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Abstract: Photovoltaic industry is an important new energy industry, and photovoltaic industry 

policy is an important part of the photovoltaic industry. To analyze the structure and evolution of 

China’s photovoltaic industrial policies and scientifically evaluate China’s photovoltaic industrial 

policies, this paper analyzed the texts of China’s photovoltaic industrial policies from 2007 to 2023. 

Firstly, the structure and evolution of PV industrial policies were analyzed based on the division of 

PV industrial instruments. Then, the PMC-index model was established to evaluate six national PV 

industrial policies. The results show that: in terms of policy structure and evolution, there is a gap 

in the proportion of various policy instruments, and the structure of photovoltaic industry policies 

has changed; In terms of policy evaluation, among the six national-level photovoltaic industry 

policies, one policy was assessed as excellent, four policies were assessed as acceptable, and one 

policy was assessed as poor. The quality of the six policies and the degree of response of the six 

policies to the photovoltaic industry are above an acceptable level. There are shortcomings in the 

policies, which are embodied in insufficient incentive measures, lack of coordination of policies in 

multiple periods, and the scope of policies needs to be further expanded. Based on the research of 

this paper, the government should pay attention to promoting the construction of photovoltaic 

projects, strengthening technological innovation in the photovoltaic industry, and expanding the 

application range of photovoltaic power generation when formulating the photovoltaic industry 

policies. 
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1. Introduction 

The solar photovoltaic industry is the most active area for the development of the renewable energy industry. 

[1] As an important new energy industry, the photovoltaic industry plays an important role in improving the energy 

structure and solving serious environmental problems. The photovoltaic industry creates abundant energy through 

solar power generation. The use of these energy sources reduces the use of fossil fuels and alleviates environmental 

problems such as air pollution and global warming. At the same time, the photovoltaic industry also plays an 

important role in promoting the transformation of the development mode and promoting high-quality economic 

development. In the field of production, the scientific and technological progress of photovoltaic products has 

improved the development level of industrial science and technology. In the field of consumption, the wide 

application of photovoltaic products has driven energy consumption and effectively stimulated the vitality of the 

energy market. The photovoltaic industry has promoted the level of regional economic development. 

The end of last century to the beginning of this century is the initial stage of China’s photovoltaic industry. 

In this period, China’s photovoltaic industry faced the problem of backward technology and small market size. 
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After 2002, China’s photovoltaic industry began to develop rapidly. There were many photovoltaic enterprises 

established in China. China has quickly become one of the important players in the global photovoltaic industry. 

According to the National Energy Administration, by the end of December 2023, China’s installed solar power 

capacity reached 610 million kilowatts. The huge photovoltaic industry is already an important industry in China. 

In the past few decades, China’s photovoltaic industry has made great achievements, but at the same time it 

has also experienced many challenges. In 2008, affected by the global financial crisis, China’s photovoltaic 

product prices fell sharply, triggering the bankruptcy crisis of photovoltaic companies. In 2011, China’s 

photovoltaic industry fell into serious overcapacity, and there were losses and bankruptcies again. To help 

photovoltaic enterprises out of the dilemma, the government introduced the Golden Sun Demonstration Project, 

photovoltaic electricity price subsidies and other policies to support the photovoltaic industry. With the help of 

the government, the photovoltaic industry has gradually come out of the dilemma. In addition to these periods, in 

fact, the government plays an important role in every link and every period of the development of China’s 

photovoltaic industry. After the adjustment of the government’s photovoltaic industry policies, China’s 

photovoltaic industry has undergone great changes. The scale of the photovoltaic industry has been improved, and 

the competitiveness of the photovoltaic industry has been enhanced. However, at present, there is still a gap 

between the actual development of China’s photovoltaic industry and the expected development goals. The 

photovoltaic industry has problems such as insufficient innovation ability and uncoordinated development within 

the industry. At the same time, some photovoltaic industry policies have brought about problems such as 

overcapacity and increased government burdens. Therefore, it is necessary to evaluate the existing photovoltaic 

industry policies. Policy evaluation is very important to measure the quality of public. [2] The government can 

formulate more scientific photovoltaic industry policies through policy evaluation. 

At present, the research based on photovoltaic industry policies mostly focuses on the use of photovoltaic 

enterprises and government indicator data to study a certain type of policy. There is a lack of systematic evaluation 

of the PV industry policy texts. Therefore, this study evaluates China’s PV industry policies based on text mining 

and the PMC-index model. The contributions of this study include the following points. Firstly, based on the 

analysis framework of policy tools, the photovoltaic industry policies are divided, and the structure and evolution 

of the photovoltaic industry policies are analyzed. Secondly, the evaluation system based on the PMC-index model 

is constructed to evaluate China’s photovoltaic industry policies. Finally, 6 representative PV industrial policies 

are selected, the advantages and disadvantages of the policies are evaluated, and suggestions for improving the 

PV industrial policies are put forward. 

The remainder of this article is structured as follows. Section 2 is a literature review, which reviews the 

photovoltaic industry research and policy text research. Section 3 divides the policy instruments and constructs 

the PMC-index model. Section 4 analyzes the structure and evolution of policies, and evaluates 6 representative 

policies based on the PMC-index model. Section 5 summarizes the full text and puts forward some suggestions. 

2. Literature Review 

This study analyzes the photovoltaic industry policy text, so in this part, the photovoltaic industry and policy 

text research is reviewed. By integrating the research findings from these two aspects, we can gain a more 

comprehensive understanding of the photovoltaic industry. At the same time, we can learn the methods of policy 

text research and lay a foundation for future policy text research. 
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2.1. Photovoltaic Industry 

The photovoltaic industry is large in scale and involves many fields. Many studies start from a certain area 

of the photovoltaic industry and study the development of the photovoltaic industry itself. Some studies have 

analyzed the establishment and application of photovoltaic power stations, conducted economic analysis of 

photovoltaic power stations, and explained the development of the photovoltaic industry [3,4,5]. Some studies 

take photovoltaic module recycling as the research object, analyze the barriers to the recycling of photovoltaic 

modules, and put forward suggestions for the healthy development of photovoltaic industry [6,7]. In the process 

of analyzing the development of the photovoltaic industry itself, some studies combine the photovoltaic industry 

with some economic entities to analyze the connection between the photovoltaic industry and economic entities. 

These economic agents include households [8,9], businesses [10,11], and governments [12,13,14]. Through these 

studies, the impact of the photovoltaic industry and the constraints of the photovoltaic industry are clearly 

demonstrated. Among these economic entities, the government is an important one. And policy research is an 

important area in the interaction between the photovoltaic industry and the government. Many researchers study 

the development of the photovoltaic industry by analyzing the photovoltaic industry policies issued by the 

government. Castaneda et al. [15], Luan and Lin [16], Liu et al. [17], Deng et al. [18] analyzed the impact of 

changes in subsidy policies on the development of the photovoltaic industry according to the relevant data of 

photovoltaic subsidy policies. Zhang et al. [19] used random effects GLS regression to analyze the impact of talent 

policy on the photovoltaic industry, examined the intermediary effect of human capital, and analyzed the 

heterogeneity of property rights and R&D intensity. Silveira et al. [20] conducted a comparative analysis of the 

photovoltaic industry policies and data in Spain, Germany and Brazil, and specifically analyzed the content of the 

photovoltaic industry policies in the three countries. Hu and Wu [21] constructed the supply chain game model to 

analyze the influence of government competition policy on the profits of manufacturers and the overall profits of 

the supply chain. Gao [22] used the Poisson regression model to assess the impact of regulatory policies fiscal 

incentives on the U.S. PV installation industry. Keshavadasu [23] conducted case studies on solar power projects 

and analyzed regulatory policies related to photovoltaic projects. Based on the analysis of the photovoltaic 

industry itself in the related fields and related subjects of the photovoltaic industry, the characteristics of the 

photovoltaic industry and the problems encountered in the development of the photovoltaic industry are shown. 

However, research on one area of the photovoltaic industry is relatively narrow in scope. Therefore, some 

studies have conducted a comprehensive analysis of the photovoltaic industry from a macro perspective by 

integrating multiple fields and multiple subjects. Some studies describe the development of the photovoltaic 

industry in a region from a spatial perspective, and use spatial analysis to grasp the regional development 

characteristics of the photovoltaic industry. [24,25] Some studies have studied the industrial chain of the 

photovoltaic industry. In these studies, researchers analyze the upstream, midstream and downstream areas of the 

photovoltaic industry to quantify the value of the photovoltaic industry chain and grasp the operation of the 

photovoltaic from a macro perspective. [26,27,28] In addition to focusing on a certain problem for the macro 

analysis of the photovoltaic industry, Zhang et al. [29] used the data of photovoltaic industry enterprises to 

comprehensively analyze the business performance, industrial agglomeration and spatial characteristics of the 

photovoltaic industry according to existing research. This study is more comprehensive than previous studies. 

The current research based on the photovoltaic industry has been involved at both the micro and macro. 

Researchers focus on the outstanding problems in the development of the photovoltaic industry, and study multiple 

subjects of the photovoltaic industry. In the study of photovoltaic industry, the government is an important subject, 

so the photovoltaic industry policy has become an important research object. In the photovoltaic industry policy 
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research, researchers mostly focus on the study of a single photovoltaic industry policy. In these studies, 

researchers analyzed the effect of PV industry policies by using relevant indicators of the government and 

photovoltaic enterprises. The research on a single photovoltaic industry policy can conduct an in-depth analysis 

of a certain policy and a prominent problem of photovoltaic. However, these studies cannot fully grasp the 

development of the photovoltaic industry, and lack the analysis of the overall characteristics of the photovoltaic 

industry. Therefore, it is necessary to analyze several photovoltaic industry policies according to the text of 

photovoltaic industry policies. The analysis of several photovoltaic industry policies can comprehensively analyze 

the evolution of photovoltaic industry policies and the characteristics of photovoltaic industry policies in different 

periods. At the same time, it can conduct a macro analysis of the photovoltaic industry policies and 

comprehensively analyze the development of photovoltaic industry. At present, in the research of the photovoltaic 

industry, there are few studies on the comprehensive analysis of the photovoltaic industry policies according to 

the photovoltaic industrial policy texts. 

2.2. Policy Text 

In the analysis of policy texts, drawing statistical charts is a common analysis method. Researchers turn the 

policy texts into data and draw statistical charts based on the data to analyze the policy content. Zhao et al. [30] 

divided air pollution control policies and then created statistical charts to show policy evolution, policy topics, 

and policy frequency. Ma et al. [31] drew statistical charts to analyze the evolution of circular economy policies, 

and then use the results of statistical analysis to explore the phenomenon of policy accumulation. In addition to 

drawing statistical charts to show policy content, researchers have developed a variety of ways to mine text content. 

These methods of mining text content help researchers fully understand the policy content, and then help 

researchers to accurately analyze the policy content. Park [32] mined the texts of Chinese cultural and creative 

policies by adopting the term frequency-inverse document frequency (TF–IDF) measure and the degree of 

centrality value, and then conducted a network analysis to analyze the policy discourse of cultural and creative 

policies. Lu and Do Park [33] combined text mining and network analysis with time series to analyze trends in 

China’s green consumption policies. Wo et al. [34] used Chinese intelligent coal mine policy texts to generate 

semantic, and conduct co-occurrence analysis and centrality analysis to illustrate policy evolution trends. Lee and 

Jeong [35] used the methods of text mining, matrix data analysis and topic analysis to analyze South Korea’s AI 

education policy, and then point out the impact of the policy and the direction of the policy in the future. 

With the deepening of policy text research, more and more quantitative analysis methods have been 

introduced in policy text research. Regression analysis, LDA topic model and the PMC-index model are three 

important quantitative analysis methods for policy texts. Regression analysis is a commonly used quantitative 

analysis method in economics. In the field of policy text research, scholars convert industrial policy texts into data 

and combine them with other economic data for regression analysis. Hille and Oelker [36] converted renewable 

energy policy tools into binary variables and then combined these variables with energy and innovation indicators 

to illustrate the impact of policy and innovation on renewable energy development through regression analysis. 

Zhang and Shen [37] set binary variables according to the recycled water policy texts, and then combined with 

Cox regression model to analyze the implementation logic of the policy. Bölük and Kaplan [38] set dummy 

variables according to the renewable energy policy texts, and used two methods of panel fixed effect and dynamic 

panel estimation to analyze the impact of renewable energy policies on renewable energy generation. LDA model 

is a form of text mining designed to discover hidden topic structures in some large documents. [39] It provides a 

way to quantify research topics. [40] In the process of using the LDA model, social platforms [41], literature 

[39,42], and policy texts [43,44,40] are the important analysis objects of the model. Among these research objects, 
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policy text is a more rigorous and authoritative research object. By organizing and understanding a large amount 

of policy text information, LDA model can fully explore the topics of policy texts and carry out quantitative 

analysis. Therefore, it is widely used in the research of industrial policy texts. At present, LDA model is used in 

important industrial policies such as new energy vehicle policies [40], education policies [44] and business 

environment policies [43]. The PMC-index model is a quantitative analysis method to analyze a policy text from 

multiple dimensions. It analyzes the advantages and disadvantages of a policy by quantitatively analyzing multiple 

indicators of a policy. In the field of industrial policy text research, the PMC-index model has been applied to 

high-tech industry policy [45], waste classification management policy [46] and green development policy [47]. 

In the field of policy text research, researchers use a variety of methods to mine policy texts and draw 

statistical charts to analyze policy texts. The analysis of policy texts is mostly qualitative. These qualitative 

analyses have a rough understanding of the evolution and effects of industrial policies, and can’t accurately 

evaluate the industrial policies promulgated by the government. Therefore, some quantitative analysis models are 

introduced into policy text research. Researchers use quantitative analysis to accurately assess policy levels and 

analyze policy evolution. In the quantitative analysis of policy texts, regression analysis, LDA model and PMC-

index model are three widely used analysis methods. Among them, regression analysis and LDA model are used 

more, while PMC-index model is currently only used in the analysis of some industries, and is rarely used in the 

analysis of photovoltaic industry policy texts. 

To sum up, the existing research in the field of photovoltaic industry and policy texts have shortcomings. To 

make up for these deficiencies, this paper takes the photovoltaic industry policy texts as the research object and 

analyzes several photovoltaic industry policies. In the study of policy text, the photovoltaic industry policies are 

divided, and statistical charts are drawn to analyze the photovoltaic industry policies. At the same time, the PMC-

index model is used to evaluate the photovoltaic industry policies. These analyses combine qualitative analysis 

with quantitative analysis and provide reference for industrial policy research. 

3. Research Design 

3.1. The Division of Photovoltaic Industry Policy Instruments 

Policy instruments are the core elements of policy documents. [48] Policies achieve their objectives through 

policy instruments. [49] The division of policy instruments helps to clearly show the structure and evolution of 

the photovoltaic industry policies. Therefore, this study divides the policy instruments before analyzing the 

policies. In existing studies, researchers have used a variety of classification methods to classify policy 

instruments. Borrás and Edquist [50] divided policy instruments into regulatory policy instruments, economic 

transfer policy instruments and soft policy instruments according to the traditional division of public policies. 

Huang et al. [51] divided the policy instruments into three types, including regulatory, incentive, and social. 

Rothwell and Zegveld [52] classified policy instruments into supply-type, demand-type, and environment-type 

based on policy content and policy impact areas. This classification is widely used in the field of policy research. 

Many researchers use this approach to study policy content [53,54,55]. Bretter and Schulz [56] categorized policy 

instruments into four types, including command-and-control, market-based, information-based, and voluntary. 

According to the policy content and characteristics, Pitelis et al. [57] divided the policy instruments into 

technology-push policy instruments, demand-pull instruments, and systemic instruments. Bergek et al [58] 

classified policy instruments into general economic instruments, general regulatory instruments, technology-

specific economic instruments and technology-specific regulatory instruments based on policy influence 

mechanisms and policy domains. Hurlimann et al. [59] combined existing research with the industry areas they 

studied and divided policy instruments into six types, including strategies, laws, regulations, guidelines, voluntary 
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instruments, and programs. Based on Rothwell and Zegveld’s research, combined with the actual development of 

the photovoltaic industry, this paper divides the photovoltaic industry policy instruments into supply-type 

instruments, demand-type instruments, environment-type instruments, and economic-type instruments. The 

supply-oriented policies start from the supply side of the photovoltaic industry and improve the supply level of 

the photovoltaic industry by optimizing the supply situation of the elements of the photovoltaic industry. The 

environment-oriented policies create a good environment for the development of the photovoltaic industry, so that 

the participants within the photovoltaic industry can orderly participate in industrial activities, while attracting 

more people to participate in the photovoltaic industry. The economic-oriented policies regulate the capital flow 

of the photovoltaic industry through various ways to provide financial support for the main body of the 

photovoltaic industry. Through these regulations, the government reduces the burden on the main body of the 

photovoltaic industry. The demand-oriented policies stimulate the demand for photovoltaic products from multiple 

levels, expand the market scope of the photovoltaic industry, and promote the development of the photovoltaic 

industry. Based on the four types of policy instruments, this paper combines the characteristics of the four types 

of policy instruments and the characteristics of the photovoltaic industry to divide the four types of photovoltaic 

industry policy instruments. The specific division of policy instruments for the photovoltaic industry is shown in 

Table 1. 

Table 1. Photovoltaic industry policy instrument classification 

Type of policy instruments 
Name of policy 

instruments 
Meaning of policy instruments 

Supply-oriented policy 

instruments 

Scientific and 

technological 

support 

The government directly or indirectly supports the development 

of science and technology. 

Personnel training 
The government improves the talent education and training 

system to provide talent security for the photovoltaic industry. 

Public service 
The government strengthens the development of public service 

platforms and public service systems. 

Infrastructure 
The government strengthens the construction of supporting 

infrastructure for the photovoltaic industry. 

Land support 
Providing land support for the photovoltaic industry and 

strengthening land security. 

Environment-oriented 

policy instruments 

Norms and 

standards 

The government formulates the photovoltaic industry norms and 

standards to achieve the normalization and standardization of the 

photovoltaic industry. 

Goal programming Planning for future tasks and goals. 

Supervision and 

administration 

Strengthening supervision and management of the photovoltaic 

industry. 

International 

cooperation 

The government encourages various domestic entities to carry out 

international exchanges and cooperation with overseas 
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governments and institutions. 

Economic- oriented policy 

instruments 

Capital investment 
The government directly provides financial support to the 

photovoltaic industry. 

Financial support 

The government encourages financial and derivative institutions 

to provide loans, guarantees, venture capital and other support for 

the photovoltaic industry. 

Tax incentives The government gives tax breaks to the photovoltaic industry. 

Consumption 

subsidy 

The government provides subsidies for photovoltaic 

consumption. 

Demand-oriented policy 

instruments 

Government 

procurement 

Government procurement of products and services related to the 

photovoltaic industry. 

Application and 

demonstration 

Carrying out pilot demonstrations in the photovoltaic industry and 

promote photovoltaic products. 

Overseas trade 
The government encourages enterprises to trade overseas and 

regulates trade activities. 

3.2. Policy Text Selection and Coding 

Before analyzing the photovoltaic industry policy texts, it is necessary to collect photovoltaic industry policy 

texts. Due to the lack of China’s photovoltaic industrial policy texts before 2007, it is difficult to collect them. 

Therefore, this study only collected the PV industrial policy texts of China from 2007 to 2023 when collecting the 

PV industrial policy texts. The photovoltaic industry policy texts of this paper are mainly from the Peking 

University magic weapon database. This database collects the policies of major sectors in major Chinses cites and 

is used in many studies related to the analysis of policy texts [45,46,47]. The specific collection process of 

photovoltaic industry policy texts is as follows. First, in the Peking University magic weapon database, this study 

set “photovoltaic”, “solar energy” and “new energy” as the search keywords. Then, the search period was set to 

be 2007-2023, and China’s national and local PV industry policy texts were searched in the database. Then, from 

the collected photovoltaic industry policy texts, the policy texts unrelated to this study were eliminated. In this 

study, there are three kinds of photovoltaic industry policy texts that are excluded. The first is announcements, 

approvals, letters, meeting notices and other informal policy documents. The second is some policy texts that only 

discuss renewables and new energy in depth and rarely mention the photovoltaic industry. The third is some policy 

texts without substantive content. After collecting, supplementing and eliminating the PV industry policy texts, 

this study finally sorted out a total of 1388 PV industry policy texts at the national and local levels in China. After 

the collection of policy texts, this study summarized these policy texts into a table, and sorted the industrial policy 

texts of the photovoltaic industry according to the time of policy announcement. Then, the photovoltaic industry 

policy texts were divided into several policy clauses, with the policy clauses as the basic analysis unit. Finally, 

1388 PV industry policy texts were coded in the form of “Policy number - clause”. 

3.3. The Construction of PMC-index Model 

After dividing the photovoltaic industry policy instruments, this part constructs the PMC-index model used 

in this study. The construction of PMC-index model includes the following four steps: first, variable classification 

and parameter identification; second, multi-input-output table construction; third, PMC-index calculation; fourth, 
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PMC surface drawing.[60] 

(1) Firstly, variable classification and parameter identification are carried out. In this study, 10 primary 

variables and 41 secondary variables are set. The setting of variables is based on the content of China’s national 

level photovoltaic industry text and the division of photovoltaic industry policy instruments in Section 3.1. Table 

2 and Figure 1 are high-frequency vocabularies and social network charts produced in this paper based on the text 

of China’s national PV industry policies from 2007 to 2023. 

In the photovoltaic industrial policies at the national level, the government and enterprises are two important 

subjects. The production and consumption links of the photovoltaic industry are closely related to these two 

subjects. In the production link, the government actively promotes the construction of photovoltaic power stations 

and photovoltaic power grids. In the consumption sector, the government actively promotes the demonstration 

and application of photovoltaic projects. In the high frequency vocabulary, technology, application and manage 

are three words with high frequency. They represent the three important functions of photovoltaic industry policy, 

which are to promote technological innovation in the photovoltaic industry, promote the application of 

photovoltaic products, and improve the management of the photovoltaic industry. Technology is an important part 

of PV industry policy. In the social network graph, the word technology is at the center, connecting several high-

frequency words. The improvement of technology can help the photovoltaic industry to improve production 

efficiency, strengthen management level, and expand the scope of product application. 

Table 2. high-frequency glossary 

High-frequency word Word 

frequency 

High-frequency word Word 

frequency 

High-frequency word Word 

frequency 

photovoltaic 4682 set an example 1127 market 737 

energy 3749 application 1121 innovation 729 

project 3721 power grid 1105 condition 727 

develop 2934 power station 1068 resource 717 

construct 2733 manage 1058 electricity 693 

electric power generation 2670 engineering 933 policy 692 

technology 2454 renewable 922 service 691 

enterprise 2037 system 856 standard 663 

country 1957 exploit 808 manufacture 649 

solar energy 1249 area 797 industry 637 
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Figure 1. Social network graph 

 At the same time, this study refers to the division of variables by Wang et al [2], Liu et al [45], Estrada, 

M.A.R [60] and Xu et al [46]. The specific settings of the variables are shown in Table 3. Among the 10 first-level 

variables, X1, X2, X6, X8, and X10 judge the quality of a policy by showing the basic characteristics of the policy, 

and X3, X4, X5, X7, and X9 judge the response degree of the policy to the photovoltaic industry from the field, 

function, incentive measures, function level, and receptor of a policy. 

After completing the setting of variables, parameter identification is carried out in this study. This paper 

assumes that each secondary variable is equally important and has the same weight in the multi-input-output table. 

The parameter values of all secondary variables are set to binary 0 and 1. When the policy content contains the 

corresponding secondary variable, the value of the secondary variable is 1; if it does not, the value of the secondary 

variable is 0. 

Table 3. Photovoltaic industry policy quantitative evaluation variable setting 

First-level variables Second-level variables Source of basis 

(X1) Nature of policy (X1:1) Forecast, (X1:2) Supervision, (X1:3) Suggestion, (X1:4) 

Description 

Liu et al [45] 

(X2) Term of validity of the 

policy 

(X2:1) Long-term (> 10 years), (X2:2) Medium-term (5-10 years), 

(X2:3) Short-term (1-5 years), (X2:4) Within the year 

Liu et al [45] 

(X3) Policy domain (X3:1) Economic field, (X3:2) Social field, (X3:3) Technical field, 

(X3:4) Political field, (X3:5) Environmental field 

Estrada, M.A.R [60] 

(X4) Policy function (X4:1) Product promotion, (X4:2) Technological innovation, (X4:3) 

Supervision and administration, (X4:4) Government procurement 

Modified from the high-

frequency glossary and 

social network graph 

(X5) Incentive measure (X5:1) Financial support, (X5:2) Talent support, (X5:3) Electricity price 

subsidy, (X5:4) Tax reduction and exemption, (X5:5) Infrastructure 

construction, (X5:6) Fund support, (X5:7) Scientific and technological 

support, (X5:8) Public service support, (X5:9) Land support 

Modified according to Table 

1 

(X6) Policy perspective (X6:1) Macroscopic perspective, (X6:2) Mesoscopic perspective, (X6:3) 

Microscopic perspective 

Wang et al [2] 

(X7) Function level (X7:1) National level, (X7:2) Regional level, (X7:3) Industrial level, Modified from the high-
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(X7:4) Enterprise level, (X7:5) New technology (product) level frequency glossary and 

social network graph 

(X8) Policy level (X8:1) National level, (X8:2) Province, autonomous region and 

municipality level, (X8:3) Prefecture level, (X8:4) District and county 

level 

Xu et al [46] 

(X9) Policy receptor (X9:1) Enterprise, (X9:2) Government, (X9:3) Consumer Modified from the high-

frequency glossary and 

social network graph 

(X10) Policy disclosure  Xu et al [46] 

 

Table 4. The multi-input-output table 

First-level variables Second-level variables 

X1 X1:1   X1:2   X1:3   X1:4 

X2 X2:1   X2:2   X2:3   X2:4 

X3 X3:1   X3:2   X3:3   X3:4   X3:5 

X4 X4:1   X4:2   X4:3   X4:4 

X5 X5:1   X5:2   X5:3   X5:4   X5:5   X5:6   X5:7   X5:8   X5:9 

X6 X6:1   X6:2   X6:3 

X7 X7:1   X7:2   X7:3   X7:4   X7:5 

X8 X8:1   X8:2   X8:3   X8:4 

X9 X9:1   X9:2   X9:3 

X10  

(2) Secondly, this study constructs a multi-input-output table. Multi-input-output table is a data analysis 

framework that quantifies variables from multiple dimensions, which contains a lot of data. The multi-input-output 

table is shown in Table 4. 

(3) Thirdly, the PMC-index is calculated. The PMC-index is calculated in four steps. First, set the first-level 

variables and the second-level variables into the multi-input-output table. Second, the second-level variables are 

assigned according to equations (1) and (2). Third, the value of the first-level variable is calculated by equation 

(3). Fourth, use equation (4) to sum all the first-level variable values to calculate the PMC-index value of the 

corresponding policy. 

 ~ [0,1]X N   (1) 

 { :[0 ~ 1]}X XR=   (2) 

 
( )1

n
ta

t

taa

X
X

T X=

 
  
 
   (3) 
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t represents the first-level variable; a represents the second-level variable；t=1,2,3,4,5,6,7,8,9,10,…,∞；T(Xta) 

represents the number of second-level variables under a first-level variable.  

 

4 4 5
1 2 3

1 1 1

4 9 3
4 5 6

1 1 1

5 4 3
7 8 9

1 1 1

1 2 3
4 4 5

4 5 6
4 9 3

7 8 9 10
5 4 3

a b c

a b c

d e f

d e f

g h i

g h i

X X X
X X X

X X X
PMC X X X

X X X
X X X X

= = =

= = =

= = =

      
+ + +      

      
 

     = + + +          
 
      

+ + +     
      

  

  

  

  (4) 

After calculating the PMC-index of each policy according to the above four steps, the policy is then evaluated. 

The policy score is divided into the following grades: 0-4.99 is poor, 5-6.99 is acceptable, 7-8.99 is excellent, and 

9-10 is perfect. At the same time, to measure the policy quality and response degree, this paper calculates Q-index 

(policy quality index) and B-index (response degree index), as shown in equation (5) and equation (6). The policy 

quality index and response degree index are divided into four grades for evaluation, in which 0-1.99 is poor, 2-

2.99 is acceptable, 3-3.99 is excellent, and 4-5 is perfect. 

 1 2 6 8 10Q X X X X X= + + + +   (5) 

 3 4 5 7 9B X X X X X= + + + +   (6) 

(4) Draw PMC surfaces. The PMC surface presents the PMC-index in a graphical form to show the 

characteristics of the policy. Drawing a PMC surface requires the creation of a PMC matrix, which requires the 

help of 10 first-level variables used in calculating the PMC-index. Since X10 has no second-level variable among 

the 10 first-level variables, and the values of X10 are all 1 during policy evaluation, the first-level variable X10 

is removed when drawing PMC surfaces to maintain symmetry and balance. The remaining 9 first-level variables 

are sorted into a third-order square matrix, that is, the PMC surface. PMC matrix corresponding is shown in 

equation (7). 

 

1 2 3

 4 5 6

7 8 9

X X X

PMC surface X X X

X X X

 
 

=  
 
 

  (7) 

4. Analysis and Results 

4.1. Photovoltaic Industry Policy Instrument Analysis 

According to the division of PV industrial policy instruments in 3.1, this study determines the PV industrial 

policy instruments used in the collected PV industrial policy texts. Based on the judgment of the policy 

instruments in the collected policies, this study draws statistical charts of the evolution of the policy instrument 

structure of the photovoltaic industry.  
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Figure 2. The proportion of four types of policy instruments at the national level 

Figure 2 shows the changes in the policy instrument structure of China’s national PV industry policy from 

2007 to 2023. From 2007 to 2023, the change in the proportion of four types of photovoltaic industry policy 

instruments showed a fluctuating state. From 2013 to 2021, environmental policy instruments accounted for the 

largest proportion, supply policy instruments and economic policy instruments accounted for the middle 

proportion, and demand policy instruments accounted for the least proportion. During this period, the government 

focused on creating a good development environment for the photovoltaic industry, and indirectly affected the 

development of the photovoltaic industry by strengthening international cooperation, implementing certain 

control measures, and strengthening the planning of the photovoltaic industry. In the past two years, the structure 

of photovoltaic industry policy instruments at the national level has changed, and the government has regulated 

the photovoltaic industry using various types of policy instruments. The proportion of supply-oriented policy 

instruments, economic-oriented policy instruments and demand-oriented policy instruments has increased, and 

the proportion gap between the four types of photovoltaic industry policy instruments has narrowed. There are 

many reasons for the change in the structure of photovoltaic industry policy instruments at the national level. 

Firstly, the construction of a good development environment can lay a good foundation for the development of 

the photovoltaic industry. Secondly, the effective regulation of the supply side, demand side and capital flow of 

the photovoltaic industry is based on the good development environment of the photovoltaic industry. At the same 

time, 10 years ago, China did not establish an environment that could promote the sustainable development of the 

photovoltaic industry. Therefore, from 2013 to 2021, the government sought to establish a good environment for 

the development of the photovoltaic industry, and environmental policy instruments were more important in the 

national level photovoltaic industry policy. In the past two years, with the improvement of the photovoltaic 

industry planning and management system, the development environment of the photovoltaic industry has been 

continuously optimized. On this basis, the government strengthened the optimization of the supply and demand 

of the photovoltaic industry, and at the same time regulated the funds of the photovoltaic industry to strengthen 

the support for the photovoltaic industry. The government hoped to promote the development of photovoltaic 

products and the upgrading of the photovoltaic industry through these regulations. This has narrowed the gap in 

the proportion of four types of photovoltaic industry policy instruments in the past two years. 
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Figure 3. The proportion of four types of policy instruments at the local level 

Figure 3 shows the changes in the structure of policy instruments for China’s PV industry policy at the local 

level from 2007 to 2023. From 2007 to 2014, supply-oriented policy instruments accounted for the largest 

proportion. From 2015 to 2021, environmental policy instruments accounted for the largest proportion. In the past 

two years, the gap in the proportion of the four types of policy instruments has gradually narrowed. There are 

many factors that have caused changes in local photovoltaic industry policies. In the early stage of photovoltaic 

development, many areas of China’s photovoltaic factors were insufficient, which made the survival of the 

photovoltaic industry difficult. To support the regional photovoltaic industry and promote regional development, 

the local government strengthened its support for the production factors of the photovoltaic industry. Local 

government increased the use of supply-oriented policy instruments, which made the ratio of supply-oriented 

policy instruments large. With the investment of production factors in the photovoltaic industry, the production 

level of local photovoltaic enterprises continued to improve. Loval government began to focus on creating a good 

development environment for the photovoltaic industry, focusing on strengthening standardized management and 

planning to help the development of photovoltaic enterprises. This transformation of local government made 

environmental policy instruments account for the largest proportion of local photovoltaic industry policies from 

2015 to 2021. In the past two years, with the optimization of the development environment of the local 

photovoltaic industry, local government have begun to pay attention to the use of various types of policy 

instruments to regulate the regional photovoltaic industry from multiple levels. This has led to the narrowing of 

the gap in the proportion of various local photovoltaic industry policy instruments in the past two years. 

Next, the dynamic changes of four photovoltaic industry policy instruments are analyzed in detail. 

 

Figure 4. The proportion of five supply-oriented policy instruments at the national level 
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Figure 5. The proportion of five supply-oriented policy instruments at the local level 

Figure 4 and Figure 5 show the changes in the proportion of five supply-oriented policy instruments at the 

national and local levels respectively. Among the supply policy instruments used by the national and local 

government, the personnel training, public service and land support policy instruments account for a small 

proportion, while the science and technology support and infrastructure policy instruments account for a large 

proportion. The large proportion of policy instruments supporting science and technology shows that the 

government fully recognizes the importance of science and technology. The government promotes the high-quality 

development of the photovoltaic industry by continuously strengthening investment in science and technology. 

Infrastructure policy instruments help promote the construction of photovoltaic industry projects and expand the 

scale of the development of photovoltaic industry. The high proportion of this policy instrument indicates that the 

government pays attention to strengthening the construction of photovoltaic industry infrastructure to promote the 

construction of projects and expand the scale of photovoltaic industry. 

 

Figure 6. The proportion of four environment -oriented policy instruments at the national level 
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Figure 7. The proportion of four environment -oriented policy instruments at the local level 

Figure 6 and Figure 7 show the changes in the proportion of four environment-oriented policy instruments 

at the national and local levels respectively. Among the national and local environmental policy instruments, the 

proportion of supervision and management policy instruments is higher. The proportion of this policy instrument 

and the other three environmental policy instruments has opened a gap. The supervision and management policy 

instruments have a more direct impact on the photovoltaic industry, and can standardize the behavior at a faster 

speed. At the same time, this policy instrument has a wide range of applications. Therefore, the policy instrument 

has become an important part of the environmental policy instrument. 

 

Figure 8. The proportion of four economic -oriented policy instruments at the national level 
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Figure 9. The proportion of four economic -oriented policy instruments at the local level 

Figure 8 and Figure 9 show the changes in the proportion of four economic-oriented policy instruments at 

the national and local levels respectively. Among the national and local economic policy instruments, the capital 

investment policy instruments account for a higher proportion than the other three economic policy instruments. 

The capital investment policy instrument is a policy instrument for the government to directly intervene in the 

photovoltaic industry. Compared with the financial support policy instrument, tax preferential policy instrument, 

and consumer subsidy policy instrument that indirectly intervene in the photovoltaic industry, this policy 

instrument has a wider range to use. At the same time, this policy instrument is easy to operate and can quickly 

have a positive impact in the photovoltaic industry. Therefore, this policy instrument is an economic policy 

instrument which is widely used by the government. 

 

Figure 10. The proportion of three demand -oriented policy instruments at the national level 

 

Figure 11. The proportion of three demand -oriented policy instruments at the local level 

Figure 10 and Figure 11 show the changes in the proportion of three demand-oriented policy instruments at 

the national and local levels respectively. Among the national and local demand-oriented policy instruments, the 

proportion of application and demonstration policy instruments is high, while the proportion of the other two 
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policy instruments changes little and remains at a very low level. Compared with the expansion of government 

demand and international demand, the government’s regulation of the demand for photovoltaic industry is more 

focused on expanding the demand for photovoltaic products in the domestic market. Application and 

demonstration policy instruments are implemented through the establishment of application demonstration zones 

and the application of photovoltaic products to various scenarios in social life. This policy instrument effectively 

stimulates the domestic photovoltaic market and promotes the continuous progress of the photovoltaic products. 

It is not only conducive to expanding the market size of the photovoltaic industry, but also constantly promote the 

innovation and upgrading of the photovoltaic products to adapt to the photovoltaic market. Therefore, this policy 

instrument becomes a demand-oriented policy instrument with a high proportion. 

4.2. PMC-index Model Analysis of Photovoltaic Industry Policy Texts 

Based on the photovoltaic industry policy texts collected in this study, six policies were selected as samples 

for evaluation. This study collected the photovoltaic industry policies at the national and local levels from 2007 

to 2023. Among them, the photovoltaic industry policies at the national level have a greater impact on China’s 

photovoltaic industry than the photovoltaic industry policies at the local level. At the same time, the formulation 

of the photovoltaic industry policies at the local level is often influenced by photovoltaic industry policies at the 

national level. The photovoltaic industry policies at the national level have played a guiding role. The 

characteristics of China’s photovoltaic industry policy can be deeply understood by evaluating the national level 

photovoltaic industry policies. Therefore, this study selected six national photovoltaic industry policies for 

evaluation. The specific contents of the six photovoltaic industry policies are shown in Table 5. 

Table 5. Six policy samples of PMC-index model 

Item Policy name Release time 

P1 Some opinions on promoting the healthy development of 

photovoltaic industry 

4 July 2013 

P2 Notice on further implementation of distributed photovoltaic power 

generation policies 

2 September 2014 

P3 Notice on actively promoting the work of wind power and 

photovoltaic power generation without subsidies at parity online 

7 January 2019 

P4 Notice on the issuance of the Smart Photovoltaic Industry Innovation 

and Development Action Plan (2021-2025) 

31 December 2021 

P5 Notice on matters related to promoting the healthy development of 

photovoltaic industry chain 

13 September 2022 

P6 Guiding Opinions on promoting recycling of decommissioned wind 

power and photovoltaic equipment 

21 July 2023 

After determining the six policy samples needed for this study, this study conducted binary assignment of 

secondary variables in the multi-input-output table of the six policies according to the specific content of each 

policy. The multi-input-output table of the six photovoltaic industrial policies is shown in Table 6. Then, based on 

the multi-input-output table of six policies, this study calculates the first-level variable value (results are rounded 

to two decimal places), PMC-index, Q index (policy quality index), and B index (response validity index) of each 
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policy, and evaluates the policy according to the calculated results. Based on the index values of six policies, the 

averages values of each index are calculated (results are rounded to two decimal places). The first-level variable 

values and three indicators of six PV industrial policies are summarized in Table 7. Based on these indicators, this 

study draws PMC surface maps for six policies. The PMC surfaces of the six PV industrial policies are shown in 

Figure 12-17. 

Table 6. Multi - input-output table of six photovoltaic industry policies 

First-level variables Second-level variables P1 P2 P3 P4 P5 P6 

X1 X1:1 1 0 0 1 0 1 

 X1:2 1 1 1 0 1 1 

 X1:3 1 1 1 1 1 1 

 X1:4 1 1 0 1 0 0 

X2 X2:1 1 0 0 0 1 0 

 X2:2 0 1 0 0 0 1 

 X2:3 1 0 1 1 0 1 

 X2:4 0 0 0 0 0 0 

X3 X3:1 1 1 1 1 1 1 

 X3:2 1 1 0 1 0 0 

 X3:3 1 1 0 1 1 1 

 X3:4 1 1 1 1 0 1 

 X3:5 0 0 0 1 0 1 

X4 X4:1 1 1 1 1 0 0 

 X4:2 1 0 0 1 1 1 

 X4:3 1 1 1 0 1 1 

 X4:4 0 0 0 0 0 0 

X5 X5:1 1 1 1 1 0 1 

 X5:2 1 0 0 1 0 0 

 X5:3 1 1 0 0 0 0 

 X5:4 1 0 0 0 0 1 

 X5:5 1 0 1 0 1 0 

 X5:6 1 1 0 1 0 1 

 X5:7 1 1 0 1 1 1 

 X5:8 1 1 0 1 0 0 
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 X5:9 1 0 1 0 0 0 

X6 X6:1 1 0 0 0 0 0 

 X6:2 1 1 1 1 1 1 

 X6:3 1 1 1 0 1 1 

X7 X7:1 1 1 1 1 1 1 

 X7:2 0 1 1 1 0 1 

 X7:3 1 1 1 1 1 1 

 X7:4 1 1 1 1 1 1 

 X7:5 1 0 0 1 1 1 

X8 X8:1 1 1 1 1 1 1 

 X8:2 0 0 0 0 0 0 

 X8:3 0 0 0 0 0 0 

 X8:4 0 0 0 0 0 0 

X9 X9:1 1 1 1 1 1 1 

 X9:2 1 1 1 1 0 1 

 X9:3 1 1 0 0 0 0 

X10  1 1 1 1 1 1 

 

Table 7. Summary of PMC-index values of six PV industrial policies 

 P1 P2 P3 P4 P5 P6 Mean value 

X1 1.00 0.75 0.50 0.75 0.50 0.75 0.71 

X2 0.50 0.25 0.25 0.25 0.25 0.50 0.33 

X3 0.80 0.80 0.40 1.00 0.40 0.80 0.70 

X4 0.75 0.50 0.50 0.50 0.50 0.50 0.54 

X5 1.00 0.56 0.33 0.56 0.22 0.44 0.52 

X6 1.00 0.67 0.67 0.33 0.67 0.67 0.67 

X7 0.80 0.80 0.80 1.00 0.80 1.00 0.87 

X8 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

X9 1.00 1.00 0.67 0.67 0.33 0.67 0.72 

X10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

PMC-index 8.10 6.58 5.37 6.31 4.92 6.58 6.31 
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Rank 1 2 4 3 5 2  

Level excellent acceptable acceptable acceptable poor acceptable  

Q index 3.75 2.92 2.67 2.58 2.67 3.17 2.96 

B index 4.35 3.66 2.70 3.73 2.25 3.41 3.35 

 

 

Among the six photovoltaic industry policies, the PMC-index value of P1 policy ranks first and reaches an 

excellent level. This policy scores higher on multiple first-order variables and achieves better results at multiple 

levels. P1 policy involves a variety of incentive measures. This policy plays different functions in multiple fields 

and serves multiple subjects. P1 policy has set goals for the development of the photovoltaic industry. And this 

policy put forward five aspects of recommendations, including the development of the photovoltaic market, 

adjusting the industrial structure, regulating the industrial order, improving the photovoltaic grid connection, and 

  

Figure 12. PMC surface diagram of P1 

  

Figure 14. PMC surface diagram of P3 
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Figure 13. PMC surface diagram of P2 

  

Figure 15. PMC surface diagram of P4 
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Figure 16. PMC surface diagram of P5 

 

1

2

3

0

0.2

0.4

0.6

0.8

1
2

3

0-0.2 0.2-0.4 0.4-0.6 0.6-0.8  

Figure 17. PMC surface diagram of P6 
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strengthening industrial support. This makes the policy score high on multiple first-order variables and the PMC-

index. The PMC surface of P1 policy is in a high level raised state. The shape of the curved surface shows that 

this policy has no obvious shortcomings and has outstanding places in many aspects. The Q index score of P1 

policy is at an excellent level, and the policy quality of P1 is high. At the same time, the B index of P1 policy 

comprehensively responds to the photovoltaic industry from five levels: field, function, incentive measures, 

function level, and receptor level.  

The PMC-index scores of P2 and P6 policies rank second and are rated as acceptable. P2 policy promotes 

multiple forms of distributed photovoltaics. At the same time, this policy uses a variety of ways to manage 

distributed photovoltaic projects, including improving project quality management, strengthening the 

management of the filing work mechanism, strengthening the construction of the monitoring system, and 

promoting the supervision of the distributed photovoltaic market. The P6 policy sets goals for recycling of 

photovoltaic equipment and constantly improves the recycling system of photovoltaic equipment. The scores of 

the two policies in X4(policy function), X5(incentive measure) and X6(policy perspective) are different from 

those of P1 policy. The score gap between the two policies and P1 policy is larger in X5(incentive measure), and 

smaller in X4(policy function) and X6(policy perspective). The P2 policy lacks infrastructure and land incentives 

for distributed PV projects. The P6 policy lacks talent incentives and supporting service incentives in the field of 

photovoltaic equipment recycling. The PMC surfaces of the two policies have local depressions, but the depressed 

areas are few. The flaw in both policies is incentives. In terms of Q index and B index scores, compared with P1 

policy, the two policies have lower scores in both indicators, but the difference is not large. The Q index and B 

index scores of both policies are above acceptable levels. The quality of the specific measures of the two policies 

is acceptable, and the response of the measures of the two policies to the photovoltaic industry is at an excellent 

level.  

The PMC-index scores for P4 and P3 policies ranked third and fourth among the six policies. The P4 policy 

indicates the goals and main tasks of the development of smart photovoltaic, and introduces the main scenarios of 

future smart photovoltaic applications. The P3 policy explains the requirements and incentives for the construction 

of photovoltaic power generation projects. The PMC-index rating of the two policies is at an acceptable level. 

Compared with P2 and P6 policies, these two policies have more first-order variables with low scores. P4 policy 

has low scores on X2(Term of validity of the policy), X6(Policy perspective), and X9(Policy receptor). Among 

them, the score of P4 policy in X6(Policy perspective) is the lowest among the six policies. The P4 policy only 

plans the development of smart photovoltaic in the past five years, and lacks an analysis of the long-term 

development of smart photovoltaic. At the same time, the analysis perspective is single, and the analysis of macro 

and micro perspectives of smart photovoltaic is lacking. P3 policy has low scores on X1(Nature of policy), 

X2(Term of validity of the policy), X3(Policy domain), X5(Incentive measure), and X9(Policy receptor). The P3 

policy has the problem of insufficient incentive measures and limited scope. This policy provides financial, 

infrastructure and land support for the affordable Internet access project, and lacks support for project talents and 

photovoltaic affordable Internet access supporting services. Compared with PMC surfaces of P2 and P6 policies, 

there are more depressed areas in P3 and P4 policies. The P3 and P4 policies have more flaws than the P2 and P6 

policies. The Q index scores of P3 and P4 policies are lower than those of P2 and P6, but still at acceptable levels. 

The quality of both policies is acceptable. The B index score of P3 policy is lower among the six policies, with a 

weak response to the photovoltaic industry. The B index score of P4 policy is higher in the six policies. This policy 

has a strong response to the photovoltaic industry and can effectively solve the problems existing in the 

photovoltaic industry.  
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The PMC-index score of P5 policy ranks fifth among the six PV industry policies, which is the lowest level. 

The PMC-index rating of this policy is poor. The values of the first-level variables of P5 policies are all lower 

than 1 except X10(policy disclosure), and the scores of the first-level variables are generally low. Especially in 

the two first-level variables X5(Incentive measure) and X9(Policy receptor), there is a large gap between the P5 

policy and the other five policies. The PMC surface of P5 policy has a large area of depression. This policy has 

many problems in policy areas and incentive measures. The incentive measures of P5 policy are insufficient and 

the scope involved is narrow. The content of P5 policy focuses on the healthy development of photovoltaic 

industry chain. This policy does not set a clear goal for the development of the photovoltaic industry chain. The 

regulation object of P5 policy mainly involves enterprises, and the policy fails to play the role of the government 

and consumers in the photovoltaic industry chain. When supporting the development of the photovoltaic industry 

chain, this policy focuses on supporting technology in the field of production and manufacturing, and fewer 

incentives are used. The P5 policy lacks economic incentives for the PV industry chain. In terms of Q index and 

B index scores, although the indicators of P5 policy scores are also acceptable levels, the scores are low, and the 

overall quality of the policy and the response to the photovoltaic industry are not strong.  

 

Figure 18. Radar chart of the mean values of ten first-level variables 

After the specific analysis of the six photovoltaic industrial policies, this paper then makes an overall analysis 

of the six policies based on the mean radar map of the ten first-level variables of the six policies. Figure 18 is a 

radar chart of the average values of the six PV industrial policies. The mean value for nature of policy is 0.71. The 

photovoltaic industry policies are comprehensive in nature. These policies can describe the situation of the 

photovoltaic industry, forecast and supervise the development of the photovoltaic industry, and make reasonable 

suggestions for the photovoltaic industry. The mean value for term of validity of the policy is 0.33. Photovoltaic 

industry policies focus on the realization of a single deadline. The formulation of multi-period goals and measures 

is lacking in the policies. This will lead to a lack of coherence in policies, and the effect of policy implementation 

will be affected. The mean value for policy domain is 0.7. The six PV industrial policies can cover multiple fields 

including the economic field, the social field, the technical field, the political field, and the environmental field. 

Photovoltaic industry policies can promote the development of photovoltaic enterprises in these areas and promote 

all-round social progress. The mean value for policy function is 0.54. The six photovoltaic industrial policies 

failed to play all the functions of photovoltaic industrial policies. None of the six policies has played the 

government procurement function of the photovoltaic industry policy. While the other three functions, including 

product promotion, technological innovation, and supervision and management, some of the six policies did not 

fully play these functions. The mean value for incentive measure is 0.52. The photovoltaic industry policies have 
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a single type of incentive measures. Many incentive measures have not been applied to the PV industry policies 

to support the development of the PV industry. Photovoltaic industry policies failed to generate comprehensive 

incentives for each subject of the photovoltaic industry. The mean value for policy perspective is 0.67. The PV 

industry policies can analyze and make recommendations for the PV industry from multiple perspectives. The 

content of the six photovoltaic industry policies involves the operation of the overall photovoltaic industry in the 

country, the operation of various parts of the photovoltaic industry, and the behaviors of various subjects of the 

photovoltaic industry, including enterprises, consumers, and the government. The six photovoltaic industry 

policies carried out macroscopic, mesoscopic and microscopic analysis of the photovoltaic industry. The mean 

value for function level is 0.87. The six national-level photovoltaic industry policies have played a role at multiple 

levels. Industrial policies have had an impact on the photovoltaic industry at the national level, regional level, 

industry level, enterprise level, and new product level have an impact on the photovoltaic industry. The six 

photovoltaic industry policies have given full play to the influence of policies on industrial development. The 

mean value for policy level is 0.25. The six policies are all national photovoltaic industry policies, so the policy 

level variable values of the six policies are the same, all of which are 0.25. The mean value for policy receptor is 

0.72. The six photovoltaic industry policies are closely related to photovoltaic companies, governments, and 

consumers and can affect multiple individuals at the same time. These policies can provide guidance for the 

production and promotion of photovoltaic products by enterprises, the management of the photovoltaic industry 

by the governments, and the use of photovoltaic products by consumers. The mean value for policy disclosure is 

1. The six PV industry policies are all public, so the policy disclosure variable values of the six policies are the 

same, all of which are 1. 

5. Conclusions and policy suggestions 

5.1. Conclusions 

This paper first studies the structure and evolution of China’s PV industrial policy based on the text of China’s 

national and local PV industrial policy. Then, this paper selects 6 representative national PV industrial policies, 

uses PMC-index model to analyze the content of selected PV industrial policy samples, and evaluates each policy 

based on the analysis results. This study finally draws the following conclusions: 

(1) From 2013 to 2021, among the photovoltaic industry policies at the national level, the proportion of 

environmental policy instruments is the highest, the proportion of supply policy instruments and economic policy 

instruments is in the middle, and the proportion of demand policy instruments is the lowest. In this period, the 

government focused on the use of environmental policy instruments when using the photovoltaic industry policies 

at the national level to regulate the photovoltaic industry. Using environmental policy instruments, the government 

has continuously optimized the development environment of the photovoltaic industry. In the photovoltaic 

industry policies at the local level, supply-oriented policy instruments accounted for the largest proportion from 

2007 to 2014, and environment-oriented policy instruments accounted for the largest proportion from 2015 to 

2021. From 2007 to 2021, the management focus of local government on the photovoltaic industry has changed 

from improving the supply level of the photovoltaic industry to optimizing the development environment of the 

photovoltaic industry. From 2022 to 2023, in the photovoltaic industry policies at the national level and the local 

level, the gap in the proportion of four types of policy instruments (supply, environment, economy, demand) has 

narrowed. The government used a variety of types of policy instruments to manage the photovoltaic industry. 

(2) In the photovoltaic industry policies at the national level and the local level, each of the four categories 

of photovoltaic industry policy instruments has measures with high frequency of use. Among the supply policy 

instruments, science and technology support policy instruments and infrastructure policy instruments are the most 
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used instruments by the government. Promoting the scientific and technological development of the photovoltaic 

industry and the infrastructure construction of the photovoltaic industry is an important part of the government to 

promote the supply level of the photovoltaic industry. The government invests less in the elements of talent, public 

service and land. The supply structure of the photovoltaic industry is flawed. Among the environmental policy 

instruments, supervision and management policy instruments are the most used instruments by the government. 

The government pays attention to strengthening the management of the photovoltaic industry to regulate the 

behavior of the photovoltaic industry individuals, and then promote the construction of a good environment for 

the photovoltaic industry. Other environmental policy instruments, including regulatory standards, target planning, 

and international cooperation, are less commonly used by the government. Photovoltaic industry development 

environment construction system is still insufficient. Among the economic policy instruments, capital investment 

is the most used mode of capital regulation. The government focuses on direct regulation of photovoltaic industry 

funds. There is little indirect regulation of photovoltaic industry funds, and the government has a single mode of 

operation of photovoltaic industry funds. Among the demand-oriented policy instruments, application and 

demonstration policy instruments are the most used policy instruments by the government. The government 

stimulates the demand for photovoltaic products mainly through the establishment of application and 

demonstration zones and the application of photovoltaic products in various practical life scenarios. The 

government has a single model for stimulating demand. 

(3) Under the evaluation system of PMC model, one of the six national PV industry policies selected in this 

paper is excellent, four are acceptable, and one is poor. There are gaps in the overall level of these policies. The 

policy quality index and response validity index of the six photovoltaic industry policies are above the acceptable 

level. The quality of the six national-level photovoltaic industry policies is guaranteed, and the policy content is 

scientific and feasible. At the same time, these policies can respond to the photovoltaic industry, and the policy 

content can respond to the problems existing in the photovoltaic industry. The average scores of six policies in 

X1(nature of policy), X3(policy domain), X6(policy perspective), X7(function level), X9(policy receptor), and 

X10(Policy disclosure) are higher, while the average scores of six policies in X2(term of validity of the policy), 

X4(policy function), X5(incentive measure), and X8(policy level) are lower. The high score of X10 variable is 

because all the six policies are public. The low score of X8 variable is because the six policies collected in this 

paper are all national PV industry policies. The six policies are comprehensive in nature and can have multiple 

levels of impact on multiple individuals and multiple sectors of the photovoltaic industry from multiple 

perspectives. But these policies have some drawbacks. In the six policies, the combination of long-term and short-

term goals and measures is lacking. In the policies, incentive measures are insufficient, and various types of 

incentive measures are not used to incentivize the photovoltaic industry in many ways. The photovoltaic industry 

policies are insufficient to support the photovoltaic industry and cannot give full play to its role. 

(4) This paper also has some limitations in the study of photovoltaic industry policy. In the process of 

collecting photovoltaic industry policies, this study may miss some policy texts. This makes it impossible for this 

study to comprehensively analyze the content of PV industry policy. In the analysis of the text content, the index 

analysis system constructed in this paper can not cover all aspects of the photovoltaic industry, and the evaluation 

of the implementation effect of the photovoltaic industry policy is not accurate enough. In the future, with the 

progress of text mining technology and the improvement of policy evaluation system, researchers can 

comprehensively analyze the production and consumption links of the photovoltaic industry based on 

comprehensive policy texts, and then conduct research on the development of the photovoltaic industry in multiple 

fields. 
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5.2. Policy Suggestions 

Based on the dynamic evolution analysis of China’s PV industrial policies and the quantitative evaluation of 

six PV industrial policies with the help of PMC-index model, the following recommendations are made in this 

paper. 

(1) Promote the construction of photovoltaic projects. The government should regularly set plans for the 

construction of photovoltaic projects, and clarify the area and time of photovoltaic project construction. In the 

process of the construction of photovoltaic projects, the government should strengthen the record management, 

construction management and acceptance management of photovoltaic projects. For the construction of 

photovoltaic projects, it is necessary to improve the incentive system. The government should encourage talents 

with a high level of knowledge to enter the field of photovoltaic project construction and provide talent support 

for the photovoltaic industry. At the same time, promote grid-connected services, strengthen the construction of 

supporting power grids for photovoltaic projects, and improve support for related infrastructure and public 

services. For projects that are short of funds, the government can provide support for photovoltaic projects by 

providing financial subsidies, encouraging financial institutions to provide financial services for photovoltaic 

projects, and reducing the tax burden. 

(2) Strengthen technological innovation in the photovoltaic industry. Develop a 5-year technological 

breakthrough plan for the photovoltaic industry, and strive to make technological breakthroughs in the field of 

extraction of photovoltaic raw materials and the manufacturing of photovoltaic cells and modules in the next 5 

years. In the development process of the photovoltaic industry, information and intelligence should be an 

important direction of technological innovation in the photovoltaic industry. In the next five years, the scope of 

smart photovoltaics should be further. The government should actively build several photovoltaic industry 

technological innovation platforms, strengthen international exchanges and cooperation, promote the 

transformation of scientific research results, and promote the integrated development of the photovoltaic industry 

technology innovation field. For individuals or teams with outstanding contributions in the field of technology 

innovation in the photovoltaic industry, the government should give certain financial incentives. 

(3) Expand the application range of photovoltaic power generation. Actively promote photovoltaic power 

generation to cover the government, enterprises, and consumers. Promote the application of photovoltaic power 

generation in all types of buildings, and encourage government agencies and industrial enterprises to install 

photovoltaic power generation systems. Support the installation of distributed photovoltaic systems in family 

homes. Strengthening integration with other areas is essential for photovoltaic power generation applications. 

Photovoltaic power generation can be combined with transportation, agriculture and communication. The 

government should actively promote the construction of photovoltaic + transportation projects, photovoltaic + 

agriculture projects and photovoltaic + communication projects. At the same time, the government should actively 

build photovoltaic application and demonstration areas, regularly plan several photovoltaic power generation 

application and demonstration cities, and form a complete set of photovoltaic application operation mechanism. 

Funding: This research received no external funding. 

Data Availability Statement: The data is included in the article. 

Conflicts of Interest: The author declares no conflict of interest. 

 

 



Computer Fraud and Security  

ISSN (online): 1873-7056 

 

__________________________________________________________________________________________ 
1029 

Vol: 2025 | Iss: 02 | 2025 

 

References 

1. Hajdukiewicz, A.; Pera, B. International Trade Disputes over Renewable Energy-the Case of the Solar 

Photovoltaic Sector. Energies 2020, 13, 500. 

2. Wang, Z.; Xiong, Y.; Zhang, C. Quantitative Evaluation of Eco-Environmental Protection Policy in the 

Yangtze River Economic Belt: A PMC-Index Model Approach. Sustainability 2024, 16, 805. 

3. Lindahl, J.; Lingfors, D.; Elmqvist, Å.; Mignon, I. Economic analysis of the early market of centralized 

photovoltaic parks in Sweden. Renewable Energy 2022, 185, 1192-1208. 

4. Muñoz-Cerón, E.; Lomas, J.C.; Aguilera, J.; de la Casa, J. Influence of Operation and Maintenance 

expenditures in the feasibility of photovoltaic projects: The case of a tracking pv plant in Spain. Energy 

Policy 2018, 121, 506-518. 

5. Vrînceanu, A.; Dumitrascu, M.; Kucsicsa, G. Site suitability for photovoltaic farms and current investment 

in Romania. Renewable Energy 2022, 187, 320-330. 

6. Wang, X.; Xue, J.; Hou, X. Barriers analysis to Chinese waste photovoltaic module recycling under the 

background of "double carbon". Renewable Energy 2023, 214, 39-54. 

7. Liu, C.; Zhang, Q.; Wang, H. Cost-benefit analysis of waste photovoltaic module recycling in China. Waste 

Management 2020, 118, 491-500. 

8. Angowski, M.; Kijek, T.; Lipowski, M.; Bondos, I. Factors Affecting the Adoption of Photovoltaic Systems 

in Rural Areas of Poland. Energies 2021, 14, 5272. 

9. Irfan, M.; Yadav, S.; Shaw, K. The adoption of solar photovoltaic technology among Indian households: 

Examining the influence of entrepreneurship. Technological Forecasting & Social Change 2021, 169, 

120815. 

10. Cohen, J.J.; Elbakidze, L.; Jackson, R. Sloar Bait: How US States Attract Solar Investments from Large 

Corporations. The Energy Journal 2020, 41, 167-190. 

11. Tomczak, S.K.; Skowronska-Szmer, A.; Szczygielski, J.J. Is Investing in Companies Manufacturing Solar 

Components a Lucrative Business? A Decision Tree Based Analysis. Energies 2020, 13, 499. 

12. Corwin, S; Johnson, T.L. The role of local governments in the development of China's solar photovoltaic 

industry. Energy Policy 2019, 130, 283-293. 

13. Sarzynski, A.; Larrieu, J.; Shrimali, G. The impact of state financial incentives on market deployment of 

solar technology. Energy Policy 2012, 46, 550-557. 

14. Zhao, S.; Yu, L.; Zhang, Z. Photovoltaic supply chain and government subsidy decision-making based on 

China's industrial distributed photovoltaic policy: A power perspective. Journal of Cleaner Production 2023, 

413, 137438. 

15. Castaneda, M.; Zapata, S.; Cherni, J.; Aristizabal, A.J.; Dyner, I. The long-term effects of cautious feed-in 

tariff reductions on photovoltaic generation in the UK residential sector. Renewable Energy 2020, 155, 1432-

1443. 

16. Luan, R.; Lin, B. Positive or negative? Study on the impact of government subsidy on the business 

performance of China's solar photovoltaic industry. Renewable Energy 2022, 189, 1145-1153. 



Computer Fraud and Security  

ISSN (online): 1873-7056 

 

__________________________________________________________________________________________ 
1030 

Vol: 2025 | Iss: 02 | 2025 

 

17. Liu, D.; Zou, H.; Qiu, Y.; Du, H. Consumer reaction to green subsidy phase-out in China: Evidence from the 

household photovoltaic industry. Energy Economics 2024, 129, 107270. 

18. Deng, X.; Poletti, S.; Hazledine, T.; Tao, M.; Sbai, E. Deploying solar photovoltaic through subsidies: An 

Australian case. Journal of Environmental Management 2024, 372, 123293. 

19. Zhang, Y.; Qu, S.; Gao, P. Can talent policy promote firm innovation: An empirical analysis from solar 

photovoltaic industry in China. Frontiers in Energy Research 2023, 11, 1096505. 

20. Silveira, B.; dos Santos, M E M.; Maia, F J F.; Basso, A P.; Singh, J N; Costa, H K D. Incentives for 

photovoltaic energy generation: A comparative analysis of policies in Spain, Germany, and Brazil. Energy 

Strategy Reviews 2024, 54, 101415. 

21. Hu, J.; Wu, J. Research on collaborative decision making of China's photovoltaic supply chain based on 

competition policy. International Journal of Industrial Engineering Computations 2024, 15, 59-68. 

22. Gao, X. The comparative impact of solar policies on entrepreneurship in the US solar photovoltaic 

installation industry. Energy Policy 2021, 156, 112389. 

23. Keshavadasu，S R. Regulatory and policy risks: Analyzing the uncertainties related to changes in government 

policies, regulations, and incentives affecting solar power project development and operations in Kenya. 

Energy Policy 2023, 182, 113760. 

24. Liao, M.; Zhang, Z.; Jia, J.; Xiong, J.; Han, M. Mapping China's photovoltaic power geographies: Spatial-

temporal evolution, provincial competition and low-carbon transition. Renewable Energy 2022, 191, 251-

260. 

25. Pronti, A.; Zoboli, R. Something new under the sun. A spatial econometric analysis of the adoption of 

photovoltaic systems in Italy. Energy Economics 2024, 134, 107582. 

26. Garlet, T.B.; Ribeiro, J.L.D.; Savian, F.D.; Siluk, J.C.M. Value chain in distributed generation of 

photovoltaic energy and factors for competitiveness: A systematic review. Solar Energy 2020, 211, 396-411. 

27. Yuan, X.; Song, W.; Zhang, C.; Yuan, Y. Understanding the evolution of photovoltaic value chain from a 

global perspective: Based on the patent analysis. Journal of Cleaner Production 2022, 377, 134466. 

28. Birlain-Escalante, M.O.; Islas-Samperio, J.M.; de la Vega-navarro, A.; Morales-Acevedo, A. Development 

and Upstream Integration of the Photovoltaic Industry Value Chain in Mexico. Energies 2023, 16, 2072. 

29. Zhang, L.; Wang, J.; Wen, H.; Fu, Z.; Li, X. Operating performance, industry agglomeration and its spatial 

characteristics of Chinese photovoltaic industry. Renewable and Sustainable Energy Reviews 2016, 65, 373-

386. 

30. Zhao X.; Thomas C.W.; Cai T. The Evolution of Policy Instruments for Air Pollution Control in China: A 

Content Analysis of Policy Documents from 1973 to 2016. Environmental Management 2020, 66, 953-965. 

31. Ma, W.; Hoppe, T.; de Jong, M. Policy Accumulation in China: A Longitudinal Analysis of Circular 

Economy Initiatives. Sustainable Production and Consumption 2022, 34, 490-504. 

32. Park S.D. Policy Discourse Among the Chinese Public on Initiatives for Cultural and Creative Industries: 

Text Mining Analysis. Sage Open 2022, 12, 21582440221079927. 

33. Lu Y.; Do Park, S. Time Series Analysis of Policy Discourse on Green Consumption in China: Text Mining 



Computer Fraud and Security  

ISSN (online): 1873-7056 

 

__________________________________________________________________________________________ 
1031 

Vol: 2025 | Iss: 02 | 2025 

 

and Network Analysis. Sustainability 2022, 14, 14704. 

34. Wo, X.; Li, G.; Sun, Y.; Li, J; Yang, S; Hao, H. The Changing Tendency and Association Analysis of 

Intelligent Coal Mines in China: A Policy Text Mining Study. Sustainability 2022, 14, 11650. 

35. Lee, J.; Jeong, H. Keyword Analysis of Artificial Intelligence Education Policy in South Korea. IEEE Access 

2023, 11, 102408-102417. 

36. Hille, E.; Oelker, T.J. International expansion of renewable energy capacities: The role of innovation and 

choice of policy instruments. Ecological Economics 2023, 204, 107658. 

37. Zhang, T.; Shen, D. Can recycled water policy in China adapt to local conditions: A policy implementation 

perspective. Journal of Cleaner Production 2022, 380, 134840. 

38. Bölük, G.; Kaplan R. Effectiveness of renewable energy incentives on sustainability: evidence from dynamic 

panel data analysis for the EU countries and Turkey. Environmental Science and Pollution Research 2022, 

29, 26613-26630. 

39. Ambrosino, A.; Cedrini, M.; Davis, J.B.; Fiori, S.; Guerzoni, M.; Nuccio, M. What topic modeling could 

reveal about the evolution of economics. Journal of Economic Methodology 2018, 25, 329-348. 

40. Li, J.; Jiao, J.; Xu, Y.; Chen, C. Impact of the latent topics of policy documents on the promotion of new 

energy vehicles: Empirical evidence from Chinese cities. Sustainable Production and Consumption 2021, 

28, 637-647. 

41. Saura, J.R.; Reyes-Menendez, A.; Thomas, S.B. Gaining a deeper understanding of nutrition using social 

networks and user-generated content. Internet Interventions 2020, 20, 100312. 

42. Bilge, E.Ç.; Yaman, H. Research trends analysis using text mining in construction management: 2000-2020. 

Engineering, Construction and Architectural Management 2022, 29, 3210-3233. 

43. Hu, S.; Wu, X.; Cang, Y. Exploring Business Environment Policy Changes in China Using Quantitative Text 

Analysis. Sustainability 2024, 16, 2159. 

44. Singh, M.; Saini, M.; Adebayo, S.O.; Singh, J.; Kaur, M. Comparative analysis of education policies: A study 

on analyzing the evolutionary changes and technical advancement in the education system. Education and 

Information Technologies 2023, 28, 7461-7486. 

45. Liu, Y.; Li, J.; Xu, Y. Quantitative Evaluation of High-Tech Industry Policies Based on the PMC-Index Model: 

A Case Study of China's Beijing-Tianjin-Hebei Region. Sustainability 2022, 14, 9338. 

46. Xu, J.; Zhang, Z.; Xu, Y.; Liu, L.; Pei, T. Quantitative evaluation of waste sorting management policies in 

China's major cities based on the PMC index model. Frontiers in Environmental Science 2023, 11, 1065900. 

47. Dai, S.; Zhang, W.; Zong, J.; Wang, Y.; Wang, G. How Effective Is the Green Development Policy of China's 

Yangtze River Economic Belt? A Quantitative Evaluation Based on the PMC-Index Model. International 

Journal of Environmental Research and Public Health 2021, 18, 7676. 

48. Huang, C.; Yang, C.; Su, J. Identifying core policy instruments based on structural holes: A case study of 

China's nuclear energy policy. Journal of Informetrics 2021, 15, 101145. 

49. Capano, G.; Howlett, M. The Knowns and Unknowns of Policy Instrument Analysis: Policy Tools and the 

Current Research Agenda on Policy Mixes. Sage Open 2020, 10, 2158244019900568. 



Computer Fraud and Security  

ISSN (online): 1873-7056 

 

__________________________________________________________________________________________ 
1032 

Vol: 2025 | Iss: 02 | 2025 

 

50. Bessa, S.; Gouveia, J.P. A framework for policy mix analysis: assessing energy poverty policies. Journal of 

Environmental Economics and Policy 2023, 12, 438-454. 

51. Huang, X.; Gao, J.; Zhang, H. Low-carbon eco-city development policy in China: a bibliometric analysis of 

policy documents. Kybernetes 2023, 52, 601-624. 

52. Rothwell, R.; Zegveld, W. Reindustrialization and Technology; Longman Group Limited: London, UK, 1985; 

pp. 83–104. 

53. Zhou, D.; Chong, Z.; Wang, Q. What is the future policy for photovoltaic power applications in China? 

Lessons from the past. Resources Policy 2020, 65, 101575. 

54. Song, C.; Liu, Z.; Yuan, M.; Zhao, C. From text to effectiveness: Quantifying green industrial policies in 

China. Journal of Cleaner Production 2024, 446, 141445. 

55. Wang, X.; Wang, J.; Xu, C.; Zhang, K.; Li, G. Electric Vehicle Charging Infrastructure Policy Analysis in 

China: A Framework of Policy Instrumentation and Industrial Chain. Sustainability 2023, 15, 2663. 

56. Bretter, C.; Schulz, F. Public support for decarbonization policies in the UK: exploring regional variations 

and policy instruments. Climate Policy 2024, 24, 117-137. 

57. Pitelis, A.; Vasilakos, N.; Chalvatzis, K. Fostering innovation in renewable energy technologies: Choice of 

policy instruments and effectiveness. Renewable Energy 2020, 151, 1163-1172. 

58. Bergek, A.; Berggren, C. The impact of environmental policy instruments on innovation: A review of energy 

and automotive industry studies. Ecological Economics 2014, 106, 112-123. 

59. Hurlimann, A.; March, A.; Bush, J.; Moosavi, S.; Browne, G.R.; Warren-Myers, G. Climate change 

transformation in built environments - A policy instrument framework. Urban Climate 2024, 53, 101771. 

60. Estrada, M.A.R. Policy modeling: Definition, classification and evaluation. Journal of Policy Modeling 2011, 

33, 523-536. 


