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Abstract: Green innovation in the manufacturing industry has been widely recognized. Although
green innovation can create economic, social, and ecological value, it is also a high-risk activity.
We must facilitate and protect the value of green innovation through scientific and systematic
management of the risks generated in the process of innovation. The primary task of risk management
is risk identification. Therefore, based on the perspective of the global value chain, this paper identifies
the risk of green innovation in the manufacturing industry using the research method of grounded
theory. By examining the interview records of 25 manufacturing enterprise executives, we summarize
and identify the four major risks and 31 risk factors of green innovation. The empirical results of
this paper are as follows: (1) the green innovation risks of the manufacturing industry under the
global value chain include green R&D risks under the global value chain; manufacturing risks under
the global value chain; marketing risks under the global value chain; service risks under the global
value chain. (2) Green R&D risks under the global value chain include seven risk factors; green
manufacturing risks under the global value chain include 10 risk factors; green marketing risks under
the global value chain include nine risk factors; green service risks under the global value chain
include five risk factors.

Keywords: manufacturing industry; green innovation; risk identification; influence factor;
grounded theory

1. Introduction

Since the 1980s, the accelerated development of production and trade globalization has become a
significant feature of the world economy. Globalization has accelerated the international movement
of the production of elements, such as commodities, capital, and technology, thereby promoting
the optimal allocation of resources all over the world. It has also changed the original methods of
production, consumption, and management, producing new market opportunities [1]. Realizing
globalization requires the organization and governance of the global value chain. However, under the
background of the global value chain, China’s manufacturing industry is always embedded in the
global value chain in a low-end manner. Akin to the famous “smile curve”, our manufacturing industry
is at the low-end of the global value chain. Because its independent innovation capacity is very weak,
our country has a subordinate position and is dominated in the global value chain [2]. If we want
to change this situation, we need to participate in the international division of labor through the
global value chain to improve the country’s independent innovation capacity and expand its green
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market. We also need to move toward a high value-added area in the global value chain through green
innovation activities to stabilize the position of China’s manufacturing industry in the global value
chain, thereby enhancing China’s competitiveness in the international market.

Since the founding of new China 70 years ago, the manufacturing industry has been at the forefront
of China’s economic and social development. This industry is an important source of technological
innovation and provides a material guarantee of living standards. With the continuous expansion
of the scale of the manufacturing industry, this industry is poised to become a “Chinese miracle” in
the history of the country’s economic development. As the pillar industry of the national economy,
China’s manufacturing industry is facing increasingly prominent environmental problems. China’s
manufacturing industry is likely to continue on its development track of high consumption and high
pollution [3]. The “13th Five-Year Plan” notes that the full implementation of green manufacturing is
one of the most important strategic tasks in China and is the only way to become a strong manufacturing
country. “Made in China 2025” emphasizes that green development is an important guideline in the
process of the manufacturing industry’s transformation [4]. The green technology development of
the manufacturing industry must rely on green innovation. “Green” and “innovation” can improve
the ability of independent innovation and expand the green market, which is the power source of
the transformation in sustainable development from “made in China” to “created in China [5]”.
Green innovation of the manufacturing industry refers to the inclusion of green technology, products,
processes, organization, management, and systems in the manufacturing industry [6]. Moreover,
although green innovation can create economic, social, and ecological value, it is also a high-risk
activity [7]. The implementation of green innovation in the manufacturing industry entails several
high-level uncertain risks. If the innovation activity fails to achieve its expected goals, huge losses
may occur. At present, uncertain risk factors are the biggest obstacle to the improvement of green
innovation in the manufacturing industry, so risk management is important [8]. To create better
economic, social, and ecological value, we need to manage the risk of green innovation scientifically,
objectively, and effectively. The identification of green innovation risk cannot determine whether
different risk factors affect green innovation activities or the impact degree [9]. Therefore, accurately
identifying the risks of the manufacturing industry in the process of value promotion in the global
value chain through green innovation is key to the success of green innovation in the manufacturing
industry [10].

Unlike the existing research perspectives of domestic and foreign scholars on manufacturing
green innovation risk, this paper studies the risk of manufacturing green innovation based on global
value chain theory and manufacturing green innovation risk theory. Combined with the characteristics
and actual situation of China’s manufacturing green innovation, grounded theory is introduced into
manufacturing green theory under the global value chain. In the process of qualitative analysis of
the innovation risk, in-depth interviews were conducted to investigate the risk of green innovation in
the manufacturing industry under the global value chain, and an influencing factor model of green
innovation risk in the manufacturing industry of China, rooted in the global value chain, was obtained.
Compared with the general qualitative descriptions and analyses of green innovation risk in the
manufacturing industry, this study uses more standardized research logic and reasonable research
steps and combines the research situations while enhancing the rigor and persuasiveness of the relevant
theory. To a certain extent, this study enriches the theoretical research on green innovation risk of the
manufacturing industry under the global value chain for the manufacturing industry, while decision
making and risk prevention provide the references. Secondly, this paper studies the risk of green
innovation in the manufacturing industry from the perspective of the global value chain. It improves
the research framework of green innovation risk in the manufacturing industry under the global value
chain and comprehensively investigates the impact of green R&D risk, green manufacturing risk,
green marketing risk, and green service risk on manufacturing under the global value chain. This study
thus breaks through the limitations of previous one-sided micro research on the impact of green
innovation in industry, deeply analyzes the causal relationship between the risks, and constructs a risk
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relationship model of green innovation in the manufacturing industry under the global value chain,
thus providing a supplement for research on green innovation risk in the manufacturing industry
under the global value chain.

The research contents of this paper are as follows: the second part reviews the documents related
to green innovation risk management. The third part designs the identification method of green
innovation risk factors. The fourth part provides the identification process of green innovation risk
factors. The fifth part outlines the results and models risk identification. The sixth part discusses the
conclusions and research direction for the future.

2. Literature Review

2.1. Green Innovation Risk

Green innovation was first proposed by E. Brawn and D. Wield (1994) [11]. Green innovation
has different appellations according to different disciplines of scholars and different purposes of
researchers. Therefore, green innovation is often called ecological innovation, environmental innovation,
environment driven innovation and sustainable innovation [12]. However, in the process of green
innovation, due to the uncertainty of external environment, the difficulty and complexity of green
innovation activities, and the limitation of innovators’ own ability and strength, green innovation
activities cannot achieve the expected goal. It can be seen that green innovation has uncertain risks,
as scholars all over the world have different views on the concept of green innovation risk. Abernathy,
an American scholar, believed that the innovation risk can be avoided because the risk is caused by a
lack of information [13]. Otway, a risk expert, regarded risk as a disaster and argues that risk relates to
technology [14]. George (2002) and others maintain that the risks of enterprise technological innovation
include seven factors: R&D risk, production risk, financial risk, market risk, policy risk, cultural
risk, and management risk [15–17]. Linquiti Peter (2012) and Scott F. Latham (2009) believed that
technological innovation risk cannot be ignored; in the evaluation process of R&D projects, it must be
listed in the R&D project evaluation system as an important factor [18]. Miorando (2014) summarized
12 risk types and 43 risk factors in the process of technological innovation by reviewing the existing
literature [19]. Chinese scholars also have different ideas on the concept of green innovation risk. Zhao
argued that innovation risk can cause corresponding losses when the risk information is not clear,
while Gong maintained that the uncertainty of risk is the fault of human judgment because people are
uncertain about development trends [20]. Chen and Xu (2017) argued that innovation and risk are
important issues in development [21]. Therefore, scholars at home and abroad have analyzed green
innovation risk from both a subjective and objective perspective. Green innovation risk is inherently
uncertain. People cannot accurately determine risk development at a subjective level, so the risk at an
objective level is even more unpredictable.

2.2. Related Factors of Green Innovation

In recent years, many scholars have studied the factors of green innovation. Most scholars
believe that green innovation is largely influenced by government regulations, market pulling
forces, and technological promotion. Yang and Bi (2018) constructed a transmission mechanism of
green innovation power among industrial enterprises in the open economy from three perspectives:
the technological driving force, the market driving force, and the environmental regulation driving
force [22]. Horbach (2012) summarized the driving factors of green innovation into four aspects:
technological promotion, market pushing, regulation incentives, and internal factors of enterprises [23].
Saunila et al. (2018) maintained that green innovation is driven by economic and institutional pressure
and can create value in social sustainability. El-Kassar and Singh (2018) developed and tested an overall
model for the relationship between green innovation and its driving factors, as well as the factors
that help overcome technological challenges, affect enterprise performance, and offer competitive
advantage [24]. Fernando et al. (2019) extended the concept of green business by studying an original
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conceptual framework, proposing that service innovation capability mediates the relationship between
sustainable organizational performance and environmental innovation [25].

2.3. Risk Identification of Green Innovation

In the basic process of risk management, the first step of risk management is risk identification
(Zhou and Xue, 2002). Qualitative analysis is a common method for risk identification (Wu, 2000).
Generally, literature analysis, the flow chart method, fault tree analysis, and risk lists are used in risk
identification. Trott (2006) summarized the relevant risks [26]. Baryannis et al. (2019) identified the risks
in each link of the system through a flow chart and emphasized the correlation between risk factors [27].
Ma and Li (2016) identified the risks of the Harbin–Mudanjiang railway project [28]. Liu et al. (2016)
described the logical relationship between different levels of risk in low-carbon breakthrough innovation
under the global value chain through a risk list based on the Hall Three-dimensional model [29].

Above all, existing studies mainly focus on empirical analysis, producing in-depth analyses on
the most prominent risks. Scholars have paid the most attention to the influencing factors of risk,
risk management, and other aspects. The models and conclusions obtained are not very stable and
cannot systematically reflect the overall situation of green innovation risk. At present, the theoretical
research foundation of green innovation risk for the manufacturing industry under the global value
chain is insufficiently mature. If one takes China’s provincial panel data as the research object, there are
some limitations. In view of this problem, the present paper introduces the qualitative research method
of grounded theory to identify the risk of green innovation in the manufacturing industry based on the
background of the global value chain to compensate for the deficiency of the relevant research.

3. Research Method and the Design of Risk Factor Identification

3.1. Research Methods

In the 1960s, the American sociologists Glaser and Strauss proposed grounded theory. Grounded
theory refers to a research method used to explore and summarize the causes of a certain phenomenon
by collecting and analyzing data in a standardized and systematic way. This theory provides a type of
bottom-up method to standardize the relevant qualitative research. Usually, researchers do not set any
theoretical hypotheses before the research starts, as this model is only based on the original interview
data and relevant practical experience. Although it is supported by certain empirical evidence and
does not take empirical research as its theoretical framework, this model abstracts new concepts from
empirical facts, thereby forming new ideas. Unlike other qualitative research methods, grounded
theory pays more attention to the integrity and practicality of theoretical construction [30]. After many
years of development, grounded theory has been gradually applied to management, education, religion,
and many other areas [31–34]. The research flow of grounded theory is shown in Figure 1. Grounded
theory is a breakthrough in qualitative research methods that perfectly solves the problems that other
qualitative research methods cannot. The standardization and normalization of grounded theory
compensate for the problems and deficiencies in other qualitative research methods. The research
results of green innovation risk in the manufacturing industry under the global value chain are lacking
theoretical support. At the same time, in past studies, most of the research on green innovation risk in
the manufacturing industry under the global value chain adopted the quantitative research method
of using a large sample questionnaire survey to test a theoretical hypothesis. Instead, this paper
uses the qualitative research method of grounded theory to identify the green innovation risk of the
manufacturing industry under the global value chain, as this method has good applicability for the
research situation of the present study.
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Figure 1. The research flow of grounded theory. 
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To closely fit the research background of this paper and realize the effective identification of 
green innovation risk in the manufacturing industry under the global value chain, the interviewees 
in this paper are all from medium-sized and larger enterprises. They are thus well-educated middle-
level managers of high-quality enterprises. Fassinger and other scholars note that in the study of 
grounded theory, the appropriate number of survey samples is 20–30. According to the categorical 
determination of the sample number in the coding process, it is appropriate to select the frequency 
of concept words that appear more than 2–3 times in the data [36]. Under the principle of strictly 
ensuring theoretical saturation, this paper selects 25 manufacturing enterprises as its samples. The 
sample enterprises are all large and medium-sized manufacturing enterprises. These enterprises 
belong to the general equipment manufacturing industry; special equipment manufacturing 
industry; transportation equipment manufacturing industry; the computer, communication, and 
other electronic equipment manufacturing industries. The composition of the interviewees is shown 
in Figure 2. 
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In this study, 25 interviewees were interviewed one-on-one to investigate and analyze the risk 
factors of green innovation in the manufacturing industry. The interview time of each interviewee 
was controlled for more than one hour, and during the interview, we focused on the adjustment of 
atmosphere and rhythm to accurately understand the opinions and views of the interviewees on the 
risk factors of green innovation. The content of each interview mainly focused on measures to 
improve green innovation and the factors affecting the implementation effect of green innovation, 
such as “What is the main motivation and the purpose of green innovation in your company?”, 
“Under what circumstances will your company carry out green innovation?”, “What resources and 
capabilities does your company have to implement green innovation?”, and “What factors can 
promote low carbon and conservation in the management and operations of your company?” [37]. 
Through in-depth interviews, we obtained 25 enterprise interview records. Due to the large industry 
span of the sample enterprises, we checked the interview records to ensure that the chosen 
interviewees reflected the authenticity of green innovation in the manufacturing industry. We 
randomly selected 20 enterprise interview records as the original coding analysis materials for the 
research on identifying the influencing factors of green innovation risk in the manufacturing industry 
of the global value chain using grounded theory. The remaining five interview records were used as 
the theoretical saturation test materials for the identification results of grounded theory and as the 
basis for re-verification of the identification and aggregation results [28]. Finally, we analyzed the 
data through open coding, axial coding, and selective coding. To ensure the reliability and validity, 
we strictly followed the steps of categorical induction and model construction in the process of 
coding. We then conceptualized and categorized the interview materials and modified and deleted 
controversial concepts and categories on the basis of the experts’ opinions to avoid the influence of 
the coders’ subjectivity and improve the objectivity of the coding [38]. 

Figure 1. The research flow of grounded theory.

3.2. Selection of the Research Objects

To closely fit the research background of this paper and realize the effective identification of green
innovation risk in the manufacturing industry under the global value chain, the interviewees in this
paper are all from medium-sized and larger enterprises. They are thus well-educated middle-level
managers of high-quality enterprises. Fassinger and other scholars note that in the study of grounded
theory, the appropriate number of survey samples is 20–30. According to the categorical determination
of the sample number in the coding process, it is appropriate to select the frequency of concept
words that appear more than 2–3 times in the data [35]. Under the principle of strictly ensuring
theoretical saturation, this paper selects 25 manufacturing enterprises as its samples. The sample
enterprises are all large and medium-sized manufacturing enterprises. These enterprises belong to the
general equipment manufacturing industry; special equipment manufacturing industry; transportation
equipment manufacturing industry; the computer, communication, and other electronic equipment
manufacturing industries. The composition of the interviewees is shown in Figure 2.
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3.3. Data Sources and Collections

In this study, 25 interviewees were interviewed one-on-one to investigate and analyze the risk
factors of green innovation in the manufacturing industry. The interview time of each interviewee
was controlled for more than one hour, and during the interview, we focused on the adjustment of
atmosphere and rhythm to accurately understand the opinions and views of the interviewees on the
risk factors of green innovation. The content of each interview mainly focused on measures to improve
green innovation and the factors affecting the implementation effect of green innovation, such as
“What is the main motivation and the purpose of green innovation in your company?”, “Under what
circumstances will your company carry out green innovation?”, “What resources and capabilities does
your company have to implement green innovation?”, and “What factors can promote low carbon and
conservation in the management and operations of your company?” [36]. Through in-depth interviews,
we obtained 25 enterprise interview records. Due to the large industry span of the sample enterprises,
we checked the interview records to ensure that the chosen interviewees reflected the authenticity
of green innovation in the manufacturing industry. We randomly selected 20 enterprise interview
records as the original coding analysis materials for the research on identifying the influencing factors
of green innovation risk in the manufacturing industry of the global value chain using grounded
theory. The remaining five interview records were used as the theoretical saturation test materials for
the identification results of grounded theory and as the basis for re-verification of the identification and
aggregation results [27]. Finally, we analyzed the data through open coding, axial coding, and selective
coding. To ensure the reliability and validity, we strictly followed the steps of categorical induction and
model construction in the process of coding. We then conceptualized and categorized the interview
materials and modified and deleted controversial concepts and categories on the basis of the experts’
opinions to avoid the influence of the coders’ subjectivity and improve the objectivity of the coding [37].

4. Identification Process of the Green Innovation Risk Factors

4.1. Open Coding

Open coding is a data integration process in which all the original interview materials are scattered,
and then the original interview content is analyzed, extracted, coded, labeled, and logged in line by
sentence to determine the concept categories and realize the conceptualization and categorization of the
interview content. After the interview, we sorted more than 1000 original sentences and corresponding
initial concepts. After sorting and analyzing this content several times, we eliminated the initial
concepts that appeared fewer than three times. Finally, we abstracted 31 concept categories from the
data. Considering the limited space of this article, we only selected some categories and initial concepts
through open coding, as shown in Appendix A.

4.2. Axial Coding

According to the axial coding steps, we obtained more strict main categories based on open
coding. Throughout the analysis, we found some potential logical relations among the 31 independent
categories obtained by open coding. According to the internal relations between the different categories,
we reclassified them, thereby obtaining four main categories. Table 1 shows the corresponding axial
coding categories of each main category.

4.3. Selective Coding

According to the steps of selective coding, we used axial coding to determine the main categories.
By analyzing the relationship between each main category, we found the causal relationship between
the core category and the main category and then described the phenomenon and context structure as
a “storyline”. This logical storyline formed the bases of the “grounded” theory.
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Table 1. The results of the axial coding.

Main Categories Corresponding Categories The Connotations of Categories

Green R&D risk under the
global value chain

Proportion of global green R&D
personnel investments

In the process of global green R&D,
the proportion of relevant R&D
personnel to the total number of

employees in the world.

Proportion of global green R&D
investments

In the process of global green R&D,
the proportion of R&D investment in

operating revenue.

Stability of global green R&D

In the global green R&D process of the
manufacturing industry, due to the

complex, advanced, and mature
characteristics of green technology,
green technology and its changes

are uncertain.

Life cycle uncertainty of global
green R&D

In addition to personnel and capital
investment, R&D also needs time to

invest. Due to the high complexity of
green R&D, the length of time for new
green technology to replace the green

technology under development
is uncertain.

Stability of global green
technology applications

The possibility that the low-orbit
green technology being developed

will be replaced by other, more
advanced, high-orbit

green technology.

The difficulty of the international
transfer of green technology

Green innovation technology can be
transferred from one party to another.

The success or failure of green
technology diffusion and the

achievement of transformation in
different regions is mainly limited by
the supply capacity of the technology

providers. Another reason is the
maturity of the technology itself.

International protection of green
technology patents

To limit the abuse of intellectual
property rights, relatively uniform
international laws will be produced

through the coordination of
international intergovernmental

organizations in accordance with the
relevant provisions of various

countries’ intellectual property rights
to protect green technology patents.
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Table 1. Cont.

Main Categories Corresponding Categories The Connotations of Categories

Green manufacturing risks
under the global

value chain

Proportion of global green
manufacturing personnel

investments

In the global green manufacturing
process of the manufacturing industry,

the number of manufacturing
personnel accounts for the proportion
of global employees in the enterprise.

Proportion of global green
manufacturing investments

In the global green manufacturing
process of the manufacturing industry,
the amount of manufacturing capital

investment accounts for the
proportion of the enterprise’s global

operating income.

Production scale of global green
manufacturing products

In the global green manufacturing
process of the manufacturing industry,
the number of land resources, human
resources, machines, and equipment
resources invested in manufacturing

green products.

Requirements of global green
manufacturing products on the
technical performance of raw

materials

To produce green products, the
material and performance indexes of

raw materials must meet the
requirements of the process.

Quality and performance levels of
global green manufacturing

products

The quality and performance of green
products produced in the global green

manufacturing process of the
manufacturing industry are good

or bad.

Global outsourcing scale of green
products

Enterprises in other countries
complete the processing and

manufacturing activities assigned by
their own countries to complete a
certain link or process, and in this

process, the number of manufacturing
contracts undertaken by enterprises in
other countries provides the scale of

global outsourcing.

International OEM scale of green
manufacturing products

In the global green manufacturing
process of the manufacturing industry,
OEM enterprises can provide the scale

of green products according to the
requirements of the client.

The transformation of global green
manufacturing technology

To better produce green products, an
enterprise transforms its existing

equipment according to the presence
of higher technology.

Compatibility of the existing
international production system

and green innovation

The integration degree of the existing
international manufacturing system

and green technology in the
manufacturing industry.

Global green manufacturing cost
increases

In the global manufacturing process of
the manufacturing industry, due to
the influence of the carbon emission

system, carbon taxes, and other factors
in various countries, the enterprise
faces considerable extra expenses to
increase the production costs of its

green products.
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Table 1. Cont.

Main Categories Corresponding Categories The Connotations of Categories

Green marketing risks
under the global

value chain

Proportion of global green
marketing staff investments

In the global green marketing process
of the manufacturing industry,
the number of marketing staff

accounts for the proportion of the total
number of employees in

the enterprise.

Proportion of global green
marketing investments

In the process of global green
marketing of the manufacturing

industry, the proportion of marketing
funds in operating revenue.

International demand level of
green products

In the international market, the total
amount of green products in the

manufacturing industry for which
consumers have purchase intentions

that can be realized.

International market recognition
of green products

In the international market,
consumers’ affection for and

satisfaction with the green products in
the manufacturing industry.

International market share of
green products

The proportion of manufacturing
green products in the international
market sales of similar products.

Competition intensity of green
products in the

international market

The total quantity, ability, and unfair
competition of competitors producing

green innovative products on the
global market.

Green products’ share of existing
international marketing channels

The utilization of existing marketing
outlets in the sales process of green

products in the
manufacturing industry.

Commercialization and
internationalization of green

technology

The enterprise transforms green R&D
achievements into green products and
makes full use of various resources at

home and abroad in cross-border
economic cooperation.

The intensity of green technical
barriers to trade in the

international community

The extent to which trade protection
in the international community

hinders the sale of green products on
the international market.
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Table 1. Cont.

Main Categories Corresponding Categories The Connotations of Categories

Green services under the
global value chain

Proportion of global green service
staff investments in the
manufacturing industry

When enterprises provide green
services on the international market,

the number of their service staff
accounts for the proportion of the total

number of employees.

Proportion of global green service
investments in the

manufacturing industry

When enterprises provide green
services on the international market,
the amount of service funds accounts
for the proportion of business income.

Coverage of global green service
outlets in the

manufacturing industry

The proportion of the number of
outlets provides green services based

on the total number in all
market areas.

Global level of the green product
supply chain in the

manufacturing industry

The degree of the cross circulation of
business flow, logistics, information
flow, and capital flow from a global

perspective in the process of
enterprises purchasing raw materials

and parts of green products
(manufacturing intermediates, to
products, to final products) and

delivering green products to
consumers through sales channels.

Global after-sale technical service
ability of green products in the

manufacturing industry

The service quality and efficiency of
the installation configuration,

use guidance, and fault handling.
The service quality and efficiency of

information inquiry, customer
information acquisition, consultation,

and technical training provided by
the enterprises.

Table 2 shows the typical relational structure of the main categories in this paper. Through an
in-depth investigation and analysis of the four main categories, we identified the core category of
“green innovation risk in the manufacturing industry”. In the storyline of “green innovation risk in
the manufacturing industry”, green R&D risk under the global value chain, green manufacturing
risk under the global value chain, green marketing risk under the global value chain, and green
service risk under the global value chain have significant impacts on the green innovation of the
manufacturing industry.

4.4. Theoretical Saturation Test

In this paper, the interview data of the remaining five enterprises were coded repeatedly to verify
the typical relational structure of “Green innovation risk in the manufacturing industry under the
global value chain”.

Take H company as an example. During the “13th Five-Year Plan” period, as the leader of energy
conservation and related functions in the industry, H company used the “smart energy conservation
ecosystem” as its development strategic plan. It carried out green innovation activities and provided
its consumers with world-leading green products. H company established a comprehensive scientific
research base through alliances with enterprises from the United States, Japan, Germany, and other
countries to realize the iterative replacement of its core technologies. By the end of 2017, the sales
volume of H company in the washing machine industry ranked first in several countries for several
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consecutive years, and its invention patents also ranked first for several consecutive years. In 2018,
H company was selected as one of the most innovative enterprises in the world for the third time
and was the only selected brand among domestic appliance enterprises. In the “The second batch of
green manufacturing system construction demonstration list in 2017”, published on the website of the
Ministry of Industry and Information Technology, H company accounted for 16 of the 26 refrigerators
shortlisted and was the brand with the largest number of publicized products in the industry. At the
same time, H company was included in the list of “green supply chain management demonstration
enterprises”, so it had obvious advantages in green manufacturing technology. In 2020, in the list of
the top 100 most valuable global brands of Brand Z, 17 Chinese brands were included. H company was
once again listed as the world’s only Internet of things ecological brand. Its brand value significantly
improved, and its global ranking increased from 89th to 68th. In terms of service, it adhered to the
concept of “everything for users” for the products and services it provided to users. It also ensured the
quality of its product’s services. To accurately meet the needs of its users, the company applied its
own technology and global integrated technical resources to carry out product innovation. In this way,
the company discovered potential customer service value propositions, making mass customization
possible. H company not only has a competitive advantage in R&D but is also a first-class after-sale
service. It is impossible for other companies to imitate this company’s after-sale service teams or the
construction of an after-sale system in a short period of time.

Table 2. The results of the selective coding.

Typical Relational Structure Connotations of the Relational Structure

Green R&D risk under the global value chain
→ Green Innovation

The proportion of R&D personnel investments, R&D capital
investments, the stability of R&D, uncertainty of the R&D

life-cycle, the difficulty of the international transfer of
technology, and international protection of the technology

patents have an important impact on the green innovation of
the manufacturing industry.

Green manufacturing risk under the global
value chain→ Green Innovation

The proportion of manufacturing personnel investment,
the proportion of manufacturing capital investment,

the production scale, the degree of technical performance
requirements of raw materials, the quality and performance

level of manufactured products, the scale of global
outsourcing, the scale of OEM, the degree of technological
transformation, existing international production systems,

the compatibility of green innovation, and the increase rate of
costs play an important role in the green innovation of the

manufacturing industry.

Green marketing risk under the global value
chain→ Green Innovation

The proportion of marketing staff investment, the proportion
of marketing capital investment, the level of international
demand, the recognition degree of green products on the

international market, the international market share,
the competitive intensity of the international market,

the share of green products in the existing international
marketing channels, the level of technological

commercialization and internationalization, and the intensity
of technical trade barriers within international society play

an important role in the green innovation of the
manufacturing industry.

Green service risk under the global value
chain→ Green Innovation

The proportion of service staff investment, the proportion of
service capital investment, the coverage of the service outlets,

product supply chain globalization, and global after-sale
technical service capacity play an important role in the green

innovation of the manufacturing industry.

Above all, the interview materials of H company are in line with the storyline of the core category
of green innovation risk of the manufacturing industry under the global value chain, including green
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R&D risk under the global value chain, green manufacturing risk under the global value chain, green
marketing risk under the global value chain, and green service risk under the global value chain. Next,
we again coded and tested the interview data of the remaining four enterprises. The coding results
showed that no new category was introduced in the process and also confirmed the core category
“the risk of green innovation under the global value chain”. This indicated that the category code and
the storyline had good theoretical saturation, so sampling could be stopped.

5. Risk Identification Results and Model Interpretation

Through the open coding, axial coding, selective coding, and theoretical saturation tests on the
interview data, we constructed the risk relationship model of green innovation in the manufacturing
industry under the global value chain, as shown in Figure 3.
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Figure 3. Risk relationship model of green innovation in the manufacturing industry under the global 
value chain. 
Figure 3. Risk relationship model of green innovation in the manufacturing industry under the global
value chain.

5.1. Green R&D Risk under the Global Value Chain

Global green innovation R&D risk refers to the risks that may occur in the R&D stage of
green innovation [38] and mainly includes seven factors: the stability of global green research and
development, the uncertainty of the global green research and development life cycle, the proportion
of global green R&D capital investment, the difficulty of the international transfer of green technology
in the manufacturing industry, the proportion of global green R&D personnel investment, and the
international protection of manufacturing green technology patents [39]. As a highly professional
activity, the research and development of green innovation requires relevant personnel with rich
knowledge and experience, as well as sufficient R&D funds to ensure the innovation process. If R&D
personnel and capital investments are insufficient, the success rate of green innovation will be affected.
On the other hand, the risk of R&D comes from the immaturity of green innovation technology [40].
When enterprises transfer their technology, the uncertainty of the international transfer of green
innovation will have negative effects on green innovation. The effectiveness of the international
protection of intellectual property is also a key factor [41]. Once the innovation cannot be effectively
protected, it will be easily imitated by competitors, which will threaten the benefits of the innovation
and increase the risk of green innovation.
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5.2. Green Manufacturing Risk under the Global Value Chain

Global green innovation manufacturing risk mainly refers to a failure of innovation due to the
uncertainty of relevant factors and their changes in the manufacturing process [42]. The risk of green
manufacturing under the global value chain includes 10 factors: the proportion of manufacturing
personnel investment, the proportion of manufacturing capital investment, the production scale,
the degree of technical performance requirements of raw materials, the quality and performance level
of manufactured products, the scale of global outsourcing, the scale of original equipment manufactuce
(OEM), the degree of technological transformation, the existing international production system and
the compatibility of green innovation, and the increase in cost. To ensure the mass production of green
products, sufficient manufacturing personnel and funds are essential [43]. In the process of green
innovation, the manufacturing industry puts forward new requirements for the process, equipment,
and raw materials. Global outsourcing is a better way to solve the problems of insufficient production
conditions and low added value in manufacturing. At this time, changes in the global outsourcing
scale also carry risks. Moreover, the scale of OEM will lead to competition for orders among the
agents in the international market]. At the same time, the production constraints of the government or
international organizations will increase the cost of the production process.

5.3. Green Marketing Risks under the Global Value Chain

Green marketing risks under the global value chain include nine factors: the proportion of global
green marketing staff investment, the international market competition intensity of green products,
the proportion of global green marketing capital investment, the recognition degree of green products
on the international market, the international market share of green products, the share of green
products in the existing international marketing channels, the international demand level of green
products, the level of globalization and internationalization of green technology, and the intensity
of green technical barriers to trade in the international community. In the global green innovation
marketing stage, if there is no sufficient guarantee of marketing staff and funds, the risk of all marketing
activities will be increased. The uncertainty of the international market also has a great impact at this
stage. If the demand for green products in the manufacturing industry changes in the international
market, the recognition degree of such products will not be high, and the international market share of
green products in the manufacturing industry will become too small; moreover, because international
market competition is fierce, it will become difficult to use existing international marketing channels.
Therefore, it is important for the success of new product marketing to occupy many existing marketing
channels [44]. In addition, the commercialization, industrialization, and internationalization of green
innovation in the manufacturing industry; the degree of globalization of the green supply chain in the
manufacturing industry; the green technical trade barriers in developed countries will also affect the
implementation of green marketing activities [45,46].

5.4. Green Service Risks under the Global Value Chain

The risks of green services under the global value chain include five factors: the proportion
of global green service staff investment, the proportion of global green service capital investment,
the coverage rate of global green service outlets, the globalization level of the global green product
supply chain, and the global after-sale technical service ability of green products. Human capital and
capital investments are the core resources of the service activities in manufacturing enterprises and
directly affect the efficiency and effectiveness of innovative product services [47]. The coverage of
service outlets is an important factor to check and balance the service ability of the manufacturing
industry. The establishment of a perfect service network can improve service efficiency, reduce
service costs, and assist the successful promotion of product innovation activities. At the same time,
the implementation of “green supply chain management” by large multinational enterprises will also
hinder the development of Chinese enterprises and become a new threshold. After-sale technical
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services, also known as after-sale technical support, are used for installation and configuration,
providing operational instructions, and handling faults in sold products (processes and services),
as well as handling information inquiries, customer information acquisition, consultation, and technical
training [48,49]. This type of service helps achieve high customer satisfaction and plays a significant
role in promoting the market share of products (processes and services).

6. Conclusions

Under the background of the global value chain, the implementation of green innovation is not
only the goal but also the means. The implementation of green innovation is an independent and
self-reliant road suitable for the development of China. It is also the key to realizing the transformation
of China’s manufacturing industry from “high consumption, high pollution, and low output” to
“low consumption, high output, and low pollution”. On the other hand, China’s manufacturing
industry lacks core technology. In the division of labor of the global value chain, China’s characteristics
of abundant labor and rich resources remain locked in the low-end link. To ameliorate this situation, it is
necessary to realize green innovation in the manufacturing industry to complete the country’s ascension
in the global value chain. However, green innovation is highly uncertain and risky. By identifying the
risks in the process of green innovation, we can reduce these risks, promote the green transformation
of the manufacturing industry, and provide a theoretical basis and practical guidance for enterprise
managers and policy makers.

Green innovation is an important problem that the manufacturing industry will face. According
to the process of grounded theory based on the systematic collection and the analysis of original data,
and through the process of open coding, axial coding, and selective coding, this study identified the risks
of green innovation in the manufacturing industry against the background of the global value chain:
(1) Green innovation risk under the global value chain includes seven factors: the stability of global
green research and development, the uncertainty of the global green research and development life cycle,
the proportion of global green innovation investment, the difficulty of the international transmission
of the manufacturing industry’s green technology, the proportion of global green researchers’ input,
stability of technology, and international protection of the manufacturing industry’s green technology
patents. (2) Green manufacturing risks under the global value chain include ten factors: the staff

proportion of manufacturing, the proportion of capital investments in manufacturing, the production
scale, the requirements of the raw materials’ technical performance, the quality and performance
of the products, the scale of global outsourcing, the scale of OEM, technological transformation,
the compatibility of the existing international manufacturing system and green innovation, and increases
in cost. (3) Green marketing risks under the global value chain include nine factors: the proportion of
global green marketing staff input, the international market competition intensity of green products,
the proportion of global green marketing’s capital investment, the recognition of green products in the
international market, the international market’s share of green products, the share of green products in
existing international marketing channels, the international demand level of green products, the level of
globalization and internationalization, and the intensity of green technical trade barriers in international
society. (4) The risk of green services under the global value chain includes five factors: the proportion
of global green service staff input, the proportion of global green service capital investment, the fraction
of the coverage of the global green service network, the globalization level of the global green product
supply chain, and the global after-sales technical service ability for green products.

This study’s innovative research into the green innovation risk identification of China’s
manufacturing industry under the global value chain obtained valuable results. The results of
this study will help deepen our comprehensive understanding of green innovation risk and provide a
reference for the development of green innovation activities and risk management in the manufacturing
industry. This study also provides a theoretical basis for further research. In the future, we will
measure the risks identified in this paper by establishing a risk index system and constructing a risk
measurement model. Determining the necessary prevention and control measures of risks according
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to the measurement results will be the key element of related research in the future. However,
due to the limited time, theoretical level, and research ability of our research, and at the same time,
the selection of samples being restricted by the region, the number of samples being too small, and the
representativeness needing to be improved, in future research, we will increase and improve the
enterprise area and enterprise scale to obtain more accurate analysis data.
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Appendix A

Table A1. Open Coding Categorization.

Number Category Original Data (Initial Material)

1 Proportion of global green
R&D personnel investment

A3 The staff of the R&D Department of the enterprise all
have bachelor’s degrees or above. Most of them have
master’s degrees, and those with doctoral degrees are
increasing year by year. (Human capital)
A7 Last year, the enterprise recruited 17 high-end talents
from “double first-class” universities and famous foreign
universities with master’s degrees or above, and the
enterprise provided a competitive salary and
development platform for them.
(Acquire innovative talents)
A11 The enterprise pays attention to R&D investments
and technology reserves. It has an independent R&D
department and nearly 300 researchers; about one-third
of them have master’s degrees or above, and all have
independent R&D abilities. (Human capital investment)
A19 The enterprise encourages employees to study
abroad and return with more new knowledge and ideas.
(Encourages employees to improve themselves)

2 Proportion of global R&D
investment

A2 The enterprise’s annual R&D investment accounted
for more than 17% of its marketing revenue
(nearly 20% last year). (R&D investment)
A5 The enterprise obtains part of its financial support
through financial institutions and venture capital
institutions for their own energy conservation and
emission reduction projects to guarantee the material
basis of innovation. (Acquire innovation capital)
A13 Last year, the enterprise invested two-hundred
thousand yuan into the research and development of an
experimental desulfurization device.
(Capital investment)
A21 The implementation of green innovation in the
enterprise is faced with a high-cost risk, and the
uncertainty of income makes it difficult to obtain the
financial support of shareholders, so the R&D projects
are difficult to carry out. (Capital support)
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Table A1. Cont.

Number Category Original Data (Initial Material)

3 Stability of global green
research and development

A6 In the past three years, the enterprises have been
increasing their investments in green innovation,
especially in the research and development of
environmental protection projects. (Research and
development of environmental protection products)
A10 Although enterprises have invested much into green
innovation in the current period, the immature level of
its R&D technology and the workload and difficulty of
the R&D personnel also affect the success rate of R&D.
(Investment risk)
A22 Enterprises have a stable long-term cooperative
relationship. They often participate in conferences,
exhibitions, and other exchange activities organized by
industry associations, serving as the main members to
establish stable social relations with other organizations.
(Stable partnership)
A25 The talent hunting of the headhunting company
makes increases the conflicts between the superiors and
the subordinates in the team continuously. The lack of
good communication and coordination ability among the
team members leads to instability of the development
team and causes the team members to leave the product
development team. It has a certain impact on the
enterprise. (Unstable R&D environment)

4 Uncertainty of global green
R&D life cycle

A4 Green innovation of an enterprise is a high-risk and
high-cost activity, requiring great investment of
resources into capital, human, and material resources.
However, due to the complexity of green R&D, the R&D
life cycle may be too long, resulting in losses. (R&D life
cycle is too long)
A17 Enterprises do not artificially maintain a product
without a market. Making money is the ultimate goal of
an enterprise. The key point is to ensure that the
business portfolio is balanced; that is to say, there should
be products at all stages of the product life cycle.
(Product life cycle)
A24 If a product is in trouble early in its life cycle, it must
be decided quickly whether to redevelop the product or
abandon it. Ensure that this step is incorporated into the
product plan to maintain objectivity in subsequent
operations. (Product growth period)

5 Stability of global green
technology applications

A2 The strategic decision makers of green innovation
activities of enterprises are the managers of the
enterprises. They convene project members from all
departments according to the needs of the green
innovation activities. (Allocation of green innovation
resources)
A15 To be more scientific and provide environmental
protection to deal with pollution, enterprises adopt green
technology for their sewage treatment to classify the
treatment of sewage. Sewage treatment can thus reach
the standard of grade II and III directly. (Mature
technology)
A17 In recent years, a large number of safety accidents
and dangerous problems have had a great influence on
the stability of the whole working environment.
The adoption of corresponding green mining technology
will help China’s mining development become more
stable and safer. (Green technology application)
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Table A1. Cont.

Number Category Original Data (Initial Material)

6 The ease of the international
transfer of green technology

A7 When transferring technology, there will be
uncertainty in the international transfer of green
innovation, which has a negative impact on green
innovation. (Technology transfer risk)
A9 Our company attaches great importance to
international economic and technological cooperation.
To catch up with the advanced level of the world as soon
as possible, we should speed up our own scientific and
technological research through the introduction,
digestion, and absorption of international technology
transfer. (International Economic and technological
cooperation)

7 International Protection of
green technology patents

A5 The innovation achievements of enterprises will
obtain property rights protection through patent
applications and other means. There is also the leakage
of innovation information. The law of intellectual
property protection in China is not perfect, which may
lead to conflicts. (Intellectual property protection)
A7 Due to the imperfection of technology and law,
someone imitates, manufactures, and sells fake and
poor-quality products to seek huge profits, leading to
technical losses and the leakage trade secrets. In recent
years, the infringement of intellectual property rights has
been repeatedly prohibited in many countries.
(Infringement Act)
A16 The establishment and improvement of an
intellectual property protection system is conducive to
motivating the enthusiasm of R&D staff. (Policy support)

8
Proportion of global green

manufacturing
personnel input

A1 Enterprise production personnel are from technical
secondary schools, colleges, or above, and they begin to
practice in this field during their internships in the city of
the production and manufacturing work, leading to
skilled operation. (Human capital)
A5 Enterprises determine their production personnel
quota according to the positions determined in the
design of the production line. For example, the rated
personnel quota of a gravure machine is 3—that is to say,
only 3 people can do it. (According to the equipment
quota)
A14 Creating a healthy and safe environment is
conducive to the improvement and maintenance of the
physical and mental health of employees; it will be also
conducive to creating a good social environment.
(Working environment)

9 Proportion of global green
manufacturing investment

A3 The persons in charge and the manufacturing
personnel of the enterprise participate in the
manufacturing-related education and training organized
by qualified training institutions, and internal education
and training are carried out according to the classes,
levels, and nature of the work. (Education and training)
A8 In recent years, enterprises have spent a large amount
of money on on-site pollution control, setting up car
washing tanks, dust control, noise control, disposing of
construction waste into the pool, drainage measures, and
so on. (Capital investment)
A12 The company invested a part of the funds into the
use of safety and environmental protection, the purchase
of safety protection equipment and mechanical
equipment, and accessories for regular inspection.
(Safety and environmental protection funds)
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Table A1. Cont.

Number Category Original Data (Initial Material)

10
Production scale of

global green
manufacturing products

A4 The company’s multi-cylinder diesel engine has
passed three national emission standards, and the annual
production capacity of this diesel engine can reach
1.2 million. (Production capacity)
A6 In the past three years, the company has replaced a
quarter of its old production equipment, adding
100 advanced units of production equipment. (Amount
of production equipment)
A11 We planned a corresponding production plan by
defining the minimum and maximum scale limits of the
product and the load rate of the equipment.
(Production plan)

11

Requirements of global green
manufacturing for products

based on the technical
performance of raw

materials

A3 Our company should try its best to acquire the same
manufacturer, serial number, and production date for the
raw materials used in the products of the unified
production batch. (Product raw material requirements)
A12 Enterprises use the storage of raw materials, which
require relatively stable temperatures, sunlight and
seasonal changes, and day to night changes will be
considered as well. (Storage standards)

12
Quality and performance

level of global green
manufacturing products

A1 Starting last year, the company introduced the
world’s leading production equipment from abroad and
trained relevant technical personnel. Now this
equipment has been put into use, and the utilization rate
of the newly introduced equipment for raw materials is
greater than 90%, thus changing the production scale of
the enterprise. (Obtain advanced equipment)
A7 The enterprise uses a series parallel production line.
Some production links can be changed at any time as
needed. The main production links are solved by parallel
connection. (Production link)

13 Global outsourcing scale of
green products

A5 In the process of green innovation, the manufacturing
industry puts forward new requirements for processes,
equipment, and raw materials. Global outsourcing is a
better way to solve the problems of insufficient
production conditions and low added value
manufacturing links of innovation subjects. At this time,
the changes in global outsourcing models will also bring
risks. (Global outsourcing risk)
A8 Because offshore outsourcing is global competition,
although the main players in this competition are
enterprises, the overall competitiveness of the country is
crucial. Due to the relatively low cost, developing
countries have certain advantages in global competition.
(Fierce outsourcing competition)
A10 Service outsourcing is an important way for
countries to participate in the division of economic
globalization in the development of the internet’s
information, which is also an important way to enhance
the status of the global value chain. (Service outsourcing)
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Table A1. Cont.

Number Category Original Data (Initial Material)

14
International OEM scale of

green manufacturing
products

A6 On the other hand, the OEM scale will lead to
competition for orders among agents in the international
market, resulting in fierce competition among
enterprises. (Competing for orders)
A9 China is the world’s largest producer and has become
a “world factory”, especially in the field of consumer
goods such as clothing, bags, and 3C digital products.
At the same time, the OEM model also supports most of
the world’s famous brands. (OEM model)
A13 Large-scale orders can form a relatively stable scale
benefit, but we have to admit that the biggest defect of
the OEM model is that it cannot control its own
development direction. (Disadvantages of OEM)

15 Global green manufacturing
technology transformation

A2 The enterprise has 2837 units of advanced production
equipment, more than 20% of which are imported
large-scale pieces of intelligent equipment. (Production
equipment)
A8 Enterprises consider investment in technological
transformation as the breakthrough point that will drive
investment and contribute to stable growth. At the same
time, it will integrate information technology into R&D,
production, and circulation; promote the integration of
informatization and industrialization; help with
transformation. (Technical transformation)
A22 Enterprises actively recommend major technical
transformation projects that meet the policy and market
prospects for financial institutions and promote
cooperation between banks and enterprises, striving for
loan support. (Broaden financing channels)
A24 The company guides and vigorously promotes
advanced manufacturing modes, such as intelligent
manufacturing, lean manufacturing, and flexible
manufacturing, and seeks to use the new generation of
production and manufacturing modes, such as
concurrent engineering, networked manufacturing, and
collaborative manufacturing. (Informatization)

16
Compatibility of existing
international production

system and green innovation

A7 Enterprises have begun to use information
technology to compete with each other. This competition
tends to be fast, flexible, automatic, and global. The
information technology revolution is changing the
competition modes of enterprises. (Technology change)
A9 A reasonable arrangement of production sites and the
implementation of different management modes are new
ways for enterprises to continuously explore and
improve their economic benefits. (Increasing
competition)
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Number Category Original Data (Initial Material)

17 The increase in global green
manufacturing costs

A8 The government issues reasonable low-carbon
standards and strengthens law enforcement. To
implement low-carbon standards, we should treat every
enterprise fairly. If some enterprises which fail to meet
the standards, they should be punished correspondingly.
(Low-carbon emission standards)
A19 In the process of implementing green innovation,
enterprises need to invest considerable human resources
and funds. If the government can provide subsidies for
enterprises at this time, many problems could be solved
for the development of green innovation. (Government
subsidy)
A21 For enterprises using current traditional modes of
production development, income is relatively optimistic.
If the government requires enterprises to reduce their
carbon emissions, then it needs to invest a large amount
of funds for the implementation of green innovation.
(Mandatory rules and regulations)

18 Proportion of global green
marketing personnel input

A1 Enterprises should invite professionals to organize
marketing personnel training courses regularly.
(Organizational training)
A5 The enterprise provides performance rewards to its
marketing personnel. The sales champion of the week is
selected at the weekly meeting, and the corresponding
material rewards are awarded. (Performance Award)
A13 In the past two years, the company has employed
excellent sales personnel with high salaries,
implementing rich material rewards and development
space. (Introduction of talents)
A16 Enterprises have rich Mid Year Awards every year.
To maintain excellent employees, the company has
implemented corresponding ladder type welfare
treatment. (Prevent the brain drain)

19 Proportion of global green
marketing investment

A3 Enterprises will regularly invite professionals to give
relevant lectures, thus training their employees. (Talent
training mode)
A12 Due to the commodity sales, business indicators,
and other reasons, it is necessary to achieve the expected
business objectives through various marketing means,
such as advertising, price reduction, bundling, purchases
and gifts, rebates, gift distributions, free trials, and other
marketing means. (Promotional activities)
A15 Enterprises take 3% off their annual planned
turnover as their marketing capital investment. (Budget
standard)
A18 Formulate a marketing fund use plan, effectively
control all the investment funds, and make full use of
(and determine) the flow direction of each fund. (Fund
use plan)
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20 International demand level
for green products

A7 Now consumers pay more attention to energy
conservation and environmental protection. When they
buy products, they also pay more attention to this aspect
of performance. Therefore, green products represent an
opportunity. (Green market demand)
A12 At present, enterprises offer both traditional
innovative products and new green products. Given the
changing trends of sales in the last three months, the
demand for green products is gradually increasing.
(Demand for green products)
A18 In recent years, the haze problem has become
increasingly more serious, environmental problems are
increasingly focused on by the public, China’s per capita
consumption level has improved, and the public’s
awareness of low-carbon life is becoming stronger.
(Public awareness of environmental protection)

21

International market
recognition of green

products in the
manufacturing industry

A3 Using the results of the customer’s purchase
information feedback, the company’s new green
products can better meet the needs of consumers than
the original traditional innovative products. (Consumer
satisfaction)
A4 To improve public awareness of environmental
protection, the news media actively report and promote
the concept of green innovation. (Media publicity)
A11 Increasingly more consumers tend to buy green
products when they buy products, and their awareness of
energy conservation and emission reduction is becoming
stronger. (Environmental awareness of consumers)
A14 In recent years, the emergence of green products,
such as electric vehicles and wind power generation, has
embodied enterprises’ R&D, and managers are paying
more attention to the green development of enterprises.
(Green development strategy)

22 International market share of
green products

A1 The international competitiveness of an industry is
ultimately reflected in the share of its products in the
international market. (International market share)
A3 The company adheres to the business philosophy of
focusing on foreign trade supplemented by domestic
trade, continuously expanding its market share in the
international market; the market in China is also
increasing. (Expanding market share)
A10 Teamwork develops the international market; at the
same time, it expands the international market share and
gradually establishes a company image of “quality first,
service first”. (Developing international market)

23
Competition intensity of

green products in the
international market

A6 Now, the profits of traditional BX products have been
squeezed to their limits, and other competitors have
begun to save energy. Low energy consumption
products are a bright spot when looking for new
business opportunities, but they will be gradually
eliminated if they do not transform in time. (Fierce
market competition)
A9 When enterprises hold a seminar, they mention that
they should regard green innovation from a strategic
perspective. Managers always remind employees that
green innovation has become the development trend of
the whole industry. (Industry development trend)
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Number Category Original Data (Initial Material)

24
Green products’ share of

existing international
marketing channels

A7 The international market for manufacturing green
products (processes, services) requires changes; its
recognition is not high enough, and the international
market share of manufactured green products (processes,
services) is too small. Moreover, international market
competition is fierce, and it is difficult to use existing
international marketing channels. (International market
channel)
A13 The high proportion of existing marketing channels
is an important area for the success of new product
marketing. (Marketing Channel)

25
Commercialization and

internationalization of green
technology

A1 Since entering the 21st century, international
management has become the future development goal of
enterprises; this will be the result of the rapid
development of economic globalization and production
internationalization. (International operation)
A11 We investigated the internationalization degree of
chess enterprises at the micro level, including the
financing ability, asset utilization ability,
internationalization of science and technology
enterprises, technological innovation ability, and human
capital. (Degree of internationalization)
A17 After the development of recent years, the
commercialization, industrialization, and
internationalization of green technology of our
enterprises have made great progress.
(Commercialization and internationalization of green
technology)

26
The intensity of green

technical barriers to trade in
the international community

A6 Technical barriers to trade (TBTs) are the most
effective means to establish trade barriers and promote
trade protectionism. (Trade protection)
A16 Many countries have formulated a series of laws
and regulations on their packaging and labeling to
prevent the waste generated by packaging machinery
from posing a threat to the ecological environment,
human beings, animals, and plants. From the
perspective of environmental protection and energy
conservation, this has a positive effect, but it forces the
exporters to change their packaging constantly, so they
lose many trade opportunities. (Label rules)

27 Proportion of global green
service personnel input

A1 Our service staff are all undergraduates or above.
They have a strong sense of customer service and good
communication skills. (Staff requirements)
A8 After-sales service is actually the beginning of the
second stage of sales. After-sales service personnel
positions are specifically set up by the marketing
department to serve the last link of marketing.
(After-sales service personnel)
A12 We seek excellent talents in domestic and foreign
markets, introduce a large number of high-level talents
that can guide the development of enterprises, and
recruit excellent graduates from major universities across
the country to facilitate large-scale talent introduction.
(Talent introduction)
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28 Proportion of global green
service investments

A2 The enterprise’s annual service capital investment
accounts for more than 10% of the total sales revenue.
(Service investment)
A7 Since last year, we have increased a part of our funds
in after-sales services, which are used for product
installation, introduction, debugging, customer training,
loss reporting, and maintenance for a period of time after
sales. (Service fee)
A16 The percentage control method of the after-sales
service cost refers to the percentage of each after-sales
service cost in terms of sales volume. This percentage
can be based on the current amount in the budget or that
in the past. (Percentage control method)

29 Coverage of global green
service outlets

A3 The after-sale service outlets of the enterprise are all
above the prefecture-level cities in China. In the next
three years, the enterprise will strive to increase the
number of its after-sale service outlets in county-level
cities. (After-sale service outlets)
A5 The enterprise will provide tracking services, that is,
a regular follow-up or telephone follow-up. These
follow-ups will solve all kinds of problems found by
users in the process of use and avoid further
deterioration of the problems. (Tracking service)
A6 The enterprise will place spare equipment in the
after-sale outlet according to the situation. Users can use
this equipment when accidents occur to not affect the
normal work of users. (Spare equipment service)

30 Thirty Global level of green product
supply chain

A2 In the background of economic globalization, the
level of the national supply chain determines its resource
allocation ability, coordination, and service support.
Especially in the process of promoting “one belt, one
road” construction, we need to improve our overall
planning capabilities by improving the level of the
supply chain. (The level of the supply chain)
A20 The integration ability of the supply chain and
collaborative efficiency have become the core areas of
competitiveness in enterprises, industries, and even the
national economy. (The integration and collaboration of
the supply chain)

31
Global after-sale technical

service ability of green
products

A4 The system service ability of the enterprise is very
strong. It has an experienced engineering service team
that can provide after-sale and engineering services, and
they can quickly solve on-site problems. (Service ability)
A6 The enterprise arranges technical personnel to
introduce the product function to the users before
delivery. After delivery, these personnel conduct
centralized training for users. This training service will
ensure that users are fully aware of and familiar with the
operation of the products, even allowing them to carry
out simple maintenance themselves. (Operation
instruction)
A12 The enterprise requires after-sale service staff to fill
in the maintenance report promptly after a repair. The
maintenance report should include the cause of the
failure, the handling situation, and the user’s opinions.
Each party retains one copy of the maintenance report as
a record. (Maintenance report)

Note: A * refers to the (first/second and so on) interviewee’s interview materials. The brackets at the end of each
sentence are the initial concepts.
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