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Abstract. At present, the problem of environmental pollution is becoming more
and more serious. Recently, green supply chain is becoming a research hotspot
for the purpose of ensuring the steady and healthy development of society and
economy. In this context, based on the relevant data of CSMAR, the focus of this
research is on how integrating supply chains affects the efficiency of green inno-
vation in small and medium-sized manufacturing companies. Findings indicate
that merging the supply chain positively influences the effectiveness of eco-
friendly innovation in small and medium-sized manufacturing companies, and
the extent of supply chain integration positively impacts the research and devel-
opment efficiency of green technology and the conversion of green outcomes.
Additionally, within the industrial sector, the effects of integrating supply chains
vary widely, with small and medium-sized enterprises in the automotive industry
playing a more significant role in enhancing green innovation efficiency. To this
end, this paper puts forward the following suggestions: initially, enhance the con-
nection between upstream and downstream businesses, incorporate supply chain
integration, and encourage eco-friendly innovation in small and medium-sized
manufacturing firms; next, propose more policies for green innovation among
these enterprises.
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1 Introduction

Small and medium-sized manufacturing enterprises of our country are faced with many
objective problems such as relatively backward technology and lack of personnel, and
pollution problems are difficult to solve quickly, which not only hinders the further
development of small and medium-sized manufacturing enterprises themselves, but
also inhibits the healthy growth of our economy. The concept of a green supply chain
considers both economic and ecological advantages, fostering the sustainable growth
of businesses and the community. In this context, the study of small and medium-sized
manufacturing enterprises from the perspective of green supply chain is helpful to fur-
ther resolve the obstacles of their green transformation, reduce pollution, and realize
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the practice of green development. Given the scarcity of research on the green supply
chain in small and medium-sized manufacturing firms, this paper aims to explore how
integrating supply chains affects the efficiency of green innovation in these enterprises,
offering some limited insights into this area of study.

The structure of this paper is outlined below. The literature review is detailed in
Section 2. The third section outlines the research hypothesis. The empirical model and
its data sources are detailed in Section 4. The fifth section delves into the outcomes and
practical examinations. Heterogeneity analysis is the focus of Section 6. Conclusions
and suggestions for policy are outlined in Section 7.

2 Literature Review

2.1  Related Research of Green Supply Chain

The Michigan State University Manufacturing Research Association initially intro-
duced the concept of a green supply chain in 1996, focusing on eco-friendly manufac-
turing practices. Local academics initiated research on the green supply chain belatedly,
with some suggesting it as a contemporary management approach that accounts for the
entire supply chain's environmental footprint and resource effectiveness[1]. Scholars,
both domestically and internationally, have not yet aligned their understanding of the
green supply chain, yet they concur on the importance of considering environmental
aspects in development to diminish pollution and maximize resource use.

The influencing factors of green supply chain include various types, which can be
divided into incentive factors and obstacle factors according to their influencing direc-
tion. The former includes market pressure, risk management needs, etc., while the latter
includes costs, vague environmental standards, and communication costs of enterprises
within the supply chain.

2.2 Related Research on Small and Medium-sized Manufacturing Enterprises

Limited by scale, small and medium scale manufacturing enterprises objectively have
problems such as lack of resources, relatively backward technology and innovation
ability, and lack of professional talents[2]. At the same time, they are faced with nu-
merous restrictions in terms of financing, talent and technology introduction[3]. Some
scholars have found that small and medium-sized enterprises are faced with serious
credit constraints, and their income is difficult to make up for R&D expenditure in a
short period of time[4]. Narrow access to credit can hamper technological innovation.

2.3  Research on Supply Chain Integration and Green Innovation in SMEs

China must focus on the eco-friendly innovation levels of businesses to address the
growing severity of resource and environmental issues. Different from traditional inno-
vation that pursues economic benefits, green innovation aims to produce significant
environmental benefits[5]. External resource constraints are one of the major barriers
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to green innovation in SMEs[6], including low desire of suppliers to exchange green
information[7] and market uncertainty[8]. To foster eco-friendly advancements in
small and medium-sized manufacturing firms, collaboration with the environment
plays a crucial role as a catalyst for these enterprises' own innovation, enhancing social
capital and advancing green innovation[9].

Some studies have found that supply chain integration may negatively affect the ef-
ficiency of green innovation in core enterprises. Overintegration of supply chain will
not only increase the cost of resource integration, but also increase the cost and risk
among cooperative enterprises, leading to a number of problems, which is not condu-
cive to enterprises' green innovation[10]. It will promote green innovation of energy
saving and environment-friendly enterprises. To achieve eco-friendly innovation, small
and medium-sized manufacturing companies require substantial investment in capital
and technology, with supply chain finance offering them robust financial backing[11].
Concurrently, an eco-friendly supply chain can foster straightforward innovation
among businesses, aiding in their green innovation and enhancing the effectiveness of
such innovations[12].

24 Research Review

At home and abroad, the literature on green innovation in SMEs is very rich, as are
theoretical and empirical studies. However, from the point of view of supply chain in-
tegration, there are relatively few researches on green innovation in SMEs, and little
attention is paid to specific or typical industries or types of industries.

3 Research Hypothesis

Supply chain integration can promote the improvement of supplier integration, some
degree of supplier integration can reduce the uncertainty of supply chain transac-
tions[13], thus as to reduce the innovation cost of SMEs, and alleviating the obstruction
of credit constraints on green innovation of small and medium-sized manufacturing
enterprises from the perspective of cost reduction. Supply chain integration can also
promote a more stable customer relationship, and customer participation can signifi-
cantly improve the information and knowledge base of enterprises' green technology
development[ 14], thus improving the green innovation efficiency of small and medium-
sized manufacturing enterprises. In summary, this paper proposes research hypothesis
1.

H1: Supply chain integration can improve the efficiency of green innovation in
SMEs.

Supply chain integration can also mitigate the bullwhip effect, reduce the distortion
of information when demand is passed through the supply chain, increase the certainty
of transactions, and reduce the small and medium-sized manufacturing enterprises
green technology research and development process cost. Therefore, hypothesis 2a is
proposed in this paper.
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H2a: Integration of Supply chain can increase the efficiency of green technology R
& D in SMEs.

Supply chain integration can also provide a more stable supplier of raw materials
supply and a higher degree of integration of customers, and the establishment of more
good cooperative relations can improve social capital, help small and medium-sized
manufacturing enterprises to attract investment, so as to promote the green innovation
of SMEs and improve their green achievement transformation efficiency. Therefore,
hypothesis 2b is proposed in this paper.

H2b: Supply chain integration can improve the efficiency of small and medium-
sized manufacturing enterprises in transforming green results.

4 The Empirical Model And Data Sources

4.1 Data

This paper uses the enterprise data of CSMAR to collate and select 56 SMEs from
automotive, electronics, metallurgy and chemical industries with complete data during
2018-2020 as samples.

4.2  The Empirical Model

This document presents a regression analysis linking the integration of supply chains
to the efficiency of green innovation in small and medium-sized manufacturing firms,
aiming to examine how this integration influences the green innovation effectiveness
of these enterprises. The model setup is as follows[15]:

TEit =a0+a1 lnSClit +a’2 lnLEVit+£it (1)

Where, TE;; represents the logarithm of green innovation efficiency of SMEs,
In SCI;; represents the logarithm of supply chain integration, In LEV;, represents the
logarithm of financial leverage of SMEs, a,, a; and a, represent parameters to be
estimated, and ¢;; represents random disturbance term. t stands for time.

To delve deeper into the effects of integrating supply chains, this document catego-
rizes the efficiency of green innovation into two segments: efficiency in green technol-
ogy research and development and efficiency in transforming green achievements, re-
spectively as explained variables, and establishes the following measurement model:

TE2; = yo+v1InSCli +y, InLEV;, + & 3)

Where, TE1;, represents the logarithm of green technology R&D efficiency, TE2;,
represents the logarithm of green achievement transformation efficiency, By, f1, B2,
Yo, Y1 and y, represent parameters to be estimated, and ¢;; represents random dis-
turbance term. t stands for time.
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4.3 Variables

i.Explanatory variables. The explanatory variable of this paper is supply chain integra-
tion, and the statistics are carried out according to the data in the database of Guotai
'an. The average value of supply chain integration of 56 sample enterprises is about
31%, indicating that the degree of supply chain integration is relatively low.

ii.Explained variables. This paper focuses on the variable of green innovation effi-
ciency. Utilizing the super-SBM model, the efficiency of R&D in green technology and
the efficiency of transforming into green achievements are computed, with their com-
bined product serving as a metric for assessing the efficiency of green innovation in
small and medium-sized manufacturing companies.

iii.Control variables. Considering that financial leverage will affect the operational
efficiency of enterprises, this paper sets it as a control variable and uses asset-liability
ratio to measure it.

Table 1 reports the descriptive statistics of each variable.

Table 1. Descriptive statistics

Variables ~ Numbers  Average Standard deviation Minimum  Maximum
te 168 -5.701 1.904 -9.505 -0.242
tel 168 -3.168 2.087 -8.494 0.336
te2 168 -2.533 1.762 -7.074 0.487
sci 168 3.344 0.435 1.841 4.177
lev 168 -1.770 0.951 -6.573 -0.303

5 Supply Chain Integration and Green Innovation
Efficiency of Small and Medium-sized Manufacturing
Enterprises

Column (1) in Table 2 reports the regression results of supply chain integration on green
innovation efficiency of small and medium-sized manufacturing enterprises. Findings
reveal a positive correlation between the integration coefficient of the supply chain and
the efficiency of green innovation, suggesting that such integration can enhance the
efficiency of green innovation in small and medium-sized manufacturing companies to
some degree. Integrating the supply chain can diminish the operational risks and uncer-
tainties in transactions for small and medium-sized manufacturing companies, thereby
lowering the expenses associated with green innovation, aiding them in mitigating its
external impacts, and enhancing the effectiveness of green innovation.

Columns (2) - (3) in Table 2 report the regression results of supply chain integration
on green technology R&D efficiency and green achievement conversion efficiency of
small and medium-sized manufacturing enterprises respectively. The results show that
there is a positive correlation between the integration coefficient of the supply chain
and the efficiency of green technology research and development, as well as the effi-
ciency of transforming into green achievements, with the absolute magnitude of this
coefficient being higher. Supply chain integration means that the cooperative
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relationship between SMEs and their suppliers and customers is more stable, which can
reduce the information distortion when the demand is transmitted in all links of the
supply chain, that is, alleviate the bullwhip effect, increase the certainty of the transac-
tion, lower the expenses associated with SMEs' research and development in green
technology, and to some degree, enhance their efficiency in this field. At the same time,
as the supplier's raw material supply is more stable, the customer integration is higher,
and the credit relationship within the supply chain is long-term stable, which is condu-
cive to small and medium-sized manufacturing enterprises to attract investment and
improve sales efficiency, thus promoting the improvement of green achievements trans-
formation efficiency to a certain extent.

Table 2. Regression results

Varia- ,(1) . 2) (3.)
Green innovation Green technology R&D ef- Green achievement
bles . . . .
efficiency ficiency conversion efficiency
sci 0.406 0.331 0.075
(0.415) (0.249) (0.378)
lev -0.132 0.015 -0.147
(0.195) 0.117) (0.178)
S7.291%** -4.249%** -3.042%*
—cons (1.437) (0.863) (1.309)
N 168 168 168
2 0.013 0.016 0.006

Note: *** ** * indicates that the estimated result is significant at the level of 1%, 5%, 10%;
Figures in brackets are standard errors.

6 Heterogeneity Analysis

In order to more specifically test the impact of supply chain integration on the green
innovation efficiency of SMEs in different manufacturing industries, this study con-
ducts an empirical examination of the varying effects resulting from the integration of
supply chains on the green innovation efficiency of SMEs in different industries by
using sub-samples from four industries, namely automotive, electronics, metallurgy
and chemical industry.

Columns (1) - (4) in Table 3 present the regression outcomes for the diversity in
industry categories across the four sectors: automobile, electronics, metallurgy, and
chemical. Findings indicate a notable positive impact of the supply chain integration
coefficient on the eco-friendly innovation efficiency in the automotive sector at a 1%
level, a positive one in the electronics sector, and a negative one in the metallurgy and
chemical industries, with the metallurgical industry's coefficient having a higher abso-
lute value. The reason could be that the automotive sector is more influenced by the
extent of collaboration among various companies. At the same time, the continuous hot
research and development of new energy vehicles in recent years as an effective driving
force for its green innovation, thus enhancing the impact of supply chain integration on
small and medium-sized car industry businesses.
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Table 3. Heterogeneity analysis

(M @) ©) “4)
Variables Automobile in- Electronics in- Metallurgy in-  Chemical indus-
dustry dustry dustry try
sci 5.897*** 0.655 -1.092 -0.484
(1.196) (0.484) (1.760) (1.049)
lev -0.492%* -0.409 -0.112 1.360
(0.219) (0.319) (0.488) (0.872)
cons -25.007*** -9.052%** -0.490 -0.797
- (4.104) (1.668) (5.745) (4.123)
N 12 118 12 26
12 0.802 0.048 0.069 0.141

Note: *#* ** * indicates that the estimated result is significant at the level of 1%,
5%, 10%; Figures in brackets are standard errors.

7 Conclusions and Policy Recommendations

China has introduced various targets for energy saving and reducing emissions as part
of its pursuit of sustainability. While China continues to have ample room for the ad-
vancement of eco-friendly innovation, with small and medium-sized manufacturing
firms playing a crucial role in its economy, how to promote their green innovation ef-
ficiency is becoming a research focus. In this context, based on the data of CSMAR,
The study delves into how integrating supply chains affects the efficiency of green in-
novation in small and medium-sized manufacturing companies, and examines the in-
dustry heterogeneity of supply chain integration on the green innovation efficiency of
small and medium-sized manufacturing enterprises. Research indicates that integrating
the supply chain positively influences the green innovation efficiency of small and me-
dium-sized manufacturing enterprises, and The extent to which the supply chain is in-
tegrated positively influences the efficiency of green technology research and develop-
ment, as well as the efficiency of achieving green goals. In addition, The effects of
integrating supply chains are heterogeneous across different industrial sectors, and has
a significantly stronger promoting effect on the green innovation efficiency of SMEs in
the automotive industry.

Consequently, the paper proposes these recommendations. Initially, enhancing con-
nections between upstream and downstream companies, and contributing to the inte-
gration of supply chains to foster eco-friendly innovation in small and medium-sized
manufacturing firms. Maintaining consistent relationships between suppliers and cus-
tomers can diminish the unpredictability of transactions, lower the risks and costs as-
sociated with innovation in small and medium-sized manufacturing companies, and
foster eco-friendly innovation in these enterprises. Secondly, implement more benefi-
cial policies for green innovation in businesses, foster technological advancements, and
boost the drive for green innovation among small and medium-sized manufacturing
firms.
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