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Abstract


The clean energy transition of the power sector is essential for achieving sustainable development. However, an important question is how, and to what extent, government subsidy policies contribute to this transition. Using county-level data on wind and photovoltaic capacity and power generation in China, we demonstrate that Feed-in Tariff (FIT) subsidies have substantially increased both the installed capacity and power generation of wind and PV energy. Specifically, for every 10% increase in FIT subsidies, wind power installed capacity increases by 24.33%, and power generation increases by 19.33%. Similarly, PV power installed capacity increases by 19.80%, and power generation increases by 15.50%. Further analysis reveals that FIT incentivizes market participants to invest in wind and PV power generation by increasing the likelihood of profitability for renewable energy enterprises. However, fixed FIT subsidies, probably due to over-incentivization, transmission constraints, and the intermittent nature of renewable energy, cause a decline in the capacity utilization rate of wind and PV power. Additionally, our findings highlight that tailoring FIT policies to local resource endowments and improving transmission infrastructure can enhance policy effectiveness and support the clean energy transition.
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1. Introduction


Renewable energy plays a crucial role in reducing greenhouse gas emissions and diversifying the energy supply. Renewables accounted for 29% of global electricity generation in 2020. Driven by wind power and PV, more than 256 × 106 kW of capacity was added in 2020, marking nearly a 10% increase in total installed renewable power capacity [1]. To sustain the rapid expansion of renewable electricity, continued incentive policies are essential to encourage further deployment of clean energy sources. Based on the experiences of countries advancing renewable electricity, key incentive policies include feed-in tariff subsidies and renewable energy portfolio standards. Understanding the relationship between these incentive policies and the development of renewable electricity is critical for shaping future energy strategies.



China is the fastest-growing country in terms of installed renewable electricity capacity globally [1]. To achieve this rapid growth, the Chinese government has provided substantial subsidies to stimulate the development of these renewable energy industries. As noted [2], total subsidies for wind and PV power generation exceeded 60 billion RMB in 2015 alone. Given the government’s considerable expenditure on these incentives, it is essential to evaluate the effectiveness of the FIT subsidy policy and its impact on the development of the PV and wind energy sectors.



The feed-in tariff (FIT) subsidy policy, which offers fixed tariffs for wind and PV energy significantly higher than the benchmark price for coal-fired electricity, aims to rectify cost distortions in renewable energy power generation (REPG) technologies. However, on the one hand, if the fixed subsidy is low compared to the cost distortion of new technologies, it will cause policy failure. On the other hand, if the fixed subsidy is much higher compared to the cost distortion, it will cause overinvestment and resource waste [3].



We use county-level data on PV and wind power capacity and generation in China from 2005 to 2017, compiled from national power industry statistics, to analyze the impact of fixed FIT subsidies on these metrics. Our identification strategy leverages variations in subsidy levels and policy implementation timing across counties to evaluate the impact of these subsidies using a difference-in-differences (DID) model. We find that FIT subsidies significantly increase both the installed capacity and generation of PV and wind power.



Further investigation shows that the FIT subsidy policy stimulates the development of the renewable energy industry by enhancing the likelihood of profitability for enterprises. However, the rigidity of fixed FIT subsidies can lead to decreases in capacity utilization rates, probably caused by overinvestment and insufficient public infrastructure for transmission lines. Also, hydropower has a crowding-out effect on photovoltaic and wind power generation, negatively impacting the effectiveness of FIT. The ultra-high-voltage (UHV) transmission project can help bridge the geographic mismatch between renewable energy supply and demand, thereby improving the efficiency of FIT implementation.



This study contributes both to the literature and policy practices on renewable energy development. First, with county-level data, we provide solid empirical evidence on the effectiveness of FIT subsidies, addressing gaps in the existing literature with data-driven evidence. Second, this study shows the two-sided effect of FIT subsidies, causing an increase in installed capacity and power generation, but a decrease in capacity utilization, which presents potential policy risks for governments when implementing fixed FIT subsidies. Third, by examining factors that influence the effectiveness of FIT subsidies, we provide valuable policy optimization suggestions.



The paper is structured as follows: Section 1 is the Introduction. Section 2 is a brief literature review. Section 3 shows the policy background. Section 4 outlines the empirical strategies and presents the data sources used in the analysis. Section 5 presents the empirical results and offers a discussion. Finally, Section 6 concludes the paper.




2. Literature Review


This paper contributes to the literature on the impact of policy incentives on the growth of PV and wind power. While FIT is one of the most important policies in renewable energy development, research on its specific impact on PV and wind power is still limited. Most previous studies have primarily used data from specific regions, provincial levels, or publicly listed companies, which may lack precision and representativeness. For example, ref. [4] use provincial panel data from 2012 to 2019 to study FIT’s effect on PV capacity, finding that a 0.1 yuan/kWh increase in PV subsidies leads to an additional 18 × 106 kW/year of national installed capacity. The authors of [5] analyze data from Inner Mongolia, Shanxi, and Shaanxi provinces to explore how FIT affects regional disparities in new energy development, concluding that varying grid price subsidies contribute to uneven growth in wind and PV power across regions. The authors of [6] examine data from publicly listed PV companies (2009–2015) to assess FIT’s impact on the sustainable development of China’s PV industry, finding that FIT policies significantly enhance inventory turnover and profitability. However, the use of data from specific regions, provincial levels, or publicly listed companies raises concerns about the precision and generalizability of these findings.



A similar trend is observed in studies on developed countries. The authors of [7] assess the effectiveness of FIT policies in promoting PV and onshore wind power across 26 EU countries from 1992 to 2008, finding that FITs significantly drive PV development but have less impact on wind power. The authors of [8] analyze data from 164 countries between 1990 and 2010 and conclude that feed-in tariffs are endogenous, with inconclusive impacts on renewable energy growth.



Due to the complexity of energy markets and the variety of factors influencing policy outcomes, some studies adopt modeling and simulation approaches. The authors of [9] model the effects of environmental taxation and subsidization on wind and PV electricity, concluding that among policies such as FIT, Feed-in Premium, and Contracts for Difference, FITs have the greatest impact on investments in both wind and PV power. Similarly, ref. [10] model the effects of fixed and premium FITs on wind turbine location choices, revealing that fixed FITs lead to higher balancing costs for intermittent energy production and fail to incentivize generation when marginal costs are high.



Overall, many of these empirical studies face limitations due to the precision of the data used. In contrast, this paper utilizes county-level data on renewable energy installation capacity and generation from all counties in China, offering greater representativeness and higher data quality. This comprehensive dataset enables us to draw more reliable conclusions about the impact of FIT on renewable energy development, addressing the gaps identified in prior research.



Several studies also examine other policy incentives for wind power and residential PV. For example, ref. [11] investigates the impact of tax credits and production incentives on wind power expansion. Ref. [12] evaluates the effect of upfront rebates in the California PV Initiative on residential PV installations, while ref. [13] assesses the influence of government incentive programs on PV adoption. Ref. [14] explores how financial rebates contribute to the growth of residential PV. More recent research compares different policies, such as investment versus output subsidies, on new energy development (e.g., [15,16]). These studies are also relevant to our article. Extending this literature, we find that the effectiveness of incentive policies is significantly influenced by regional natural resource endowments. Specifically, the same policy may yield very different outcomes depending on local wind, solar, or hydropower potential, suggesting that resource heterogeneity plays a crucial role in determining the impact of policy instruments.



Our article also addresses the issue of excess capacity in the renewable energy industry. Using modeling and numerical analysis, ref. [17] shows that a ‘sticky’ feed-in tariff (FIT) coupled with falling wind power costs leads to high investor mark-ups and raises the risk of overinvestment in China. Other studies highlight that the intermittency of renewable energy sources and insufficient transmission capacity, which limit the balancing of supply and demand within the power system, are key contributors to excess capacity [18,19,20]. Our findings demonstrate that the FIT subsidy policy boosts the probability of profitability for renewable energy enterprises, resulting in excessive incentives and an oversupply of renewable energy installations. This provides empirical evidence supporting the existence of excess capacity. Furthermore, our analysis reveals that the development of transmission infrastructure enhances the effectiveness of FIT policies and improves the capacity utilization rate of renewable energy systems. This provides new empirical evidence that complements and extends the existing literature.




3. Policy Background


In addition to tax incentives and reductions, the primary renewable energy subsidy policies implemented worldwide are the Renewable Portfolio Standard (RPS), Fixed Feed-in Tariff (FFIT), and Feed-in Tariff Bidding (FITB). The United States primarily implements RPS, which is a more voluntary policy, allowing local state governments to set renewable energy quota targets based on local conditions. Both FFIT and FITB are essentially forms of the FIT subsidy policy, but while the government sets the feed-in tariff under FFIT, FITB relies on market mechanisms to determine the tariff. The EU and China are the main regions implementing the FFIT system.



The FIT subsidy policy ensures that the government specifies the feed-in tariff for new energy electricity and mandates power companies to purchase all power generated by qualified new energy producers through subsidies. The purchase price is determined based on the production cost of each renewable energy technology, plus a certain profit margin. FIT contracts typically have a long-term duration of 10 to 20 years. During the contract period, renewable energy enterprises sell electricity to the grid at a higher price than the market rate, supported by government subsidies.



Since 2003, China has experimented with determining wind power prices through market-based subsidies, known as “concession bidding,” to gradually promote renewable energy development. Concession bidding involved the public tendering of one or more new energy projects by the government, with each power generation enterprise bidding to determine the feed-in price for the project. The resulting transaction prices from concession projects were generally lower than the approved wind power prices at the time, dropping as low as 0.38 yuan/kWh, approaching the benchmark feed-in price for thermal power. However, due to worsening pollution and increasing pressure from international climate negotiations, the National Development and Reform Commission (NDRC) canceled the concession bidding policy for wind and PV power in 2009 and 2011, respectively. In its place, the NDRC introduced the Fixed Feed-in Tariff (FFIT) policy for both industries. Under this policy, power grids purchase renewable energy at the local benchmark price for thermal power, while the government subsidizes the difference between the fixed benchmark feed-in prices for renewable energy and thermal power.



To promote large-scale wind and PV power generation, the FFIT rates were set significantly higher than the previous concession project prices. China categorized the country into four wind energy resource zones and three PV energy resource zones, establishing specific FFIT rates for each zone. The FFIT rates for wind power in the four zones were set at 0.51 yuan, 0.54 yuan, 0.58 yuan, and 0.61 yuan per kWh, while for PV power, the rates were 0.9 yuan, 0.95 yuan, and 1.0 yuan per kWh in the three respective photovoltaic resource zones.



During this period, China’s installed capacity for wind and PV power entered a phase of rapid development. In 2009, China added 13.73 million kilowatts of new wind power capacity, surpassing the cumulative installed capacity of 9.65 million kilowatts from the previous two decades. Between 2009 and 2015, the annual growth rate of new wind power capacity averaged 47.5%, accounting for 42% of the global new capacity during this period. Similarly, in 2011, China added 2.7 million kilowatts of new photovoltaic capacity, far exceeding the cumulative total of 0.8 million kilowatts by the end of 2010. From 2011 to 2015, the average annual growth rate of new PV installations was 248%.



Many believe that the FFIT subsidy policy was instrumental in promoting the large-scale development of wind and PV power. However, it has also been cited as a key factor contributing to overcapacity in these sectors. Despite these views, there is limited empirical literature to substantiate such claims, and existing studies have not credibly quantified the elasticity between subsidies and renewable energy development. This gap largely stems from the lack of precise data, especially below the provincial or industry level, and the inability to construct explanatory variables that accurately quantify the regional impact of FIT policies.



This paper addresses these gaps by utilizing data from the China Power Industry Statistics Compilation Database to create a county-level dataset covering all installed PV and wind capacities. This allows for a more granular analysis of the FFIT’s impact on the development of China’s wind and PV power industries.




4. Empirical Strategy


To investigate the impact of the FIT on the development of the REPG industry, it is essential to utilize a high-quality dataset. Existing empirical studies on China’s renewable power generation industry often rely on data from provinces, specific regions, or publicly listed companies [4,5,6]. However, provincial or regional data is typically not granular enough to support high-quality analysis. Moreover, there are concerns about the representativeness of sample data from listed companies, which may lead to selection bias and threaten the validity of empirical results.



To address these limitations, we construct a county-level dataset for China’s REPG industry using data from 2005 to 2017 from the Statistical Data Compilation of China Power Industry. This comprehensive dataset allows for more precise analysis, enabling us to leverage econometric tools effectively and conduct a more valid and accurate evaluation of FIT’s impact on the development of China’s REPG industry.



The following section introduces the empirical strategies, including model specifications, variable construction, and data sources used in our analysis.



4.1. Model Specification


4.1.1. Baseline Model


We begin by evaluating the impact of the FIT on the development of the REPG industry using a continuous Difference-in-Differences (DID) regression model. The model is specified as follows:


    l o g ( 1 + Y   i t   ) = α + β   R S   i   ×   P o l i c y   i t   +   γ C o n t r o l   i t   +   S   i   ×   y e a r   t   +   δ   i   +   θ   t   +   ε   i t    



(1)




where i denotes the county, and t denotes the year.     Y   i t     is the explained variable, representing the installed capacity and power generation of PV or wind power at the county-year level.     R S   i   =      F I T   j i ,   r e n e w a b l e       F I T   j ,   t h e r m a l       , where   j   denotes province,   i   denotes year, and   r e n e w a b l e   denotes wind or PV power.     F I T   j i ,   r e n e w a b l e     denotes the feed-in tariff (FIT) for renewable energy, and     F I T   j ,   t h e r m a l     represents the benchmark on-grid tariff for coal-fired power. In practice, local power companies purchase electricity generated from renewable sources at the coal benchmark price, while the difference between this price and the higher renewable FIT is covered by government subsidies. Accordingly, we define the relative subsidy level   R S  , which indicates the level of FIT support relative to the local benchmark tariff for thermal power. Since the wind power feed-in tariff subsidy policy was implemented in 2009, we use the coal-fired power feed-in tariff of each province in 2009 as the benchmark feed-in price. Similarly, for the solar power feed-in tariff subsidy policy, which began in 2011, we use the coal-fired power feed-in tariff of each province in 2011 as the benchmark price.     P o l i c y   i t     represents a dummy variable indicating whether the policy has been implemented. If FIT is implemented in county i, year t, then     P o l i c y   i t   = 1  , otherwise,     P o l i c y   i t     = 0. Here,   β   is the interested causal effect of FIT on REPG industry. Since we employ log-form of the explained variable, every 10% increase of     R S   i     causes   β × 10 %   increase in the explained variable. Economically, it captures the percentage change in renewable energy installed capacity or generation associated with a one-unit increase in the relative FIT level compared to the benchmark on-grid price for coal-fired power.



    C o n t r o l   i t     represents a vector of county-year control variables, including GDP and the added value of the secondary industry, accounting for economic factors that influence renewable energy development, both of which are taken in logarithmic form.     S   i   × y e a r   is the interaction term between wind speed or elevation and year, which controls for regional variations in renewable energy resource availability that may affect the development of the renewable energy industry.     δ   i     represents county fixed effects to control for time-invariant county characteristics.     θ   t     represents year fixed effects to account for common year-specific factors.     ε   i t     is the error term. We cluster standard errors at the county level.




4.1.2. Event Study


The validity of the DID estimator hinges on the assumption that, in the absence of the FIT subsidy policy, the installed capacity and power generation trends in the treatment group would have followed the same trajectory as those in the control group. If this parallel trend assumption is violated, the differences between the two groups may not be attributable to the FIT subsidy policy, potentially leading to biased estimates. To assess whether this assumption holds, we employ an event study to examine the dynamic effects of the FIT subsidy policy over time. Specifically, the model is specified as:


    l o g ( 1 + Y   i t   ) = α +   ∑  τ ≠ p o l i c y   y e a r − 1      β   t       R S   i   ×   P o l i c y   i τ   +   γ C o n t r o l   i t   +   S   i   ×   y e a r   t   +   δ   i   +   θ   t   +   ε   i t    



(2)




where   τ   represents the year.   τ ≠ p o l i c y   y e a r − 1   indicates the year before policy introduction year as the omitted category to avoid collinearity. The coefficient     β   k     estimates the effect of the FIT subsidy policy at each point in time   τ  , allowing us to assess the presence of any pre-treatment trends and to trace the dynamic evolution of the policy’s impact over time. Other terms are the same as in model (1).




4.1.3. Poisson Model


Since the resulting dependent variables are left-skewed and non-negative, we employ the Poisson Pseudo-Maximum Likelihood (PPML) estimator to replace model (1) [21]. After the adjustment, the model becomes:


    Y   i t   = e x p ( α + β   R S   i   ×   P o l i c y   i t   +   γ C o n t r o l   i t   +   S   i   ×   y e a r   t   +   δ   i   +   θ   t   +   ε   i t   )  



(3)







The main variables are the same as in model (1), where both the dependent and control variables are in absolute value form.




4.1.4. Other Model


We also aim to investigate whether the FIT subsidy policy affects the REPG industry through an economic channel. To do this, we employ a linear probability model specified as:


    P r o f i t   i t   = α + β   R S   i   ×   P o l i c y   i t   +   γ C o n t r o l   i t   +   R e g i o n   i t   +   Y e a r   i t   +   F i r m   i   +   ε   i t    



(4)




where     P r o f i t   i t     is the dependent variable, which is a dummy variable indicating the financial status of enterprise i in year t. If the profit or net profit is positive,     P r o f i t   i t   = 1  ; otherwise,     P r o f i t   i t   = 0  .     R S   i   ×   P o l i c y   i t     is the interaction term, identical to model (1), representing the impact of the FIT subsidy policy on the county where enterprise i is located.     C o n t r o l   i t     is a matrix of enterprise-level control variables, including selling expense, total fixed assets, employees, and age.     R e g i o n   i t     represents regional-year fixed effects that vary over time. We follow the method of [22] and divide China into six regions: North China, Northeast China, East China, Central and South China, Southwest China, and Northwest China. Region-year fixed effects are controlled to account for regional differences.     Y e a r   i t     and     F i r m   i     represent year and firm fixed effects, respectively.     ε   i t     is the error term.





4.2. Variable Description and Data Source


Explained variables. The two dependent variables are the installed capacity and electricity generation of wind and PV power. The data is manually compiled from the Statistical Data Compilation of China Power Industry. The data compilation records China’s power generation enterprises that own generator unit with capacity more than 6000 kW, including the information on the number of generator units, the unit installed capacity, power generation, utilization hours, and consumption for both power generation and supply. We traversed each power generation enterprise and its power generators, and attained the location and installation date of all installed capacities. Then the capacity and power generation data were summed up to the county-year level based on the location and installation date. Eventually, we generated a database of the installed capacity and power generation for the PV and wind power generation industry in each county of China from 2005 to 2017. The explained variables are subtracted from this database.



Explanatory variable. The explanatory variable is the relative FIT subsidy degree for wind and PV power. Under the FIT system, power companies purchase wind and PV electricity at the local thermal power benchmark price, while the government subsidizes the difference between this benchmark and the fixed FIT for wind/PV power. The greater the subsidy difference, the stronger the incentive for REPG participants to invest in additional capacity. We measure this incentive by calculating the ratio of the FIT subsidy difference to the thermal power benchmark price. This allows us to study how varying subsidy levels across regions affect the development of REPG.



Control variables. The control variables include both county-level GDP and secondary industry added value. These variables are sourced from the China County Statistical Yearbook. Due to severe data gaps in this yearbook, we only selected these two relatively complete variables. Additionally, regional differences in PV and wind resource endowments can lead to variations in the potential, development level, and trends of the REPG industry. To account for such factors, we used high-resolution WorldClim data to obtain information such as average altitude and average wind speed from 1970–2020 for each county in China.



Other variables. The financial data of REPG enterprise is derived from the Chinese tax survey database. We retained enterprises with observations before and after FIT implementation, and obtained a total of 507 observations from 512 wind power enterprises and 402 observations from 190 PV power enterprises. The sample data mainly includes total profit, net profit, employee count, selling expense, total fixed assets, and the establishment duration.



During the sample period 2005–2017, 611 and 975 counties installed wind and PV power generators, respectively. The remaining counties had no new energy power generation capacity. The summary statistics are shown in Table 1.





5. Empirical Results and Analysis


5.1. Baseline Results


The primary goal of the FIT subsidy policy is to foster the development of the REPG industry. To assess the effectiveness of the FIT subsidy policy in China, we first apply the DID model specified in Model (1) to evaluate the policy’s impact on installed capacity and power generation for both PV and wind energy. Table 2 presents the regression results.



Columns (1) and (2) of Panel A are the regression results on the installed capacity of wind power, and columns (3) and (4) are the regression results on wind power generation amount. Columns (1) and (3) are regression results that only control for county fixed effect and year fixed effect. The coefficients of the explanatory variable are significantly positive (p < 0.01), which indicates that a 10% increase in relative subsidy causes an increase of 24.33% in the installed capacity of wind power, and a 19.33% increase in wind power generation. In columns (2) and (4), we added control variables of the county-level GDP and added value to secondary, the coefficients are robustly significant (p < 0.01), indicating that a 10% increase in relative subsidy causes an increase of 25.87% in installed capacity of wind power, and a 20.28% increase in wind power generation.



Panel B is the regression results on the installed capacity and power generation of PV energy. Similarly to panel A, columns (1) and (3) are regression results that only control for county fixed effect, year fixed effect, and the interaction term of wind speed and year. The coefficients of the explanatory variable are also significantly positive (p < 0.01), indicating that a 10% increase in relative subsidy for PV FIT causes an increase of 19.80% in installed capacity of PV power, and a 15.50% increase in PV power generation. Columns (2) and (4) include extra controls for county-level GDP and added value to the secondary industry. The estimated results are robustly significant (p < 0.01), with a slight increase in effect magnitude.



These results suggest that FIT subsidies significantly boost both the installed capacity and generation of wind and PV power. Note that the dataset includes only generator units with a capacity of 6 MW or more, so small distributed PV systems and micro wind installations are not captured. A reasonable assumption is that these small units are subject to the same FIT subsidy effects. As a result, while the impact of FIT subsidies on renewable generation may be underestimated, the overall conclusion remains unchanged.




5.2. Dynamic Effects Test


In this section, model (2) is used to examine the dynamic effects of FIT on the installed capacity and power generation amount of regional wind and PV power. Figure 1 shows the corresponding results. Figure 1a,b plot the dynamic effect on the installed capacity and power generation amount of wind power. The dynamic effects prior to the implementation year of the FIT are not significantly different from zero, indicating no significant differences in installed capacity and power generation in the wind power industry between the various exposure groups. After the implementation year of FIT, the dynamic effects become robustly positive and significant, which validates the conclusions drawn from the results of model (1).



The same situation is observed from Figure 1c,d, which show the dynamic effects of FIT on the installed capacity and power generation amount of the PV power industry. Also, the parallel trend hypothesis is satisfied for PV power, and the conclusions drawn from the results of model (1) stand for PV power. It should be noted, however, that, for the sake of maintaining the sample size, we only controlled for GDP and Secondary GDP, which may raise concerns that regional economic or policy heterogeneity is not fully captured. Therefore, in Appendix A Table A1, we also include additional county-level control variables, showing that this concern does not materialize: the effects remain significant, although the sample size decreases substantially.



In short, the above results show that the parallel trend hypothesis of the benchmark regression model is valid, and the increase in installed capacity and power generation amount of the REPG industry is indeed caused by the FIT.




5.3. Robustness Check


To further test the reliability of the baseline results, this section conducts a series of robustness checks.



5.3.1. Poisson Regression


First, since the distribution of the outcome variables of interest is left-biased and non-negative, we further employ the Poisson-pseudo-maximum likelihood method to examine the effect of FIT subsidy policy on REPG industry development via the model (3). Table 3 shows the regression results. Panel A shows the regression results on the wind power generation industry. Columns (1) and (2) are the regression results on the installed capacity and power generation for wind power, and columns (3) and (4) are the regression results for PV power. By using eβ−1 to convert the estimated coefficients into proportional form, it can be obtained that a 10% increase in relative subsidy causes the installed capacity and power generation amount of wind energy to increase by 23.4% and 14.6%, the magnitudes of which are close to the baseline model results. Similarly, the results for PV energy in columns (3) and (4) are also robust.




5.3.2. Linear Probability Regression


Second, a linear probability estimation is employed to test the FIT’s effect on the probability of a county achieving REPG industry development. To construct the linear probability model, we keep the other settings of models (1) the same, but substitute the explained variables with a dummy variable. The new explained variable equals 1 when the county owns wind/PV power installed capacity or power generation amount greater than 0, and equals 0 otherwise. Then, a linear probability model is produced to examine whether FIT causes a greater probability of the county adding new installed capacity or generating power in the wind/PV power industry. Table 4 shows the results. The coefficients of the policy explanatory variable in columns (1)–(4) are all significantly positive (p < 0.01 for columns (1)–(3), and p < 0.05 for column (4)). The regression results show that the FIT does cause a higher probability of increasing the installed capacity and power generation amount of the wind/PV power industry in the processing county. Moreover, the effect on the PV power industry is even higher than that on the wind power industry from the magnitude of the coefficient.




5.3.3. Potential Confounders


Third, since the electricity supply industry is subject to various environmental regulatory policies, which may drive the development of wind and PV industries, it is possible that the observed effects in this paper stem from these regulatory policies rather than the FIT subsidy policy. To rule out these confounding factors, we consider two potential confounders.



The first factor is the “Green” dispatch pilot policy. This policy, aimed at energy-saving and emission-reducing dispatch, was piloted in five provinces (Guangdong, Guangxi, Yunnan, Guizhou, and Hainan) starting in 2010. The results observed in this paper could potentially be driven by this policy. We test the effect of this policy by adding a dummy variable, Green dispatch, indicating this policy. Table 5 columns (1)–(2) show the results that our conclusion is not affected.



The second factor is the intensity of environmental regulation. Given that China’s electricity supply industry relies heavily on coal-fired power generation, which causes significant environmental pollution, regions with higher coal consumption may face stricter environmental regulations, leading to faster development of wind and PV power. Therefore, we measure the environmental regulation intensity at the county level using the coal consumption data for power generation in each county to test the influence of this factor. We compiled coal consumption data from the Compilation of Statistics on the Power Industry. The regression results, shown in Table 5, columns (3)–(4), indicate that our conclusions are also not driven by this factor. These tests confirm the reliability of our baseline regression results.





5.4. Enterprise Profitability


The analyses above provide strong evidence that the FIT subsidy for REPG does increase both the installed capacity and power generation of the wind and PV industries. However, given the Chinese government’s strong administrative capabilities, some policy outcomes may result from administrative influence rather than purely economic mechanisms. In theory, under FIT subsidy, the grid company is more willing to purchase Renewable energy power at the benchmark feed-in tariff higher than coal-fired power. This arrangement accelerates the capital return for enterprises, effectively reducing the early investment and installation costs for wind and PV power firms [9,18]. This economic mechanism should be reflected in the profitability of REPG enterprises. To verify whether the FIT achieves its intended economic mechanism, we examine the effect of the FIT subsidy policy on the profitability of REPG enterprises. This will help determine whether the policy’s impact on profitability aligns with the theoretical expectations of capital return and cost reduction. Thus, model (4) is employed here, and the results are shown in Table 6.



The results show that every 10% increase in the relative FIT subsidy for PV power will cause the probability of PV power generation enterprises gaining positive net profit and positive gross profit to increase by 6.43% and 8.62%, respectively. Every 10% increase in the relative FIT subsidy for wind power will cause the probability of wind power generation enterprises gaining positive net profit and positive gross profit to increase by 13.36% and 11.48%, respectively. This supports that the effect of FIT on REPG industry development is achieved through an economic mechanism.




5.5. Capacity Utilization Rate


The analysis above demonstrates that the primary mechanism by which the FIT subsidy promotes the development of the REPG industry is by increasing the profitability of enterprises. However, the fixed nature of the FIT subsidy creates inflexibility, and significant delays in adjusting subsidy policies can lead to over-incentivizing market participants. This, in turn, encourages excessive investment in wind and PV power generation [10,17]. Consequently, the inability to efficiently adapt subsidy levels to market conditions may contribute to overcapacity and inefficiencies in the renewable energy sector.



Additionally, transmission constraints, particularly the poor transmission infrastructure between wind- and PV-rich areas and the demand centers, can hamper the effective integration of renewable energy into the grid. These constraints, alongside the intermittent nature of renewable sources, limit the full utilization of installed capacity [18,19,20]. Consequently, this combination of overcapacity from excessive investment and underutilization due to transmission and natural constraints may lower the capacity utilization rate of wind and PV energy generation equipment.



To verify this judgment, we use the ratio of wind and PV energy generation to installed capacity in each county to measure the capacity utilization rate of renewable energy equipment. Then, we examine the effect of the FIT subsidy on capacity utilization, with the regression results presented in Table 7. The results indicate that the FIT subsidy indeed reduces the capacity utilization rate of wind and PV power.




5.6. Resource Endowment


Many southern regions in China are rich in hydropower resources, where hydropower is well developed, and the on-grid electricity price is relatively lower than that of coal-fired power. As a result, even with support from FIT policies, wind and solar power may not enjoy a significant cost advantage over hydropower. Consequently, the effectiveness of the FIT subsidy policy in promoting wind and solar development may be limited in these regions. To account for this, we examine the role of regional resource endowments. Since hydropower development is inherently constrained by the geographical distribution of water resources, we divide China into two regional groups based on the 2012 share of hydropower in total electricity generation. Regions where hydropower accounted for the largest share among all generation sources are classified as “Water-rich Regions,” while all other regions are grouped separately (The Water-rich Regions comprise: Beijing Municipality, Tianjin Municipality, Chongqing Municipality, Yunnan Province, Hunan Province, Sichuan Province, Guangxi Zhuang Autonomous Region, Jiangxi Province, Guizhou Province, Tibet Autonomous Region, and Qinghai Province). Using this classification, we empirically investigate the heterogeneous impacts of the FIT subsidy policy across regions, offering a more nuanced foundation for policy formulation.



The detailed regression results are presented in Table 8. Panel A reports the findings for photovoltaic (PV) power, where columns (1)–(3) correspond to water-rich regions and columns (4)–(6) to other regions. The results indicate that in regions with abundant hydropower resources, the effect of the FIT subsidy policy is statistically insignificant, whereas in other regions, the policy shows a strong and significant positive impact. Similar patterns are observed in Panel B, which presents the results for wind power.



These findings suggest that FIT policies should be implemented selectively, taking regional resource endowments into account to maximize their effectiveness. From the perspective of clean energy transition, this implies that regions with rich hydropower resources should continue to prioritize hydropower development, while in areas with abundant solar and wind potential, FIT subsidies can be more effectively leveraged to support the expansion of renewable electricity. A regionally differentiated policy approach would thus be more conducive to accelerating the clean energy transition.




5.7. Ultra-High Voltage


Given that regions with abundant renewable energy resources—such as Northwest and North China—are geographically distant from the country’s major economic centers located in the eastern coastal areas, there exists a significant spatial mismatch between renewable electricity supply and demand. In the context of underdeveloped electricity storage technologies, transmission networks play a crucial role in bridging this gap by linking generation-rich areas with high-demand regions, thereby facilitating the development of the renewable power sector. In this section, we further examine how the construction of transmission infrastructure influences the effectiveness of FIT policies.



We conducted an analysis of Ultra-High-Voltage (UHV) transmission projects and their influence on the relationship between Feed-in Tariffs (FIT) and photovoltaic (PV) power generation (All UHV projects during the sample period are obtained from publicly available documents, and the detailed list is provided in Appendix A Table A4). The results are presented in Table 9, Panel A. Specifically, columns (1) to (3) show that UHV transmission projects significantly increase the installed capacity and power generation of PV, and also enhance the capacity utilization rate of PV systems. Columns (4) to (6) further examine how UHV projects affect the effectiveness of the FIT subsidy policy. The results indicate that in regions where UHV projects have been implemented, the FIT subsidy policy has a significantly more positive impact on PV installed capacity and generation. This suggests that UHV, by connecting electricity supply and demand across regions, can strengthen the effect of FIT policies on PV development.



In Table 9, Panel B, we examine the impact of Ultra-High-Voltage (UHV) transmission projects on the relationship between Feed-in Tariffs (FIT) and wind power generation. The results are presented in columns (1) to (6). Specifically, columns (1) to (3) show that UHV transmission projects significantly increase both the installed capacity and electricity generation of wind power, while also improving its capacity utilization rate. Columns (4) to (6) explore the role of UHV in influencing the effectiveness of the FIT subsidy policy. The results indicate that in regions where UHV projects have been implemented, the FIT subsidy policy has a notably stronger positive impact on wind power development. This suggests that by facilitating the transmission of electricity across regions, UHV infrastructure helps to amplify the effect of the FIT on wind energy production.



Therefore, we find that UHV transmission projects can amplify the relationship between FIT policies and renewable electricity development. The underlying mechanism lies in the ability of UHV infrastructure to connect renewable generation sites with major consumption centers, thereby expanding the potential for renewable energy deployment and more efficiently driving the growth of the new energy sector.





6. Conclusions


While FIT has been the dominant policy in promoting the development of the New Energy Power Generation industry in leading countries, the causal effect between FIT and the development of the REPG industry has not been solidly validated due to a lack of precise and non-biased data. This study takes China’s FIT subsidy policy as an example, employing county-level observations in the REPG industry, and proves via the DID method and a series of robustness checks that the FIT subsidy policy during 2009–2017 does cause a large increase in both the installed capacity and power generation amount in the REPG industry, including both PV and wind power. Our study contributes new and solid empirical evidence on the causal effect between FIT and REPG industry development, especially making up for the low data precision and challenge from the potentially biased sample of current studies herein. With further channel exploration, the results indicate that the promotion effect is achieved through the economic channel because FIT significantly increases REPG enterprise’s profitability. Also, we verified the causal effect that FIT decreases the capacity utilization rate, possibly because excessive subsidies brought by the FIT subsidy policy will lead enterprises to rapidly build new capacity regardless of regional demand, power supply infrastructure level, and other factors, and finally lead to a decline in capacity utilization.



The results of our paper have several applications. First, the findings indicate that the feed-in tariff subsidy policy promotes the development of the renewable energy generation industry by improving the profitability of renewable energy companies. Therefore, it is essential to maintain the feed-in tariff subsidy policy until the renewable energy sector can achieve profitability without relying on government support. Second, the policy has led to excessive incentives for participants in the renewable energy industry, resulting in underutilization of production capacity. To address this, the feed-in tariff subsidy policy should be flexibly adjusted to adapt to changing market conditions, ensuring that it can better fulfill its role. Third, based on our analysis, one key reason for the underutilization of capacity is inadequate transmission line infrastructure between generation and consumption points. Therefore, to ensure the healthy development of the renewable energy sector, it is crucial to strengthen the construction of transmission lines and the development of energy storage systems. Finally, to effectively support the clean energy transition in the power sector, the implementation of FIT policies should be tailored to regional resource endowments. In areas rich in solar and wind resources, FIT subsidies can effectively accelerate the deployment of renewable electricity. However, in regions abundant in hydropower resources, it may be more appropriate to prioritize the development of hydropower rather than promoting wind and solar energy. A region-specific policy approach will help maximize the effectiveness of renewable energy promotion strategies.



Beyond these policy implications, the findings of this study also have broader relevance for sustainable development. This study also contributes to the broader discussion on sustainable development. By providing causal evidence on how FIT subsidies influence renewable electricity deployment, profitability, and system efficiency, our findings highlight both the opportunities and challenges of policy-driven energy transitions. FIT subsidies are shown to be a key driver of clean electricity expansion, supporting China’s transition toward a low-carbon and sustainable power system. However, rigid and excessive subsidies may lead to resource misallocation and lower utilization efficiency, raising concerns about long-term sustainability. Therefore, a more flexible, regionally differentiated, and infrastructure-coordinated FIT design can reduce waste, enhance system reliability, and promote a more sustainable energy future. These insights offer useful guidance for policymakers aiming to design efficient and environmentally sustainable renewable energy policies.
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Table A1. Robustness Check with Additional Control Variables.






Table A1. Robustness Check with Additional Control Variables.





	

	
(1)

	
(2)

	
(3)

	
(4)




	
Variables

	
PV Capacity

	
PV Power

	
Wind Capacity

	
Wind Power






	
FITSolar

	
3.052 ***

	
2.348 ***

	

	




	

	
(0.286)

	
(0.238)

	

	




	
FITwind

	

	

	
2.087 ***

	
1.626 ***




	

	

	

	
(0.364)

	
(0.312)




	
GDP

	
−1.188

	
−0.583

	
−1.190

	
−1.284




	

	
(0.824)

	
(0.641)

	
(1.069)

	
(0.930)




	
Secondary GDP

	
1.941 **

	
1.062 *

	
1.186

	
1.248




	

	
(0.795)

	
(0.620)

	
(1.075)

	
(0.940)




	
Share of Secondary

	
−6.621 ***

	
−3.523 *

	
−1.589

	
−1.348




	

	
(2.320)

	
(1.796)

	
(3.349)

	
(2.896)




	
Fiscal Expenditure

	
0.771 ***

	
0.654 ***

	
0.679

	
0.435




	

	
(0.289)

	
(0.223)

	
(0.456)

	
(0.386)




	
Total Fixed Asset Investment

	
−0.546 ***

	
−0.418 ***

	
0.439 ***

	
0.310 **




	

	
(0.138)

	
(0.105)

	
(0.160)

	
(0.138)




	
Constant

	
−9.171

	
−7.646 *

	
−9.776

	
−5.129




	

	
(5.985)

	
(4.600)

	
(8.190)

	
(7.096)




	
Observations

	
7022

	
7022

	
4299

	
4299




	
R-squared

	
0.676

	
0.665

	
0.750

	
0.755








Notes: (1) Standard errors are reported in parentheses. (2) * stands for p-value < 0.10, ** stands for p-value < 0.05, and *** stands for p-value < 0.01. (3) County fixed effects and year fixed effects are controlled in all regressions.













 





Table A2. Regression Results of the Dynamic Effects of Photovoltaic (PV) Power Generation.
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(1)

	
(2)




	
Variables

	
PV Capacity

	
PV Power






	
2005

	
0.0474

	
0.0387




	

	
(0.0318)

	
(0.0256)




	
2006

	
0.0503 *

	
0.0373




	

	
(0.0303)

	
(0.0242)




	
2007

	
0.0503 *

	
0.0347




	

	
(0.0303)

	
(0.0241)




	
2008

	
0.0530

	
0.0312




	

	
(0.0324)

	
(0.0258)




	
2009

	
0.0432 *

	
0.0245




	

	
(0.0235)

	
(0.0182)




	
2011

	
0.803 ***

	
0.564 ***




	

	
(0.292)

	
(0.188)




	
2012

	
1.252 ***

	
0.904 ***




	

	
(0.351)

	
(0.255)




	
2013

	
3.884 ***

	
2.708 ***




	

	
(0.409)

	
(0.319)




	
2014

	
4.018 ***

	
3.172 ***




	

	
(0.383)

	
(0.302)




	
2015

	
2.188 ***

	
1.855 ***




	

	
(0.305)

	
(0.247)




	
2016

	
0.386 ***

	
0.605 ***




	

	
(0.106)

	
(0.141)




	
GDP

	
0.209

	
0.119




	

	
(0.443)

	
(0.369)




	
Secondary GDP

	
−0.112

	
0.0253




	

	
(0.268)

	
(0.225)




	
Constant

	
−2.073

	
−2.631




	

	
(3.443)

	
(2.833)




	
Observations

	
10,334

	
10,334




	
R-squared

	
0.737

	
0.732








Notes: (1) Standard errors are reported in parentheses. (2) * stands for p-value < 0.10, and *** stands for p-value < 0.01. (3) The year 2010 is excluded as the reference year. (4) County fixed effects and year fixed effects are controlled in all regressions.













 





Table A3. Regression Results of the Dynamic Effects of Wind Power Generation.






Table A3. Regression Results of the Dynamic Effects of Wind Power Generation.





	

	
(1)

	
(2)




	
Variables

	
Wind Capacity

	
Wind Power






	
2005

	
1.062 **

	
0.939 **




	

	
(0.464)

	
(0.390)




	
2006

	
0.535

	
0.511




	

	
(0.436)

	
(0.367)




	
2007

	
0.557

	
0.425




	

	
(0.354)

	
(0.276)




	
2009

	
0.630

	
0.510




	

	
(0.438)

	
(0.360)




	
2010

	
0.746

	
0.673




	

	
(0.633)

	
(0.512)




	
2011

	
1.593 **

	
1.125 *




	

	
(0.745)

	
(0.604)




	
2012

	
3.240 ***

	
2.664 ***




	

	
(0.815)

	
(0.674)




	
2013

	
5.152 ***

	
3.958 ***




	

	
(0.827)

	
(0.709)




	
2014

	
4.280 ***

	
3.272 ***




	

	
(0.758)

	
(0.645)




	
2015

	
4.243 ***

	
3.389 ***




	

	
(0.656)

	
(0.568)




	
2016

	
2.766 ***

	
2.451 ***




	

	
(0.541)

	
(0.456)




	
GDP

	
0.00261

	
−0.204




	

	
(0.711)

	
(0.611)




	
Secondary GDP

	
0.547

	
0.620 *




	

	
(0.427)

	
(0.364)




	
Constant

	
−5.697

	
−3.958




	

	
(5.472)

	
(4.763)




	
Observations

	
6755

	
6755




	
R-squared

	
0.757

	
0.765








Notes: (1) Standard errors are reported in parentheses. (2) * stands for p-value < 0.10, ** stands for p-value < 0.05, and *** stands for p-value < 0.01. (3) The year 2010 is excluded as the reference year. (4) County fixed effects and year fixed effects are controlled in all regressions.













 





Table A4. List of Ultra-High Voltage (UHV) Projects.






Table A4. List of Ultra-High Voltage (UHV) Projects.





	Project Name
	Start City
	Start County
	Commissioning Year





	Jindongnan–Nanyang–Jingmen
	Changzhi City
	Changzi County
	2009



	Huainan–Northern Zhejiang–Shanghai
	Huainan City
	Panji District
	2013



	Northern Zhejiang–Fuzhou
	Huzhou City
	Anji County
	2015



	Xilingol–Shandong
	Xilingol League
	Duolun County
	2016



	Huainan–Nanjing–Shanghai
	Huainan City
	Panji District
	2016



	Western Inner Mongolia–Southern Tianjin
	Ordos City
	Zhungeer Banner
	2016



	Yuheng–Weifang
	Yulin City
	Hengshan County
	2017



	Xilingol–Shengli
	Xilingol League
	Xilinhot City
	2017



	Xilingol–Shengli
	Xilingol League
	Zhenglan Banner
	2017



	Xilingol–Shengli
	Xilingol League
	Duolun County
	2017



	Yunnan–Guangdong
	Chuxiong Yi Autonomous Prefecture
	Lufeng County
	2010



	Xiangjiaba–Shanghai
	Yibin City
	Yibin County
	2010



	Jinping–Southern Jiangsu
	Liangshan Yi Autonomous Prefecture
	Xichang City
	2013



	Hami South–Zhengzhou
	Hami City
	Barkol Kazakh Autonomous County
	2014



	Hami South–Zhengzhou
	Hami City
	Yiwu County
	2014



	Xiluodu Left Bank–Jinhua, Zhejiang
	Yibin City
	Yibin County
	2014



	Nuozhadu–Guangdong
	Pu’er City
	Simao District
	2015



	Nuozhadu–Guangdong
	Pu’er City
	Lancang Lahu Autonomous County
	2015



	Xilingol–Shandong–Coal-Power Integration
	Xilingol League
	Abaga Banner
	2016



	Ningdong–Zhejiang
	Yinchuan City
	Lingwu City
	2016



	Huainan–Nanjing–Shanghai
	Huainan City
	Panji District
	2016



	Western Inner Mongolia–Southern Tianjin
	Ordos City
	Zhungeer Banner
	2016



	Jiuquan–Hunan
	Jiuquan City
	Guazhou County
	2017



	Northern Shanxi–Nanjing
	Shuozhou City
	Pinglu District
	2017



	Yuheng–Weifang
	Yulin City
	Hengshan County
	2017



	Xilingol–Shengli
	Xilingol League
	Xilinhot City
	2017



	Xilingol–Shengli
	Xilingol League
	Zhenglan Banner
	2017



	Xilingol–Shengli
	Xilingol League
	Duolun County
	2017



	Xilingol–Taizhou
	Xilingol League
	Xilinhot City
	2017



	Zalute–Qingzhou
	Tongliao City
	Zalute Banner
	2017
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Figure A1. A Brief Schematic of the Findings. 
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Figure 1. Dynamic effects of FIT on wind and PV power generation industries. (a) Dynamic effect of FIT on wind power installed capacity. (b) Dynamic effect of FIT on wind power generation. (c) Dynamic effect of FIT on PV installed capacity. (d) Dynamic effect of FIT on PV power generation. Notes: (1) The vertical axis reports the estimated dynamic effects, which correspond to     β   t     in model (2). (2) More detailed regression results are presented in Appendix A Table A2 and Table A3. 
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Table 1. Summary statistics.






Table 1. Summary statistics.





	
Variable

	
Unit

	
Observations

	
Mean

	
S.D.

	
Min

	
Max






	
County-level variables




	
installed capacity




	
Wind

	
kW

	
7323

	
91,445.43

	
295,463.2

	
0

	
6,676,000




	
PV

	
kW

	
11,687

	
19,546.35

	
88,196.56

	
0

	
2,340,000




	
power generation




	
Wind

	
kWh

	
7323

	
15,181.85

	
45,470.24

	
0

	
988,896




	
PV

	
kWh

	
11,687

	
1367.026

	
6630.97

	
0

	
186,812




	
Utilization rate




	
Wind

	
-

	
3071

	
0.16

	
0.06

	
0

	
0.60




	
PV

	
-

	
2486

	
0.06

	
0.04

	
0

	
0.54




	
Explanatory variable




	
Wind

	
-

	
14,952

	
1.35

	
1.39

	
0

	
4.04




	
PV

	
-

	
14,952

	
1.00

	
0.87

	
0

	
2.34




	
Other variables




	
Green dispatch

	
-

	
14,952

	
0.06

	
0.24

	
0

	
1




	
Coal

	
Ton

	
6463

	
1,610,715

	
2,721,955

	
0

	
3.99 × 107




	
GDP

	
103 RMB

	
13,510

	
1,572,927

	
2,646,200

	
13,479

	
9.27 × 107




	
Secondary GDP

	
103 RMB

	
13,601

	
796,170.1

	
1,573,705

	
1640

	
5.83 × 107




	
Elevation

	
m

	
14,952

	
699.80

	
837.04

	
0.13

	
4627.14




	
Wind speed

	
m/s

	
14,952

	
2.56

	
0.60

	
1.06

	
4.69




	
Firm-level variables




	
Net profit

	
-

	
2804

	
0.74

	
0.43

	
0

	
1




	
Gross profit

	
-

	
2804

	
0.75

	
0.43

	
0

	
1




	
Selling expense

	
103 RMB

	
2556

	
474.53

	
6327.98

	
0

	
155,296




	
Fixed assets

	
103 RMB

	
2791

	
631,172.9

	
1,059,829

	
0

	
2.96 × 107




	
Employees

	
Population

	
2797

	
35.05

	
69.82

	
0

	
1385




	
Establishment duration

	
Year

	
2804

	
4.90

	
3.45

	
0

	
27











 





Table 2. Wind and PV capacity and power generation.
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(1)

	
(2)

	
(3)

	
(4)




	
Variables

	
Installed Capacity

	
Installed Capacity

	
Power Generation

	
Power Generation






	
Panel A: Wind




	
RSwind × Policy

	
2.433 ***

	
2.587 ***

	
1.933 ***

	
2.028 ***




	

	
(0.456)

	
(0.458)

	
(0.400)

	
(0.402)




	
GDP

	

	
0.144

	

	
−0.104




	

	

	
(0.718)

	

	
(0.615)




	
Secondary GDP

	

	
0.491

	

	
0.578




	

	

	
(0.430)

	

	
(0.365)




	
County FE

	
Y

	
Y

	
Y

	
Y




	
Year FE

	
Y

	
Y

	
Y

	
Y




	
Swind × Year

	
Y

	
Y

	
Y

	
Y




	
Observations

	
7323

	
6755

	
7323

	
6755




	
R-squared

	
0.748

	
0.755

	
0.756

	
0.763




	
Panel B: PV




	
RSpv × Policy

	
1.980 ***

	
2.052 ***

	
1.550 ***

	
1.610 ***




	

	
(0.219)

	
(0.220)

	
(0.177)

	
(0.178)




	
GDP

	

	
0.434

	

	
0.270




	

	

	
(0.446)

	

	
(0.371)




	
Secondary GDP

	

	
−0.160

	

	
−0.00721




	

	

	
(0.269)

	

	
(0.227)




	
County FE

	
Y

	
Y

	
Y

	
Y




	
Year FE

	
Y

	
Y

	
Y

	
Y




	
Spv × Year

	
Y

	
Y

	
Y

	
Y




	
Observations

	
11,687

	
10,334

	
11,687

	
10,334




	
R-squared

	
0.724

	
0.730

	
0.716

	
0.724








Notes: (1) Standard errors are reported in parentheses. (2) *** stands for p-value < 0.01.













 





Table 3. Regression results of the Poisson model.
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(1)

	
(2)

	
(3)

	
(4)




	
Variables

	
Wind Capacity

	
Wind Power

	
PV Capacity

	
PV Power






	
RS × Policy

	
1.206 ***

	
0.902 *

	
1.513 ***

	
1.447 ***




	

	
(0.422)

	
(0.487)

	
(0.469)

	
(0.540)




	
County FE

	
Y

	
Y

	
Y

	
Y




	
Year FE

	
Y

	
Y

	
Y

	
Y




	
Swind × Year

	
Y

	
Y

	

	




	
Spv × Year

	

	

	
Y

	
Y




	
IRR

	
3.34

	
2.46

	
4.54

	
4.24




	
Observations

	
6747

	
6736

	
5955

	
5955








Notes: (1) Standard errors are reported in parentheses. (2) * stands for p-value < 0.10, and *** stands for p-value < 0.01.













 





Table 4. Regression results of linear probability estimation.






Table 4. Regression results of linear probability estimation.





	

	
(1)

	
(2)

	
(3)

	
(4)




	
Variables

	
Wind Capacity

	
Wind Power

	
PV Capacity

	
PV Power






	
RS × Policy

	
0.155 ***

	
0.169 ***

	
0.170 ***

	
0.170 ***




	

	
(0.0397)

	
(0.0400)

	
(0.0173)

	
(0.0177)




	
Control

	
Y

	
Y

	
Y

	
Y




	
County FE

	
Y

	
Y

	
Y

	
Y




	
Year FE

	
Y

	
Y

	
Y

	
Y




	
Swind × Year

	
Y

	
Y

	

	




	
Spv × Year

	

	

	
Y

	
Y




	
Observations

	
7323

	
6755

	
11,687

	
10,334




	
R-squared

	
0.718

	
0.721

	
0.716

	
0.716








Notes: (1) Standard errors are reported in parentheses. (2) *** stands for p-value < 0.01.













 





Table 5. Potential confounders.






Table 5. Potential confounders.





	

	
(1)

	
(2)

	
(3)

	
(4)




	
Variables

	
Green Dispatch

	
Environmental Regulation






	
Panel A: Wind




	
RSwind × Policy

	
2.592 ***

	
1.979 ***

	
2.753 ***

	
2.219 ***




	

	
(0.476)

	
(0.416)

	
(0.829)

	
(0.689)




	
Green dispatch

	
−0.0196

	
0.205

	

	




	

	
(0.363)

	
(0.305)

	

	




	
Environmental Pressure

	

	

	
−0.0780 ***

	
−0.0510 **




	

	

	

	
(0.0251)

	
(0.0212)




	
Control variables

	
Y

	
Y

	
Y

	
Y




	
County FE

	
Y

	
Y

	
Y

	
Y




	
Year FE

	
Y

	
Y

	
Y

	
Y




	
SWind × Year

	
Y

	
Y

	
Y

	
Y




	
Observations

	
6755

	
6755

	
2733

	
2733




	
R-squared

	
0.755

	
0.763

	
0.753

	
0.763




	
Panel B: PV




	
RSpv × Policy

	
2.027 ***

	
1.594 ***

	
1.382 **

	
1.121 **




	

	
(0.218)

	
(0.177)

	
(0.697)

	
(0.526)




	
Green dispatch

	
−1.103 ***

	
−0.735 ***

	

	




	

	
(0.293)

	
(0.237)

	

	




	
Environmental Pressure

	

	

	
0.0166

	
0.0124




	

	

	

	
(0.0184)

	
(0.0150)




	
Control variables

	
Y

	
Y

	
Y

	
Y




	
County FE

	
Y

	
Y

	
Y

	
Y




	
Year FE

	
Y

	
Y

	
Y

	
Y




	
Ssun × Year

	
Y

	
Y

	
Y

	
Y




	
Observations

	
10,334

	
10,334

	
4255

	
4255




	
R-squared

	
0.731

	
0.725

	
0.738

	
0.737








Notes: (1) Standard errors are reported in parentheses. (2) ** stands for p-value < 0.05, and *** stands for p-value < 0.01.













 





Table 6. Profitability of the REPG enterprise.






Table 6. Profitability of the REPG enterprise.





	

	
(1)

	
(2)

	
(3)

	
(4)




	
Variables

	
Net Profit

	
Gross Profit

	
Net Profit

	
Gross Profit






	
RSpv × Policy

	
0.643 *

	
0.862 *

	

	




	

	
(0.337)

	
(0.441)

	

	




	
RSwind × Policy

	

	

	
1.336 ***

	
1.148 ***




	

	

	

	
(0.422)

	
(0.426)




	
Control

	
Y

	
Y

	
Y

	
Y




	
Year FE

	
Y

	
Y

	
Y

	
Y




	
Firm FE

	
Y

	
Y

	
Y

	
Y




	
Region × year

	
Y

	
Y

	
Y

	
Y




	
Observations

	
481

	
481

	
507

	
507




	
R-squared

	
0.546

	
0.504

	
0.601

	
0.607








Notes: (1) Standard errors are reported in parentheses. (2) * stands for p-value < 0.10, and *** stands for p-value < 0.01. (3) Control includes selling expenses, total fixed assets, employees, and establishment duration.













 





Table 7. County-level capacity utilization rate.






Table 7. County-level capacity utilization rate.





	

	
(1)

	
(2)




	
Variables

	
PV

	
Wind






	
RSpv × Policy

	
−0.0818 ***

	




	

	
(0.0182)

	




	
RSwind × Policy

	

	
−0.0580 ***




	

	

	
(0.0221)




	
Control

	
Y

	
Y




	
Firm FE

	
Y

	
Y




	
Year FE

	
Y

	
Y




	
Observations

	
2006

	
2782




	
R-squared

	
0.762

	
0.500








Notes: (1) Standard errors are reported in parentheses. (2) *** stands for p-value < 0.01. (3) Control includes employee number, total fixed assets, and non-current liabilities.













 





Table 8. Resource endowment and FIT subsidy policy.






Table 8. Resource endowment and FIT subsidy policy.





	

	
Water-Rich Regions

	
Other Regions




	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
Variables

	
Installed Capacity

	
Power Generation

	
Utilization

Rate

	
Installed Capacity

	
Power Generation

	
Utilization

Rate






	
Panel A: Solar power




	
RSpv × Policy

	
0.0199

	
0.0514

	
0.00170

	
1.511 ***

	
1.512 ***

	
0.0258 ***




	

	
(0.428)

	
(0.333)

	
(0.00364)

	
(0.507)

	
(0.404)

	
(0.00534)




	
Observations

	
3492

	
3492

	
3492

	
14,158

	
14,158

	
11,052




	
R-squared

	
0.676

	
0.688

	
0.646

	
0.615

	
0.615

	
0.599




	
Panel B: Wind power




	
RSwind × Policy

	
0.419

	
0.389

	
−0.00928

	
2.344 **

	
2.048 **

	
0.0237 *




	

	
(0.626)

	
(0.529)

	
(0.0106)

	
(1.003)

	
(0.836)

	
(0.0134)




	
Observations

	
3492

	
3492

	
3492

	
14,158

	
14,158

	
11,052




	
R-squared

	
0.789

	
0.783

	
0.714

	
0.789

	
0.789

	
0.716




	
Control

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
County FE

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Year FE

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y








Notes: (1) Standard errors are reported in parentheses. (2) * stands for p-value < 0.10, ** stands for p-value < 0.05, and *** stands for p-value < 0.01.













 





Table 9. UHV and FIT subsidy policy.






Table 9. UHV and FIT subsidy policy.





	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
Variables

	
Installed Capacity

	
Power Generation

	
Utilization Rate

	
Installed Capacity

	
Power Generation

	
Utilization Rate






	
Panel A: Solar power




	
RSpv × Policy

	

	

	

	
1.622 ***

	
1.372 ***

	
0.0153




	

	

	

	

	
(0.254)

	
(0.199)

	
(0.0271)




	
RSpv × Policy × UHV

	

	

	

	
1.399 **

	
0.812 **

	
0.0442 **




	

	

	

	

	
(0.558)

	
(0.378)

	
(0.0184)




	
UHV

	
1.612 *

	
1.293 *

	
0.0699 *

	

	

	




	

	
(0.978)

	
(0.777)

	
(0.0410)

	

	

	




	
Observations

	
17,650

	
17,650

	
2292

	
17,650

	
17,650

	
2292




	
R-squared

	
0.608

	
0.605

	
0.620

	
0.614

	
0.613

	
0.652




	
Panel B: Wind power




	
RSwind × Policy

	

	

	

	
1.377 ***

	
1.209 ***

	
0.0264




	

	

	

	

	
(0.393)

	
(0.330)

	
(0.0313)




	
RSw × Policy × UHV

	

	

	

	
1.189 ***

	
1.035 ***

	
0.0482 **




	

	

	

	

	
(0.456)

	
(0.367)

	
(0.0230)




	
UHV

	
2.187 **

	
1.897 **

	
0.0721 ***

	

	

	




	

	
(0.958)

	
(0.775)

	
(0.0275)

	

	

	




	
Observations

	
17,650

	
17,650

	
3140

	
17,650

	
17,650

	
3140




	
R-squared

	
0.776

	
0.773

	
0.467

	
0.777

	
0.775

	
0.528




	
Control

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
County FE

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Year FE

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y








Notes: (1) Standard errors are reported in parentheses. (2) * stands for p-value < 0.10, ** stands for p-value < 0.05, and *** stands for p-value < 0.01.
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