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Abstract: As an important supply chain development strategy, green investment and sustainability
are concerns of the government and enterprises. However, due to the high cost and low
profit of green investment, a large number of small and medium-sized firms can be deterred
from their implementation. Value co-creation has become a key measure to solve this problem.
This article explores the relationship between the green supply chain (GSC) strategy, value co-creation,
and corporate performance in the manufacturing environment, and considers the regulatory effects of
internal environmental factors and external environmental pressures on this relationship. Based on
data from 115 manufacturers in China, we tested the hypotheses, explained the statistical results,
and identified key concerns for implementing GSC through value co-creation. The findings reveal that
the GSC strategy can promote a high level of firms’ value co-creation with their supply chain partners,
and different value co-creation modes have different effects on firm performance (i.e., operational
performance, innovation performance, and financial performance). In addition, the findings indicate
that macro-level external pressure and micro-level internal support could enhance such effects.
This study enriches the literature with value co-creation modes and GSC management by integrating
GSC strategies and value co-creation strategies, providing confidence to the firms and their supply
chain partners in value co-creation, thus helping them to better implement a GSC strategy.

Keywords: green supply chain; value co-creation; firm performance

1. Introduction

Green sustainable development is a very important supply chain strategy, which has received
widespread attention worldwide [1,2]. Increasing public awareness, increasingly stringent
government regulatory requirements, and market pressures have forced many companies to
incorporate green and sustainable development into their supply chain [3]. In China, with its
rapid economic development, resource and environmental problems are becoming more and more
serious such as severe smog, lack of water, soil pollution, etc. Additionally, these resource waste
and pollutant emissions mainly come from manufacturing industries. Therefore, the Chinese
government and the Ministry of Environmental Protection (MEP) have promulgated and implemented
stricter government regulatory policies, forcing many manufacturers to focus on sustainable
supply chain. In fact, many manufacturers have started green sustainable supply chain management,
which is more important than some supply chain management issues (such as integration and
cooperation), raising environmental awareness such as green procurement, green transportation,
green packaging, etc., and strives to promote suppliers implement environmental management.
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Effective management of a green supply chain (GSC) requires an expanded perspective beyond
a focus company including supply chain partners [4]. Value co-creation is considered as a business
cooperation strategy for supply chain partners. As the cost of green innovation is relatively high, some
manufacturers have started to cooperate with other enterprises in the supply chain (such as suppliers
and retailers) to jointly develop green products and technologies [1,5]. For example, companies such
as BMW, Patagonia, and the Body Shop have taken a sustainable approach by developing innovative
environmentally friendly products with their consumers and have realized that the development of
green products/services has become a new competitive advantage for their firms [1].

The current literature relevant to co-creation indicates that it is conducive to the deep cooperation
between supply chain enterprises [4]. For the value co-creation of GSC, it is beneficial for upstream
and downstream firms to share green technology investment and improve the efficiency of the
whole supply chain [6]. However, there are contradicting views on the impact of co-creation on
supply chain performance. For example, some literature suggests that value co-creation could
cause organizational conflicts such as relationship conflict (i.e., the incompatibility in buyer-supplier
manufacturer relationship) and task conflict (i.e., the differences in positions and ideas of tasks
performed by suppliers and manufacturers), thereby causing a negative impact on performance [7–9].
Thus, the connotation of value co-creation and its impact on performance in the context of green supply
chain are still unclear and need to be explored.

As a complex system, manufacturing is directly or indirectly related to the creation of economic
wealth and impacts on the product life cycle of the natural environment and social systems [6]. Due to
different sectors, the internal and external contextual factors of the manufacturer have an important
impact on the implementation of the manufacturing supply chain strategy. The internal environment
support mainly refers to some internal firm factors that influence the activities of the enterprise (e.g.,
the staff, culture, and operations process [8,10]). For example, some of the literature indicates that
the attitude and ability of managers is highly relevant with the implementation of a green supply
chain and value co-creation [8,10]. The external environmental pressures refer to the macro-factors
such as marketing pressure and institutional pressures. Indeed, some literature suggests that internal
contextual factors could have some influence on the implementation of supply chain strategies [10].
Thus, we need to further explore the actual impact of these contextual factors on the implementation of
a green supply chain.

This paper mainly focused on two problems: (1) How does the firm’s green supply chain strategy
impact the performance by value co-creation behaviors? and (2) How does the internal environment
support and external contextual factors impact on the relationship between green strategy adoption and
value co-creation? First, this paper proposes a theoretical model of value co-creation under the green
supply chain strategy and further posited the hypotheses in Figure 1. We examined 115 manufacturers
through a series of statistical methods. Our findings indicate that adoption of the green supply chain
strategy by firms can indeed improve operational performance, financial performance, and even
innovation performance by a value co-creation strategy. In addition, external and internal contextual
factors have a different moderating effect on the relationship between GSC strategy, value co-creation,
and performance. Our findings enrich the literature relevant to co-creation by exploring new insights
into green supply chain strategies and considering the roles of some contextual factors. In addition,
our findings enhance the internal power of manufacturers and their upstream and downstream firms
to implement a green supply chain management and provide some suggestions for practitioners.

The main contributions of this paper are as follows: This paper innovatively studies the green
supply chain management from the perspective of value co-creation. Regarding the selection of value
co-creation behavior factors, this paper considers three different value co-creation behaviors between
manufacturers, suppliers, competitors, and retailers. This paper evaluates corporate performance
from three aspects: operational performance, innovative performance, and financial performance.
At the same time, this paper analyzed the coordination effect of the internal environment and external
environment on the value co-creation of a green supply chain. In the internal environment, this paper
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particularly studied the influence of the digital level of enterprises on green value co-creation, which is
innovative to some extent.
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The rest of this paper is arranged as follows. Section 2 introduces the literature review of
related topics. Section 3 explains the conceptual model of the hypothesis. Section 4 introduces the
research methods, and Section 5 introduces the results of the empirical analysis. Section 6 discusses the
main findings and Section 7 introduces the conclusions, limitations, and future research directions.

2. Literature Review

2.1. Cooperation in Green Supply Chain

Green supply chain cooperation has an important impact on sustainable product development
and operations mode [11–15] and has become a positive change in corporate strategy for various
companies [14,15]. Cooperation can be divided into vertical and horizontal cooperation and
among the two types of cooperation and their cooperation performance is impacted by different
ways [16–22]. The literature shows that vertical cooperation in the supply chain can improve supply
chain decision-making and performance through information sharing, thereby achieving a win–win
situation [16–18]. In the horizontal cooperation, two competitive retailers can cooperate to purchase
and obtain a quantity discount, thereby influencing their profits [19].

In addition, for the purpose of realizing the green and economic performance of products,
supply chain members mainly adopt two typical ways in the green cooperation of a supply chain:
alliance and cost sharing contracts [23]. For example, Ge et al. showed that both cooperation and
competition will tend toward a green technology alliance, and the company’s decision to cooperate
will change with the change in the endogenous knowledge sharing rate [24–26].The second model
is to stimulate the green investment of members through supply chain contracts and deal with the
coordination of green channels. For example, Yenipazarli et al. analyzed the effects of retailer supplier
cooperation on profit/cost and the environmental effects on the supply chain under two upstream
and downstream contracts [27]. When members of the supply chain share the cost, on one hand,
it can make products greener. On the other hand, it can make the overall profit of the supply chain
increase [21,28–30]. Therefore, it is necessary to discuss how to cooperate with supply chain partners
to improve corporate performance.
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2.2. Value Co-Creation Behavior in the Supply Chain

Michael (1980) suggests that the value creation of an enterprise is composed of internal production
and operations routines that create value. However, with the continuous change in the market
competition environment, the creation process of enterprise value cannot be limited to the inside
of the enterprise [31], but is co-created by the cooperative network composed of enterprises [32].
Enterprises can improve the efficiency, quality, cost, and other aspects of the whole supply chain
through cooperative implementation of strategic management [33].

Prahalad et al. proposed value co-creation as a new method of value creation [34] and believe that
value originates not only from producers, but from the joint creation of consumers and enterprises or
other relevant stakeholders. Ultimately, the value is determined by the consumer. From the perspective
of stakeholders, the meaning of a “company” is a relationship that exists between individuals or
groups that affect the company’s business or is affected by it, and the purpose for which a business
is established forms the basis for whether a stakeholder establishes relationships and cooperates
with them [35]. In this relationship, stakeholders are the unity of recipients of value and the value
creators/co-creators [36]. Multiple stakeholders have an impact on the business environment and
company efficiency by providing resources and benefit from it [37]. Therefore, the joint efforts of
stakeholders are the most important part of value co-creation [38]. In addition, stakeholders must
first have a common purpose to collaborate [39] and then also encourage the positive contributions of
members [40].

Value creation usually occurs in the process of using products or services [41]. The fierce market
competition requires the enterprises in the supply chain to strengthen cooperation and establish
a value network. Many scholars have studied the vertical cooperation among enterprises, that is,
the cooperation between enterprises and suppliers and retailers. Enterprises can create more value
for the supply chain through information sharing, resource integration, and process integration
with upstream and downstream partners [29,42–47]. Some scholars have also paid attention to
the horizontal cooperation between supply chain enterprises and competitors, but there have been
few studies. D’Aspremon et al. and Kamien et al. introduced the concept of horizontal Research
& Development. cooperation in theory early on [48,49]; Ge et al. and Dai et al. compared different
horizontal cooperation modes of green supply chain [22,23]; and Luo et al. studied the green
technology investment of two manufacturers in a competitive and cooperative environment [50].
Gnyawali et al. applied practical case analysis, and concluded that competitive cooperation is beneficial
to the development of advanced technology [51]. Therefore, our research focused on three different
types of value co-creation: co-creation with suppliers, co-creation with retailers, and co-creation
with competitors.

2.3. Value Co-Creation and Performance

Research shows that value co-creation behavior benefits both suppliers and customers [52].
For customers, value co-creation mainly focuses on the customer dimension, which is a relatively new
research field [53]. Most of the relevant studies have focused on the development of measurement
tools to study customer co-creation value across different research backgrounds [54–56]. Co-creation
practices enable interaction and communication between customers and enterprises, so as to benefit
customers who participate. Active participation in co-creating value makes them more satisfied than
those who are not [57], encourages customers to be more innovative [58], and increases the customers’
enthusiasm and willingness to take risks [59]. At the same time, the perceived value gained from value
co creation will increase customer commitment [60], and psychological attachment, which increases the
willingness of customers to make more voluntary efforts in the cooperative relationship. The increase
of customer value in value co-creation improves the customer experience in supplier relationships [61],
and establishes customer loyalty [62].

For enterprises, value co-creation is realized through the establishment of a co-operation
relationship between two or more parties in the supply chain, so as to jointly obtain strategic
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benefits and improve the operation efficiency, economic performance, and service performance of
enterprises [63–65], which is also the key success factor of enterprises in delivering products and
services [66]. Through value co-creation, companies have a positive impact on service performance
and environmental performance [67,68]. Through the green internal innovation process and green
technology investment research and development, it can promote enterprises to develop green
energy-saving products and realize energy-saving and emissions reduction of the whole supply
chain [69,70]. The optimal strategy of the enterprise and the performance of the supply chain will
change due to different cooperation models [17,18,21,71]. Thus, this study will examine different
performances (i.e., operational performance, innovation performance and financial performance) of
value co-creation in the supply chain and the changes in performance under different contextual factors.

3. Hypotheses Development

3.1. The Relationship between Green Strategy and Value Co-Creation Behavior

A green strategy should not be a burden to firms. On the contrary, it will promote value co-creation
among firms and increase the value of firms. A single enterprise may not achieve the goal of a green
strategy completely or to a high degree, depending on its limited ability. Therefore, it is necessary
to establish a strategic alliance with green environmental protection as the core between firms [72]
to achieve the green strategic goals of ecological, economic, and social sustainable development.
As a product of the times and social development, the green strategy has been recognized by all
participants in the supply chain, and has formed a green strategic alliance with the upstream and
downstream enterprises of the supply chain. The green supply chain strategy can promote the alliance
participants to take a positive attitude to cooperate, jointly design products and systems that meet the
production requirements, and establish a fair and reasonable cost sharing, risk sharing, and benefit
distribution mechanism.

The implementation of green strategy promotes green procurement, which is regarded as
the starting point to reduce environmental problems [73]. Cooperation between manufacturers
and suppliers is the key to green procurement. Therefore, the deeper the implementation of the
GSC strategy, the higher the manufacturer’s requirements for raw materials from suppliers, and the
more likely the suppliers’ raw materials are to be customized, resulting in stronger interdependence
between manufacturers and suppliers, more frequent value co-creation, and closer alliances between
manufacturers and suppliers. Consequently, we propose (see Figure 1):

Hypothesis 1a (H1a). Green Strategy of Manufacturers is Positively Related to Value Co-creation with
their Suppliers.

With the growing popularity of green products, the consumers’ demand for green products
has gradually increased. A single manufacturer may not be able to meet the consumers’ demand
due to the size of the enterprise, so there may be multiple manufacturers producing the same
type of green products. As the demand for green products increases, the revenue of the dominant
manufacturers will increase significantly. However, the profit of following manufacturers may decrease,
even lower than the level before cooperation [74]. Therefore, in order to promote common development,
achieve win–win and mutual benefit, a contract may be drawn up between the two manufacturers for
revenue distribution. The deeper the implementation of the green strategy, the larger the market size
of manufacturers will be, and the more necessary it is for manufacturers to adopt co-creative behavior
to secure cooperation. Thus, we propose:

Hypothesis 1b (H1b). Green Strategy of Manufacturers is Positively Related to Value Co-creation with
their Competitors.



Energies 2020, 13, 3902 6 of 23

As a downstream company in the supply chain, retailers directly contact consumers to understand
their consumer preferences. Under the green strategy, retailers can share sales data with manufacturers
to reduce the bullwhip effect [75] and assist manufacturers in designing green products that better
meet consumer needs. When the green concept is accepted by more consumers, the value-creation
behavior of retailers and manufacturers will become more frequent. Thus, we propose:

Hypothesis 1c (H1c). Green Strategy of Manufacturers is Positively Related to Value Co-creation with
their Retailers.

3.2. The Impact of Value Co-Creation Behavior on Firm Performance

By closely cooperating with each other to complete value creation (that is, value co-creation),
companies can achieve performance that a single company cannot achieve by itself. Manufacturers
work with suppliers, manufacturers in the same industry, and retailers to create value together. Through
cooperation, they can design different business models to improve the operational efficiency of the
enterprise, thereby improving the performance level [65]. The value co-creation behavior between
firms can improve the quality of service and response speed. In the supply chain, companies share
knowledge and information resources with partners through value co-creation, and use complementary
capabilities to jointly deliver products and services to different customers [76], thereby improving the
company’s operating performance. Consequently, we propose:

Hypothesis 2a (H2a). Value Co-creation with their Suppliers is Positively Related to the Manufacturers’
Operational Performance in a Green Supply Chain.

Hypothesis 2b (H2b). Value Co-creation with their Competitors is Positively Related to the Manufacturers’
Operational Performance in a Green Supply Chain.

Hypothesis 2c (H2c). Value Co-creation with their Retailers is Positively Related to the Manufacturers’
Operational Performance in a Green Supply Chain.

The value co-creation behavior promotes mutual trust between participating companies and
through the use of overall synergies. It can promote the improvement of corporate financial
performance [77]. In the context of the Green Strategic Alliance, manufacturers sign a certain
contract with the supplier to give the supplier a certain preferential price [72] to ensure the possibility
of achieving the common goal of green development and establish a brand image of a green
strategic alliance, in order to form competitiveness in their respective fields and give products a
green value. By complementing resources, manufacturers can solve problems that cannot be solved by
a single enterprise, while weakening unilateral opportunistic tendencies and diversifying potential
financial risks [78]. Through value co-creation behavior, manufacturers and retailers can enable firms to
make flexible adjustments in response to changes in the environment, which can help companies seize
market opportunities and improve dynamic capabilities [79]. Firms reach a consensus on cooperation,
share resources, and conduct profitability to a certain degree. Such value co-creation behavior will
form a strong and mutually beneficial relationship between firms, give products a higher value,
reduce operating risks and costs, and increase product competition as well as efforts to expand market
share and improve corporate returns. Consequently, we propose:

Hypothesis 3a (H3a). Value Co-creation with their Suppliers is Positively Related to the Manufacturers’
Financial Performance in GSC.

Hypothesis 3b (H3b). Value Co-creation with their Competitors is Positively Related to the Manufacturers’
Financial Performance in GSC.
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Hypothesis 3c (H3c). Value Co-creation with their Retailers is Positively Related to the Manufacturers’
Financial Performance in GSC.

The value co-creation activity has changed the relationship between companies. During the
exchange of corporate culture and interests, the two sides also improved the company’s openness,
and the increase in openness in the organization is conducive to organizational innovation. In value
co-creation activities, the sharing of technical resources can increase the breadth of employee thinking
and promote the innovation of individual employees [80]. Value co-creation behavior can bring about
knowledge transfer, which has a positive effect on product and process innovation [81]. Knowledge
originally belonging to different organizations is passed between partners, and new products or
services are easily born through permutations and combinations. Therefore, companies that adopt
value co-creation can be the first to apply new technologies in the industry, obtain corresponding
intellectual property rights, increase sales revenue of innovative products, and make products that
have good market response and irreplaceability within a certain time. Thus, we propose:

Hypothesis 4a (H4a). Value Co-creation with their Suppliers is Positively Related to the Manufacturers’
Innovative Performance in GSC.

Hypothesis 4b (H4b). Value Co-creation with their Competitors is Positively Related to the Manufacturers’
Innovative Performance in GSC.

Hypothesis 4c (H4c). Value Co-creation with their Retailers is Positively Related to the Manufacturers’
Innovative Performance in GSC.

3.3. The Moderating Effect of External Environmental Pressure

The essence of firms adopting green management is to respond to the natural environment,
and the motivation of response is affected by various factors such as stakeholder pressure.
Regulatory, competition, marketing pressure, and drivers can improve the environmental awareness
of enterprises [82]. We perceive that the external environmental pressure (legal pressure,
consumer pressure, competitor pressure, supplier pressure) of the company will have an impact
on the above changes. Firms with these external pressures could be inclined to adopt co-creation
with supply chain members. Additionally, the relatively mature legal environment, consumption
environment, and industry environment will make the advantages of green strategies more obvious,
thereby encouraging firms to conduct value co-creation. Suppliers can provide complete green products
and services, which will also cause a certain degree of pressure and incentives on the supply chain and
promote value creation between firms. Thus, we propose:

Hypothesis 5a (H5a). The External Environmental Pressures have a Positive Moderating Effect on the
Relationship between Green Strategy and Value Co-creation Behavior.

The change in the external market environment is an important means for enterprises to deal with
various complex environments, transfer risks, gain competitive advantages, and improve operation
performance [83]. It may play a positive role in the relationship between enterprise value co-creation
and operational performance. Thus, we propose:

Hypothesis 5b (H5b). The External Environment Pressure has a Positive Moderating Effect on the Relationship
between Value Co-creation Behavior and Operational Performance.

A better market environment and higher customer satisfaction can improve the financial
performance of enterprises [84]. The improvement of external factors can strengthen the market
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competitiveness of enterprises, so as to increase the role of value co-creation in promoting the financial
performance of enterprises. Thus, we propose:

Hypothesis 5c (H5c). The External Environment Pressure has a Positive Moderating Effect on the Relationship
between Value Co-creation Behavior and Financial Performance.

The government’s actions to improve the external environment such as improving the market
mechanism, optimizing the innovative business environment of small and medium-sized enterprises,
and formulating supporting policies, etc. can improve the level of innovation of enterprises [85].
In the foundation of value co-creation among enterprises, favorable external factors can improve the
innovation performance of enterprises. Thus, we propose:

Hypothesis 5d (H5d). The External Environmental Pressure has a Positive Moderating Effect on the
Relationship between Value Co-creation Behavior and Innovative Performance.

3.4. The Moderating Effect of Internal Environmental Support

Internal environment support such as the stability of the relationship between enterprises and
the reputation of suppliers has an important impact on the results of the supply chain alliance [86].
We perceive that the internal support environment of the enterprise (three categories) will have an
impact on the above changes. The recognition of the green strategy by enterprise managers, the relative
stability of the green alliance, and the relatively high technology level of enterprises may promote
co-creation between enterprises. Thus, we propose:

Hypothesis 6a (H6a). The Internal Support Environment has a Positive Moderating Effect on the Relationship
between Green Strategy and Value Co-creation Behavior.

By strengthening coordination with suppliers and downstream members of the supply chain
including retailers, enterprises will promote their own operation activities [87]. The middle-level
supply managers of internal stakeholders also play an important role in the operation activities of
enterprises [88]. We believe that the internal support environment of an enterprise will have a positive
impact on the relationship between co-creation and operation performance. Thus, we propose:

Hypothesis 6b (H6b). The Internal Support Environment has a Positive Moderating Effect on the Relationship
between Value Co-creation Behavior and Operational Performance.

The idea of managers determines the operation of an enterprise. At the same time, the relationship
between an enterprise and its supply chain partners as well as its digitalization level, also become
the key to improving the financial level and building sustainable competitiveness of an enterprise [6].
These internal factors will strengthen the promotion of co-creation on the financial performance of an
enterprise. Thus, we propose:

Hypothesis 6c (H6c). The Internal Support Environment has a Positive Moderating Effect on the Relationship
between Value Co-creation Behavior and Financial Performance.

Enterprise alliance can improve the internal support environment of enterprises, realize knowledge
sharing among partners, and promote the innovation performance of enterprises [6]. The enterprise
managers’ emphasis on innovation and the enterprise’s own digital ability also determine the
enterprise’s innovation ability. Thus, we propose:

Hypothesis 6d (H6d). The Internal Support Environment has a Positive Moderating Effect on the Relationship
between Value Co-creation Behavior and Innovative Performance.
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4. Methodology

4.1. Research Process

This paper conducted an empirical analysis on a sample survey of Chinese firms in the form
of a questionnaire. The analysis of this paper was divided into four steps: (1) A reliability analysis
was carried out to illustrate the effectiveness of sample extraction; (2) As the questionnaire involved
many contents, principal component analysis (PCA) was carried out to screen out several important
influential factors; (3) a validity analysis was used to show that there was a good distinction between
various factors; and (4) hierarchical regression analysis was used to study the influence of each factor
on co-creation and performance.

4.2. Survey Development

In this paper, each factor in the conceptual model was measured in multiple ways (see Figure 1).
The questionnaire was divided into descriptive items (see Table 1) and measurement items (see
Appendix A). Descriptive questions mainly included the basic information of the respondents and
their companies. The measurement items were further divided into three parts: the first part describes
the green strategy of the company and the cooperation between the company and each member of the
supply chain on green technology; the second part analyzes the legal environment and international
environment of the company; and the third part examines the company from the performance of
cooperation, financial situation, and innovation ability. This paper adopts the Likert scale commonly
used in other articles, in which “1” means “strongly disagree” and “5” means “strongly agree”.

To develop a structured questionnaire, a comprehensive review of the related literature was
undertaken. In this study, value co-creation with supplier (VCS) was measured from four dimensions
including whether enterprises and suppliers could adopt a positive attitude and cooperative behavior;
jointly design products and systems to meet production demand; standardize the relationship of
responsibilities, rights, benefits and some behaviors in the process of value co-creation; and establish a
benefit distribution mechanism [89]. Value co-creation with competitor (VCC) was measured from
four dimensions including whether enterprises and competitors can adopt a positive attitude and
cooperative behavior; share information, technology and resources to improve competitive advantage;
standardize the relationship of responsibilities, rights, benefits and some behaviors in the process of
value co-creation; and establish a benefit distribution mechanism [90]. Value co-creation with retailer
(VCR) was also measured from four dimensions including whether enterprises and retailers could
adopt a positive attitude and cooperative behavior; receive retailers’ feedback in time and let retailers
participate in product design and development; standardize the relationship of responsibilities, rights,
benefits and some behaviors in the process of value co-creation; and establish a benefit distribution
mechanism [91].

4.3. Sample Selection

We chose automobile manufacturers in Mainland China as the main research objects. Before the
formal issuance of the questionnaire, we sent the questionnaire to the three senior managers of
the company. After filling in the questionnaire, we communicated with them, inquired about the
rationality of the questionnaire, and modified the questionnaire according to the opinions. We selected
150 manufacturing companies to conduct anonymous surveys on senior executives in the form of
electronic questionnaires. Each question was required to be answered to ensure the authenticity of the
information obtained. Each respondent was divided into four groups and it took one month to collect
the questionnaire. After each group had been completed, it sent a filling request for the next group.
If the previous group failed to fill in the questionnaire on time, it sent a reminder again. Finally,
we received a total of 115 available questionnaires with a response rate of 76.7%. The profile of the
interviewees and their companies can be seen in Table 1.
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Among the surveyed enterprises, 54% of them sent their Chief Officer (CEO) or middle manager
to participate in the interviews, 24% had been established for more than 20 years, one third of them
had an annual income of more than 2 billion yuan, and 90% were local private enterprises and
foreign-funded enterprises. Over 50% of the enterprises had environmental management system
certification, social responsibility management system certification, and quality management system
certification. A total of 84% of the enterprises provided staff training, and three quarters of enterprises
carried out total quality management.

Table 1. Descriptive items.

Characteristics Percentage (%)

Respondent’s Position

CEO 12
Middle manager 42

General staff 46

Age of the Firm (Number of Years)

Less than 5 25
5–10 34

11–15 13
16–20 4

More than 20 24

Annual Revenue (Million RMB Yuan)

Less than 50 23
50–100 27

100–200 10
200–2000 7

More than 2000 33

Ownership of the Firm

State-owned 9
Local private 58

Foreign 32
Joint venture 1

Environmental Management System Certification

Yes 66
No 34

Social Responsibility Management System Certification

Yes 54
No 46

Quality Management System Certification

Yes 75
No 26

Train Employees on Environmental Management

Never 16
Sometimes 58

Always 26

Total Quality Management

Yes 75
No 25

5. Results

5.1. Preliminary Study

In order to ensure that the collected data were suitable for all factor analysis, the Kaiser-Meyer-Olkin
(KMO) test was carried out. The KMO test result was 0.867, greater than 0.8, and the Bartlett’s test
showed a satisfactory result when p < 0.000, so the samples passed the reliability test, and factor
analysis could be carried out.

5.2. Exploratory Study

In this paper, SPSS 21.0 was used for exploratory factor analysis (EFA) to extract principal
component factors. As shown in Table 2, nine factors were obtained through principal component



Energies 2020, 13, 3902 11 of 23

analysis, and the cumulative explanatory variance of these factors was 82.7%. In addition, Cronbach’s
α coefficient was greater than 0.8, and the sample data were good, which shows that these nine factors
can be used to explain all measured items.

Table 2. Results of the exploratory factor analysis.

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9

GS1 0.812 - - - - - - - -
GS2 0.764 - - - - - - - -
GS3 0.695 - - - - - - - -
GS4 0.703 - - - - - - - -
GS5 0.710 - - - - - - - -
GS6 0.693 - - - - - - - -

VCS1 - 0.785 - - - - - - -
VCS2 - 0.778 - - - - - - -
VCS3 - 0.790 - - - - - - -
VCS4 - 0.811 - - - - - - -
VCC1 - - 0.828 - - - - - -
VCC2 - - 0.813 - - - - - -
VCC3 - - 0.830 - - - - - -
VCC4 - - 0.802 - - - - - -
VCR1 - - - 0.793 - - - - -
VCR2 - - - 0.727 - - - - -
VCR3 - - - 0.847 - - - - -
VCR4 - - - 0.835 - - - - -
LP1 - - - - 0.837 - - - -
LP2 - - - - 0.809 - - - -
LP3 - - - - 0.812 - - - -
LP4 - - - - 0.811 - - - -
LP5 - - - - 0.849 - - - -
LP6 - - - - 0.811 - - - -
LP7 - - - - 0.823 - - - -
CP1 - - - - 0.806 - - - -
CP2 - - - - 0.792 - - - -
CP3 - - - - 0.763 - - - -
CP4 - - - - 0.806 - - - -
CP5 - - - - 0.769 - - - -

CmP1 - - - - 0.857 - - - -
CmP2 - - - - 0.878 - - - -
CmP3 - - - - 0.860 - - - -

SP1 - - - - 0.762 - - - -
SP2 - - - - 0.789 - - - -
SP3 - - - - 0.805 - - - -
SP4 - - - - 0.803 - - - -
SP5 - - - - 0.820 - - - -

MA1 - - - - - 0.821 - - -
MA2 - - - - - 0.787 - - -
MA3 - - - - - 0.814 - - -
MA4 - - - - - 0.773 - - -
SCR1 - - - - - 0.874 - - -
SCR2 - - - - - 0.860 - - -
SCR3 - - - - - 0.894 - - -
SCR4 - - - - - 0.845 - - -
SCR5 - - - - - 0.876 - - -
SCR6 - - - - - 0.856 - - -
DC1 - - - - - 0.863 - - -
DC2 - - - - - 0.815 - - -
DC3 - - - - - 0.830 - - -
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Table 2. Cont.

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9

DC4 - - - - - 0.843 - - -
DC5 - - - - - 0.850 - - -
DC6 - - - - - 0.849 - - -
DC7 - - - - - 0.855 - - -
DC8 - - - - - 0.836 - - -
OP1 - - - - - - 0.881 - -
OP2 - - - - - - 0.849 - -
OP3 - - - - - - 0.838 - -
FP1 - - - - - - - 0.896 -
FP2 - - - - - - - 0.888 -
FP3 - - - - - - - 0.841 -
FP4 - - - - - - - 0.855 -
FP5 - - - - - - - 0.867 -
IP1 - - - - - - - - 0.862
IP2 - - - - - - - - 0.825
IP3 - - - - - - - - 0.823
IP4 - - - - - - - - 0.844
IP5 - - - - - - - - 0.915
IP6 - - - - - - - - 0.869
IP7 - - - - - - - - 0.840

Mean 4.250 4.202 3.940 4.178 4.079 4.010 4.140 3.953 4.075
S.D. 0.844 0.831 0.955 0.849 0.873 0.891 0.815 0.941 0.863

Cumulative
Percent

of
Variance

0.602 0.643 0.677 0.722 0.750 0.775 0.800 0.812 0.827

Cronbach’s
α

0.917 0.819 0.832 0.845 0.919 0.951 0.850 0.889 0.909

Note: please see Table 3 for the meaning of the abbreviations in Table 2.

5.3. Confirmatory Study

Confirmatory factor analysis (CFA) was used to verify the model. It can be seen from Table 3 that
standardized load coefficients were all greater than 0.8, and were significant when the confidence was
greater than 95%, and R2 was greater than 0.5. Through the confirmatory factor analysis test, it showed
that the measurement item structure was good and that the model could be accepted completely
(χ2 = 216.144, df = 114, χ2/df = 1.896, RMSEA = 0.061, CFI = 0.939, GFI = 0.868, AGFI = 0.835,
NFI = 0.880, TLI = 0.931).

Table 3. Parameter estimates of the confirmatory factor analysis.

Factor Item Standardized Factor Loading t-Value R2

Factor1: Green strategy (GS)

GS1 0.869 - 0.594
GS2 0.875 8.319 0.602
GS3 0.803 8.407 0.584
GS4 0.876 10.325 0.630
GS5 0.865 11.337 0.624
GS6 0.893 16.204 0.580

Factor 2: Value Co-creation with
supplier (VCS)

VCS1 0.890 - 0.517
VCS2 0.862 15.089 0.720
VCS3 0.819 13.730 0.690
VCS4 0.849 18.427 0.823
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Table 3. Cont.

Factor Item Standardized Factor Loading t-Value R2

Factor 3: Value co-creation with
competitor (VCC)

VCC1 0.831 - 0.785
VCC2 0.907 16.082 0.723
VCC3 0.886 17.656 0.779
VCC4 0.850 21.299 0.712

Factor 4: Value co-creation with
retailer (VCR)

VCR1 0.883 - 0.747
VCR2 0.844 8.692 0.596
VCR3 0.864 8.670 0.598
VCR4 0.804 9.407 0.548

Factor 5: External environment
pressure (EEP)

LE1 0.806 - 0.519
LE2 0.874 10.873 0.566
LE3 0.865 11.940 0.575
LE4 0.882 10.684 0.581
LE5 0.889 10.467 0.843
LE6 0.893 10.556 0.849
LE7 0.918 8.769 0.701
CE1 0.921 8.692 0.940
CE2 0.837 8.670 0.898
CE3 0.970 9.407 0.917
CE4 0.948 9.949 0.787
CE5 0.957 10.873 0.716
IE1 0.887 9.548 0.832
IE2 0.846 8.470 0.765
IE3 0.912 8.484 0.946
PS1 0.875 8.687 0.892
PS2 0.973 30.232 0.838
PS3 0.944 9.465 0.740
PS4 0.916 9.653 0.710
PS5 0.815 9.428 0.858

Factor 6: Internal environment
support (IES)

MA1 0.824 - 0.782
MA2 0.815 19.425 0.536
MA3 0.899 17.367 0.527
MA4 0.858 18.739 0.525
SCR1 0.819 20.846 0.516
SCR2 0.898 17.436 0.607
SCR3 0.803 16.239 0.572
SCR4 0.827 13.285 0.755
SCR5 0.860 12.459 0.562
SCR6 0.843 19.048 0.584
DC1 0.926 18.475 0.567
DC2 0.884 22.532 0.572
DC3 0.661 20.604 0.858
DC4 0.654 21.204 0.892
DC5 0.652 20.791 0.736
DC6 0.818 22.841 0.965
DC7 0.879 20.873 0.890
DC8 0.856 19.023 0.901

Factor 7: Operational performance
(OP)

OP1 0.869 - 0.754
OP2 0.880 8.697 0.722
OP3 0.982 9.732 0.830

Factor 8: Financial performance (FP)

FP1 0.943 - 0.772
FP2 0.949 20.620 0.961
FP3 0.868 21.703 0.871
FP4 0.849 24.339 0.812
FP5 0.911 21.661 0.578

Factor 9: Innovative performance (IP)

IP1 0.879 - 0.524
IP2 0.980 30.314 0.511
IP3 0.933 27.233 0.639
IP4 0.901 22.583 0.575
IP5 0.843 21.490 0.670
IP6 0.926 21.963 0.637
IP7 0.884 18.806 0.594

The results show that the t-value of each item was higher than the critical value, the significance
level was 0.05, and the R2 value of each variable was greater than 0.5. This is sufficient evidence of
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convergence efficiency. The discriminant validity was tested by comparing the mean variance (AVE)
extracted and the square correlation between structures. The results show that the AVE was greater
than 0.5, and the correlation coefficient between factors was less than AVE, indicating that there is
good discrimination validity between factors (see Table 4).

Table 4. Discriminant validity.

AVE GS VCS VCC VCR EEP ITE OP FP IP

GS 0.625 - - - - - - - - -
VCS 0.661 0.004 - - - - - - - -
VCC 0.725 0.021 0.021 - - - - - - -
VCR 0.682 0.003 0.152 0.160 - - - - - -
EEP 0.816 0.038 0.199 0.256 0.065 - - - - -
IES 0.809 0.010 0.002 0.011 0.242 0.087 - - - -
OP 0.811 0.025 0.116 0.106 0.007 0.039 0.145 - - -
FP 0.719 0.087 0.179 0.198 0.076 0.059 0.096 0.310 - -
IP 0.842 0.203 0.214 0.236 0.157 0.095 0.208 0.178 - -

5.4. Hypotheses Testing and Results

A hierarchical regression method was used to test the proposed hypothesis and passed the
multicollinearity test. To avoid the threat of multi-collinearity, the variance inflation factors were
computed, and the value of 1.37 revealed that the dataset was suitable for regression analysis [92],
thus dataset was suited for the regression analysis. Additionally, the value of the adjusted R2 of each
model confirmed that the output of the regression models was accepted.

As shown in Table 5, the significant coefficient of model 1 (β = 0.832, p < 0.001) indicates that
GS is positively correlated with VCS, thus supporting H1a; the significant coefficient of model 3
(β = 0.870, p < 0.001) indicates that GS is positively correlated with VCC, supporting H1b; and the
significant coefficient of model 5 (β = 0.778, p < 0.001) indicates that GS is positively correlated
with VCS, supporting H1c. Therefore, it shows that the green strategy is positively related to the value
co-creation behavior. Model 8 shows that value co-creation behaviors (VCS, VCC, VCR) have a positive
and significant effect on OP (p < 0.001), so H2 is accepted. The results of model 11 show that VCC is
positively correlated with FP (β = 0.520, p < 0.001) and VCR is positively correlated with FP (β = 0.231,
p < 0.05), but the relationship between VCC and FP is not significant, so H3b and H3c are accepted
and H3 is rejected. Similarly, the results of model 14 show that VCC is positively correlated with IP
(β = 0.321, p < 0.001) and VCR is positively correlated with IP (β = 0.368, p < 0.001), but VCC is not
significantly related to IP, thus accepting H4b and H4c and rejecting H4a.

The research results show that models 2, 4, and 6 test the moderating effect of ETE and ITE on the
GS and value co-creation behavior (VCS, VCC, VCR), indicating that ETE has a positive moderating
effect on GS and value co-creation behavior (VCS, VCC, VCR) (p < 0.05), while ITE has no moderating
effect on GS and value co-creation behavior (VCS, VCC, VCR), so it accepts H5a and rejects H6a.
Model 9 tests the moderating effect of EEP and IES on the value co-creation behavior (VCS, VCC, VCR)
and OP, indicating that EEP and IES have no moderating effect on the relationship between value
co-creation (VCS, VCC, VCR) and OP, thus rejecting H5b and H6b. Model 12 tests the moderating
effect of EEP and IES on value co-creation behavior (VCS, VCC, VCR) and FP and shows that EEP has
no moderating effect on the relationship between value co-creation behavior (VCS, VCC, VCR) and FP,
but IES has a positive moderating effect on the relationship between value co-creation behavior (VCS,
VCC, VCR) and FP (p < 0.05). Therefore, it rejects H5c and accepts H6c. Model 15 tests the moderating
effect of EEP and ITE on value co-creation behavior (VCS, VCC, VCR) and IP, indicating that EEP and
IES both have a positive moderating effect on the relationship between value co-creation behavior
(VCS, VCC, VCR) and IP (p < 0.05), so H5d and H6d is accepted.

In addition, in the study of control variables, firm age has a positive effect on FP, but has no effect
on OP and IP, while firm size and firm ownership have no effect on OP, FP, and IP.
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Table 5. Result of hierarchical regression analysis.

Model
VCS VCC VCR OP FP IP

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Independent Variable

GS 0.832 a 0.355 b 0.870 a 0.150 0.778 a 0.132 - - - - - - - - -
VCS - - - - - - - 0.125 a 0.849 - 0.177 1.168 - 0.189 1.650 c

VCC - - - - - - - 0.173 a 0.356 - 0.520 a 1.962 b - 0.321 a 1.086 c

VCR - - - - - - - 0.187 a 0.367 - 0.231 c 0.773 - 0.368 a 0.643

Moderator Variable

EEP ∗ GS - 0.052 c - 0.149 c 0.024 c - - - - - -
IES ∗ GS - 0.023 - 0.011 - 0.079 - - - - - -

EEP ∗ VCS - - - - - - - 0.509 - - 0.146 1.046 b

EEP ∗ VCC - - - - - - - 0.044 - - 0.108 0.087 c

EEP ∗ VCR - - - - - - - 0.378 - - 0.055 0.920 b

IES ∗ VCS - - - - - - - 0.274 - - 0.200 c 0.582 b

IES ∗ VCC - - - - - - - 0.284 - - 0.333 c 0.169 c

IES ∗ VCR - - - - - - - 0.569 - - 0.165 c 0.825 b

Control Variable

firm age - - - - - - 0.126 0.024 0.048 0.174 c 0.055 c 0.081 c 0.117 0.011 0.034
firm size - - - - - - 0.103 0.046 0.062 0.088 0.026 0.042 0.085 0.026 0.056

firm ownership - - - - - - 0.084 0.092 0.123 0.070 0.076 0.078 0.028 0.035 0.104
Constant 0.686 a 1.386 a 0.243 a 1.741 a 0.874 a 1.819 a 4.359 a 0.454 a 0.957 a 0.052 0.209 0.372 0.575 b 0.182 0.518

Adjusted R2 0.696 0.744 0.539 0.692 0.581 0.689 0.737 0.704 0.776 0.552 0.711 0.817 0.528 0.717 0.812

Note: a p < 0.001; b p<0.01; c p<0.05.
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6. Discussion and Implications

6.1. Effects of Green Strategy on Value Co-Creation Behavior

This paper conducted an empirical study on value co-creation behavior in the green supply chain.
First of all, this paper studied the impact of green strategy on value co-creation in the supply chain
where the results showed that VCS, VCC, and VCR had a positive impact, and the implementation of a
green strategy of manufacturers can effectively promote value co-creation among suppliers and other
supply chain members. At the same time, both corporate responsibility and public awareness attach
great importance to “green”, which proves the importance of co-creation under the green supply chain.
The establishment of a green strategy by the state and enterprises can promote enterprises to seek
more active ways to realize the strategy, and then effectively promote the green cooperation and value
creation between enterprises and other enterprises in the supply chain.

6.2. Enablers of Performance

The article found that there was a positive correlation between value co-creation behavior in the
supply chain and financial performance and innovation performance. Moreover, the nature of the
manufacturer also has an impact on performance, which is rarely mentioned in the literature on green
supply chains. Therefore, this study provides a new theoretical perspective.

Empirical results support H5 and H6, indicating that value co-creation behaviors are positively
related to manufacturers’ financial performance and innovative performance in green supply chains.
The results showed that value co-creation with suppliers was positively related to manufacturers’
operational performance, which confirmed H4a. The value co-creation of manufacturers and suppliers
can deepen the information sharing and cooperation between the two sides, improving the supply
efficiency of raw materials and the supply chain flexibility of manufacturing enterprises. However,
when it comes to value co-creation between manufacturers and competitors, the value co-creation
between manufacturers and retailers was not significant for operational performance, which indicates
that hypothesis H4b and H4c are not valid. Green co-creation requires manufacturers to invest more
money in technology for suppliers with a relatively weak technology level. Although it helps to
improve operational efficiency, it may lead to higher costs. At the same time, due to the low co-creation
degree of the sample enterprises in this paper, the innovation practice of suppliers cannot meet the
production needs of the market and manufacturing enterprises, so it cannot promote the production of
innovative products/services.

Regarding the influence of control variables on manufacturer performance, the results showed
that only firm age had a positive effect on the manufacturers’ financial performance. This indicates
that the age of the company is a major factor affecting corporate performance. Large companies with a
long history and good reputation are more likely to win the trust of other firms, thus promoting value
co-creation with other firms. However, the influence of firm size and firm ownership on performance
was not significant, and the results did not show that company size and ownership had an impact
on performance.

6.3. Effects of Moderators

This paper analyzed the moderating effect of external and internal contextual variables on the
relationship between value co-creation behavior and enterprise performance in a green supply chain.

The results shows that external environment pressure (EEP) had a positive regulating effect on the
relationship between green strategy (GS), value co-creation with supplier (VCS), value co-creation
with competitor (VCC), and value co-creation with retailer (VCR), while internal environmental
support (IES) had no significant regulating effect on the relationship between green strategy (GS),
value co-creation with supplier (VCS), value co-creation with competitor (VCC), and value co-creation
with retailer (VCR). This indicates that external contextual variables (legal environment, consumption
environment, industry environment) have positive effects on promoting value co-creation in the green
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supply chain. Effective policies such as green subsidies and the attention of suppliers, consumers, and
competitors to the green strategy can encourage enterprises to actively seek the realization channels
of green products, and then promote the co-creation of green value with upstream and downstream
enterprises. However, internal contextual variables (manager’s attitude, supply chain relationship,
digitization capability) have little effect on promoting value co-creation in the green supply chain.

At the same time, external environment pressure (EEP) had a positive moderating effect on
the relationship between co-creation behavior (value co-creation with supplier, value co-creation
with competitor, and value co-creation with retailer) and innovative performance (IP), while external
environment pressure (EEP) had no significant moderating effect on co-creation behavior (value
co-creation with supplier, value co-creation with competitor, and value co-creation with retailer) and
operational performance (OP) and financial performance( FP), indicating that good external contextual
factors can promote the improvement of enterprise innovation performance, but not for operational
performance and economic performance. This shows that good legal, production, and consumption
environments can promote enterprises to increase the degree of innovation in the development and
production of green products to design products more in line with the requirements, but at the same time,
it often needs to spend more money and manpower, resulting in its impact on financial performance,
and operational performance is not significant. Internal environmental support (IES) has no significant
moderating effect on co-creation behavior (value co-creation with supplier, value co-creation with
competitor, and value co-creation with retailer) and operational performance (OP) relationship, while
internal environmental support (IES) has a positive regulating effect on co-creation behavior and
the relationship between financial performance (FP) and innovative performance (IP), indicating
that a good internal enterprise environment has a positive effect on improving enterprise financial
performance and innovation performance, but has little effect on operational performance. This shows
that managers’ attention to green products can promote enterprises to invest more innovation costs
in the research and development of green products to improve the innovation performance of the
enterprise. At the same time, the higher the degree of digitalization the enterprise has, the less the cost
of replacing green products, so the financial performance is higher.

6.4. Theoretical Implications

This paper empirically analyzed the influence of different value co-creation modes on the enterprise
performance of the supply chain and contributes to green supply chains and value co-creation literature
in many ways. First, this paper studied the green supply chain from the perspective of value co-creation,
while most of the current studies on value co-creation are based on the general supply chain. Second,
this paper selected different types of value co-creation behaviors between manufacturers, suppliers,
competitors, and retailers on the factor selection of value co-creation behaviors. Third, this paper
considered the regulating effect of the internal environment and external environment. In the internal
environment, this paper innovatively analyzed the impact of digital capability on the performance of
the green supply chain of enterprises, which is more comprehensive than the related studies in the
previous literature. Fourth, unlike the previous literature, which focused more on the influence of
financial performance, this paper analyzed it from the three aspects of operational performance, financial
performance, and innovation performance in order to evaluate the influence of value co-creation in
green supply chains on enterprise performance from multiple aspects. Finally, the empirical research
of this paper paid more attention to the interaction between the model of value co-creation and other
influencing factors (such as internal and external environmental factors), which is unlike many studies
in previous research that only focused on the single influence of the model of value co-creation.

6.5. Managerial Implications

This study has some valuable management implications for manufacturers and governments. First,
manufacturers should actively adopt a green strategy, which has a positive effect on promoting value
co-creation behavior between manufacturers and their suppliers, competitors, and retailers. Second,
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manufacturers should actively seek friendly cooperation with other firms, which can help improve
the performance of firms such as financial performance, innovative performance, and operational
performance. Finally, the internal and external contextual factors of firms play a regulating role in
the mechanism of co-creation in the green supply chain. Therefore, the government should increase
the publicity of environmental protection awareness, guide the demand of firms and consumers for
green products, and create a good policy and consumption environment to reduce the pressure of
supply chain enterprises. Firms should strengthen their managers’ understanding of green production,
improve the level of digital management, establish friendly cooperative relations with upstream and
downstream enterprises in the supply chain, and improve the internal environment to promote green
value co-creation behavior in the manufacturing supply chain and improve the performance of firms.

7. Limitations and Future Research Lines

This article has some contributions in theory and practice, but still has some limitations. First
of all, the research object of this paper was domestic manufacturing firms, and there was no further
subdivision of enterprise type. Different types of manufacturing firms may face different situations.
Second, this paper only considered the co-creation behavior of two subjects in the supply chain, while in
actual operation, there may be more possibilities for the value co-creation behavior of firms. In addition,
from the perspective of organizational behavior and psychology, there is a certain gap between the
subjective perception of managers and the actual situation of the company during the investigation
process, which may lead to the conclusion of this article not being objective and unscientific [93].

Based on the main findings and limitations, we propose several questions that can be explored in
depth in future studies. First, the research object can be determined in more segmented manufacturing
enterprises such as automobiles, electronic parts, electrical appliances, etc. to make the empirical results
more accurate. Second, we can consider the impact of value co-creation between multiple entities in the
supply chain or between enterprises and the government on enterprise performance. Third, the model
can be considered to add coordination variables and control variables such as product diversity and
corporate reputation to make the model more fully studied. Fourth, we can consider expanding the
sample size and can choose enterprises from different countries or regions for comparison such as
comparing the implementation effect of value co-creation between Chinese enterprises and enterprises
from developed countries. Perhaps due to the differences in national policies and development
environment, we will obtain unexpected research conclusions.
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Appendix A

Table A1. Measurement items.

Factor Measured Variable Item

Green strategy (GS)

Managers are very willing to implement the green supply chain
strategy. GS1

Select environmentally friendly suppliers. GS2
Can carry out green design and green production for products. GS3
Can pay attention to the principle of resource conservation of

environmental protection. GS4

Advocate that consumers choose green products that are not polluted
or contribute to public health. GS5

Try to reduce the generation of harmful substances. GS6
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Table A1. Cont.

Factor Measured Variable Item

Value co-creation with supplier (VCS)

Can adopt positive attitude and cooperative behavior with suppliers. VCS1
Can jointly design products and systems to meet production

requirements. VCS2

There are norms about the relationship of responsibility, right, interest
and some behaviors. VCS3

Can establish the mechanism of interest distribution. VCS4

Value co-creation with competitor (VCC)

Can adopt positive attitude and cooperative behavior with competitors. VCC1
Can share information, technology and resources to improve

competitive advantage. VCC2

There are norms about the relationship of responsibility, right, interest
and some behaviors. VCC3

Can establish the mechanism of interest distribution. VCC4

Value co-creation with retailer (VCR)

Can adopt positive attitude and cooperative behavior with retailers. VCR1
Can receive retailers’ feedback in time and let retailers participate in

product design and development. VCR2

There are norms about the relationship of responsibility, right, interest
and some behaviors. VCR3

Can establish the mechanism of interest distribution. VCR4

External Environmental
Pressure (EEP)

Legal Pressure (LP)

There are national laws, regulations and standards on environmental
protection of manufacturing firms. LP1

There are local laws, regulations and standards on environmental
protection of manufacturing firms. LP2

There are laws, regulations, and standards related to environmental
protection in market. LP3

Relevant departments strengthen the supervision and management of
firms’ compliance with laws, regulations and standards related to

environmental protection.
LP4

Law enforcement personnel increase the punishment for firms that
violate relevant laws, regulations and standards. LP5

The government has increased financial subsidies to reduce the
pollution and damage of firms to environmental resources. LP6

Relevant policies issued by the government strongly support the
sustainable development. LP7

Consumers’ Pressure(CP)

Consumers’ social responsibility and awareness of environmental
protection are enhanced. CP1

Consumers’ expectations and requirements for green products and
product safety increase. CP2

The export of products shall meet the environmental protection
standards and safety standards. CP3

Consumers require us to have a good social and environmental image. CP4
Non-governmental organizations advocate social responsibility and

environmental protection. CP5

Competitors’ Pressure (CmP)

Leading firms in the industry have begun to implement sustainable
supply chain management. CmP1

Firms in the industry that have implemented sustainable supply chain
management perform well in terms of environment,

society and economy.
CmP2

Most firms in the industry have begun to implement sustainable supply
chain management. CmP3

Suppliers’ Pressure (SP)

Suppliers pay more attention to environmental protection. SP1
Suppliers put forward environmental protection requirements for

the firms. SP2

The firm has reached certain environmental partnership with suppliers. SP3
Suppliers can provide environmentally friendly or recyclable

raw materials. SP4

Suppliers can provide environmentally friendly or recyclable raw
material packaging. SP5

Internal Environmental
Support (IES)

Managers’ attitude (MA)

Top management believes that environmental protection is an
important part of corporate strategy. MA1

Senior managers support activities to improve social responsibility and
environmental performance. MA2

Top managers pay attention to corporate social responsibility and
require corporate behavior to meet environmental requirements. MA3

Senior managers are directly responsible for the work of
firm environment. MA4

Supply chain relationship
(SCR)

Firms and government departments have established friendly relations
at various levels. SCR1

Firms and major suppliers have established friendly relations at
multiple levels. SCR2

Different departments of the firms have established friendly relations at
multiple levels. SCR3

Firms and distributors have established friendly relations at
many levels. SCR4

Firms and retailers have established friendly relations at many levels. SCR5
Firms and suppliers have established friendly relations at

multiple levels. SCR6
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Table A1. Cont.

Factor Measured Variable Item

Digitalization capability (DC)

Managers have digital leadership. DC1
Firms have more information professionals. DC2

Digital facilities and information systems are widely used. DC3
The business object of the enterprise has been digitized by means of

mobile technology, etc. DC4

Can conduct digital contact analysis on the business of the enterprise. DC5
Business events and business decisions are driven by data analysis

and algorithms. DC6

Firms have digital based business model innovation. DC7
Firms’ IT capability can support digital transformation. DC8

Operational performance (OP)
Customer service level of the company has been improved. OP1

The company’s responsiveness has been improved. OP2
Decrease in customer complaints. OP3

Financial performance (FP)

Market share expansion. FP1
Increase in revenue. FP2

Decrease in total operating costs. FP3
The return on assets of has been improved. FP4
The inventory turnover cycle is optimized. FP5

Innovative performance (IP)

Often take the lead in launching new products/services in the industry. IP1
Often take the lead in applying new technologies in the industry. IP2

Cost increase of the manufacturer’s investment in product
transformation and innovation. IP3

Increase in the manufacturer’s intellectual property (including
application for patent, trademark and design, etc. IP4

The manufacturer’s innovative products have a good market response. IP5
Increase in sales revenue of innovative products. IP6

The manufacturer’s innovative products are highly irreplaceable. IP7
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