the phasing out subsidy on the financial performance of PV enterprises, this paper first conducts a regression based on Equation 1 without considering control variables, and the results are reported in column (1) of Table 4. The estimated coefficient of the core explanatory variable, DID, is significantly negative at the 10% statistical level, initially indicating that the promulgation of the “531 New Policy” is not conducive to improving the financial performance of PV enterprises. Further, after adding control variables to the model, as shown in column (2) of Table 4, it can be seen that although the estimated coefficient of DID fluctuates, its significance does not change substantially. This also suggests that the introduction of the “531 New Policy” inhibits the improvement of the financial performance of PV enterprises. As mentioned above, the promulgation of the “531 New Policy” has generally reduced the financial performance of PV enterprises by directly reducing their non-operating income, increasing the difficulty and cost of financing, raising the risks associated with R&D and innovation, and inducing short-term behaviors.
TABLE 4 | Main effects test: regression results of phasing out subsidy and financial performance of PV firms.
[image: Table 4]5.3 The moderating role of industrial chain
Due to the heterogeneity of the industrial chain, the same policy may produce different effects across various segments of the industrial chain. Therefore, this paper further examines the effect of the phasing out subsidy on PV companies in different industry chain segments. This paper estimates Equation 2, and the results are reported in Table 5. The coefficient of DID × Chain is −0.045, which is significantly negative at the 5% level, indicating that the effects of the phasing out subsidy on PV enterprises vary significantly across different positions within the industrial chain, markedly inhibiting the financial performance of downstream enterprises. As mentioned earlier, the upstream polysilicon segment is not considerably affected by the subsidy reduction due to its mature technology, scale advantage, and green financial support. The midstream thin-film PV module segment remains stable due to its low costs and economies of scale. However, the downstream PV power generation segment, being capital-intensive, fast in technology updating, and subsidy-dependent, is eminently affected by the subsidy reduction, leading to a notable decline in financial performance.
TABLE 5 | Regression results in different industrial chain links.
[image: Table 5]5.4 Robustness tests
5.4.1 Parallel trend test
The DID model is constructed under the premise that the parallel trend assumption holds, meaning there should be only slight differences between the treatment group and the control group before the implementation of the “531 New Policy”. If this condition is met, the estimation results of causal effects are considered valid. Accordingly, this paper refers to the relevant literature (Li et al., 2016) and uses event analysis to verify whether the study sample satisfies the parallel trend assumption, constructing the following model:
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In Equation 3, Treat × Post is a dummy variable indicating whether the study sample is affected by the subsidy reduction policy policy. Here, n denotes the number of years relative to the policy implementation: when n is negative, it represents the years before the policy implementation; when n is positive, it represents the years after the policy implementation. In this paper, we take the year before the policy implementation as the base year, setting n = −1. Therefore, βn represents the difference in policy shocks experienced by the treatment group compared to the corresponding control group in the first n years.
The interaction terms of the experimental group and year dummy variables for 2015, 2016, 2017, and 2018 are added to Equation 3. The regression results, shown in Table 6, indicate that the coefficients of the interaction terms pre_3, pre_2, pre_1, and current for each year are not significant, suggesting that there is a parallel trend in the return on equity of the experimental group and the control group prior to the implementation of the policy.
TABLE 6 | Results of parallel trend assumptions.
[image: Table 6]5.4.2 Replacement of explained variable
Generally, ROE and ROA are indicators of corporate profitability. To improve the reliability of the findings, ROA is used as the explained variable for the robustness test. Column (1) in Table 7 reports the regression results after replacing the explained variable, and the regression coefficient of DID is significantly negative at the 5% level, indicating that the phasing out subsidy inhibits the improvement of firms’ financial performance. The reported results are consistent with the baseline regression results.
TABLE 7 | Regression results of replacement of explanatory variables and replacement sample.
[image: Table 7]5.4.3 Replacement of samples
The time series of the original sample in the benchmark regression covers 2015–2023, with data from 2020–2022 excluded to avoid the impact of the COVID-19 pandemic on the empirical results. To further improve the reliability of the empirical findings, this paper selects data from the first quarter of 2015 to the fourth quarter of 2019 to form a new sample, replacing the original sample. Column (2) in Table 7 reports the regression results using the replacement sample, and the regression coefficient of DID is significantly negative at the 5% level, supporting the conclusion that the phasing out subsidy inhibits the financial performance of PV firms.
5.5 Mechanism test
According to the theoretical analysis above, this paper holds that the policy of accelerating the decline of subsidies may weaken the financial performance of PV enterprises by reducing the R&D investment. Based on this, this section will attempt to examine the above potential influence. Drawing on the mediating effects approach proposed by Jiang and Luo (2022), this paper further assesses the mediating role of R&D investment (Zhang et al., 2014; Yu et al., 2020; Cui et al., 2021). We first test whether the core explanatory variable acts on the mediating variable. The mediating effect is modeled as follows:
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In Equation 4, if the coefficient β1 of Equation 4 is significant, it indicates that the phasing out subsidy impacts the R&D investment intensity of overall PV enterprises. Additionally, if the coefficient β2 of Equation 4 is significant, it suggests that the phasing out subsidy specifically affects the R&D investment intensity of downstream PV enterprises.
From the regression results in column (1) of Table 8, it can be seen that the coefficient of DID × Chain is −1.022, which is significantly negative at the 1% level, indicating that the “531 New Policy” significantly inhibits the R&D investment of downstream PV enterprises.
TABLE 8 | Results of the mediating mechanism test.
[image: Table 8]In order to avoid the problem that the causal effect of the intermediary variable on the explained variable may not be sufficient, we further test the influence of the intermediary variable on the explained variable, so as to supplement the correlation evidence support. From the regression results in column (2) of Table 8, it can be seen that the coefficient of R&D is −0.00627, which is significantly negative at the 5% level, indicating that the reduction in R&D investment by downstream enterprises is not conducive to improving corporate financial performance.
Based on the preceding analysis, it is evident that R&D investment mediates the relationship between the phasing-out of subsidies and the financial performance of downstream enterprises. The reduction in subsidies decreases cash flow and tightens financing constraints, prompting enterprises to actively or passively reduce their R&D investment and technological innovation. As a high-tech industry, the PV sector’s technological innovation capability is closely tied to its core competitiveness. When innovation is insufficient, enterprises are likely to face product obsolescence, decreased profitability, and other issues. Additionally, the mediating role of R&D investment between the phasing-out of subsidies and the financial performance of PV enterprises is not evident. This may be due to the influence of the industrial chain, where upstream and midstream enterprises, primarily PV raw material producers and module manufacturers, are less directly affected by the subsidy reduction.
5.6 Heterogeneity analysis
5.6.1 Heterogeneity of firm age
The age of an enterprise influences its management system, business model, and other operational aspects. Consequently, enterprises of varying ages may make different decisions when faced with environmental changes. Senior enterprises, which have often operated in the PV industry for many years, may have business models and profit structures that are more reliant on government subsidies. Their established business models may hinder their ability to quickly adapt to market changes and policy adjustments. In the context of subsidy reductions, such enterprises may experience a greater decline in revenue and a more significant impact on their financial position. Additionally, senior enterprises may have accumulated higher levels of debt, and the reduction in revenues due to the subsidy cuts could further exacerbate their debt burden. This financial pressure may impede their ability to maintain normal operations and growth. Du and Mickiewicz (2016) also found that uncertainty in subsidy allocation does not significantly affect young firms.
To verify the heterogeneity of firm age, this study categorizes the sample of listed firms into two groups based on the median age: senior firms and young firms. The subsamples of senior and young firms are used to examine whether there is a differential impact of the phasing-out subsidy on PV firms of different ages. This study re-estimates Equation 1. As shown in Table 9, column (1) indicates that the regression coefficient between the phasing-out subsidy and senior enterprises is −0.0605, which is significantly negative at the 5% level. Column (2) indicates that the regression coefficient between the phasing-out subsidy and young enterprises is −0.0256, which is not statistically significant. This indicates that the enactment of the phasing-out subsidy has a more significant inhibitory effect on the financial performance of senior PV enterprises, whereas its effect on the financial performance of young PV enterprises is not evident. It is found that senior enterprises that have operated in the PV industry for many years tend to rely more on government subsidies, and their relatively rigid business models and profit structures make it difficult for them to quickly adjust to market changes following the introduction of the phasing-out subsidy. Therefore, the inhibitory effect of the phasing-out subsidy on the financial performance of senior PV enterprises is more pronounced.
TABLE 9 | Results of heterogeneity analysis based on firm age.
[image: Table 9]5.6.2 Heterogeneity of regional location
China’s economic development, institutional environment, and openness exhibit significant regional differences. These factors influence firms’ effective use of resources and, consequently, the impact of subsidies on firm performance (Wang et al., 2015; Lim et al., 2018). For instance, scholars have found that government subsidies have a greater positive impact on new energy enterprises in the eastern region compared to the western region (Liu et al., 2019). In the PV industry, the eastern region often attracts numerous PV enterprises due to its developed economy and advanced technology, resulting in a strong industrial agglomeration effect. These enterprises may rely heavily on government subsidies to reduce costs and enhance competitiveness during the early stages of development. Additionally, the PV industry in the eastern region is larger, and the government often implements more generous subsidy policies to support its rapid growth. Therefore, when subsidies are reduced, the direct impact on eastern enterprises is more significant. PV companies in the eastern region generally possess higher levels of technology and R&D capabilities. However, the reduction of subsidies necessitates that these enterprises accelerate the pace of technological innovation to reduce costs and improve conversion efficiency. For enterprises with insufficient technological innovation, this undoubtedly increases financial pressure.
As shown in the regression results in Table 10, column (1) indicates that the regression coefficient between the phasing-out subsidy and eastern enterprises is −0.0415, which is significantly negative at the 5% level. Column (2) indicates that the regression coefficient between the phasing-out subsidy and western enterprises is −0.0104, which is not statistically significant. This suggests that the inhibitory effect of the phasing-out subsidy on the financial performance of eastern PV enterprises is more pronounced. This may be because the PV industry in the eastern region attracts enterprises to cluster due to economic and technological advantages and benefits from generous government subsidies that promote development. However, with the reduction of subsidies, the highly subsidy-dependent eastern enterprises face greater impacts and need to accelerate technological innovation to meet the challenges of rising costs and efficiency improvements. This is particularly challenging for those with insufficient technological innovation capacity, creating additional financial pressure.
TABLE 10 | Results of heterogeneity analysis based on regional location.
[image: Table 10]6 CONCLUSION AND RECOMMENDATIONS
The development of the PV industry is a crucial initiative for reducing greenhouse gas emissions. In its early stages, China promotes the rapid growth of the PV industry through the implementation of various subsidy policies. However, in the middle and later stages of development, the Chinese government recognizes the problems of overcapacity in the PV industry and initiates the process of subsidy reduction. Despite this, research on the impact of subsidy reduction policies on the financial performance of PV companies remains relatively scarce. This paper examines the “531 New Policy” in the PV industry, analyzing the impact of the phasing out subsidy on the financial performance of PV enterprises using the PSM and DID model. Through empirical analysis, four key findings are obtained: (1) The phasing out subsidy generally inhibits the financial performance of PV enterprises. (2) For enterprises at different levels of the PV industry chain, the negative impact of the phasing out subsidy on downstream enterprises is greater than its impact on upstream and midstream enterprises. (3) The phasing out subsidy indirectly weakens the financial performance of downstream PV enterprises by reducing R&D investment, while the mediating effect of R&D investment is not significant for PV enterprises as a whole. (4) The effects of the phasing out subsidy on PV enterprises vary by region and age. The negative impact on enterprises in the eastern region is greater than in the central and western regions, and the negative impact on older enterprises is greater than on younger enterprises.
In response to the above findings, this paper offers the following recommendations: Firstly, it is recommended that the government optimize the design of the PV phasing out subsidy, carefully control the pace of subsidy reductions, minimize the negative impact of large-scale subsidy reductions on the PV industry within a short period, and stabilize PV enterprises’ expectations regarding the subsidy policy. At the same time, the direction of PV industry subsidies should be appropriately adjusted. In addition to the traditional method of subsidizing based on electricity generation, the government could increase subsidies for R&D innovation, raise the threshold for receiving subsidies, and guide enterprises to strengthen technological innovation. This would enhance the core competitiveness of PV enterprises and promote the orderly and healthy development of the industry. Secondly, given the varying negative impacts of the phasing out subsidy on the financial performance of enterprises at different levels of the PV industry chain, it is suggested that the government implement a more precise and differentiated subsidy policy. For upstream and midstream enterprises, moderate subsidy support should be maintained to stabilize the supply chain and raw material supply. Meanwhile, for downstream enterprises, the focus should be on providing incentives for technological innovation and market expansion, such as low-interest loans and tax exemptions, to alleviate financial pressure and encourage transformation and upgrades. Finally, a differentiated subsidy policy should be implemented based on the age and geographical location of PV enterprises. The government should promote synergistic development across regions and optimize the layout of the PV industry. For the eastern region, with its developed economy, strong market demand, but limited land resources, the focus should be on developing PV technology R&D, high-end manufacturing, and intelligent operation and maintenance. Meanwhile, the central and western regions can leverage their abundant land and solar resources to develop PV power plant construction, operation, and other industrial segments. Additionally, to address the transition difficulties faced by senior enterprises, the government could provide appropriate support to help them smoothly transition to a new development model and mitigate the negative impact of subsidy withdrawal. At the same time, young enterprises should be encouraged to actively participate in market competition and lead the industry’s development through technological and business model innovation.
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