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Abstract. With the global advancement of dual carbon (carbon peak and carbon 

neutrality) targets, the lithium battery industry, as a crucial component of the new 

energy sector, faces significant development opportunities and challenges. Based 

on comprehensive survey data covering twelve cities across five provinces in 

China, this study employs Structural Equation Modeling (SEM) to conduct an in-

depth empirical analysis of the key influencing factors and pathways for the de-

velopment of the lithium battery industry. The findings reveal that market per-

ception, technological innovation, and policy support exert significant positive 

effects on the market development trends of the lithium battery industry. 

Keywords: Lithium battery industry, Structural Equation Modeling, Policy pro-

posal. 

1 Introduction 

The global pursuit of carbon neutrality has accelerated the transformation of energy 

systems, where energy storage technologies—particularly lithium batteries—play a 

pivotal role in mitigating the intermittency of renewables like solar and wind power. 

As a complex industrial chain spanning raw materials, battery manufacturing, and end-

use applications (e.g., EVs and grid storage), China’s lithium battery sector has gar-

nered robust policy support, it has become one of cornerstones of the new energy econ-

omy.   

Existing research highlights dual trajectories: (1) Technology innovation, where 

solid-state batteries emerge as a next-generation solution due to their safety and cost 

efficiency; and (2) Supply chain sustainability, with the EU leading in closed-loop re-

cycling practices. However, challenges persist, including resource scarcity (e.g., lith-

ium), performance-cost trade-offs in mid/low-end batteries, and intensifying global 

competition. 
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Leveraging survey data from China’s lithium battery enterprises and Structural 
Equation Modeling (SEM), this study identifies and evident critical drivers (e.g., pol-
icy, R&D, market demand) and proposes strategies to optimize the industrial chain un-
der carbon neutrality goals. By addressing efficiency, recycling, and international col-
laboration, this research aims to strengthen China’s leadership in the global green tran-
sition. 

2 Theoretical Basis and Research Hypotheses 

2.1 The Impact of Market Perception on Industrial Development 

Market perception refers to consumers' understanding and response to market infor-
mation and dynamics. As Kotler et al. noted, it can influence both consumers' purchase 
intentions and enterprises' marketing strategies [1]. However, Levitt et al. argued that 
erroneous market perception may lead to strategic missteps, underscoring its critical 
role in industrial development [2].  

Market trends have a very significant impact on the new energy-related industries. 
Based on these previous thinking and findings, we propose the following hypothesis: 

H1: Market perception has a significant positive impact on the development of the 
lithium battery industry. 

2.2 The Impact of Technological Innovation on Industrial Development 

Technological innovation can bring additional investment returns to enterprises, en-
hance market competitiveness, and promote the development of industries. Su Sumei 
points out that technological innovation in materials and improvements in production 
technology have enhanced product performance and market competitiveness, thereby 
driving the development of the product market [3]. Chen Qiming's research indicates 
that technological innovation is crucial for the survival and development of power gen-
eration enterprises in a highly competitive market [4]. Lin Zhongfeiyu et al. further 
demonstrate that technological innovation is one of the key factors in enhancing the 
global influence of the lithium battery industry [5]. Therefore, the following hypothesis 
is proposed: 

H2: Technological innovation significantly affects the development of the lithium 
battery industry. 

2.3 The Impact of Policy Support on Industrial Development 

Against the backdrop of global energy transition and environmental protection require-
ments, governments worldwide introduce corresponding policies to support the devel-
opment of the lithium battery industry. Policy support can guide market demand at the 
macro level, directly influencing market trends. Policy changes should promptly guide 
the development of the lithium battery industry and respond to the requirements of the 
broader environment. Xiao Tong points out that China has implemented a series of 
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policy measures to accelerate the development of the new energy industry [6]. There-
fore, the following hypothesis is proposed: 

H3: Policy support significantly affects the development of the lithium battery indus-
try. 

3 Research Design and Data Collection 

The research conducted a questionnaire survey in 12 cities across five provinces and 
municipalities in China. After collecting the data, the quality of the data was tested, and 
finally, SEM analysis was used to verify the hypothesis. 

3.1 Questionnaire Design 

The study employs a five-point Likert scale to analyze. The questionnaire is divided 
into two parts. The first part collects demographic characteristics of the respondents, 
while the second part investigates factors influencing lithium battery market trends, 
including three dimensions: market perception, technological innovation, and policy 
support. The specific measurement items are shown in Table 1.  

Table 1. Design of the Questionnaire Scale. 

Dimensionality 
Indicator 
code 

Measurement items 

X11 
Lithium batteries will have extensive market demand 
in the future. 

X12 
Chinese firms are optimistic about market prospect of 
the industry 

market perception 
X13 

Consumer awareness of lithium batteries is growing 
yearly. 

X14 
The price of lithium batteries decrease with technol-
ogy. 

X15 
The market competition for lithium batteries is ex-
tremely fierce. 

X16  The rise of alternative energy threatens the industry. 

X21 
Chinese firms have heavily invested in lithium battery 
R&D. 

X22 New tech greatly boosts lithium battery performance. 

technological inno- X23 
Chinese firms actively participate in related patent ap-
plications. 

X24 
Technological innovation is the key to company's 
competitiveness. 

X25 Chinese firms actively file lithium battery patents 
X26 Lithium battery innovation faces high uncertainty. 
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X31 
The policy support is crucial for lithium battery 
growth. 

X32 
Chinese enterprises have benefited from various pol-
icy incentives. 

X33 
The government should increase the subsidy for the 
industry. 

X34 Eco-regulations greatly affect lithium battery sector 
policy support 

X35 
The frequent changes in policies bring uncertainty to 
enterprises. 

X36 
The government's support for lithium battery recycling 
is lacking. 

Y11 
How will lithium battery demand change in five 
years? 

industrial develop-
ment Y12 

How do you feel about Chinese firms' global market 
prospects? 

Y13 Do you plan to invest more in lithium batteries? 
(Modify to bring the separated tables to the same page) 

3.2 Data Acquisition and Processing 

To precisely capture the market dynamics of the lithium battery industry and provide a 
solid basis for optimizing government policies, this survey adopted a more flexible 
stratified sampling strategy designed based on two key dimensions: regional character-
istics and lithium battery production capacity. First, on a national scale, representative 
regions were preliminarily selected using Probability Proportional to Size (PPS) sam-
pling according to geographical divisions (East China, North China etc.) and the actual 
lithium battery production capacity. Subsequently, randomly selected final sample 
sites, including Guangdong Province (Guangzhou, Shenzhen, Shantou, Zhaoqing), 
Zhejiang Province (Huzhou, Jiaxing), Hunan Province (Yiyang, Changsha), Sichuan 
Province (Chengdu, Ziyang, Zigong), and Liaoning Province (Liaoyang), ensuring bal-
anced representation of geographical distribution and production capacity. 

The study began with a pilot survey, collecting 257 valid questionnaires from target 
population to  underwent reliability and validity tests. Formal survey phase combines 
online and offline methods: online questionnaires were distributed through the 
Wenjuanxing platform via social media to residents in the 12 selected cities, while of-
fline paper questionnaires were collected in key areas. After strict screening based on 
response time and logical consistency, 551 valid questionnaires were obtained. Sample 
analysis revealed a balanced gender distribution (51.36% male, 48.64% female), a pre-
dominant age group of 26-35 years (58.06%), and a concentration of monthly disposa-
ble income in the 5,000-7,000 RMB range, providing robust data support for analyzing 
industrial development factors and policy recommendations. 
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4 Results and Analysis 

4.1 Testing of Validity and Reliability 

To ensure high reliability of the raw questionnaire data, Cronbach's alpha coefficient 
was employed to assess the internal consistency of each dimension. Validity was ex-
amined using the Kaiser-Meyer-Olkin (KMO) measure and Bartlett's test of sphericity. 
The reliability and validity analysis results are presented in Table 2. 

The Cronbach's alpha coefficients for both the overall scale and individual construct 
variables exceeded 0.8, indicating excellent internal consistency of the measurement 
instruments used in the study. All KMO values for the overall scale and construct var-
iables were above 0.7, and Bartlett's tests of sphericity reached statistical significance 
(p<0.05), demonstrating appropriate construct specification and satisfactory validity of 
the measurement model. 

Table 2. Validity and Reliability Test Table. 

structure variable 
 Cronbach's alpha coef-
ficients 

KMO 
value 

Bartlett's spherical test sig-
nificance 

market perception 0.893 0.916 0 
technological inno-
vation 

0.889 0.91 0 

policy support 0.889 0.908 0 
industrial develop-
ment 

0.818 0.718 0 

total score sheet 0.928 0.944 0 

4.2 Correlation Analysis 

An exploratory analysis of the inter-variable relationships was conducted using Pearson 
correlation analysis, with results presented in Table 3. Significant correlations were 
observed among all variables at the 99% confidence level (p < 0.01). All correlation 
coefficients (r) exceeded 0, indicating statistically significant positive relationships be-
tween the studied variables. 

Table 3. Results of Pearson correlation analysis among various dimensions. 

Dimensionality Market percep-
tion 

technological 
innovation 

policy support industrial de-
velopment 

market percep-
tion 

1    

technological 
innovation 

.496** 1   

policy support .475** .479** 1  
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industrial de-
velopment 

.434** .506** .537** 1 

**.At the 0.01 level (two-tailed), the correlation is significant. 

4.3 Structural Equation Model 

Analysis of Influencing Factors on the Development of Lithium Battery Industry: 
Verification of Applicability of SEM Model. Based on the measured results in Table 
4 and the reference standards, the analysis model for the influencing factors of lithium 
battery industry development has a good fit. 

Table 4. Model Fit Test. 

Indicator Reference Standard Measured Results 

CMIN/DF 1-3 is classified as excellent, 
whereas 3-5 is categorized as 
good 

1.179 

RMSEA <0.05 is classified as excellent, 
whereas <0.08is categorized as 
good 

0.018 

IFI >0.9 is classified as excellent, 
whereas >0.8is categorized as 
good 

0.995 

TLI >0.9 is classified as excellent, 
whereas >0.8is categorized as 
good 

0.994 

CFI >0.9is classified as excellent, 
whereas >0.8 is categorized as 
good 

0.995 

The impact factors of lithium battery industry development: Hypothesis test 
results of the SEM model's path relationship. 

Table 5. Results of SEM Path Relationship Test on Factors Affecting the Development of Lith-
ium Battery Industry. 

 Estimate S.E.  C.R. P path relationship 

industrial development < market perception 0.13 0.057 2.436 0.015 
industrial development < technological innovation 0.301 0.058 5.441 ***  
industrial development < policy support 0.401 0.062 7.154 ***  

It can be seen from the results in Table 5 that the results confirm H1-H3, showing 
market perception, technological innovation, and policy support all significantly boost 
industrial development (p<0.05). These findings support Kotler et al.'s theories on con-
sumer behavior and Levitt et al.'s warnings about market perception risks. 
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Policy support shows the strongest impact (β=0.401, p<0.05) on lithium battery in-
dustry growth. Through financial incentives (tax breaks, subsidies), market mecha-
nisms while easing financing constraints, policies develop supply and demand, and en-
hance R&D, generate external growth driver. 

Technological innovation shows strong statistical significance with a standardized 
path coefficient of 0.301 (p < 0.05). This effect may come from enhancing innovation 
performance, thus driving corporate competitiveness and industry development. Yet, 
its efficacy is limited by internal resource capabilities and external market complexities 
like high entry barriers and technological monopolies.  

Market perception significantly influences lithium battery industry development 
(β=0.13, p<0.05), though its impact is weaker than policy and innovation. While grow-
ing demand and consumer awareness drive growth, market volatility and information 
asymmetries limit its overall effect. These dynamics explain market perception's rela-
tively modest developmental role compared to more direct drivers. 

5 Analysis and Prediction of Supply and Demand Markets 

5.1 Supply Side 

Starting from the four core materials of cathode materials, anode materials, electrolyte 
and separator, the research finds that the market concentration of lithium battery in 
China is high, the competitiveness is higher than that of many countries and regions, 
and the products are highly attractive. At the same time, due to the fixed cooperation 
model formed between battery manufacturers and core material suppliers, the industry 
barriers of related materials are relatively high, making it difficult for new manufactur-
ers to enter and promote overall development. On the whole, SWOT analysis found that 
the lithium battery industry’s related market is growing steadily, products are constantly 
being updated, and costs are expected to further decline, with optimistic development 
potential and outlook. 

5.2 Demand Side 

Based on PEST analysis, the research found that the market size of lithium batteries 
under the rapid growth of new energy vehicles, energy storage industries, etc., will fur-
ther increase. With the policy support from the National Development and Reform 
Commission, the National Energy Administration and the Ministry of Science and 
Technology, the expansion of overseas markets, the development concept of green and 
low-carbon transformation, and the continuous increase in scientific research invest-
ment, the development prospects of the lithium battery industry are promising. 

6 Summary and Recommendations 

This study investigates the development pathways of the lithium battery industry under 
dual carbon goals. Using questionnaire surveys and SEM to analyze key factors. Results 
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show market perception, technological innovation, and policy support have significant 
positive effects on the industry.  

The research aims to explore how these factors promote the sector's sustainable 
growth and provide policy recommendations for China's carbon peaking and carbon 
neutrality goals. Based on the findings, the following recommendations are proposed: 

Enhance support policies' specialization and targeting for the industry. Policies 
should boost market confidence, reduce risks, drive innovation, and optimize the struc-
ture to accelerate growth. 

Foster collaborative development in the industrial chain. Encourage upstream and 
downstream enterprises to form alliances or clusters for resource sharing and coordi-
nated development. The government should incentivize through tax relief, subsidies, 
etc., to enhance the chain's competitiveness. 

Strengthen international exchanges and cooperation for technological innovation 
and market expansion. Establish a global cooperation platform for knowledge exchange 
and talent development to create a strong workforce and innovation ecosystem.  
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