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Abstract: The mechanism of the impact of inter-firm social networks on innovation capabilities has
attracted much research from both theoretical and empirical perspectives. However, as a special
emerged and developing complex production system, how the scenario factors affect the relationship
between these variables has not yet been analyzed. This study identified several scenario factors
which can affect the firm’s technological innovation capabilities. Take the manufacturing scenario
in China as an example, combined with the need for firms’ ambidexterity innovation and green
innovation capability, a multi-objective simulation model is constructed. Past empirical analysis
results on the relationship between inter-firm social network factors and innovation capabilities are
used in the model. In addition, a numerical analysis was conducted using data from the Chinese auto
manufacturing industry. The results of the simulation model led to several optimization strategies for
firms that are in a dilemma of development in the manufacturing scenario.

Keywords: manufacturing scenario; inter-firm social network; ambidexterity and green innovation
capability; simulation

1. Introduction

This research focuses on how to combine scenario factors with previous technological
innovation theories to solve manufacturing firms’ development problems. It has been
widely accepted that technological innovation is a decisive factor in the development of a
country, a region, or an organization to win strategic advantages, competitive advantages,
or profit sources [1]. Environmental sound technological innovation has become one of
the hottest topics in recent years in manufacturing industries [2]. Leading and driving
development through green technological innovation has become an urgent requirement
for manufacturing firms’ development [3].

Meanwhile, the development of any firms, industries, and different countries is not
isolated but is connected by a variety of complex related networks [4]. Under the scenario of
global climate change, green technological innovation is the objective of each manufacturing
firm for future development on the base of the development of complex related networks [5].
Previous research has conducted much research on the relationship between inter-firm
social networks and innovation capabilities from both theoretical and empirical aspects [6].
Related theories include structural hole theory [7], weak correlation theory [8], network
centrality theory [9], network effect theory [10], open innovation theory [11], and complex
network theory [12].

The cross-over studies of the inter-firm social network theory and green technological
innovation, which consider the influence of scenario factors, can not only provide a deep
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understanding of the mechanism of internal and external factors affecting technological
innovation, but also can shed light on the impact of inter-firm social networks on manu-
facturing firms’ performance. In addition, from the perspective of practice, the inter-firm
social network structure and the coordination of internal and external resources could
be optimized. However, there is still a lack of analysis for the linking of the scenario
factors and the relationship between inter-firm social networks and different types of green
technological innovation.

The main objectives of this study are as follows. First, this study aims to grasp the key
impact factors of the scenario that affect the manufacturing firms’ technological innovation
and to sort out the existing research on the summarizing of the concept of manufacturing
scenario as an example. Second, this study aims to analyze the relationship between the
key scenario factors faced by manufacturing industries, inter-firm social networks, and
firms’ ambidexterity of technological innovation. Third, based on the results of previous
studies and data we collected, a numerical simulation analysis is conducted to find out
the optimal solution of the relationship between inter-firm social networks and innovation
capability in the Chinese auto manufacturing industry.

The possible contribution of this research is as follows. First, through a comprehensive
refinement of key scenario factors, this study summarized three aspects of scenario factors
faced by manufacturing industries: institutional scenario, economic scenario, and cultural
and environmental scenario. Second, a multi-objective programming simulation model,
which considers profit maximizing, inter-firm social network benefits, equilibrium of the
ambidexterity innovation, and green technological innovation, is established. Third, the
results of this study provide a theoretical basis for manufacturing firms to make their social
network strategies to achieve green technological innovation and for the government to
achieve policy goals by affecting inter-firm social networks.

The content of the remainder of this study is arranged as follows: Section 2 analyzes the
meaning of scenario factors faced by manufacturing industries, inter-firm social networks,
and ambidexterity green technological innovation through literature reviews. Section 3
describes the research design. Section 4 gives the mathematical and technical route of the
simulation model. Section 5 describes the results of the numerical simulation. Section 6
discusses the results and Section 7 summarizes the conclusion of this study.

2. Literature Review
2.1. Manufacturing Scenario Factors

Previous studies have analyzed the connotation of scenario factors from different per-
spectives. We summarized all the related literature about scenarios faced by manufacturing
industries in studies of technological innovation which we can get. From the view of the
content of the scenario, it can be divided into the institutional scenario, economic scenario,
and cultural environmental scenario.

First, researchers from the perspective of institutional scenario believe that the manu-
facturing scenario has the following characteristics: (1) There is an environmental protection
system that emphasizes energy conservation, emission reduction, energy tax, and carbon
tax in terms of the environmental system [13]; (2) From the perspective of the institutional
environment, manufacturing industries have characteristics of the incompleteness of poli-
cies, inter-regional institutional heterogeneous, and institutional uncertainty [14]; (3) The
role of government is a dilemma for the development of manufacturing industries [15].

Second, from the perspective of the economic scenario, the research shows that the
main characteristics of the global economic scenario faced by manufacturing industries are
as follows: (1) The manufacturing industries is in a transition period from traditional pro-
duction systems to a new system with more high-technologies and more environmentally
sound [16]. In this process, there is a relatively large gap between developing and devel-
oped countries in firms’ technological innovation capabilities [17]; (2) The organizational
network in the manufacturing scenario is unbounded in the supply chain cooperation [18].
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With the deep integration of global competition, the green technological transition is the
main challenge for the continued development of economic development [19].

Third, from the perspective of cultural and environmental scenarios, the main char-
acteristic of the current cultural and environmental scenario faced by manufacturing
industries are (1) Information technology is fully infiltrated, and informatization is the
core of the technological system changes [20]; (2) Cultural integration and exchange are
conducive to the innovation and development of the manufacturing industry [21].

The direction of future expected scenarios faced by manufacturing industries mainly
includes: The requirements for (1) ambidexterity development of organizations in the
manufacturing scenario [22]; (2) improving network capabilities [23]; (3) global integra-
tion [24]; (4) business model innovation [25]; (5) innovative entrepreneurship and the social
responsibility of manufacturing firms [26]; (6) the energy efficiency improvement and low
carbonization [27]; and (7) open innovation [28].

2.2. Inter-Firm Social Networks

The concept of the social network was first created in the study of sociology [8].
Researchers treat various subjects (such as a single person, firm, or other organization)
as players [7]. Due to the relationship of contracts or cooperation between firms, they
can exchange information and resources so that there is a wide network of relationships
between firms. Each firm’s network constitutes the firm’s third type of capital, which is
social capital [29]. A whole firm’s social network with structural characteristics, cognitive
characteristics, and relationship characteristics is also formed by all firm’s networks [7].
From the broadest perspective, since a single firm is both a node in the social network and
a set of multiple natural individuals, which also can be nodes in the social network, hence,
the broad meaning of the firm social network includes the relationship of intra-firm and
inter-firm. Both social networks have made certain progress in current research [6]. To
reduce the complexity of the study, this study uses a narrow concept of the social network,
that is, the inter-firm social network. The network between firms and firms, the network
between firms and universities or scientific research institutions, the network between firms
and intermediaries, and the network between firms and customers are the main constituent
units and structures of this narrowly defined inter-firm social network [30].

Although the same emphasis is placed on interrelationships between organizations,
there are differences in the concepts of clusters and inter-firm social networks. The concept
of clusters mainly comes from economic literature [31] especially related to spatial geogra-
phy. The concept of social networks mainly comes from sociological literature [32]. The
clusters emphasized the returns to scale within a region [33]. The social network empha-
sized the type of linkage and its benefits. The nature of the cluster is the agglomeration and
“open membership”, which means substituting the formal structures or strong long-term
relations with the local resource pool [34]. However, there is nothing inherently spatial
about the social network because of its “path dependence” for one actor [6]. In this study,
the relationship that brings benefits to the firm is not limited to the association caused by
geographical location, but also the structure of its connection, so we use social networks
instead of clusters.

2.3. Ambidexterity Green Technological Innovation

After the ‘Earth Summit’, which was held in Rio de Janeiro, Brazil in 1992, a se-
ries of notions related to a green and sustainable economy attracted attention from both
scholars and practitioners [35], such as bio-economy [36], industrial ecology [37], circular
economy [38], and cleaner production [39]. In this study, we define green technological
innovation as technological innovation, which is environmentally sound and can be used
to support the transition toward sustainability [2]. The factors that drive the firm’s green
technological innovation include both internal and external factors [40]. The scene outside
the firm provides a firm with a platform and environment for cooperation, competition,
or supply and demand relationships with customers, suppliers, distributors, manufac-
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turers, universities, or intermediaries [41]. When embedding in social networks, on the
one hand, firms can collect market intelligence information, which provides the basis for
the direction of innovation of the products or services [42]. On the other hand, the firm
can make use of not-here inventions or the extroverted marketization of idle technology
through open innovation. Through the influence of these two aspects, firms can absorb and
integrate external knowledge and resources, which is conducive to the improvement of
green technological innovation [43].

Specifically, the scenario of institutional, economic, and cultural environmental faced
by manufacturing firms have a certain impact on the results of social network characteristics
and green technological innovation, e.g., Zhou, et al. [44] found that the government
social capital of TMT is positively related to firms’ innovation performance and firms’
network prestige plays a mediating role in this relationship. Mansell [45] found that
research concerning changes in the techno-economic paradigm cautioned that assessments
of these changes needed to go beyond market dynamics to examine social, cultural, and
political issues.

It can be found that previous research on the firm’s green technological innovation
in the manicuring scenario has analyzed the use of internal and external knowledge
and resources, as well as the openness and exploratory nature of innovation from their
respective perspectives. Therefore, the ambidexterity green technological innovation of
firms is a critical perspective that studied the key factors to innovation in the manufacturing
scenario [46]. Therefore, the ambidexterity-balanced and green innovation capability is the
future pursuit of the manufacturing scenario in the field of technological innovation. The
research on the law of a firm’s social network and its impact on the ambidexterity green
innovation capability has significance in both theoretical and practical aspects.

3. Research Design

Due to the lack of consideration of scenario factors, previous research on the relation-
ship between manufacturing inter-firm social networks and green technological innovation
capabilities is usually aimed at various factors inner firm. The typical research paradigm
is to regard the firm’s social network as the cause variable and the firm’s technological
innovation as the result variable. Then, the other properties are used as intermediate vari-
ables in these research models [9]. Related research methods of previous research usually
include parametric methods and non-parametric methods. Parametric methods mainly
include econometric models [47], stochastic frontier analysis [48], and multiple regression
analysis [49]. Non-parametric methods mainly include game-theory-based analysis [50],
DEA analysis [51], and qualitative research [52].

One of the contributions of this study is that the manufacturing scenario factors’
consideration in the relationship between inter-firm social networks and ambidexterity
green technological innovation. The research object goes beyond the boundaries of the
firm. Hence that the inter-firm social network is not only the main independent variable
but also an intermediate variable between scenario factors and ambidexterity green
technological innovation. In addition, in the relationship system of related variables,
not only the ambidexterity green technological innovation of the firm is the object of
optimization, but also the firm’s social network. Moreover, scenario factors put forward
directional requirements for the optimization of the two factors. These characteristics
require that the research design of this study must satisfy not only the logical relationship
between the variables in the model but also the synergy of optimization of the variables.
Therefore, this study adopts a multi-objective planning simulation method combined
with qualitative analysis methods. The specific research framework and implementation
route are shown in Figure 1.
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To address the question of the optimization strategy of the relationship between inter-
firm social networks and the firm’s ambidexterity green technological innovation in the
manufacturing scenario, this research designed the following research framework and
technical route (as shown in Figure 1).

First, based on a review of past research, the key factors that affect ambidexterity green
technological innovation in the manufacturing scenario were clarified, and a diagram of the
path of influence was drawn. This stage mainly adopts the method of subjective qualitative
data analysis, that is, sorting and coding the related research in the past, and deriving the
influence path relationship mechanism between various variables [53].

Second, based on the results of path analysis, this study built a simulation model.
Since there are many requirements for the development of the firm’s innovation capabilities,
this study built a multi-objective planning simulation model. The establishment of the goal
system is based on the economic output of ambidexterity green technological innovation.
Referring to past technological innovation models, we regard maximizing benefits as the
basic objective. Then, combining the relationship between the scenario factors, the inter-
firm social network, and the firm’s innovation capability, we established the ambidexterity
innovation objective, the objective of minimizing environmental pollution, and the social
network benefit objective.

Third, based on the measurement results of the relationship between the influencing
factors in the past research and the real data of the auto industry companies in China,
specific numerical simulations are carried out. We collected and used the results of previous
research on the relationship between variables in the Chinese auto industry as simulation
data so that the experiment fits the manufacturing scenario.

Fourth, this study concludes and puts forward strategic recommendations to optimize
inter-firm social networks and the firm’s ambidexterity green technological innovation
under the influence of key factors in the manufacturing scenario.

4. Path Analysis and Simulation Model Setting
4.1. Inter-Firm Social Network Benefit Objective
4.1.1. Path Analysis

Manufacturing scenario factors of the cultural environment require firms to pursue
more favorable social network positions. First, the production system of modern manu-
facturing has always emphasized cooperation and exchange domestically and overseas
through collaboration between industry, universities, and research institutes and supply
chain collaboration [54]. This system has achieved significant performance. Therefore, the
knowledge environment, knowledge sharing level, and relationship network construction
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are important situational factors that influence the technological innovation of manufac-
turing firms [55]. Second, the increasing attention to absorptive capacity, social network
theory, and open innovation theory shows the importance of organizational cross-border
cooperation behavior for technological innovation [52]. The formation of innovation in the
manufacturing scenario is highly dependent on the relationship between the organization
and other organizations, such as governments, suppliers, customers, and universities [47].
Therefore, the construction of the national innovation system will affect the level of innova-
tion capabilities of manufacturing enterprises.

4.1.2. Objective Function

In a manufacturing scenario, the knowledge-sharing environment, relational network,
and national innovation system make the social network benefits generated able to be
divided into direct social network benefits and indirect social network benefits. Further,
the level of social network benefits is affected by the absorptive capacity. Therefore, there
are the following objective functions:

maxNsocial network bene f it
t =

y

∑
t=0

βd
i Dt−i +

y

∑
i=0

βb
i Bt−i (1)

where the variables in capital letters all represent n-th order column vectors, t represents
the period in which the variable in. At the t-th period, Nsocial network bene f it

t represents the
social network efficiency of firms; Dt−i represents the scale of the direct link of the firm
at the i-th time-lag order; βd

i represents the coefficient of the influence of the direct social
network scale on the total social network benefit at the i-th time-lag order. Bt−i refers to the
scale of the indirect link of the firm at the i-th time-lag order; βb

i represents the coefficients
of the influence of the indirect social network scale on the total social network benefit at the
i-th time-lag order. The objective of limiting conditions include:

Dt = α1Cresource input f or social network
t

Bt = α2Cresource input f or social network
t

(2)

where α1 and α2 represent the influence level of the input for the social network on the scale of
the direct social network and indirect social network, respectively. Cresource input f or social network

t
represents the available resources of the firm for the development of social networks during
t-th period.

4.2. Balance of the Ambidexterity Technological Innovation Objective
4.2.1. Path Analysis

Manufacturing scenario factors of economics require firms to pursue a balance of
ambidexterity and technological innovation. The development of manufacturing firms’
technological innovation has certain characteristics. On the one hand, technological inno-
vation development in manufacturing industries relies on learning from the experience
of other players, which means there is a norm of imitating innovation [56]. On the other
hand, the development of high-tech industries and emerging industries emphasizes the
disruptive innovation strategy [57]. These scenario factors have formed the current sit-
uation of the co-existence of incremental innovation and breakthrough innovation [41].
Therefore, manufacturing technological innovation has the objective of the balance of am-
bidexterity innovation. The resources must be balanced between the levels of two types
of innovation [22].

4.2.2. Objective Function

This study sets the ambidexterity innovation as product innovation and production
technology innovation. At the same time, according to past research, indirect social network
effects mainly affect breakthrough innovation, and direct social network effects mainly
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affect progressive innovation. The objective of the balanced ambidexterity innovation could
be expressed by the following:

maxAproduct technology innovation
t = α3ND

t Cinput f or the product technology innovation
t−1

∫
α4dt

maxAproduct innovation
t = α5α6NB

t Cinput f or the product innovation
t−1

(3)

where Aproduct technology innovation
t and Aproduct innovation

t represent the benefit of production
technological innovation and product innovation at time t, respectively.
Cinput f or the product technology innovation

t−1 and Cinput f or the product innovation
t−1 represent the input

of production technological innovation and product innovation at the i-th lag order of
time t, respectively. α3 and α4 represent the patents increasing because of the produc-
tion technological innovation and its price effect, respectively. α5 and α6 represent the
patents increasing because of product innovation and its yield effect, respectively.

4.3. Objective of Minimizing Environmental Pollution
4.3.1. Path Analysis

Manufacturing scenario factors of the institution require firms to pursue the objective
of minimizing environmental pollution. First, the world is currently facing various severe
environmental problems. An environmentally sustainable system that pulls and pushes the
green technological innovation of firms in manufacturing is necessary [5]. Second, as many
countries’ governments increasingly emphasize ecological and environmental civilization,
society and the market are increasingly encouraging the firm’s behavior of green innovation
and social responsibility innovation [16]. Therefore, the cultural environment of the firms’
ethical environment will also affect the manufacturing industries’ innovative behavior.

4.3.2. Objective Function

Therefore, in the ambidexterity context of policy pressure and social ethical incentives,
manufacturing enterprises have an environmental pollution minimization objective:

minCcost o f pollution
t = α7(t−1)Qt − α8α9Cinput f or control pollution

t−1 (4)

where Ccost o f pollution
t represents the actual emission cost of the firm during the t-th period.

α7(t−1) represents the pollution cost per unit product at the 1 order lag of time t. Qt represents
the output of the firm. α8 and α9 represent the number of patents increased per unit of
emission reduction input and the emission cost reduction per patent can save, respectively.

4.4. The Objective Function of Profit Maximization
4.4.1. Path Analysis

In the research on technological innovation, product orientation is accepted by
most researchers [58]. In the socialist market economic system, innovation emphasizes
market-oriented competition. Hence that product orientation and market orientation
are also important guiding factors for the development of innovation capabilities of
manufacturing firms [59].

4.4.2. Objective Function

In this situation, manufacturing firms have the objective of maximizing profits. This
study sets the income of a firm as the product of output and product price. The above anal-
ysis reflects that the firm’s input includes product R&D investment, production technology
innovation investment, and emission reduction technology investment. In addition, the
firm’s cost should also include the production cost per unit of product taxes payable, so the
objective function of profit maximization is:
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maxπt = Rt − Cproduct
t − Cinput f or product technology innovation

t
−Cinput f or product innovation

t − Cinput f or pollution discharge rights
t −

Cinput f or pollution control technology
t

(5)

where Rt represents the firm’s income. πt means the revenue of the firm. At the same time,
since the input in period t often depends on the income of the previous period, hence that
this study set the following equation:

Rt = (Aproduct technology innovation
t + Qt)∗

max(Aproduct innovation
t , pt)

Cproduct
t = α10Rt

Cinput f or product technology innovation
t = α11Rt

Cinput f or product innovation
t = α12Rt

Cinput f or pollution control technology
t = α13Rt

α11 + α12 = 1

α11 =
ND

t
ND

t +NB
t

(6)

where α10, α11, α12, and α13 represent the ratio of the cost of production, the input of product
technology innovation, the input of product innovation, and input of pollution control
technologies in total income in the t − 1 period.

5. Numerical Simulation Based on the Chinese Automobile Industry
5.1. Data Description and Initial Values

This study selects the firms’ data of the automobile industry among Chinese listed
companies for the simulation. In the automobile manufacturing category (by the WIND
industry classification) listed on the Chinese A-share market, we found that there are
16 firms whose main products in the past three years are completed vehicle businesses.
These firms including Jiangling Motors Co., Changan Automobile Co., FAW Car Co.,
FAW Xiali Automobile Co., BYD Co., Dongfeng Motor Co., SAIC Motor Co., FOTON
Co., Jianghuai Automobile Co., King Long Motor Co., Sokon Industry Group Stock Co.,
Guangzhou Automobile Group Co., Great Wall Motor Co., and Lifan Industry Co. The
data of these firms are used as the basis for numerical simulation to set the initial values.
At the same time, three companies, FAW Xiali Automobile Co., Dongfeng Motor Co.,
and Lifan Industry Co., whose output and sales have been declining in 2016–2018 were
selected as the key analysis objects. The measurement methods and collected data of
each variable are shown in Table 1.

5.2. Numerical Simulation Results
5.2.1. Firms’ Profit Evolution without R&D

Some Chinese auto companies are currently facing both sales and price decline
pressure. In the case of the price and sales volume decreasing with the average decline
rate of 2015–2016 and operating costs remaining unchanged without innovation input
changing, the simulation flowchart is shown in Figure A1. The simulation results are
shown in Figure 2. Figure 2 shows that the declining trend of FAW Xiali, Dongfeng
Motor, and Lifan in 10 years is more obvious, and the companies face huge problems in
sustainable development.

5.2.2. Incremental Innovation Capability Enhanced

To reverse the decline, based on the analysis in the above chapters, consider the firm
using a certain proportion of R&D investment to improve its product technology innovation
capability. First, based on the industry’s average R&D investment level (2.4118 percent of
income), the number of patents increased per 100 million yuan of investment (100, past
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research results), and the average sales growth per patent (500, according to the motor
industry data calculation), and the sales increase value that each patent may bring is used
as the sensitivity analysis variable. The simulation flowchart is shown in Figure A2. As
shown in Figure 3, when the sales increase of each patent is 100, the profits of the three
companies have improved in the short term, but they still cannot recover the decline in the
long term.

Table 1. Initial values and data sources of variables.

Var Calculation Method Data Source

Qt Car Sales Volume of each company in 2016–2018 FS
pt

Total Vehicle Sales o f Each Enterprise in 2018
Automobiles Sales Volume in 2018

FS
Csocial network

t The business reputation of each company at t year FS

α1, α2
α1 = Average Annual Increase in Degree Centrality

Average Annual Increase in Business Reputation

α2 = Average Annual Increase in Betweenness Centrality
Average Annual Increase in Business Reputation

FS

βd
i , βb

i
The coefficient of the effect of degree centrality and betweenness

centrality in i-th order time lag on the social network benefit PL

α3, α5 α3 = α5 = Average Annual Increase in Patents
Average Annual Increase in R&D Expense

FS

α4, α6
α4 = Average Annual Change in Price

Average Annual Increase in Patents

α6 = Average Annual Change in Yield
Average Annual Increase in Patents

FS

α7(t − 1)
Expense on Pollution Emission

Yieldt−1
FS

α9
Average Decrease o f Unit Production Cost o f Pollution Emision

Average Annual Increase on Patents
FS

α10, α11, α12, and α13

α10 = cost of production/total incomet-1
α11 = α12 = R&D Expense/total incomet-1

α13 = Cost on Pollution Emission of Each Production
FS

Note: FS: Financial Statements; PL: previous literature.
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5.2.3. Product Innovation Capability Enhanced

To solve the problem of long-term decline, consider that the enterprise will invest a
certain amount of R&D expenses to develop new products. Similarly, set the initial value
of the industry’s average R&D investment level, the increasing number of patents per
100-million-yuan investment, and the average price increase brought by each patent as
2.4118 percentage of income, 100 and 22.099 million CNY (calculated based on data from
the automotive industry). The simulation flowchart is shown in Figure A3. The simulation
results are shown in Figure 4. It can be seen that when companies are pursuing product



Systems 2023, 11, 39 10 of 18

innovation capabilities, for Dongfeng Motor and Lifan Industry co., firms’ profits will
decline in the short term, but will rise after reaching the lowest point. However, for FAW
Xiali, due to its obvious downward trend in recent years, it is difficult to turn the crisis into
a safe situation within the predictable range under the current industry’s average product
innovation capability input.
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5.2.4. Considering Social Networks Effect and Ambidexterity Innovation

Based on previous research, the increase in business reputation and intangible assets
can be used as a driving force for the increase of inter-firm social networks, the degree of
centrality influences production technology innovation capability, and the betweenness
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centrality influences product innovation capability. According to the calculation of the
automobile industry data, the average increase rate of business reputation and intangible
assets is 0.172279, the degree centrality increase from a 100-million-yuan business reputation
is 1.697282, and the betweenness centrality increase per 100 million yuan is −0.00055. The
lag effect of the degree and betweenness centrality is derived from the calculation results
in past studies. The simulation flowchart is shown in Figure A4. The results are shown in
Figures 5 and 6. As can be seen from Figure 6, under the current average level of social
network structure in the industry, automotive industry companies are more affected by
indirect networks, corresponding to the current overall downward trend in the automotive
industry, companies are looking for breakthrough technological changes and innovations.
According to the simulation analysis of this study, if reasonable R&D investment can be
made according to the industry average, as shown in Figure 5, with the increase in the
proportion of breakthrough innovation investment, Dongfeng Motor and Lifan will have a
manager’s performance under the current technical framework. The process of rising first
and then descending, and then undergoing a new period of rapid growth due to product
upgrades. However, FAW Xiali’s investment in R&D at the current industry average level
still cannot restore the decline.
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5.2.5. Consider the Environmental Regulation’s Effect

According to “People’s Republic of China Environmental Protection Tax Law imple-
mentation regulations” annexed “Environmental protection tax item tax table” calculates
the average pollution tax per car is 114 CNY. According to the calculated results by Shi
et al. [60], the sewage cost (185 CNY) can be saved for each additional patent. Wang and
Qian [61] showed that in addition to environmental efficiency and economic efficiency of
environmental tax deductions, corporate environmental investment also has social benefits
for stakeholders, such as consumers, residents, investors, and creditors. Ye Tong’s (2018)
research showed that investment in emission-reduction technology has a significant impact
on corporate goodwill. The simulation flowchart is shown in Figure A5. The results are
shown in Figures 7 and 8. As can be seen from the comparison between Figures 7 and 8,
when a company makes a certain amount of emission reduction investment, on the one
hand, the innovation brought by the emission reduction investment can reduce emissions,
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thereby reducing the corresponding emission costs, on the other hand, because with the
increase of goodwill and intangible assets, emission reduction investment can affect perfor-
mance through the enterprise’s social network effect. Eventually, the company’s emission
costs have dropped significantly (Figure 7), while the company’s profits will not decline
significantly (Figure 8).
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6. Discussion

Based on the combination of scenario analysis theory, social network theory, and tech-
nological innovation theory, this research establishes a mechanism model of scenario factors
and inter-firm social networks affecting ambidexterity green technological innovation. Real
data are used to carry out a simulation based on a multi-objective programming model.
By comparing with previous literature, the results of this study can draw the following
theoretical and practical implications.

6.1. Relationship with the Existing Literature

Previous studies have summarized a variety of theoretical factors that have a direct
impact on firms’ green technology innovation. Such as firms’ internal R&D funds and per-
sonnel, and external search and absorptive capacity [62]. However, the impact of scenario
factors, such as environmental changes, is usually regarded as an uncontrollable exogenous
variable [63]. This study argues that these scenario factors can be systematically classified
and internalized as the specific goals of firms’ technological innovation. The inter-firm
social network plays an important mediating role in this theoretical system. An important
premise behind this is that previous research has found that firms can actively adjust their
social network resources in order to achieve the goal of technological innovation [6].

6.2. Contributions and Suggestions

This study presents a theoretical mechanism with multi factors including scenario
factors, inter-firm social networks, and ambidexterity green technological innovation. Sim-
ulation modeling and numerical case analysis help this research to discover the firms’
multi-objective operation system under this theoretical framework. In this system, the
economic transformation, institutional change, and cultural environment requirements
make firms produce the strategic goal of maximizing income through balanced ambidex-
terity green technology innovation and the investment of firms in their social networks
conducive to the accomplishment of this strategic goal. The implications of these results
can be classified into the following perspectives.

First, for firms and innovators, the simulation model and results of this study show
that the strategic goals of firms are influenced by scenario factors. The impact of different
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scenario factors means that firms should establish different goals. There is a systematic
relationship between these goals. The lack of goals based on the judgment of the scenario
factors may lead to the failure of the firm’s innovation. A reasonable investment in inter-
firms’ social networks is an important guarantee for establishing correct goals, discovering
innovation opportunities, and obtaining innovation resources. Therefore, firms should
fully consider the influencing factors and transmission mechanisms in different scenarios,
to realize the construction of the social network and the development of innovation abilities
that are beneficial to themselves. For example, in the global manufacturing network,
China and Chinese firms have a special position. There are many different forms of
innovation in China, such as imitation innovation, improved innovation, and independent
innovation. Additionally, the whole world is facing a huge problem of environmentally
sustainable development. These scenario factors put forward higher requirements on the
dynamic management capabilities and network dynamic capabilities of firms in China.
Specifically, the simulation analysis of this study shows that the investment of firms in
emission reduction is not only conducive to saving their emission costs, but also conducive
to firms’ reputation.

Second, for the government and policymakers, the suggestion is to promote the con-
struction of a social network platform that is widely participated by all subjects in society.
So, the national innovation system is developing towards green, product-oriented, and
multi-sectoral cooperation. The simulation paths and results of this study support the view
that the inter-firm social network is a type of resource that can be rewarded in varying
proportions through active management. Further, the cost reduction and income increase
of this resource are not enough only through the operation of the firm itself. The estab-
lishment of a more effective social network also requires the government to build a more
complete digital technology facility and supply chain development platform, and make the
knowledge provided by public R&D more closely integrated with industrial development.

7. Conclusions

The simulation results of this study show that the interaction of the three scenario
factors of institutional, economic, and cultural environment in the manufacturing industries
results in the need for multi-objective development of the firm.

First, the market-oriented driven force and the social-network-based technological
innovation strategies provide a fierce market competition environment and opportunities
for innovation for manufacturing firms. In the fierce market competition, the firm’s R&D
investment determines the firm’s profit, and different directions of R&D investment have
different impacts on firms’ short-term and long-term operations. These orientations include
ambidexterity reforms of technology, incremental innovation aimed at reducing costs and
improving production efficiency, and breakthrough innovation aimed at changing the
current production structure. Incremental innovation is conducive to the short-term growth
of firms, while breakthrough innovation is conducive to the long-term growth of firms.
Firms must review the situation and determine whether they should pursue short-term
growth or long-term breakthrough in the current market scenario.

Second, the cultivation of knowledge-sharing is emphasized by manufacturing indus-
tries. The inter-firm social network is important to the development of firms. Therefore, the
construction of the national innovation system makes it necessary for firms to pursue their
social network benefits. The simulation results of this study show that inter-firm social
network is an effective tool for firms to make decisions when reviewing the situation and
the situation. The local network’s growth is conducive to the improvement of the firm’s
incremental innovation, while the indirect global network centrality is conducive to the
improvement of the firm’s breakthrough innovation. However, firms are also limited by
the local centrality and global centrality of their social networks to a certain extent, so they
should pay attention to their social network development planning to maintain the balance
of ambidexterity innovation.
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Third, there is currently a need for manufacturing firms to reduce environmental
pollution by promoting both government environmental policies and social advocacy for
corporate responsibility. The simulation results of this study show that the joint efforts of
government, society, and firms can achieve a win-win situation for both enterprise and
environmental benefits. Firms’ R&D investment in reducing emissions can effectively
reduce pollutant emissions and discharge costs [64]. However, firms may face the problem
of input costs exceeding cost savings. Therefore, the encouragement and promotion of
government and society are necessary for emission reduction activities by firms. The
increase in the goodwill of firms and the social network effect could alleviate this problem
and even benefit the firms.

However, this study also has the following limitations and corresponding future
research plans. First, in the simulation model of this research, only one specific social
network among enterprises is set. There are many types of inter-firm social network links,
such as links with the customer, links with suppliers, and links with competitors. Different
types and strengths of social network links may have different effects on the realization of
innovation goals. Therefore, future research needs to extend the model to different types
of social network links. Second, the investment benefits of green innovation and social
network effects are idealized in the simulation model of this study. In practice, there is a
relatively large risk in innovation activities [65]. Previous studies have shown that proper
social network embedding is beneficial to reduce this risk, but it cannot eliminate this risk.
How to better play the role of inter-firm social networks depends on further research.
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