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Fuel cell electric vehicles (FCEVs) are still in the early phases of development, largely influenced by 
policy measures. However, the current support policies have not effectively fostered the growth of 
the FCEV industry. Moreover, most existing research is based on qualitative analysis, which falls short 
in tackling this issue. This study developed a policy evaluation model that combines the analytic 
hierarchy process and content analysis (AHP-CA) to assess the differences between ideal and actual 
policy distributions, grounded in AHP and CA theories. Furthermore, CA-industry chain analysis model 
and CA-value chain analysis model were constructed. These models utilize a two-dimensional matrix 
to evaluate how policies are distributed across the industry chain and value chain. The results show 
that: In terms of policy types, preferential fiscal and tax policies exhibited a large negative deviation 
(-0.29), while comprehensive macro-policies policies exhibited a large positive deviation (0.17). In 
terms of policy instruments, demand-oriented policy instruments demonstrated a large negative 
deviation (-0.09), while environment-oriented ones demonstrated a large positive deviation (0.06). In 
terms of specific policy measures, a large negative deviation was observed in government procurement 
(-0.15), and a large positive deviation in policy strategies (0.13). From the perspective of the industrial 
chain and value chain, the supply side still needs to be further strengthened. It is proposed to enhance 
fiscal and tax preferential policies to further address the economic barriers in the early stages of FCEV 
industry development. Specifically, a demand-oriented approach should be adopted, with government 
procurement as the main measure. Additionally, efforts should be made to guide the improvement 
of supply-side capabilities and to enhance the demonstration and guidance for private consumption. 
Future research will focus on ways to classify policies and policy-making mechanisms that can adapt to 
changes over time.
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Major countries across the world have set the goal of achieving carbon neutrality around the 2050s1,2. In this 
context, China also proposed in September 2020 the goal to peak its carbon dioxide emissions by 2030 and 
achieve carbon neutrality by 20603. Achieving this goal necessitates joint efforts of all high-carbon emission 
sectors such as transport, construction, industry and energy sectors as the automobile industry is highly 
associated with these sectors. According to a study by the International Energy Agency (IEA), for the transport 
sector alone, its petroleum consumption accounted for 61.2% of the total global petroleum consumption, and 
its carbon dioxide emissions represented 23% of the global’s total4. Under the pressure from energy crisis and 
the need for environmental protection, FCEVs have gradually attracted attention from China and abroad for 
their excellent features such as environmental friendliness, short refueling time and superior driving range. As 
a result, countries with well-developed auto industries have been introducing relevant policies to support the 
development of such vehicles5–9.

Literature review and motivation
Since 2009, China has issued a series of supporting policies. These policies mainly fall under four types: 
comprehensive macro-policies, industry management policies, preferential fiscal and tax policies, and scientific 
& technological (S&T) innovation policies. However, China’s supporting policies for FCEVs are mostly 
integrated into those for new energy vehicles. For this reason, scholars in China have studied supporting policies 
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concerning new energy vehicles (NEVs) more frequently than those regarding FCEVs in a considerable period. 
Overall, studies have transitioned from qualitative research to semi-qualitative or quantitative analysis. Dai 
Yulong established an AHP-fuzzy comprehensive analysis model to study the impact of government policies 
on the NEV industry10. Huang Yadi, Liu Jiali, Luo Yihan et al. established a difference-in-differences model to 
analyze the impact of policies on the new energy vehicle industry11–14. More detailed research has gone deep into 
the policy text, and has been combined closely with the industry chain and value chain. Chen Yongguo et al., 
Yang Chengyuan, Yang Changjin et al., Zhou ying et al. studied the policy texts regarding China’s NEV industry 
in terms of policy instruments and made suggestions for policy adjustment15–18. Wang Jing et al. established a 
two-dimensional analysis framework for policy texts, analyzed 105 relevant policies, and concluded that current 
environment-oriented policy instruments were excessive19. Wang Zihan, Xu Junhan have both conducted 
research on the support policies for the NEV industry using the CA method, considering three dimensions: the 
industry chain, the value chain, and policy instruments20,21.

In recent years, China has adopted specific policies for FCEVs and yet limited studies focus on the supporting 
policies for FCEVs. The research on support policies for FCEVs is also gradually increasing, but most of it is 
from the broader perspective of hydrogen energy. Yu has studied the tax and fiscal policies for China’s hydrogen 
industry, suggesting that the formulation of fiscal policies should be closely integrated with the entire hydrogen 
industry chain22. Yao et al. focused on analyzing China’s hydrogen technology policies during the 14th Five-
Year Plan period and put forward specific suggestions for future research and development23. Wang et al. 
conducted research on China’s hydrogen industry policies, arguing that there are still many policy bottlenecks in 
various links of China’s hydrogen industry24. Huang used natural language processing technology to mine and 
analyze China’s hydrogen policies, and proposed four suggestions: strengthening top-level design, enhancing 
technological innovation, clarifying development goals, and reinforcing government funding guidance25. There 
is relatively little research focusing specifically on support policies for FCEV, and most of it is qualitative analysis. 
Kong et al. studied the management policies for FCEVs and suggested adding requirements related to the unique 
attributes of FCEVs26. Li analyzed the policy status of FCEVs, believing that policies support the development 
of FCEVs27. It can be observed that research on support policies for FCEVs in China is still in its infancy, with 
only qualitative studies conducted on macro-comprehensive and industry management policies. Research on 
hydrogen policies indirectly reflects that the FCEV industry chain is longer and more complex than those of 
other NEVs. It is important to mention that this study focuses solely on national policies and does not take into 
account the relationship between national and local policies. Without quantitative and precise assessments, it is 
clearly impossible to identify the root causes of the existing policy system’s inability to effectively promote the 
development of the FCEV industry, thus providing limited support for policymakers.

From above, China has provided long-term support for developing the FCEV industry and established a 
relatively comprehensive policy support system that is synchronized to benefit other types of NEVs. However, 
the manufacturing and sales of FCEVs have remained at the thousand-unit level for an extended period, 
significantly lower than other categories of NEVs. The existing policy framework has failed to effectively promote 
the development of the FCEV industry, with evident policy failure issues. The existing preliminary qualitative 
analysis can no longer solve this problem. This study, based on the research on NEVs, has constructed a FCEV 
policy evaluation model with the AHP and CA as the theoretical basis. It takes China’s FCEV policy support 
system (hereinafter referred to as the Policy System) as the research object, and collects and classifies relevant 
policy documents under the guidance of experts. China’s FCEV support policies were also systematically 
evaluated in terms of policy types, policy instruments, specific policy measures, as well as the industry chain 
and value chain. The objective of this study is to conduct a systematic and quantitative investigation of support 
policies for FCEVs with the following aims.

1) To systematically review the various support policies for FCEVs in China, providing a foundational and 
reference policy framework for this study and future research.

2) To conduct a quantitative analysis of the gap between existing research policies and actual needs, providing 
precise support for policymakers.

3) To establish a methodological framework for dynamically tracking changes in policy systems and actual 
needs, thereby providing long-term support for policymakers.

Outline
The structure of this paper is as follows: In Sect. “Introduction”, the background and the aim of this study 
are described. Section “ Research methods” focuses on the research methods. The policy evaluation model is 
summarized in Sect.“Policy evaluation model”. Section “Evaluation of policy system” describes the evaluation 
process. The results of this evaluation are summarized in Sect. “Results and discussion”. Finally, the findings of 
this study are summarized in Sect. “Conclusion and policy implications”.

Research methods
While techniques like system dynamics and CGE modeling are commonly employed in policy research, they 
primarily focus on quantitatively assessing the impact of policies, making it challenging to directly measure 
the deficiencies within the policies themselves. The AHP-CA method introduced in this study addresses these 
limitations.

Analytic hierarchy process
The analytic hierarchy process (AHP) is a qualitative and quantitative multi-objective decision-making (MODM) 
analysis method proposed in the early 1970 s by Statty T, a U.S. operational researcher28–30. It is a key method 
in policy evaluation employed for qualitative and quantitative analysis based on decomposing decision-making 
elements into the levels of objectives, criteria, and schemes.
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It consists of three main steps: (1) Establish a hierarchical structure model to determine the factors at the levels 
of objectives, criteria and schemes to achieve objectives by analyzing research problems; (2) Construct a pairwise 
comparison (judgment) matrix to analyze and calculate the importance of factors at the same level relative to 
objective constraints by using a 9-level scaling method, as shown in Table 1 to assign values to elements of the 
judgment matrix; (3) Check consistency by calculating the maximum eigenroot and corresponding eigenvector 
for each pairwise comparison matrix and using consistency index, random consistency index and consistency 
ratio.

Content analysis
Content Analysis (CA) is a specific method for objectively, systematically and quantitatively describing the 
content of literature, with the purpose of clarifying or measuring the essential facts and trends in literature. It 
has been widely used for detailed analysis of policy texts, mainly reflecting the dimension of policy instruments. 
It can also be expanded to the industry chain and value chain.

Policy instruments can be classified based on multiple standards and methods, including the widely-used 
theory of Rothwell and Zegveld31,32 which classifies policy instruments into supply-, environment- and demand-
oriented ones depending on their nature at the impact level. Twelve types of specific policy measures are 
technical support, talent introduction, financial support, S&T facility, finance and taxation, publicity and science 
popularization, regulatory control, policy strategy, government procurement, demonstration and promotion, 
public service, and overseas institution.

The industry chain mainly encompasses parts, vehicles, infrastructure, sales and other links. The value chain 
mainly covers research and development (R&D), investment, production, consumption and use.

Policy evaluation model
The policy evaluation model for FCEVs is primarily based on the AHP and the CA methods, both of which 
can delve into the analysis of specific policy measures. Within the same framework, the support policies for 
FCEVs are categorized into three layers: the objective layer, the criteria layer, and the scheme layer. The specific 
policy measures form the scheme layer, different types of policy documents constitute the criteria layer, and the 
objective layer represents the entire policy system for supporting FCEVs. Based on this framework, separate 
AHP and CA policy evaluation models for FCEVs are established to obtain the ideal and actual matrices of the 
support policies. The difference between these two matrices can quantify the deviation of the policies.

AHP analysis
Based on the AHP, national policies were designated as the level of objectives. National policies in the database 
were classified based on their characteristics into four types: comprehensive macro-policies, industry management 
policies, S&T innovation policies, and preferential fiscal and tax policies. These four types constitute the level of 
criteria Based on the CA, these four types of national policies can be summarized based on their roles into three 
types of policy instruments: supply-oriented, environment-oriented and demand-oriented. These three types of 
policy instruments can be subdivided into 12 specific policy measures that constitute the level of schemes. The 
hierarchy of indexes is shown in Fig. 1.

A judgment matrix between evaluation indexes at P and T levels was designed to calculate the weight 
coefficients of different indexes for a further consistency check, as shown in Formula (1).

	

P =




T1T1 T1T2 T1T3 T1T4
T2T1 T2T2 T2T3 T2T4
T3T1 T3T2 T3T3 T3T4
T4T1 T4T2 T4T3 T4T4


� (1)

Where, P represents national policies; ThTsrepresents the judgment matrix for relative importance of different 
policy types.

A judgment matrix between evaluation indexes at T and Y levels was designed to calculate the weight 
coefficients of different indexes for a further consistency check, as shown in Formula (2).

	
Tu=1,2,3,4 =

(
Y1Y1

u Y1Y2
u Y1Y3

u

Y2Y1
u Y2Y2

u Y2Y3
u

Y3Y1
u Y3Y2

u Y3Y3
u

)
� (2)

Factor i to factor j Quantified value

Equally important 1

Slightly important 3

Relatively important 5

Strongly important 7

Extremely important 9

Intermediate value of two adjacent judgments 2,4,6,8

Table 1.  Scaling.
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Tu=1,2,3,4represents four policy types (comprehensive macro-policies, industry management policies, S&T 
innovation policies, and preferential fiscal and tax policies); YhYs

urepresents the judgment matrix for relative 
importance of different policy instruments.

A judgment matrix between evaluation indexes at Y and Z levels was designed to calculate the weight 
coefficients of different indexes for a further consistency check, as shown in Formulas (3)–(5).

	

Y1 =




Z1Z1 Z1Z2 Z1Z3 Z1Z4
Z2Z1 Z2Z2 Z2Z3 Z2Z4
Z3Z1 Z3Z2 Z3Z3 Z3Z4
Z4Z1 Z4Z2 Z4Z3 Z4Z4


� (3)

	

Y2 =




Z5Z5 Z5Z6 Z5Z7 Z5Z8
Z6Z5 Z6Z6 Z6Z7 Z6Z8
Z7Z5 Z7Z6 Z7Z7 Z7Z8
Z8Z5 Z8Z6 Z8Z7 Z8Z8


� (4)

	

Y3 =




Z9Z9 Z9Z10 Z9Z11 Z9Z12
Z10Z9 Z10Z10 Z10Z11 Z10Z12
Z11Z9 Z11Z10 Z11Z11 Z11Z12
Z12Z9 Z12Z10 Z12Z11 Z12Z12


� (5)

Where, Y1represents the supply-oriented policy instruments; Y2the environment-oriented policy instruments; 
Y3the demand-oriented policy instruments; ZhZs(h = 1,2,3,4 s = 1,2,3,4), ZhZs(h = 5,6,7,8 s = 5,6,7,8), and 
ZhZs(h = 9,10,11,12 s = 9,10,11,12) represent judgment matrices for relative importance of different measures of 
the supply- oriented, environment- oriented, and demand-oriented policy instruments, respectively.

Content analysis
Based on the relative importance weights determined for policy instruments and their 12 specific measures by 
using the AHP, the CA was used to analyze the actual situation of the research object. Specific models are shown 
in Formulas (6)–(9).

	
Sijklo =

∑
i=1,2,3,4

∑
j

∑
k

∑
l=s

∑
o=1,2···12

dijklo� (6)

	
Eijklo =

∑
i=1,2,3,4

∑
j

∑
k

∑
l=e

∑
o=1,2···12

dijklo� (7)

Fig. 1.  Hierarchy of FCEV policy evaluation indexes.
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Rijklo =

∑
i=1,2,3,4

∑
j

∑
k

∑
l=r

∑
o=1,2···12

dijklo� (8)

	
Rijklo =

∑
i = 1,2,3,4

∑
j

∑
k

∑
l=r

∑
o=1,2···12

dijklo� (9)

	
Yi

′ =

∑
i=1,2,3,4

∑
l=s,e,r

Dijklo

∑
Dijklo

� (10)

	
Yi

′ =

∑
i = 1,2,3,4

∑
l=s,e,r

Dijklo

∑
Dijklo

� (11)

	
Zi

′=

∑
l = s,e,r

∑
o=1,2,···12

Dijklo

∑
Dijklo

, where, l=s, o=1, 2, 3, 4; l=e, o=5, 6, 7, 8; l=r, o=9, 10, 11, 12� (12)

Where, Dijklo represents policy documents; i the type of a policy document; j Chapter j; k Section k; l the type of 
a policy instrument; s the supply-oriented policy instrument, e the environment-oriented policy instrument, and 
r the demand-oriented policy instrument; o the name of 12 policy instruments;dijklo the policy analysis unit; 
Sijklothe number of supply-oriented policies in all current analysis units; Eijklothe number of environment-
oriented policies in all current analysis units;Rijklothe number of demand-oriented policies in all current 
analysis units.

As an emerging sector of strategic importance, the FCEV industry shows distinctive inherent development 
laws and characteristics which should be taken into full consideration in formulation of national policies. 
Based on its inherent activity patterns and characteristics, policy instruments were further analyzed from the 
perspectives of both the industry chain and value chain as its typical characteristics cannot be fully revealed from 
the dimension of policy instruments alone.

CA-industry chain analysis
The industry chain analysis is shown in Formulas (13)–(14).

	 C = {C1, C2, C3, C4}� (13)

	
Cc =

∑
c=1,2,3,4

Sijklo +
∑

c=1,2,3,4

Eijklo +
∑

c=1,2,3,4

Rijklo� (14)

Where, C denotes all elements of the industry chain; C1 the parts; C2 the vehicles; C3 the infrastructure; C4 the 
sales and other links; Cc the sum of the roles of all current policy instruments in a link of the industry chain.

CA-value chain analysis
The value chain analysis is shown in Formulas (15)–(16).

	 V = {V1, V2, V3, V4, V5}� (15)

	
Vv =

∑
v=1,2,3,4

Sijklo +
∑

v=1,2,3,4

Eijklo +
∑

v=1,2,3,4

Rijklo� (16)

Where, V denotes all elements of the value chain; V1 the R&D; V2 the investment; V3 the production; V4 the 
consumption; V5 the use; Vv  the sum of the roles of all current policy instruments in a link of the value chain.

Evaluation of policy system
Evaluation based on AHP
Index evaluation system
In the evaluation model, national policies regarding FCEVs are classified into four types: comprehensive macro-
policies, industry management policies, S&T innovation policies, and preferential fiscal and tax policies33. At 
different element levels, specific indexes selected in this study are shown in Table 2.

Calculation and consistency check
According to AHP evaluation model, this study invited 5 experts who engaged in policy research of FCEVs 
and directly or indirectly participated in policy formulation. They carried out pairwise comparisons of the 
relative importance of all indexes based on their expertise and the current status of the FCEV industry with 
reference to 9-level scaling method shown in Table 1. It should be noted that these experts conducted surveys on 
typical stakeholders involved in the research process, including 7 vehicle manufacturers and 15 key component 
suppliers. According to the comparison results obtained, the judgment matrix was designed for each index at 
each level. To obtain the weight of each factor, it is necessary to solve the eigenroot of the judgment matrix 
to obtain the eigenvector and then normalize the eigenvector. Typically, the eigenvalue and eigenvector of 
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Objective level Element level L1 index evaluation level L2 index evaluation level Definition

National policies (P)

Comprehensive macro-policies (T1)

Y1

Z1 Technical support

Z2 Talent introduction

Z3 Financial support

Z4 S&T facility

Y2

Z5 Finance and taxation

Z6 Publicity and science popularization

Z7 Regulatory control

Z8 Policy strategy

Y3

Z9 Government procurement

Z10 Demonstration and promotion

Z11 Public service

Z12 Overseas institution

Industry management policies (T2)

Y1

Z1 Technical support

Z2 Talent introduction

Z3 Financial support

Z4 S&T facility

Y2

Z5 Finance and taxation

Z6 Publicity and science popularization

Z7 Regulatory control

Z8 Policy strategy

Y3

Z9 Government procurement

Z10 Demonstration and promotion

Z11 Public service

Z12 Overseas institution

S&T innovation policies (T3)

Y1

Z1 Technical support

Z2 Talent introduction

Z3 Financial support

Z4 S&T facility

Y2

Z5 Finance and taxation

Z6 Publicity and science popularization

Z7 Regulatory control

Z8 Policy strategy

Y3

Z9 Government procurement

Z10 Demonstration and promotion

Z11 Public service

Z12 Overseas institution

Preferential fiscal and tax policies (T4)

Y1

Z1 Technical support

Z2 Talent introduction

Z3 Financial support

Z4 S&T facility

Y2

Z5 Finance and taxation

Z6 Publicity and science popularization

Z7 Regulatory control

Z8 Policy strategy

Y3

Z9 Government procurement

Z10 Demonstration and promotion

Z11 Public service

Z12 Overseas institution

Table 2.  Index evaluation system.
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the judgment matrix are approximated due to the difficulty of exact calculation. Based on a prior study34the 
summation method was applied for approximate calculations in this study.

The arithmetic mean of all column vectors was used to estimate the weight vector, as shown in Formula (17).

	

Wi = 1
n

n∑
j=1

bij

n∑
k=1

bkj

, i = 1, 2, · · · , n� (17)

Where, Wi is the eigenvector; bij  is the value of each factor in the judgment matrix.
To check the consistency, it is required to calculate the maximum eigenroot, as shown in Formula (18).

	
λmax ≈

n∑
i=1

(BW )i

nWi
= 1

n

n∑
j=1

n∑
i=1

bijWj

Wi

� (18)

Where,λmax denotes the maximum eigenroot; B the judgment matrix.
Each element in the judgment matrix is obtained by pairwise comparison with the scaling method, so errors 

are inevitable. To make the matrix more practical, a consistency check is required. The consistency index is 
calculated as shown in Formula (19).

	
CI = λmax − n

n − 1
� (19)

Where, CI  is the consistency index; n denotes the order of the judgment matrix.
The value of the mean random consistency index (RI) is given in reference35.
The random consistency ratio (CR) is calculated as shown in Formula (20).

	
CR = CI

RI
� (20)

If CR < 0.10, the judgment matrix meets the consistency requirements. Otherwise, the elements in the matrix 
must be adjusted until requirements are met.

Evaluation based on CA
Sample selection
This paper studied the supporting policies issued by the government and competent ministries and commissions 
regarding FCEVs. To evaluate these policies in a scientific and systematic manner, a database regarding national 
FCEV industry policies was created based on available policy documents and associated principles by collecting 
data till December 2022. As of now, 56 main national incentive policies have been collected in this database that 
will be further enriched and updated as new policies are introduced.

Definition and coding of analysis unit
With reference to the research results of other scholars on different industrial policy texts and in combination 
with the characteristics of national FCEV industry policy texts, relevant clauses in a policy text are defined as the 
analysis unit. In this study, 94 analysis units were selected from 56 policy texts.

For clear classification, these analysis units were coded. In this paper, 56 national FCEV industry policy texts 
were coded in the form of policy serial number - chapter number - clause number. Specific codes are shown in 
Table 3.

To ensure the reliability and validity of coding analysis, well-established research findings were fully drawn 
on for constructing the analysis framework of policy texts, and 5 experts in this field were invited to review the 
framework. It should be emphasized that these experts are entirely distinct from the five experts mentioned in 
Sect. “Calculation and consistency check”. Additionally, the definitions and classifications of policy instruments, 
industry chain and value chain were refined under the guidance of these experts. The coding was carried out by 
3 engineers of our research team respectively. The coding analysis results of 20 policies were randomly selected 
and checked for consistency by using SPSS 26.0 software36. The Kappa coefficient reached 0.837, indicating high 
coding reliability.

CA - industry chain evaluation
A two-dimensional analysis framework of policy instruments - industry chain was established with the former 
as the x axis and the latter as the y axis to analyze policy texts, as shown in Fig. 2.

CA - value chain evaluation
A two-dimensional analysis framework of policy instruments - value chain was established with the former as 
the x axis and the latter as the y axis to analyze policy texts, as shown in Fig. 3.
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Results and discussion
Results of AHP analysis
Based on Formulas (1)–(5) and (17)–(20) and expert questionnaire results, the weight was obtained for each 
factor in national policies, comprehensive macro-policies, industry management policies, S&T innovation 
policies, preferential fiscal and tax policies, as well as supply-, environment-, and demand-oriented policy 
instruments, as shown in Tables 4, 5, 6, 7, 8, 9, 10 and 11.

Based on the calculated weight at each index level, the final weight of each factor in national policies was 
obtained, as shown in Table 12.

As shown in Tables 4, 5, 6, 7, 8, 9, 10, 11 and 12, the combination of the policy type - policy instrument - 
specific policy measure forms the policy transmission path from macro to micro. A total of 48 policy paths 
were covered in this study. According to the current stage of industrial development, the ideal policy system 
structure has the highest proportion of T4-Y2-Z5 policy paths, which should reach 21.83%, followed by T4-
Y3-Z9 policy paths, which should reach 9.16%, followed by T4-Y2-Z8, T4-Y2-Z7, and T3-Y1-Z1, which should 
reach 8.08%, 6.74%, and 5.89%, respectively. Further analysis shows that preferential fiscal and tax policies and 
S&T innovation policies are urgently needed by the industry; the environment-oriented and demand-oriented 

Fig. 2.  Two-dimensional analysis framework of policy instruments - industry chain.

 

S/N Policy name CA unit
Policy 
code

1
Notice on Carrying out the Pilot 
Work of Demonstration and 
Promotion of Energy-saving and 
New Energy Vehicles

Chapter II Supporting Objects and Methods
Clause 5: Grant one-time quota subsidies to demonstration and promotion units in relevant public service fields in pilot cities 
for the purchase and use of energy-saving and new energy vehicles.

1-2-5

2 Auto Industry Adjustment and 
Revitalization Plan

IV. Policies and Measures
(X) Promote the use of energy-saving and new energy vehicles. 2-4-10

3
Decision on Accelerating the 
Cultivation and Development of 
Strategic Emerging Industry

Chapter III
(VII) Carry out R&D of cutting-edge technologies related to FCEVs and vigorously promote the development of energy-saving 
vehicles featuring high energy efficiency and low emissions.

3-3-7

…… …… …… ……

55

Decision on Amending the 
Measures for the Parallel 
Administration of the Average 
Fuel Consumption and New 
Energy Vehicle Points of 
Passenger Vehicle Enterprises

IV. The second paragraph of Article 17 was revised as follows: “The credit ratios of new energy vehicles (NEVs) are required 
to be 10%, 12%, 14%, 16% and 18% for 2019, 2020, 2021, 2022 and 2023 respectively. The requirements for the credit ratios of 
NEVs for 2024 and the future years shall be separately announced by the MIIT.”

55-4-
17

56
Notice on Carrying out 
Demonstration Application of 
Fuel Cell Vehicles

Apply the method of “replacing subsidies with awards” to reward the shortlisted demonstration urban agglomerations 
according to their completion of objectives. 56 − 1

Make demonstration application of new technologies and models for FCEVs and promote the establishment and improvement 
of relevant technical index systems and testing and evaluation standards. 56-2-1

Explore effective business operation models to continuously improve economic benefits. 56-2-2

Establish a relatively complete supporting policy system for the R&D of core technologies of hydrogen energy and fuel cells, the 
construction and operation of hydrogen refueling stations, and the demonstration application of FCEVs. 56-2-3

Select cities where excellent enterprises in the industry chain are located for cooperation nationwide. 56-2-4

Set the upper limit of subsidies for the promotion and application of FCEVs at 15,000 points. 56 − 3

Set the upper limit of subsidies for hydrogen energy supply at 2,000 points. 56 − 4

Table 3.  Code of CA unit for National FCEV industry policy text.
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T3 Y1 Y2 Y3 W3

Y1 1 5 3 0.636977

Y2 1/5 1 1/3 0.104714

Y3 1/3 3 1 0.258309

λmax= 3.0385, CI = 0.01925, 
CR = 0.033 < 0.1

Table 7.  Weight of each factor in S&T innovation policies.

 

T2 Y1 Y2 Y3 W2

Y1 1 1/3 1/5 0.104714

Y2 3 1 1/3 0.258309

Y3 5 3 1 0.636977

λmax= 3.0385, CI = 0.01925, 
CR = 0.033 < 0.1

Table 6.  Weight of each factor in industry management policies.

 

T1 Y1 Y2 Y3 W1

Y1 1 1/5 1/3 0.113994

Y2 5 1 1 0.480639

Y3 3 1 1 0.405367

λmax= 3.0291, CI = 0.01455, 
CR = 0.025 < 0.1

Table 5.  Weight of each factor in comprehensive macro-policies.

 

P T1 T2 T3 T4 Weight (W)

T1 1 1/3 1/5 1/7 0.052734

T2 3 1 1/2 1/4 0.127071

T3 5 2 1 1/6 0.192352

T4 7 4 6 1 0.627843

λmax= 4.2356, CI = 0.0785, 
CR = 0.0873 < 0.1

Table 4.  Weight of each factor in National policies.

 

Fig. 3.  Two-dimensional analysis framework of policy instruments - value chain.
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policy instruments are the most important in preferential fiscal and tax policies; the supply-oriented policy 
instruments are the most important in S&T innovation policies; the fiscal and financial measures are the most 
urgent in the environment-oriented policy instruments of preferential fiscal and tax policies. The results align 
with current challenges faced by FCEVs, which involve high costs, immature technology, and application 
scenarios to be explored. If relevant policies can be adopted to reduce FCEVs’ operating costs and initiate their 
use in appropriate application scenarios, effective policy support will be formed for their rapid development by 
continuously advancing the technology of FCEVs through actual verification.

Results of CA
Based on the database created in the early stage, the selected policies were sorted in chronological order and 
counted according to the phases of the “three-step” strategy for electric vehicles in China, as shown in Fig. 4.

As shown in Fig. 4, the number of incentive policies for FCEVs in China increased significantly from 4 in 
Phase I to 20 in the Phase II, and even to 32 in Phase III by 2020. Driven by policies, the FCEV industry has 
developed from the scratch to the current level.

Based on Formulas (6)–(12) and the database created, the actual proportion of current national policies for 
FCEVs was obtained, as shown in Table 13.

As shown in Table 13, in the current policy system structure, the T3-Y1-Z1 policy path accounts for the highest 
proportion, reaching 19.15%, followed by T4-Y2-Z5, reaching 17.03%, and followed by T2-Y2-Z7, T1-Y2-Z8, 
T4-Y2-Z8, reaching 9.57%, 8.51% and 7.45%, respectively. Further analysis shows that the current preferential 

Y3 Z9 Z10 Z11 Z12 W13

Z9 1 3 5 7 0.564993

Z10 1/3 1 3 5 0.2622

Z11 1/5 1/3 1 3 0.117516

Z12 1/7 1/5 1/3 1 0.05529

λmax= 4.1170, CI = 0.039, 
CR = 0.043 < 0.1

Table 11.  Weight of each factor in demand-oriented policy instruments.

 

Y2 Z5 Z6 Z7 Z8 W12

Z5 1 5 3 4 0.545744

Z6 1/5 1 1/3 1/2 0.083904

Z7 1/3 3 1 1/2 0.16842

Z8 1/4 2 2 1 0.201932

λmax= 4.1742, CI = 0.058, 
CR = 0.064 < 0.1

Table 10.  Weight of each factor in environment-oriented policy instruments.

 

Y1 Z1 Z2 Z3 Z4 W11

Z1 1 3 2 5 0.480716

Z2 1/3 1 1/3 1/2 0.101539

Z3 1/2 3 1 3 0.292093

Z4 1/5 2 1/3 1 0.125651

λmax= 4.1560, CI = 0.052, 
CR = 0.057 < 0.1

Table 9.  Weight of each factor in supply-oriented policy instruments.

 

T4 Y1 Y2 Y3 W4

Y1 1 1/5 1/3 0.104714

Y2 5 1 3 0.636977

Y3 3 1/3 1 0.258309

λmax= 3.0385, CI = 0.01925, 
CR = 0.033 < 0.1

Table 8.  Weight of each factor in Preferential fiscal and tax policies.
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fiscal and tax policies and S&T innovation policies account for a large proportion in the FCEV industry, and the 
gap between the two is not large. A high proportion was observed in environment-oriented policy instruments of 
preferential fiscal and tax policies and supply- oriented policy instruments of S&T innovation policies. Technical 
support measures are used most in supply-oriented policy instruments of S&T innovation policies. Practically, 
China’s current supporting policies for FCEVs primarily focus on the R&D stage, which can solve some technical 
problems, but cannot effectively support the commercialization of FCEVs.

Dimension Weight (W) L1 index level W1 W2 W3 W4 L2 index level W11 W12 W13 Final weight

T1 0.052734

Y1 0.11399

Z1 0.480716 0.0029

Z2 0.101539 0.0006

Z3 0.292093 0.0018

Z4 0.125651 0.0008

Y2 0.48064

Z5 0.545744 0.0138

Z6 0.083904 0.0021

Z7 0.16842 0.0043

Z8 0.201932 0.0051

Y3 0.40537

Z9 0.564993 0.0121

Z10 0.2622 0.0056

Z11 0.117516 0.0025

Z12 0.05529 0.0012

T2 0.127071

Y1 0.10471

Z1 0.480716 0.0064

Z2 0.101539 0.0014

Z3 0.292093 0.0039

Z4 0.125651 0.0017

Y2 0.25831

Z5 0.545744 0.0179

Z6 0.083904 0.0028

Z7 0.16842 0.0055

Z8 0.201932 0.0066

Y3 0.63698

Z9 0.564993 0.0457

Z10 0.2622 0.0212

Z11 0.117516 0.0095

Z12 0.05529 0.0045

T3 0.192352

Y1 0.63698

Z1 0.480716 0.0589

Z2 0.101539 0.0124

Z3 0.292093 0.0358

Z4 0.125651 0.0154

Y2 0.10471

Z5 0.545744 0.0110

Z6 0.083904 0.0017

Z7 0.16842 0.0034

Z8 0.201932 0.0041

Y3 0.25831

Z9 0.564993 0.0281

Z10 0.2622 0.0130

Z11 0.117516 0.0058

Z12 0.05529 0.0027

T4 0.627843

Y1 0.10471

Z1 0.480716 0.0316

Z2 0.101539 0.0067

Z3 0.292093 0.0192

Z4 0.125651 0.0083

Y2 0.63698

Z5 0.545744 0.2183

Z6 0.083904 0.0336

Z7 0.16842 0.0674

Z8 0.201932 0.0808

Y3 0.25831

Z9 0.564993 0.0916

Z10 0.2622 0.0425

Z11 0.117516 0.0191

Z12 0.05529 0.0090

Table 12.  Final weight of each factor in National policies.
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Results of AHP-CA analysis
Based on the analysis results of AHP (ideal distribution) and CA (actual distribution), the deviations in 4 
different types of national policies were analyzed, as shown in Fig. 5.

As shown in Fig. 5, preferential fiscal and tax policies exhibited the largest deviation, with a weaker actual 
distribution than the ideal distribution. It is mainly caused by the high cost of FCEVs, necessitating more 
preferential fiscal and tax policies to offset the disadvantage in economy. In contrast, comprehensive macro-
policies come next, with a stronger actual distribution than the ideal distribution. The research findings further 
indicate that the FCEV industry has already been recognized at the strategic level, and its development still 
requires more policy support in terms of finance and taxation.

Based on the analysis results of AHP (ideal distribution) and CA (actual distribution), the deviations in 3 
different types of policy instruments were analyzed, as shown in Fig. 6.

As shown in Fig. 6, demand-oriented policy instruments exhibited the largest deviation, with a weaker 
actual distribution than the ideal distribution. It is mainly because the applicable scenarios of FCEVs are yet 
to be explored, necessitating being guided by demand-oriented policy instruments. In contrast, environment-
oriented ones come next, with a stronger actual distribution than the ideal distribution. The research findings 
further demonstrate that the key to the development of the FCEV industry is to identify suitable application 
scenarios, thereby driving large-scale development and technology validation through greater demand.

Based on the analysis results of AHP (ideal distribution) and CA (actual distribution), the deviations in 12 
specific policy measures were analyzed, as shown in Fig. 7.

As shown in Figs. 4 and 7 of these 12 measures exhibit a stronger actual distribution than the ideal 
distribution. Among them, the policy strategy shows the highest deviation, indicating a significant excess 
of policy strategies. The remaining 8 measures have a weaker actual distribution than the ideal distribution, 
including the government procurement which shows the highest deviation (that is, a significant shortfall in 
government procurement), followed by the finance and taxation. The research findings further indicate that the 
public sector is a crucial breakthrough point for the development of the fuel cell vehicle industry.

Based on the analysis results of AHP (ideal distribution) and CA (actual distribution), the deviations in 48 
policy paths were analyzed, as shown in Fig. 8.

As shown in Figs. 8 and 14 policy paths exhibit a stronger actual distribution than the ideal distribution, 
among which T3-Y1-Z1 has the largest deviation, indicating that the technical support measures in the supply-
oriented policy instrument of S&T innovation policies are explicitly excessive. The remaining 34 policy paths 
exhibit a weaker actual distribution than the ideal distribution, among which T4-Y3-Z9 has the largest deviation, 
suggesting that the government procurement measures in the demand-oriented policy instrument of preferential 
fiscal and tax policies are obviously insufficient. Overall, the existing policy framework for FCEVs still shows 
significant deviation from the actual needs of industrial development. The low cost-effectiveness and lack of 
application scenarios for FCEVs are the main barriers. Fiscal and tax incentives, as well as applications in the 
public sector, are important pathways to address these issues.

Results of CA-industry chain analysis
Based on Formulas (13)–(14) and unit codes of national policies regarding FCEVs, a basic two-dimensional 
analysis framework of specific policy measures - industry chain was obtained through analysis, as shown in Fig. 
9.

As shown in Fig. 9, specific policy measures for sales and other links account for the highest proportion 
(70.97%). This is in line with the focus of existing supporting policies that are mostly devoted to the purchase 
and use of vehicles. There were almost no national policies solely for the parts. This will be detrimental to the 
strengthening of the fuel cell vehicle industry chain.

Fig. 4.  Distribution of policy texts.
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Results of CA-value chain analysis
Based on Formulas (15)–(16) and unit codes of national policies regarding FCEVs, a basic two-dimensional 
analysis framework of specific policy measures -value chain was obtained through analysis, as shown in Fig. 10.

As shown in Fig. 10, the specific policy measures for consumption account for the highest proportion 
(61.29%). This is in line with the feature of China’s supporting policies. The specific policy measures for R&D 
come next (12.90%). The proportion of those for the investment, production, and use is relatively low. The 

Dimension Proportion L1 index level Proportion L2 index level Proportion Final proportion

T1 0.2234

Y1 0.04762

Z1 1.00000 0.01064

Z2 0.00000 0.00000

Z3 0.00000 0.00000

Z4 0.00000 0.00000

Y2 0.52381

Z5 0.09091 0.01064

Z6 0.00000 0.00000

Z7 0.18182 0.02128

Z8 0.72727 0.08510

Y3 0.42857

Z9 0.22222 0.02128

Z10 0.33333 0.03191

Z11 0.44444 0.04255

Z12 0.00000 0.00000

T2 0.1170

Y1 0.00000

Z1 0.00000 0.00000

Z2 0.00000 0.00000

Z3 0.00000 0.00000

Z4 0.00000 0.00000

Y2 0.81818

Z5 0.00000 0.00000

Z6 0.00000 0.00000

Z7 1.00000 0.09573

Z8 0.00000 0.00000

Y3 0.18182

Z9 0.00000 0.00000

Z10 0.00000 0.00000

Z11 1.00000 0.02127

Z12 0.00000 0.00000

T3 0.3191

Y1 0.63333

Z1 0.94737 0.19146

Z2 0.00000 0.00000

Z3 0.05263 0.01064

Z4 0.00000 0.00000

Y2 0.20000

Z5 0.00000 0.00000

Z6 0.00000 0.00000

Z7 0.00000 0.00000

Z8 1.00000 0.06382

Y3 0.16667

Z9 0.00000 0.00000

Z10 0.00000 0.00000

Z11 0.80000 0.04255

Z12 0.20000 0.01064

T4 0.3405

Y1 0.06250

Z1 0.00000 0.00000

Z2 0.00000 0.00000

Z3 1.00000 0.02128

Z4 0.00000 0.00000

Y2 0.78125

Z5 0.64000 0.17025

Z6 0.00000 0.00000

Z7 0.08000 0.02128

Z8 0.28000 0.07448

Y3 0.15625

Z9 0.20000 0.01064

Z10 0.20000 0.01064

Z11 0.60000 0.03192

Z12 0.00000 0.00000

Table 13.  Proportion of National incentive policies.
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emphasis on consumption over production in the value chain will be detrimental to the sustainable development 
of the fuel cell vehicle industry.

The results of this paper are substantially consistent with the trend of existing studies33,37–39. At the current 
stage, demand-oriented fiscal and tax preferential policies play the most important role in promoting the 

Fig. 7.  Deviations in 12 specific policy measures.

 

Fig. 6.  Deviations in three types of policy instruments.

 

Fig. 5.  Deviations in four types of national policies.
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development of China’s FCEV industry, and the public sector is an important breakthrough point for the 
promotion of FCEVs. According to Buchanan’s research, quantitative assessment models have their limitations40. 
Although this study has fully incorporated expert experience in the process of policy quantification, it also 
acknowledges several limitations that require further investigation. It focuses on the research of FCEV policies 
and may overlook the impact of a broader range of hydrogen energy policies. According to the research by 
Huang et al., there are already over 100 national-level hydrogen energy policies25which may also have an impact 
on FCEVs. We did not take into account the regulatory documents of some policies. Moreover, the research 
methodology, particularly the policy categorization, needs to be validated for its applicability to other fields. In 
the future, research should be expanded to the hydrogen energy sector, focusing on establishing unified policy 
classification rules and investigating the impact of hydrogen energy policies on FCEV policies.

Conclusion and policy implications
This study sifted through China’s FCEV industry policies, and categorized them into four policy types, three 
policy instruments and 12 specific policy measures. Through policy modeling, a systematic and in-depth analysis 
was conducted on the typical national HFCEV industry policies, and the conclusions are given below.

(1) The important policies for China’s FCEV industry development were systematically sifted through, 
and divided into four categories based on the policy issuing departments, policy action links, policy impact 
mechanisms, namely comprehensive macro-policies, industry management policies, scientific and technological 
innovation policies and preferential fiscal and tax policies. In addition, based on CA, these four types of policies 
were further divided into three policy instruments and twelve specific policy measures. This lays the foundation 

Fig. 9.  Two-dimensional analysis framework of specific policy measures - industry chain.

 

Fig. 8.  Deviations in 48 policy paths.
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for policy quantitative research, provides references for other scholars and facilitates comparisons across various 
studies.

(2) The policy quantitative analysis model established in this study can address previous challenges in 
multi-dimensional and quantitative evaluation of policies, and quickly identify problems of existing supporting 
policies based on actual industry development. It enables dynamic tracking of the actual distribution of policy 
types, policy instruments, and specific policy measures, allowing for comparisons with ideal distribution to offer 
insights for policy optimization. Furthermore, it can achieve real-time quantitative analysis of the industry chain 
and value chain.

(3) In terms of policy types, comprehensive macro-policies and scientific and technological innovation policies 
were introduced more frequently, while targeted preferential fiscal and tax policies were obviously insufficient 
(with a deviation of 0.29). In terms of policy instruments, supply-oriented and environment-oriented policy 
instrument were employed more frequently, while demand-oriented ones were obviously insufficient (with a 
deviation of 0.09). In terms of specific policy measures, policy strategies, technical support, public services, 
and regulatory control were used more frequently, while government procurement, finance and taxation, 
demonstration and promotion, publicity and science popularization, financial support, and S&T facilities 
were obviously insufficient. The talent introduction and overseas institutions were implemented relatively well. 
Analysis results show that focus is required for specific policy measures such as government procurement and 
finance and taxation, and that preferential fiscal and tax policies for demand-oriented policy instruments still 
need to be strengthened. This can solve the outstanding problems faced by China’s FCEV industry, such as high 
cost and unexplored applicable scenarios.

(4) In terms of the industry chain, sales and other links were supported by a high proportion of specific 
policy measures (up to 70.97%), while support for upstream links (such as parts, vehicles, and infrastructure) 
and service environment still needs to be strengthened. In terms of the value chain, national policies generally 
covered all links, with a variety of specific policy measures applied to the consumption link (accounting for 
61.29%). However, the standards for R&D, production and use links still need further enhancement.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on 
reasonable request.
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