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Abstract. "Hard-core" science and technology innovation enterprises are the
cornerstones of invigorating the country through science and technology and
strengthening the manufacturing sector. The start-up and development of
"hard-core" science and technology innovation enterprises require substantial
financial support. As the mainstay of China's financial system, the credit funds
of China's commercial banks are a powerful support and guarantee for the de-
velopment of "hard-core" science and technology innovation enterprises.

Keywords: commercial bank, "hard-core" enterprise, credit

1 Introduction

Driven by the orientation of national macro policies, science and technology innovation
enterprises have become a new force in the national economy, and the credit support of
commercial banks has gradually tilted towards these enterprises [!1. Science and tech-
nology innovation enterprises have problems such as large investments, high financing
needs, slow return on investment, long financing periods, and relatively high liquidity
risks. This is especially true for heavy industry sectors like the new energy industry.
The credit service processes of traditional commercial banks can no longer meet the
differentiated needs of science and technology innovation enterprises[1]. It is necessary
to innovate and optimize based on the traditional credit service model and introduce
new ideas to traditional credit services and systems[2].

Meanwhile, the group of small and micro enterprises is the largest group in China's
market economic system. Commercial banks should further enhance their attention to
the risk management of the credit business for small and micro enterprises[3], and meet
the industrial development needs by strengthening financing methods such as credit
and bonds[4]. The integration of finance and technology to achieve innovation-driven
development is China's new development strategy. However, there are still significant
gaps between China and leading science and technology powers in terms of institu-
tional and mechanism innovation, quality, and efficiency[5]. Establishing a long-term
evaluation mechanism for science and technology innovation enterprises can effec-
tively address the characteristics of information asymmetry and irregularities of these
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enterprises[6], which is of great help for small and medium-sized enterprises to im-
prove the development level of financial technology and perfect the credit financing
system of the banking system for them [7].

Some scholars also propose to design the bank's investment-loan linkage business to
better support the development of science and technology innovation enterprises. The
investment-loan linkage can also improve the financial situation of science and tech-
nology innovation enterprises, alleviate the problem of information asymmetry be-
tween banks and enterprises, enhance the development ability of science and tech-
nology innovation enterprises, and thus strengthen the ability of banks to serve the real
economy. All departments of the banking system should effectively utilize the rich
experience accumulated in science and technology finance, and establish a scientific
business service system and a complete maker system[8].

To sum up, in recent years, domestic scholars have provided many development
ideas for commercial banks to support the development of "hard-core" science and
technology innovation enterprises. However, there has been little research on the in-
novative models of commercial banks' support for "hard-core" science and technology
innovation enterprises. This paper will start from this aspect and explore the innovative
models of bank credit support for "hard-core" science and technology innovation
enterprises.

2 Analysis of the Current Situation of Commercial Banks'
Support for the Innovation of ""Hard-core' Science and
Technology Innovation Enterprises

Currently, the banking system led by the four major state-owned commercial banks has
begun to pay attention to "hard-core" science and technology innovation enterprises
and has successively increased the intensity and scope of support for them.

2.1  The Scale of Credit Support

By the end of 2022, the loan balance of the Industrial and Commercial Bank of China
(ICBC) for enterprises in the high-tech fields that are key supported by the state was
1.23 trillion yuan, and the loan balance for strategic emerging industries was 1.75
trillion yuan. By the end of 2023, the loan balance of ICBC for strategic emerging
industries reached 2.1 trillion yuan, making it the first commercial bank with a loan
balance for strategic emerging industries exceeding 2 trillion yuan. Bank of China has
been focusing on supporting the development of "specialized, refined, distinctive and
innovative" little giant enterprises. By the end of June 2022, Bank of China Huangshi
Branch had provided credit support for 66 technology-based enterprises. Among them,
there were 35 "specialized, refined, distinctive and innovative" little giant enterprises,
with the total loan amount reaching 709 million yuan, an increase of 106 million yuan
compared with the beginning of the year, and an increase rate of 17.48%. By the end of
2022, the loan balance of the Agricultural Bank of China for strategic emerging in-
dustries reached 1.24 trillion yuan, an increase of over 3800 billion yuan compared
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with the end of the previous year. By the end of 2023, the total number of science and
technology innovation enterprises served was 56,000, and the loan balance for science
and technology innovation enterprises was 1.7 trillion yuan, with a growth rate of 35%
compared with the beginning of the year.

By the end of March 2023, the science and technology innovation evaluation system
of China Construction Bank covered 670,000 science and technology innovation en-
terprises on the lists of governments at all levels, with a loan balance exceeding 1.4
trillion yuan. In the third quarter of 2023, China Construction Bank Suzhou Branch
served over 10,000 technology-based enterprises, with a credit balance of nearly 90
billion yuan. Bank of China Huangshi Branch provided credit support for 66 technol-
ogy-based enterprises by the end of June 2022. The total loan amount reached 709
million yuan, an increase of 106 million yuan compared with the beginning of the year,
and an increase rate of 17.48%. Among them, there were 35 "specialized, refined,
distinctive and innovative" little giant enterprises, with the total loan balance reaching
356 million yuan, an increase of 92 million yuan compared with the beginning of the
year, and an increase rate of 34.84%.

2.2 Structure of Credit Support

The credit support provided by China's commercial banks for "hard-core" science and
technology innovation enterprises has gradually shown a diversified trend. Short-term
unsecured loans, short-term pledge loans, and short-term guaranteed loans have wit-
nessed steady development, and long-term unsecured loans, long-term mortgage loans,
long-term pledge loans, and long-term guaranteed loans have also shown growth to
varying degrees.

To better study the credit financing issues of "hard-core" science and technology
innovation enterprises, this paper selects 20 enterprises as research samples and ob-
serves the data from 2021 to 2024. By randomly selecting 20 sample enterprises, it can
be found that the sample enterprises mainly rely on short-term unsecured loans, with
the amount ranging from 23.06 million yuan at the lowest to 1.51 billion yuan at the
highest. Moreover, the amount of short-term loans is much higher than that of
long-term loans. Long-term unsecured loans mainly show a downward trend, and the
highest value of long-term loans among these 20 companies is 3.6186 million yuan. It
can be seen that although both short-term loans and long-term loans have their own
advantages, most companies still choose short-term unsecured loans as the main
lending method.

2.3  Areas of Credit Support

Commercial banks have supported many industries of "hard-core" science and tech-
nology innovation enterprises, mainly focusing on research and development as well as
equipment procurement. For example, in the field of the new energy industry, Shanghai
Zhangjiang Technology Sub-branch of Shanghai Pudong Development Bank once
provided 30 million yuan of "Listing Loan" credit support for Rukun New Materials in
Zhangjiang High-tech Park. Rukun New Materials is an innovative research and de-
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velopment enterprise dedicated to researching and developing related products such as
electrolyte additives for new energy batteries. It owns multiple patents and its tech-
nology is in a leading position in China. This loan has helped the enterprise accelerate
its listing process and increase its research and development efforts.

In the biomedical industry, commercial banks have also provided a lot of support.
For instance, Bank of Shanghai and Henlius: Henlius is a leading enterprise in the
biomedical field. Its Biomedical Industrialization Base (Phase II) construction project
was one of the major projects in Shanghai in 2023. As early as 2020, the Bank of
Shanghai actively participated in the syndicated loan for this project, granting a credit
line of over 200 million yuan for land construction and equipment procurement. In
February 2023, it further added some loan investments to fully cooperate with the final
sprint of the project construction and ensure the formal commissioning and production
of the factory.

2.4 Innovation in Credit Support

Science and technology innovation enterprises usually feature high risks and high
investment. However, in their initial development stages, they often lack sufficient
collateral and stable cash flow, which makes commercial banks more cautious when
granting loans and results in relatively limited credit lines. Meanwhile, in terms of the
credit structure, the proportion of short-term loans is relatively high while that of
long-term loans is relatively low, making it difficult to meet the needs of science and
technology innovation enterprises for long-term research and development and con-
tinuous development.

There is an imbalance in the support for science and technology innovation enter-
prises at different development stages. The support for enterprises in the seed stage and
start-up stage is significantly weaker than that for those in the growth stage and ma-
turity stage, causing some promising early science and technology innovation projects
to be difficult to start or even fail due to a lack of funds.

In addition, there is insufficient innovation in financial products for science and
technology innovation enterprises, failing to fully meet their diverse funding needs.

3 Empirical Analysis on the Innovation of Commercial Banks'
Support for "Hard-core" Science and Technology Innovation
Enterprises

This empirical study analyzes the actual data of sample enterprises to dissect the per-
formance of the innovative impact of commercial banks on science and technology
innovation enterprises.

3.1 Selection of Indicators and Data Sources

Among the number of patent grants and the number of patent applications, the number
of patent grants is related to the actual innovation achievements of science and tech-
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nology innovation enterprises, so it is selected as the explained variable. Among them,
government subsidies, internal financing, equity financing, and credit financing, as the
main aspects of commercial banks' support for science and technology innovation
enterprises, are set as explanatory variables. Meanwhile, the proportion of R&D per-
sonnel and regional economic GDP are selected as control variables(see Table 1 and

Table 2).
Table 1. Variable Design

Explained | Number of Patent It comes from direct data surveys of various companies

Variable Grants (qua) Y P
Government Subsi- | The data on government subsidies is divided by the
dies (Gov) regional economic GDP
Credit  Financing | The data of credit financing is divided by the total
(Cre) assets at the end of the year and then multiplied by 100

quity fancing Take the logarithm of the equity financing data
Explanatory | (Equ)
Variabl Internal  Fi i
arable (l;nf;n a fancing Take the logarithm of the internal financing data

Proportion of R&D |It is sourced from direct data surveys of various com-
Personnel (pro) panies
Regional GDP | It is sourced from direct data surveys of various com-
(GDP) panies.

Source of data: Designed by the author.

Table 2. Descriptive Statistics

Variable Mean Std. Dev. Min Max
corp 54 30.91097 1 107

year 2019.5 1.709157 2017 2022
qua 26.53543 63.21846 0 796

pro 30.23012 2321714 0 93.67
Gov 0.0830189 0.229511 0 2.576519
Cre 5.413937 7.835331 0 38.869
Int 11.50181 1.336115 4.247781 14.84382
Equ 13.54518 1.01843 10.34013 16.58197
Hum 2.00E+07 1.15E+07 9556207 5.29E+07
GDP 33902.34 7716.034 12450.56 41988

Source of data: Designed by the author.
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3.2 Empirical Results

The panel data of 107 sample companies were organized and cleaned. Then, the orga-
nized data were input into the STATA 15.0 econometric software. Empirical analysis
was carried out using the STATA 15.0 econometric software, and the empirical re-
sults were obtained (see Table 3).

Table 3. Empirical Results

qua Coef. Std. Err. t P>t| [95% Conf. Interval]
pro 0.5904508 0.3339654 1.77 0.078 (-0.0664272, 1.247329)
Gov 82.25599 17.17001 4.79 0.000 (48.48423, 116.0277)
Cre 1.057571 0.5633025 1.88 0.061 (-.0503911, 2.165533)
Int 15.85864 6.232031 2.54 0.011 (3.600834, 28.11645)
Equ -8.030136 6.382521 -1.26 | 0.209 (-20.58394, 4.523671)
Hum -0.0000145 4.08E-06 -3.56 | 0.000 (-.0000226, -6.50e-06)
GDP 0.0004634 0.0006553 0.71 0.480 (-.0008254, .0017522)
_cons 178.1439 134.9967 1.32 0.188 (-87.38178, 443.6695)

Source of data: The econometric results from the software STATA 15.0.

As shown in Table 3, the value of Prob > F is 0.0000. The government subsidy in-
dicator (Gov), the credit financing indicator (Cre), and the internal financing indicator
(Int) are significantly and positively correlated with the number of patent grants (the
explained variable).

In recent years, science and technology innovation enterprises have developed rel-
atively rapidly. The government has introduced a variety of subsidy policies, such as
providing financial support for patent applications, grants, and maintenance. Moreo-
ver, current government subsidies can relieve the innovation funding pressure on
enterprises and scientific research institutions, enabling them to increase their R&D
investment, purchase advanced equipment, introduce outstanding talents, etc., en-
hance their innovation capabilities and the output of innovation achievements, and
further increase the number of patent grants. It can thus promote the development and
innovation of science and technology innovation enterprises. Therefore, the govern-
ment subsidy indicator (Gov) is significantly and positively correlated with the num-
ber of patent grants (the explained variable). However, at present, government subsi-
dies are more concentrated in some developed regions, and the government subsidies
for the central and western regions that are in urgent need of funds are still not per-
fect.

R&D personnel are the core of innovation. A high proportion of them bring rich
knowledge, skills, and diverse ways of thinking, giving birth to innovative ideas. An
increase in the number of personnel can refine the professional division of labor and
improve the depth and precision of R&D. It is conducive to creating an atmosphere of
knowledge sharing and collaboration, inspiring inspiration and creativity, accelerating
project progress, and improving efficiency. It can also build a rich technological re-
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serve, continuously empower patent applications and grants, and enable enterprises to
maintain their advantages in the innovation competition. Therefore, the proportion
indicator of R&D personnel (pro) is positively correlated with the number of patent
grants. However, currently, most R&D personnel choose enterprises with high job
benefits and salaries as their main choices. Some newly emerging science and tech-
nology innovation enterprises have not received more attention from R&D personnel.

It is not difficult to see that in recent years, credit financing has provided sufficient
funds for enterprises, enabling them to increase their R&D investment, purchase ad-
vanced R&D equipment and instruments, introduce high-quality R&D personnel, set
up more R&D projects, etc., while reducing R&D risks and increasing the innovation
investment of science and technology innovation enterprises. Therefore, credit fi-
nancing (Cre) is positively correlated with the number of patent grants. However, it
can be known from the current situation analysis that the current credit structure is
still not very reasonable, and the credit scale needs to be further expanded.

Internal financing, which has no external repayment pressure, enables science and
technology innovation enterprises to invest in R&D, purchase equipment, train per-
sonnel, etc. more stably, thereby increasing their innovation capabilities and the
number of patent grants. Therefore, the internal financing indicator (Int) is signifi-
cantly and positively correlated with the number of patent grants. However, in recent
years, some enterprises have overly relied on internal financing, resulting in too low
asset-liability ratios, failing to make full use of financial leverage, and affecting the
profitability of enterprises and the maximization of shareholder value.

4 Design of the Development and Innovation Models for
Commercial Banks to Support the "Hard-core" Science and
Technology Innovation Enterprises

4.1  Design of the Government-Supported Innovation Model

To promote the improvement of the distribution of government subsidies in various
regions, it is necessary to establish a scientific evaluation system and accurately cal-
culate based on factors such as regional development needs and population.
Strengthen supervision to ensure the transparency and compliance of subsidy use. At
the same time, encourage public participation in supervision and adjust the distribu-
tion plan in a timely manner to achieve fair, reasonable and efficient subsidy distribu-
tion.

The government department urges innovative enterprises to provide competitive
salary and benefits, build a good scientific research environment and platform, give
sufficient development space and promotion opportunities, shape an attractive corpo-
rate culture, and at the same time pay attention to the protection of intellectual prop-
erty rights, so that R&D personnel have no worries.
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4.2  Innovation Design of Bank Credit Products

The expansion of the credit scale can be achieved from the following aspects. Banks
should optimize the risk assessment system, lower the threshold for high-quality cus-
tomers, and increase the supply of funds. Meanwhile, they need to strengthen finan-
cial innovation and introduce a variety of credit products. In addition, it is necessary
to enhance marketing and promotion, improve the level of financial services, and
promote the growth of the credit business, to effectively expand the credit scale.

To address the problem that science and technology innovation enterprises rely too
much on internal financing, external financing channels can be expanded, such as
seeking venture capital, applying for bank loans, and issuing bonds. At the same time,
cooperation with universities and scientific research institutions should be strength-
ened to reduce R&D costs. Besides, the government should increase its support,
providing policy preferences and financial support.

4.3 Innovation Design of Bank Credit Structure

Implement multi-industry coverage, break through traditional emphases, and increase
credit extensions to emerging technologies and green industries. Set up a "Green En-
ergy Loan" with low interest to assist environmental protection enterprises; and a
"Technology Pioneer Loan" to support newly established science and technology
innovation companies.

Establish stratified credit amounts and maturities. Determine the credit amount ac-
cording to the enterprise scale and life cycle. Small and micro enterprises are provid-
ed with small and flexible amounts, while large enterprises are matched with large
amounts. In terms of maturity, short-term loans help with capital turnover, and
long-term "Growth Loans" accompany enterprise expansion.

Establish a risk-sharing mechanism, cooperate with venture capital and guarantee
institutions, and share default losses proportionally. Establish a "credit + option"
model. The enterprise's growth brings a return to compensate for risks and stimulates
the bank's innovation motivation.

4.4 Innovation Design of Bank Credit Mechanism

Set up credit assessment and build a multi-dimensional assessment system that is not
limited to financial statements. Incorporate indicators such as enterprises' innovation
capabilities, patent values, and market potentials. With the help of big data and artifi-
cial intelligence, accurately quantify these aspects to grant credit to asset-light science
and technology innovation enterprises.

Optimize the approval process by building an intelligent approval platform. Auto-
matically verify information online and conduct pre-assessments of risks. Simplify the
process for high-quality old customers and provide quick disbursements. For small
loans, achieve "instant approval and instant lending" to improve efficiency.

Promote the coordination between incentives and risk control. Set up special in-
centives and reward the teams in charge of innovative credit business according to
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their performance. Meanwhile, establish a dynamic risk control warning system to
monitor the flow of loans and the operation of enterprises in real-time to ensure the
safety of funds.

5 Conclusion

This paper explores the critical role that China's commercial banks play in supporting
"hard-core" science and technology (sci-tech) innovation enterprises, which are es-
sential for the nation's technological advancement and manufacturing enhancement. It
highlights the significant financial needs of these enterprises due to their high invest-
ment demands, slow returns on investment, and considerable liquidity
risks—challenges that traditional banking models struggle to address. The research
advocates for innovative credit support models tailored to the unique requirements of
these firms, which include specialized financing mechanisms, risk management im-
provements, and the adoption of technology-driven approaches.

The analysis indicates that while there has been a notable increase in credit support
from major state-owned commercial banks for sci-tech innovation enterprises, there
remain gaps in the credit structure and support mechanisms. Specifically, the reliance
on short-term financing remains high, potentially limiting long-term developmental
activities crucial for innovation. The empirical findings underscore a positive correla-
tion between government subsidies and the number of patent grants, as well as a sig-
nificant contribution of credit financing to enhancing firms' innovation capabilities.
The paper concludes with recommendations for optimizing credit products, restruc-
turing credit support, and enhancing governance frameworks to better facilitate the
growth of "hard-core" innovation enterprises in China.
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