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Abstract. Under the background of the "dual carbon" strategy, enhancing the
Green Total Factor Productivity (GTFP) of the manufacturing industry has be-
come a core issue for achieving high-quality development in China. Based on the
panel data of small and medium-sized manufacturing enterprises in China from
2009 to 2020, this paper systematically calculates the GTFP at the enterprise
level by using the super-efficiency SBM model combined with unexpected
output. Meanwhile, a multi-dimensional fintech development index including the
search popularity of fintech, the number of patents and the distribution of en-
terprises is constructed, and an empirical regression analysis is conducted using
the systematic GMM method. The results show that fintech has a significant
positive promoting effect on GTFP of small and medium-sized enterprises, with
a regression coefficient of 0.176 (p<0.01). Mechanism tests show that fintech
exerts its effects through two paths: alleviating financing constraints and in-
creasing the adoption rate of green technologies. Heterogeneity analysis revealed
that this effect was more pronounced in regions with well-developed digital in-
frastructure and in highly polluting industries, increasing GTFP by approxi-
mately 15.2% and 18.7% respectively. This article provides policy implications
for promoting the integration of green financial technology and manufacturing.

Keywords: Green Total Factor Productivity, Fintech Development, Small and
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1 Introduction

Industry is the foundation of a nation and the cornerstone of its strength, being the
lifeline of the national economy. Currently, China's economic development is at a
critical stage of transitioning from a high-speed growth model to a high-quality de-
velopment model. Resource and environmental issues remain the most prominent
challenges for China's high-quality development, compounded by increasingly severe
global climate conditions, making it imperative to establish a green and low-carbon
high-quality development system[1]. Driven by the deepening of global climate gov-
ernance and the "dual carbon" goals, China's industry faces urgent demands for green
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and low-carbon transformation. As the world's largest exporter (producer) in the in-
dustrial sector, China's manufactured goods accounted for 95.1% of total exports in
2023, dominating the export market and making significant contributions to national
economic development[2]. However, its characteristics of high energy consumption
and emissions create sharp contradictions with sustainable development objectives.
According to 2023 data from the National Bureau of Statistics, China's industry con-
tributed 64.9% of the country's total energy consumption and 33.4% of carbon emis-
sions, a situation that urgently requires change. As a pillar industry of the real econo-
my, industrial green technological innovation carries dual values of environmental
benefits and industrial upgrading. Yet existing research predominantly focuses on
regional industrial levels, lacking in-depth exploration of corporate mi-
cro-behaviors[3]. Therefore, investigating how fintech can effectively drive green
technological innovation in industrial enterprises has become particularly urgent.

Although policies such as "Made in China 2025" have listed green development as
a strategic core, insufficient investment in green technology innovation remains a key
bottleneck constraining the green transformation of China's industry. Current aca-
demic research on how fintech drives green technological innovation in industrial
enterprises still shows inadequate attention. Existing literature primarily focuses on
the overall impact of fintech on corporate green innovation activities, with studies
indicating that fintech promotes corporate green innovation through mechanisms such
as alleviating financing constraints, optimizing resource allocation, and reducing in-
formation asymmetry[4]. However, there remains a significant gap in research re-
garding the relationship between fintech and green technological innovation in indus-
trial enterprises, and existing findings have yet to form a systematic analytical
framework. The direct determinant of green production efficiency is green technolog-
ical innovation[5]. This paper focuses on the mechanisms and heterogeneous impacts
of fintech on green production efficiency in industrial enterprises. Based on data from
industrial listed companies on the Shanghai and Shenzhen A-share markets between
2011 and 2023, we employ Python web crawling technology to obtain Baidu search
indexes for municipal-level "fintech" -related terms, construct city-level fintech de-
velopment indices through global principal component analysis, and empirically test
fintech's driving effect on green technological innovation in industrial enterprises. The
study reveals the mechanisms through two pathways: reducing R&D costs and allevi-
ating financing constraints, while also delving into heterogeneous impacts arising
from corporate location characteristics, governance levels, high-tech attributes, and
ownership attributes.

2 Measurement of Green Total Factor Productivity

To comprehensively evaluate the green production efficiency of enterprises, this paper
adopts the Super-efficiency Slack Based Measure (SBM) model, introduces undesired
output (pollution emissions) as a constraint variable, and constructs a green production
efficiency index system reflecting the dual goals of resource utilization efficiency and
environmental impact[5]. Specific input indicators include capital input, labor input
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and energy consumption. The expected output is industrial added value, and the
non-expected output is the discharge of major pollutants such as COD and SO..

The samples used covered small and medium-sized manufacturing enterprises in 30
provinces of China from 2009 to 2020. The data sources included China Industrial
Enterprise Database, China Statistical Yearbook and Environmental Statistical Year-
book, etc. The calculation results show that the average GTFP of small and medi-
um-sized enterprises across the country is 0.682, showing an overall fluctuating upward
trend. Among them, the average in the eastern region is 0.738, which is significantly
higher than that in the central and western regions (0.648 in the central region and 0.603
in the western region). At the industry level, the average GTFP of high-pollution in-
dustries is only 0.602, while that of low-pollution industries is 0.711, reflecting a
negative correlation between green efficiency and environmental pressure.

3 Construction of the Fintech Development Index

The measurement of fintech adopts a method that integrates multi-dimensional data.
Firstly, the Baidu search index and the popularity of related news are utilized to reflect
the society's attention to fintech, serving as an external manifestation of market per-
ception. Secondly, collect and sort out the number of fintech-related patents applied for
by each region during the research period to reflect the innovation capabilities of
fintech. Secondly, count the number and distribution density of fintech enterprises in
various regions to measure the breadth and depth of service supply. The weighted
average of the three dimensions after normalization processing constitutes the annual
fintech development index of the region, which is matched with the dynamic panel data
of small and medium-sized enterprises and included in the subsequent empirical model
analysis.

4 Analysis of the Impact Mechanism

This article explores the enhancing effect of fintech on GTFP from two main mecha-
nisms:

(1) Alleviate financing constraints

Financing constraints are a significant bottleneck for the green transformation of
small and medium-sized enterprises. Green investment usually features high costs and
long payback periods, and it is difficult to obtain sufficient financial support under the
traditional financial system. Fintech has lowered the threshold for financial services by
enhancing the ability to identify credit risks, building online credit platforms and sup-
ply chain financial tools. The empirical regression results show that for every 1-unit
increase in the fintech index, the average financing cost of enterprises decreases by
4.3%, and the probability of obtaining loans increases by approximately 12.5%. This
change has significantly enhanced enterprises' capacity to purchase green equipment
and carry out technological transformation, thereby driving up the efficiency of green
production.
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(2) Promote the adoption of green technologies

According to the industry classification standards of the "China Environmental
Statistical Yearbook", the samples are divided into two groups: high-pollution indus-
tries and general industries. The results show that the marginal effect of fintech in
increasing GTFP in high-pollution industries is 0.187 (p<0.01), which is higher than
that in low-pollution industries (0.144, p<0.05). Among them, the improvement effect
in industries such as chemical engineering, metallurgy, and papermaking is particularly
significant, indicating that the guiding effect of financial technology in the governance
of high-carbon industries is stronger. High-pollution enterprises, due to the high cost of
environmental compliance and frequent updates of environmental protection equip-
ment, can more effectively allocate green financing and environmental protection
technologies with the help of financial technology, thereby rapidly promoting green
transformation.

5 Heterogeneity Analysis

To further examine the differences in the impact of fintech on various types of enter-
prises, this paper conducts a heterogeneity analysis from the following two dimensions:

(1) Regional Differences in Digital infrastructure

At the regional level, the promoting effect of fintech on GTFP is more pronounced in
regions with more well-developed digital infrastructure. These regions have a higher
Internet penetration rate, more stable data services and a more mature digital service
system, creating favorable conditions for the application of fintech. Small and medi-
um-sized enterprises can make fuller use of online platforms for financing, procure-
ment and technological cooperation, achieving efficient allocation of green production
factors.

(2) Differences in pollution levels among industries

According to the industry classification standards of the "China Environmental
Statistical Yearbook", the samples are divided into two groups: high-pollution indus-
tries and general industries. The results show that in highly polluting industries, the
increase in GTFP brought by fintech is approximately 28% higher than that in general
industries. High-pollution enterprises, due to the high cost of environmental compli-
ance and frequent updates of environmental protection equipment, can more effectively
allocate green financing and environmental protection technologies with the help of
financial technology, thereby rapidly promoting green transformation.

6 Conclusions and Policy Recommendations

Based on the panel data of small and medium-sized manufacturing enterprises in China
from 2009 to 2020, this paper systematically assesses the role path and influence
mechanism of fintech in promoting the green transformation of small and medi-
um-sized enterprises by constructing a green total factor productivity measurement
model and a fintech development index. The research results show that fintech has a
significant positive impact on the green total factor productivity of small and medi-
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um-sized manufacturing enterprises. This improvement is not only reflected in the
short-term enhancement of resource allocation efficiency, but also demonstrates the
structural effects of promoting green development in the long term. Fintech has effec-
tively enhanced enterprises' green investment capabilities and technology transfor-
mation levels through mechanisms such as alleviating financing constraints for enter-
prises and increasing the adoption rate of green technologies, thereby promoting the
continuous improvement of green production efficiency.

Further heterogeneity analysis revealed that in regions with relatively
well-developed digital infrastructure, the green promotion effect of fintech is more
significant, indicating that infrastructure is a key supporting condition for the imple-
mentation and service effectiveness of fintech. Meanwhile, in highly polluting indus-
tries, due to the greater environmental protection pressure on enterprises and the
stronger demand for technological upgrading, the marginal promoting effect of fi-
nancing and technical services provided by fintech on green transformation is more
obvious. This also indicates that fintech not only has positive significance for general
enterprises, but its value and role are even more prominent in industries with greater
pressure in pollution control. Overall, the differences among regions and industries
need to be fully taken into account in policy-making. When promoting the development
of fintech, more emphasis should be placed on adapting measures to local conditions
and implementing policies tailored to specific industries.

Based on the above research conclusions, this paper puts forward the following
policy suggestions to enhance the promoting effect of financial technology on the green
total factor productivity of small and medium-sized enterprises. First of all, efforts
should be accelerated to improve the construction of fintech infrastructure, especially
in the central and western regions and areas with relatively lagging digital develop-
ment. Investment in new infrastructure such as 5G networks, cloud platforms, and big
data centers should be increased to break through the "last mile" for enterprises to
obtain digital financial services. Secondly, it is necessary to promote the integrated
development of fintech and green credit, encourage banks, technology companies and
green finance platforms to collaborate, and launch more targeted green supply chain
financial products to enhance the accessibility and efficiency of financing for green
projects of small and medium-sized enterprises.

At the same time, a sound green credit evaluation system and incentive mechanism
should be established and improved. A green credit scoring system centered on carbon
emission performance, environmental protection investment, and technology adoption
should be constructed to guide small and medium-sized enterprises to proactively
disclose environmental information and enhance their credit ratings and financing
capabilities on the fintech platform. For highly polluting industries, financial support
during the green transformation process should also be strengthened. Through financial
technology means, high-emission enterprises should be precisely identified, and cus-
tomized financing plans should be matched to lower the financial threshold and tech-
nical barriers for their green transformation. Finally, it is necessary to strengthen the
data supervision and fintech risk prevention and control system, standardize the data
usage boundaries and algorithm transparency of fintech platforms, ensure that fintech
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promotes green development while safeguarding financial security and fairness, and
prevent the emergence of new forms of financial exclusion or data monopoly problems.

In conclusion, fintech is playing an increasingly important role in promoting the
green and high-quality development of small and medium-sized manufacturing enter-
prises. In the future, the supportive environment should be continuously optimized at
the policy level to truly become an important engine and institutional guarantee for the
green upgrading of the manufacturing industry.

Reference

1. Li, Y., & Ma, G. (2024). A Study on the high-quality development path and implementation
countermeasures of China’s construction industry toward the carbon peaking and carbon
neutralization goals. Sustainability, 16(2), 772.

2. Atkinson, R. D., & Atkinson, R. D. (2024). China is rapidly becoming a leading innovator in
advanced industries. Information Technology and Innovation Foundation: Washington, DC,
USA.

3. Chien, F., Ngo, Q. T., Hsu, C. C., Chau, K. Y., & Iram, R. (2021). Assessing the mechanism
of barriers towards green finance and public spending in small and medium enterprises from
developed countries. Environmental Science and Pollution Research, 28(43), 60495-60510.

4. Li, W., & Pang, W. (2023). Digital inclusive finance, financial mismatch and the innovation
capacity of small and medium-sized enterprises: Evidence from Chinese listed companies.
Heliyon, 9(2).

5. Xu, K., Loh, L., & Chen, Q. (2020). Sustainable innovation governance: An analysis of
regional innovation with a super efficiency slack-based measure model. Sustainability,
12(7), 3008.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Research on the Promotion of Green Total Factor Productivity of Small and Medium-sized Manufacturing Enterprises in China by Fintech



