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In the domain of globalization, the global value chain (GVC) is formed across diverse
economies. Owing to the expansion of economic globalization and the resultant global
trade liberalization, the geographical isolation of production and consumption has resulted
in the transfer of polluting emissions from advanced economies to developing states.
Developing economies, falling in the middle and low end of the GVC, have to strive hard to
expand their production in the GVC, while simultaneously addressing the consequent
environmental damage and attending to the core environmental concerns of sustainable
growth, energy preservation and drastic cuts in CO2. This paper addresses how
manufacturing subsidiaries can improve their low-carbon innovation ability and help to
achieve a sustainable competitive advantage through the embedded GVC. Data were
gathered employing interview and survey methods, 31 manufacturing companies and 56
enterprise groups across 16 Chinese provinces were selected as the case study. A partial
least square structural equation modelling was adopted to analyse the responses. The
results indicate that the embedded GVC significantly enhances low-carbon innovation
capability and promotes a sustainable competitive advantage. This study proposes that
companies should continuously identify high-quality resources from the GVC and discover
ways of integrating internal and external carbon innovation resources to form innovation
capabilities.

Keywords: global value chain, manufacturing subsidiaries, low carbon innovation capability, sustainable
competitive advantage, trade

INTRODUCTION

The establishment of the global value chain (GVC) allows firms to minimize production costs across
the entire production system. As the GVC becomes a dominant feature of trading, the principle of
comparative advantage in trading is reflected in the various stages of production instead of “bundled”
goods and services. It is highly encouraging that the promotion of GCV embedding is more helpful to
developing economies, in comparison to the developed ones, because it enhances energy capacity and
enables the latter to minimize CO2 emissions (Sun C. et al., 2019; Polloni-Silva et al., 2021). It should
be noted that the current state of the manufacturing sector relating to GVC embedding makes up the
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most noticeable attribute of trade and investment globally. The
model of processing trade which China follows has been designed
to integrate the manufacturing industry into the GVC. On
account of its stature as the backbone of the Chinese
economy, the growth of the manufacturing industry affects all
sectors and has a huge impact on the future of the country (Tian
et al., 2018). The competitiveness of the manufacturing industry
is significantly associated with sustainable manufacturing and its
carbon efficiency in the supply chain. The awareness is on the rise
for environmental protection, based on factors such as emission
cuts and climate change (Ferraz et al., 2018, 2021; Doğan et al.,
2020; Siwiec and Pacana, 2021; Pacana et al., 2020; Shahzad et al.,
2020, 2022). In addition to the cost efficiency, network
optimization, profit maximization, risk reduction, and value-
added services, the contemporary manufacturing industries
have recently incorporated reductions in their carbon footprint
to their performance indices (Tiwari et al., 2015; Centobelli et al.,
2018).

Since the 1990s, the Chinese manufacturing sector, by virtue of
trade and investment, has achieved tremendous milestones
driven by the global manufacturing network. However, its
further premium growth has been hampered by the resulting
environmental degradation. The available data on environmental
health reveal that around 70% of the global pollution is caused by
the Chinese manufacturing sector, which produces nearly 700
million tons of environmentally-damaging waste per annum. The
Central Economic Working Conference, organized in 2014,
suggested that the capability of China to pay due attention to
the environment had been stretched to its limits and that it was
high time to search for a model that was environmentally friendly
and founded on preferences for low-carbon. At present, the
Chinese Organization of International Production has been
overhauled and a gradual shift has been witnessed towards
intra-product specialization that has transformed the
manufacturing sector into a highly complex one (Yu and Luo,
2018). The upgrading of all the production processes to
incorporate more advanced technology inevitably leads to a
major increase in costs, despite the significant reduction in
emissions. Since most enterprises are essentially profit-
oriented, the pursuit of green technology in manufacturing
processes is not of significant interest to them. Therefore, it is
high time that the pace of the innovation factor input to output
effect should be maximized; while CO2 emissions must be
minimized. The year 2018 marked the execution phase of
“made in China 2025” suggesting a win-win policy that
simultaneously attends to the protection of the environment
and also the development of the manufacturing sector.
Currently, the Chinese manufacturing sector is under stress
from both the domestic and international governments to
limit the high-end of the value chain. The recent discourse
argues that developing economies, especially China, should
strive for knowledge spillovers employing the means of foreign
direct investment (FDI), outward foreign direct investment
(OFDI), and import and export trade that are all helpful for
pro-green development (Qu et al., 2020; Shahzad et al., 2020,
2021; Wang et al., 2021). Under the “new normal” model, the
Chinese economy should enhance the quality and sustainability

of economic development in order to improve the total factor
productivity employing GVC embeddedness. For sustainable
economic development worldwide, the environmentally
friendly growth path plays a key role in minimizing the
greenhouse effect (Sun H. et al., 2019). However, most
manufacturers seek to optimize their profits and are unwilling
to manufacture low-carbon goods unless they are offered certain
incentives (Li et al., 2019). Apart from the concerns by consumers
and firms on low-carbon goods, coordination plays a key role in
the low-carbon supply chain production (Zhou et al., 2016).

The resource-based view (RBV) postulates that enterprises
possess unique physical and intangible resources that may have
exceptional potential to produce a sustainable competitive
advantage (Wernerfelt, 1984; Chahal et al., 2020; Safari and
Saleh, 2020; Shibin et al., 2020). A few studies have shown
that firms that are embedded in the GVC can gain new skills
and obtain specialized knowledge (Defraigne, 2017; Mentel and
Hajduk-Stelmachowicz, 2020). However, two major research
gaps are known to exist in literature. Firstly, although existing
studies have explored the benefits of transfer from parent
companies, the continuous subsidiary innovation capabilities
have been poorly studied in these companies (Tang et al.,
2018). Secondly, researchers have investigated the impact of
global collaborative research and development (R and D)
activities on subsequent innovation performance without
emphasizing the micro-level interactions of key associations
between the GVC and the low-carbon innovation capability
(Yu and Luo, 2018; Sun H. et al., 2019; Qu et al., 2020; Ryan
et al., 2020). To fill the existing research gap between the GVC
embedding, the low carbon innovation capability and the
sustainable competitive advantage, this study aims to achieve
three objectives based on the following: a) investigate the direct
effects of three different embedded in the GVC on the low-carbon
innovation capability and the direct effects of four different low
carbon innovation capabilities on the sustainable competitive
advantage of the subsidiaries, b) validate the mediating role of the
low-carbon technology innovation capability with embedment in
the GVC and a sustainable competitive advantage, and c) provide
a reference case study for business group managers to manage
and efficiently control the manufacturing subsidiaries, due to the
lack of research regarding globalization and low-carbon
innovation of business groups and multinational corporations
in developing countries.

LITERATURE REVIEW AND HYPOTHESES

RBV highlights the importance of building an external network
for the process of innovation (Wernerfelt, 1984; Chahal et al.,
2020; Safari and Saleh, 2020; Shibin et al., 2020). Scholars have
broken up the establishment of the GVC in the manufacturing
industry into three major types: technology, production, and
marketing (Galbraith, 1982). Pananond, (2013) identified the
link between the GVC in R and D, manufacturing, and
Original Equipment Manufacturers (OEMs) as well as in sales
and marketing from the perspective of diffusion knowledge.
Apart from the creation of value-added products, value chains
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can be divided into high value-added activities, for instance
technological R and D and marketing, as well as low value-
added activities, those involved in production assembly from the
perspective of brand marketing (Sears, 2017). Although there is a
range of value-added divisions that are embedded in the GVC of
the manufacturing industry, most of the divisions have three
common key activities, which include R and D, manufacturing,
and marketing.

Dimensions of the Embedded GVC
Associated With Low Carbon Innovation
Capability
The embedment of global low-carbon R and D is the main driving
force in business groups and their manufacturing subsidiaries to
create high value-added products. The fundamental idea of being
embedded in global low-carbon R and D is the promotion of R
and D activities in enterprises to create value in a global context.
The embedment of global low-carbon R and D for business
groups takes diverse forms, although cooperation in R and D
and the establishment of overseas R and D branches are the
primary forms (Zheng and Shi, 2017). The extent to which global
R and D is embedded depends on the level of input of the
manufacturing subsidiaries to the global R and D activities,
which include R and D funding, personnel, and patent
outputs. R and D activities are primarily associated with
technological innovation. A large amount of cutting-edge
knowledge can be accumulated to form and upgrade
technological innovation capability based on R and D
activities. R and D activities are also associated with the
system, capital, and management efficiency, in which higher
efficiency levels are thought to affect the overall capability of
innovation. Owing to globalization, scholars have emphasized
the positive effects of R and D globalization on the innovation
capability of enterprises, as well as the positive effects of the R
and D activities of multinational corporations on the
innovation capability of their host countries in
underdeveloped countries (Binz and Truffer, 2017; Mayer
and Phillips, 2017). From the perspective of global climate
change, Ockwell et al. (2015) indicated that international
cooperation in climate technology R and D can greatly
support the transfer of low-carbon technologies to
developing states for absorption into their current
technological processes. Consequently, the current study
proposes the following hypotheses:

H1. The embedment of global low-carbon R and D exerts a
positive effect on the low-carbon innovation capability of
manufacturing subsidiaries.

H1a. The embedment of global low-carbon R and D exerts a
positive effect on the low-carbon technology innovation
capability of manufacturing subsidiaries.

H1b. The embedment of global low-carbon R and D exerts a
positive effect on the low-carbon system innovation capability of
manufacturing subsidiaries.

H1c. The embedment of global low-carbon R and D exerts a
positive effect on the low-carbon management innovation
capability of manufacturing subsidiaries.

The embedment of global low-carbon manufacturing is
another important value creation activity that refers to the
process of embedding in the global production chain,
decreasing carbon emissions in the production process, and
producing more low-carbon products. The main measures
involved in this activity include low-carbon production
equipment input, advanced levels of low-carbon production
technology, and staff skills. The main mode used by
developing countries to participate in global manufacturing is
through OEMs.

Some scholars have justified the positive effect of the OEM
participation mode on the innovation ability of developing
countries (Morrison et al., 2007; Tridech and Cheng, 2011). In
the long run, the OEM is not a conducive method to enhance the
ability of independent innovation, although it is a key channel
used to acquire advanced foreign knowledge and facilitates the
improvement of the technology capability, institution, and
management innovation in developing countries. Besides, the
influx of different types of global intellectual capital has become a
driving force of innovation in the manufacturing process. From
the perspective of business groups, the business group
headquarters provide product-specific information to their
foreign subsidiaries. Hence, if the low-carbon manufacturing
level in that foreign country is worse than the host country,
these subsidiaries can become embedded in the host country
market to obtain advanced product knowledge (Chahal et al.,
2020; Safari and Saleh, 2020; Shibin et al., 2020). Therefore, the
present study proposes the following hypotheses:

H2. The embedment of global low-carbon manufacturing
exerts a positive effect on the low-carbon innovation capability
of manufacturing subsidiaries.

H2a. The embedment of global low-carbon manufacturing
exerts a positive effect on the low-carbon technology innovation
capability of manufacturing subsidiaries.

H2b. The embedment of global low-carbon manufacturing
exerts a positive effect on the low-carbon system innovation
capability of manufacturing subsidiaries.

H2c. The embedment of global low-carbon manufacturing
exerts a positive effect on the low-carbon capital innovation
capability of manufacturing subsidiaries.

H2d. The embedment of global low-carbon manufacturing
exerts a positive effect on the low-carbon management
innovation capability of manufacturing subsidiaries.

The global low-carbon marketing strategy of embedment
involves the global trading of low-carbon products, the carbon
emission reduction process, and the realization of the value of
low-carbon products. The embedment of global marketing for
innovation knowledge is primarily achieved by establishing an
overseas subsidiary in a business group. The manufacturing
subsidiaries can fully understand the needs of local consumers.
Additionally, during the process of purchasing and marketing,
manufacturing subsidiaries can obtain useful information on
advanced products in developed countries and subsequently
transfer and absorb them into the internal innovation
capability of subsidiaries. In a global environment, global
marketing strategies are dynamically impacted by technology,
systems, management and capital arrangements. Compared with
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the system and capital, the greater demand for Chinese
subsidiaries with a certain capital strength to participate in
global marketing cooperation lies in the world’s advanced low-
carbon technology and management experience. Hence,
implementing the global low-carbon marketing strategy is
required to strengthen the manufacturing subsidiary of the
technology and management innovation. Studies have shown
that marketing capabilities can help companies to identify the
right innovation direction (Zhang et al., 2017). The existing
literature offers support for a significant positive association
between marketing capability and innovation in firms
(Weerawardena, 2003; Tian et al., 2018; Sun C. et al., 2019).
Therefore, we propose the following hypotheses:

H3. The embedment of global low-carbon marketing exerts a
positive effect on the low-carbon innovation capability of
manufacturing subsidiaries.

H3a. The embedment of global low-carbon marketing exerts a
positive effect on the low-carbon technology innovation
capability of manufacturing subsidiaries.

H3b. The embedment of global low-carbon marketing exerts a
positive effect on the low-carbon management innovation
capability of manufacturing subsidiaries.

Dimensions of Low-Carbon Innovation
Capability
The RBV indicates that the core technology resources are
heterogeneous and scarce, thereby representing the basis of
independent innovation of the enterprises (Wernerfelt, 1984).
Technological innovation is called one of the major sources of
sustainable competitive advantage in the value network. For
instance, it represents the process of knowledge being used in
the flow, integration and process of new knowledge being created
and discovered. The sustainable competitive advantage of an
organization is reflected in the amount of excess profits
obtained by the organization. For instance, innovative
enterprises can get a first-mover advantage to help enterprises
obtain monopoly profits (Uyarra et al., 2016). The constituent
elements of sustainable competitive advantage are characterized
by non-repeatability, exclusivity, and specificity (Lai et al., 2017).
Technological innovation capability is related to R and D
conditions and technical levels (Dierickx and Cool, 1989). R
and D conditions and technical levels positively affect sustainable
competitive advantage, although the latter’s effect is larger. Green
technology and low-carbon technology innovation capability are
special subsidiaries of manufacturing quality resources that
significantly enhance the sustainable competitive advantage
(Liu et al., 2017). Therefore, the study proposes the following
hypothesis:

H4. The low-carbon technology innovation capability exerts a
positive effect on the sustainable competitive advantage of
manufacturing subsidiaries.

The institution refers to certain restrictions imposed by people
to determine the relationship between people. Based on the
perspectives of the system, resources, and innovation, the
sustainable competitive advantage of enterprises is derived
from the heterogeneity of resources and ability. Additionally, it

also depends on whether the behavior of the enterprise complies
with sustainable practices that originate from sustainable
institutional innovations and are recognized by the
community. Some scholars have indicated that the strategies
for a green-sustainable competitive advantage comprise three
dimensions: a strategic network structure, energy conservation,
and an environmental protection system (Stead and Stead, 2000;
Ngah et al., 2015). Institutional factors, such as low-carbon laws
and law enforcement systems, the implementation of the quality
of the contract, the implementation of the contract, and the
implementation of efficiency are more important sources of trade
comparative advantage (Timmerman et al., 2017). Therefore, this
study proposes the following hypothesis:

H5. The low-carbon system innovation capability exerts a
positive effect on the sustainable competitive advantage of
manufacturing subsidiaries.

Low-carbon capital innovation refers to the capital
arrangements for low-carbon technologies, institutions,
management, and market innovation. Low-carbon capital is a
special resource used by manufacturing subsidiaries to maintain a
sustainable competitive advantage. In addition, low-carbon
technology is capital intensive high technology. Manufacturing
subsidiaries in developing countries often limit the improvement
of low-carbon technological innovation capacity due to
restrictions in the capital. Enterprise innovation capital
includes internal and external forms such as social capital,
FDI, green capital and human capital. The effective
combination and efficient use of capital guarantees the low-
carbon sustainable competitive advantage (Chen et al., 2016).
Researchers have found a positive association between
greenhouse gas emission reduction and enterprise value.
Shareholders and investors are more likely to decrease
greenhouse gas emissions and thereby enhance the company’s
value (Nishitani and Kokubu, 2012). Therefore, this study
proposes the following hypothesis:

H6. The low-carbon capital innovation capability exerts a
positive effect on the sustainable competitive advantage of
manufacturing subsidiaries.

Management innovation is a more effective resource
integration concept that acts as the foundation for other
successful sources of innovation. To obtain a sustainable
competitive advantage for low-carbon products and
technology, companies must strengthen their management
innovation ability to manage manufacturing subsidiaries from
the perspective of strategic management (Masri and Jaaron,
2017). The effective management of innovation knowledge
positively influences the sustainable competitive advantage of
enterprises. Moreover, knowledge management is also a process
of organizational learning. In contrast to individual companies,
the manufacturing subsidiarie’s sustainable competitive
advantage resources are derived from both the internal
parent company and the external network. However, a
subsidiary must integrate resources and form an independent
innovation ability that is separate from the effective
management of internal and external knowledge
(Varadarajan, 2017). Therefore, this study proposes the
following hypothesis:
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H7. The low-carbon management innovation capability exerts
a positive effect on the sustainable competitive advantage of
manufacturing subsidiaries.

The Mediating Effect of the Low-Carbon
Innovation Capability
The resource-based theory argues that sustainable competitive
advantage resources are heterogeneous and it is difficult for them
to flow freely, thereby representing the key determinants of firm
value (Wernerfelt, 1984). The intangible resources possessed by
the enterprise are important sustainable competitive advantage
resources that are highly specific and can be utilized to create high
value for the business activities of enterprises (Barney, 1991).
Manufacturing subsidiaries have a strong relationship with key
stakeholders through embedment of the GVC, thereby helping
them to gain access to intangible resources to create a sustainable
competitive advantage and ultimately enhance their corporate
value. The low-carbon innovation capability is the key intangible
resource for manufacturing subsidiaries embedded in global low
carbon R and D, manufacturing, and marketing. These intangible
resources can produce diverse products or services at lower costs,
higher quality or gain a sustainable competitive advantage for
manufacturing subsidiaries, and resultantly enhance corporate
value. Although manufacturing subsidiaries can gain new
knowledge from the key factors embedded in the GVC, these
enterprises do not gain from innovation if they cannot effectively
reorganize the new knowledge elements and the existing
knowledge elements. The competitiveness of a global
subsidiary is defined in terms of its capability to promote in
the GVC and involve itself in higher value-adding activities (Ryan
et al., 2020). The low-carbon innovation capability is a significant
factor in enterprise innovation and a vital source of an enterprise
sustainable competitive advantage. Therefore, we propose the
following hypotheses:

H8. The low-carbon innovation capabilities play a mediating
role between embedment in the GVC and a sustainable
competitive advantage.

H8a. The low-carbon innovation capabilities play a mediating
role between embedment in global low carbon R and D and a
sustainable competitive advantage.

H8b. The low-carbon innovation capabilities play a mediating
role between embedment in global low carbon manufacturing
and a sustainable competitive advantage.

H8c. The low-carbon innovation capabilities play a mediating
role between embedment in global low carbon marketing and a
sustainable competitive advantage.

Conceptual Model
The following conceptual model (Figure 1) is proposed in this
study based on the GVC theory, innovation theory and
competitive advantage theory, combined with the above
assumptions.

RESEARCH DESIGN

Sample and Data Collection
The proposed model was tested based on a questionnaire survey
provided to senior subsidiary managers in fully owned
subsidiaries of Chinese business groups. According to the
national economic classification system, implemented by the
state in 2017, representative samples were selected from 31
manufacturing industries. Additionally, the samples were
selected from enterprise groups with more than five holding
subsidiaries in the manufacturing industry. Based on detailed and
in-depth discussions with the relevant experts and senior
management, the questionnaire draft was designed and
modified several times after a trial survey, prior to preparation
of the final draft. The raw data was collected based on a survey of

FIGURE 1 | Conceptual model of the influence of embedment in the GVC on a sustainable competitive advantage.
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60 subsidiaries from 56 Chinese business groups that were
engaged in global low-carbon R and D, manufacturing, and
marketing activities. The firms selected for the survey were
invited to answer the questionnaire based on the activities in
their respective locations individually. Reminders were sent to
the headquarters of each participating company through phone
to ensure that the senior executives completed the
questionnaires. Besides, assistance was provided if there were
any issues in answering the questions. 300 questionnaires were
distributed.

The questionnaire collection process was divided into two
stages. In the first stage, 200 questionnaires were distributed and
finally 180 valid questionnaires were received back in 2019. A
follow-up survey was carried out in 2021, 100 questionnaires were
distributed, and finally 49 valid questionnaires were received
back. By conducting these separate surveys, we were able to
obtain more information on the enterprise as well as identify
the enterprises that were more suitable for this research. One
possible reason for the lack of response from some of the
companies was that the subsidiaries could have been
withdrawn from the global market. In total, 229 valid
questionnaires were obtained, accounting for 76.3% of the
total number of questionnaires (See questionnaire in
Supplementary Material).

Definition and Measurement of Study
Dimensions
Endogenous Latent Variable
A sustainable competitive advantage can be assessed based on
four aspects consisting of; price/cost, quality, product innovation,
and time-to-market (Li et al., 2006). A sustainable competitive
advantage may be described as the situation when an
organization creates a defensible position over its competitors,
in which the four aspects mentioned above were included and
measured on a 5-point Likert’s scale (1—very inconsistent;
2—not consistent; 3—basically consistent; 4—more consistent;
5—very consistent), thus providing the construct of a sustainable
competitive advantage.

Exogenous Latent Variables
This study defines embedment in the GVC as the high value-
added creation activity of global low-carbon R and D,
manufacturing, and marketing to improve the low-carbon
innovation capabilities of manufacturing subsidiaries. For the
case studies involving the Chinese business groups, all the
components of these Chinese manufacturing subsidiaries were
highly embedded in the GVC, particularly in low-carbon R and
D, manufacturing, and marketing activities (Bi et al., 2016).
Therefore, the GVC framework was integrated as the
analytical framework into this study to explore low-carbon
technological innovation activities, based on embedment in the
GVC, in three components: global low-carbon R and D, low-
carbon manufacturing, and low-carbon marketing. In this study,
12 items were used to measure the embedment in the GVC of
global low-carbon R and D, low-carbon manufacturing, and low-
carbon marketing on a 5-point Likert’s scale (1—very

inconsistent; 2—not consistent; 3—basically consistent;
4—more consistent; 5—very consistent).

The four dimensions of low-carbon innovation capabilities
include low-carbon technology innovation capability, low-carbon
system innovation capability, low-carbon capital innovation
capability, and low-carbon management innovation capability.
This study defines low-carbon innovation capabilities as the
ability for manufacturing subsidiaries to integrate domestic
and foreign resources as an intangible asset that helps to
enhance their sustainable competitive advantage. In total, 15
items were used to measure the low-carbon innovation
capabilities on a 5-point Likert’s scale (1—very inconsistent;
2—not consistent; 3—basically consistent; 4—more consistent;
5—very consistent). Table 1 shows the Index system and its
sources of influence of embedment in the GVC on the sustainable
competitive advantage for Chinese manufacturing subsidiaries.

RESULTS AND DISCUSSION

The hypotheses outlined in this study were examined using
structural equation modelling (SEM). SEM was employed to
analyze complex, causal relationships among the multiple
variables present in this study and evaluate their associations
with the proposed model. Hence, the SEM method rendered the
realization of both analytical objectives, unlike other analytical
methods, such as regression analysis (Fornell and Larcker, 1981).
Nevertheless, it is difficult to model type 2 higher-order variables
with covariance-based SEM. Therefore, the component-based
SEM method, known as Partial Least Squares (PLS), was also
employed to achieve the study objectives. PLS is a more suitable
technique compared to covariance-based SEM, particularly if a
prediction outcome is required. Additionally, for the analysis of a
complex model, such as the one proposed in this study, the PLS
approach requires a significantly smaller sample size as opposed
to covariance-based SEM, furthermore, it could deal equally with
the formative and reflective indicators of latent variables, requires
minimum measurement scales and the data are required to be
normally scattered.

Descriptive Statistics
Regional Distribution of the Samples
Using the list of China’s top 500 manufacturing enterprise groups
in 2020, a sample of subsidiaries was selected. Figure 2 shows the
regional distribution of the sample. The samples are concentrated
in the Bohai economic circle, the Yangtze River Delta and the
Pearl River Delta, indicating that the manufacturing industry in
the eastern coastal areas is highly concentrated and participates in
the GVC.

Industry Distribution of the Samples
According to China’s national economy (GB/T 4754-2017), the
distribution of subsidiary samples in 31 manufacturing sub-
industries was counted. Figure 3 shows the statistical results.
From the distribution results, the respondents in food, furniture,
pharmaceutical, and automobile manufacturing responded
positively, indicating that these industries have a relatively
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high participation in the GVC and high demands to improve the
sustainable competitive advantage.

Information Statistics of Respondents
Although this study focuses on the GVC, it required input
from individual participants representing their respective
companies. In this respect, the views of supply chain
managers and environmental specialists were considered.
Different organizations have varied job titles for these
roles, which are mentioned in Table 2. Figure 4 shows that

39.30% of the respondents were from grassroots management
and 20.09% from the low-carbon technology R and D
department.

Evaluation of the Measurement Model
Reliability and Validity Test
To obtain stable results, the reliability and validity tests of the
questionnaire was first performed. The reliability tests employed
in the current study were the Cronbach’s alpha coefficient, which
is recognized internationally, as well as the composite reliability

TABLE 1 | Index system of variables and its sources.

Latent variables Observed variables Items source

Z1 embedded in global low-carbon R
and D

Z11 Global low-carbon R and D personnel input level in manufacturing subsidiaries Balachandra and Friar, (1997); Hu et al.
(2021)

Z12 Global low-carbon R and D capital input level in manufacturing subsidiaries Balachandra and Friar, (1997)
Z13 Global low-carbon R and D patent numbers in manufacturing subsidiaries Lai et al. (2017)
Z14 Low-carbon R and D equipment of an advanced degree in manufacturing
subsidiaries

Castellani and Zanfei, (2007)

Z2 embedded in global-low carbon
manufacturing

Z21 Global low-carbon production equipment input level in manufacturing
subsidiaries

Pietrobelli and Rabellotti, (2011)

Z22 Global low-carbon production equipment of an advanced degree in
manufacturing subsidiaries

Bi et al. (2016); Tian et al. (2019)

Z23 Global low-carbon production - overall quality of staff in manufacturing
subsidiaries

Bi et al. (2016)

Z24 Global low-carbon manufacturing technology level in manufacturing
subsidiaries

Balachandra and Friar, (1997)

Z3 embedded in global-low carbon
marketing

Z31 Global low-carbon marketing personnel input level in manufacturing
subsidiaries

Balachandra and Friar, (1997); Wu et al.
(2010)

Z32 Global low-carbon marketing capital input level in manufacturing subsidiaries Hirsch-Kreinsen, (2011)
Z33 The international market degree of low-carbon products in manufacturing
subsidiaries

Bi et al. (2015)

Z34 International brand influence of low-carbon products in manufacturing
subsidiaries

Higgins et al. (2012)

Z4 Low-carbon technology innovation
capability

Z41 Low-carbon technology introduction capacity in manufacturing subsidiaries Bi et al. (2015); Liu et al. (2017)
Z42 Low-carbon technology transformation capacity in manufacturing subsidiaries Castellani and Zanfei, (2007)
Z43 Low-carbon technology secondary innovation in manufacturing subsidiaries Pietrobelli and Rabellotti, (2011)
Z44 Low-carbon technology independent innovation in manufacturing subsidiaries Bi et al. (2015)

Z5 Low-carbon system innovation
capability

Z51 Low-carbon system imitative capability in manufacturing subsidiaries Pietrobelli and Rabellotti, (2011)
Z52 Low-carbon system transplantation capability in manufacturing subsidiaries Pietrobelli and Rabellotti, (2011)
Z53 Low-carbon system reconstructing capability in manufacturing subsidiaries Pietrobelli and Rabellotti, (2011)
Z54 Low-carbon system executive capability in manufacturing subsidiaries Pietrobelli and Rabellotti, (2011)

Z6 Low-carbon capital innovation
capability

Z61 Low-carbon technology capital innovation capability in manufacturing
subsidiaries

Pietrobelli and Rabellotti, (2011)

Z62 Low-carbon system capital innovation capability in manufacturing subsidiaries Hall and Bagchi-Sen, (2002)
Z63 Low-carbon management capital innovation capability in manufacturing
subsidiaries

Morrison et al. (2007); Bi et al. (2015)

Z64 Low-carbon market capital innovation capability in manufacturing subsidiaries Defraigne, (2017)

Z7 Low-carbon management innovation
capability

Z71 Low-carbon management innovation input capability in manufacturing
subsidiaries

Landsperger and Spieth, (2011)

Z72 Low-carbon management innovation transfer capability in manufacturing
subsidiaries

Landsperger and Spieth, (2011)

Z73 Low-carbon management innovation output capability in manufacturing
subsidiaries

Landsperger and Spieth, (2011)

Z8 sustainable competitive advantage Z81 Low-carbon product price/cost advantage in manufacturing subsidiaries Barney, (1991); Li et al. (2006)
Z82 Low-carbon product quality advantage in manufacturing subsidiaries Kumar and Motwani, (1995); Li et al.

(2006)
Z83 Low-carbon product innovation advantage in manufacturing subsidiaries Ngah et al. (2015); Ryan et al. (2020)
Z84 Low-carbon product time to market advantage in manufacturing subsidiaries Chen et al. (2016)
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(CR) test. The Cronbach (Coefficient) Alpha is the most widely
used method for estimating internal consistency. The Coefficient
Alpha assumes: i) unidemsionality, and that ii) items are equally
related to the construct, therefore, interchangeable. In practice,
this means that Alpha assumes factor loadings to be the same for
all items. Composite reliability does not assume this but takes into
consideration the varying factor loadings of the items. Based on

the internal consistency method, the Cronbach’s alpha coefficient
and CR values higher than 0.7 indicate that the questionnaire has
good reliability (Peterson, 1994; Cho and Kim, 2015).

Table 3 reveals that the values obtained for Cronbach’s alpha
coefficient and CR were more than 0.7, thereby confirming the
construct reliability. Both convergent and discriminant validity
are called the subtypes of construct validity. Their individual

FIGURE 2 | Regional distribution statistics of samples. Note: BREC � Bohai Rim Economic Circle; YRD � Yangtze River Delta; PRD � Pearl River Delta.

FIGURE 3 | Industry distribution statistics and No. of samples. Source: http://www.stats.gov.cn/tjsj/tjbz/hyflbz/201710/t20171012_1541679.html.
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function is insufficient to establish construct validity; while their
combination proves the presence of construct validity. To test the
measurement of themodel’s convergent validity and discriminant
validity, the cross factor loading coefficient and average variance
extracted (AVE) were applied to the SEM. Typically, factor
loading coefficient values of variables that were more than 0.7
and AVE values more than 0.5 indicated that the measured
variables could effectively describe the latent variables, thereby
achieving a good convergent validity (Peterson, 1994; Cho and
Kim, 2015). Additionally, if the factor loading coefficient of the
latent variables for the measured indicators were higher than the
other measured indicators and the AVE values were higher than
all the correlation coefficient square of the other measured
indicators of the latent variables, each variable in the model is
considered to have good discriminant validity. As Table 3
exhibits, the factor loading coefficient of the measured
variables and the AVE values in the proposed model were
more than 0.7 and 0.5, respectively, thereby showing that the
latent variables have good convergent validity. Table 4 also
reveals that the square root of AVE was higher than the
correlation coefficient for all the other measured indicators of
the latent variables. These results show that each variable in the
research model has good discrimination validity.

Collinearity Test
The SEM method and hypothesis testing were analysed using
SmartPLS 3.3 and SPSS 22 software. Table 5 displays the values
for the factor loading for the reliability and validity analyses,
thereby affirming that SEM can be performed to evaluate the
influence path analyses. The variance inflation factor (VIF) value
was computed to identify the presence of multicollinearity in the
structural model. The maximum computed VIF value was 2.242
(Table 6), indicating that multicollinearity was not an issue at
the structural model level (Wooldridge, 2003; Rafique et al.,
2020).

Evaluation of the Structural Model
An effective sample size of 229 observations was evaluated for the
proposed structural model, in which a significant correlation was
observed between the unconsidered dimensions. The results of
the standardized path coefficients between latent variables are
represented as a diagram of the measurement results for the
structural equation model. The value of the estimation method of
PLS, R2, was used to illustrate the ability of the structural equation
model. These values explain the extent of the other latent
variables in relation to the endogenous latent variables,
thereby indicating the model’s predictive ability.

TABLE 2 | Information statistics of respondents.

Respondent information Frequency Relative frequency (%)

Department Strategic management department 25 10.92
Low-carbon technology R and D department 46 20.09
Low-carbon product manufacturing department 35 15.28
International marketing department of low-carbon products 39 17.03
After-sales service department of low-carbon products 21 9.17
Environmental protection department 24 10.48
International business department 19 8.30
Investment and financing department 20 8.73

Management level Senior management 67 29.26
Middle manager 72 31.44
Grassroots management 90 39.30

Note: the total number of samples is 229.

FIGURE 4 | Department source and management level distribution of respondents.

Frontiers in Environmental Science | www.frontiersin.org November 2021 | Volume 9 | Article 7792959

Deqiang et al. GVC and Sustainable Competitive Advantage

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


As demonstrated in Figure 5, the proposed model describes the
variances for low-carbon technology innovation capability (52.5%),
low-carbon system innovation capability (26.2%), low-carbon capital
innovation capability (32.4%), and low-carbon management
innovation capability (36.4%), thereby indicating that embedment
in the GVC can predict the low-carbon innovation capability of
manufacturing subsidiaries. The model also shows the variance for

the sustainable competitive advantage (35.9%), indicating that low-
carbon innovation capability can predict the sustainable competitive
advantage of manufacturing subsidiaries.

Hypotheses Testing
The PLS method and bootstrapping method were used to test the
direct effect and indirect effect of H1 to H8 by estimating the path
coefficients, T statistic and p value. The significance of the effect
was tested at the significance levels of 0.1, 0.05, and 0.01. Tables 7,
8 exhibit the testing results.

Direct Effect Testing
As shown in Table 7, there is sufficient evidence from the
results to indicate that the network management functions
directly improve the low innovation capability of
manufacturing subsidiaries. The path coefficients of the
low-carbon technology innovation capability, low-carbon
system innovation capability and low-carbon management
innovation capability under the influence of embedment in
global low-carbon R and D are 0.487, 0.290 and 0.212,
respectively.

TABLE 3 | The reliability and validity test of the measurement model.

Latent variables Observed variables Factor loadings Cronbach’s alpha
coefficient

Composite
reliability

Average variance
extracted

Z1 Z11 0.702 0.805 0.873 0.634
Z12 0.819
Z13 0.839
Z14 0.816

Z2 Z21 0.829 0.871 0.912 0.721
Z22 0.855
Z23 0.865
Z24 0.846

Z3 Z31 0.780 0.821 0.882 0.651
Z32 0.838
Z33 0.808
Z34 0.800

Z4 Z41 0.844 0.824 0.883 0.655
Z42 0.845
Z43 0.816
Z44 0.727

Z5 Z51 0.729 0.790 0.864 0.614
Z52 0.744
Z53 0.816
Z54 0.841

Z6 Z61 0.829 0.843 0.895 0.680
Z62 0.863
Z63 0.789
Z64 0.816

Z7 Z71 0.862 0.843 0.905 0.762
Z72 0.878
Z73 0.877

Z8 Z81 0.704 0.756 0.846 0.580
Z82 0.876
Z83 0.745
Z84 0.709

TABLE 4 | Correlation coefficient between latent variables.

Latent
variables

Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8

Z1 0.796 - - - - - - -
Z2 0.273 0.849 - - - - - -
Z3 0.538 0.326 0.807 - - - - -
Z4 0.662 0.400 0.553 0.809 - - - -
Z5 0.385 0.429 0.333 0.271 0.784 - - -
Z6 0.173 0.570 0.163 0.184 0.258 0.825 - -
Z7 0.421 0.499 0.435 0.463 0.371 0.496 0.873 -
Z8 0.445 0.466 0.407 0.376 0.446 0.380 0.490 0.762

Note: The digital of the diagonal represents the square root of AVE.
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At a significance level of 0.01, the three path coefficients are
significant, so, H1a, H1b and H1c are accepted. These results
indicate that embedment in global low carbon R and D exerts a
positive impact on the improvement of the low-carbon
innovation capability of manufacturing subsidiaries, and has
the most significant effect on the improvement of the low-
carbon technology innovation ability. At the same time,
embedment in global low-carbon R and D links can promote
subsidiaries to innovate low-carbon management and the low-
carbon system around global R and D activities.

This study confirms the view that an increase in the GVC
embedding position significantly improves green technology
innovation efficiency, and there is industry heterogeneity
characterized by pollution intensity and factor density (Hu
et al., 2021). The acquisition of overseas high-tech enterprises
and the establishment of overseas R and D centers are the main
modes for Chinese manufacturing enterprise groups to
participate in global R and D cooperation and improve their
technological innovation ability. For example, after Haier Group
set up its R and D center in the United States, it improved the
technological innovation ability of energy saving and
consumption reduction of household appliances.

Still in Table 7, the path coefficients of the low-carbon
technology innovation capability, low-carbon system
innovation capability, low-carbon capital innovation
capability, and low-carbon management innovation

capability under the influence of embedment in global low
carbon manufacturing are 0.193, 0.350, 0.570 and 0.376
respectively. At a significance level of 0.01, the test results
support H2a, H2b, H2c, and H2d, which shows that
embedment in global low-carbon manufacturing links can
directly promote the improvement of the low-carbon
innovation capability of Chinese subsidiaries. Building
factories and producing low-carbon products worldwide,
Chinese enterprise groups need to make great innovations
in their investment and financing modes and scale. By
obtaining domestic financing and attracting external
investment, their capital innovation ability will be greatly
improved. In this sense, participating in global
manufacturing has the most significant effect on the
improvement of the low-carbon capital innovation ability
of Chinese manufacturing subsidiaries.

For H3, engagement in global-low carbon marketing exerts
a positively-oriented impact on the improvement of the low-
carbon innovation capability in manufacturing subsidiaries.
The direct effect of embedment in global low-carbon
marketing on the low-carbon technology innovation
capability and low-carbon management innovation
capability are 0.228 and 0.119 respectively. At a
significance level of 0.01, H3a, and H3b passed the test. Li
et al. (2020) found that establishing the GVC can improve the
export technical complexity of the equipment-manufacturing
industry, and with the promotion of domestic openness and
industry R and D investment conditions, this improvement is
likely to be healthy. Through interviews with executives of
Chinese business groups and its subsidiaries, it was found
that in order to improve the companie’s overseas low carbon
products and technology marketing activities, the companies
were strengthening their marketing management
innovations. The test results are in line with reality.

The direct effect of the low-carbon technology innovation
capability, low-carbon system innovation capability, low-
carbon capital innovation capability, and low-carbon
management innovation capability on sustainable
competitive advantage are 0.165, 0.274, 0.165, and 0.230

TABLE 5 | Crossover factor load factor between the metrics.

Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8

Z11 0.702 0.202 0.340 0.463 0.338 0.134 0.266 0.380
Z12 0.819 0.166 0.482 0.509 0.292 0.128 0.331 0.295
Z13 0.839 0.204 0.445 0.571 0.302 0.135 0.370 0.373
Z14 0.816 0.291 0.440 0.557 0.301 0.152 0.366 0.372
Z21 0.251 0.829 0.273 0.299 0.340 0.500 0.397 0.387
Z22 0.236 0.855 0.235 0.314 0.379 0.501 0.434 0.366
Z23 0.247 0.865 0.317 0.418 0.373 0.465 0.448 0.446
Z24 0.191 0.846 0.282 0.323 0.364 0.469 0.413 0.380
Z31 0.396 0.233 0.780 0.426 0.243 0.103 0.349 0.283
Z32 0.405 0.256 0.838 0.439 0.292 0.103 0.305 0.351
Z33 0.466 0.258 0.808 0.483 0.265 0.149 0.347 0.316
Z34 0.462 0.304 0.800 0.432 0.274 0.167 0.399 0.360
Z41 0.633 0.398 0.485 0.844 0.266 0.155 0.405 0.374
Z42 0.540 0.311 0.493 0.845 0.203 0.203 0.390 0.247
Z43 0.507 0.322 0.406 0.816 0.213 0.152 0.311 0.275
Z44 0.439 0.244 0.395 0.727 0.186 0.077 0.390 0.309
Z51 0.220 0.342 0.184 0.119 0.729 0.172 0.218 0.274
Z52 0.331 0.291 0.244 0.250 0.744 0.206 0.265 0.397
Z53 0.280 0.438 0.286 0.252 0.816 0.262 0.374 0.322
Z54 0.365 0.279 0.316 0.213 0.841 0.165 0.293 0.395
Z61 0.177 0.450 0.132 0.151 0.221 0.829 0.387 0.312
Z62 0.139 0.492 0.138 0.175 0.210 0.863 0.412 0.339
Z63 0.084 0.419 0.132 0.099 0.194 0.789 0.331 0.260
Z64 0.163 0.508 0.137 0.172 0.225 0.816 0.492 0.334
Z71 0.362 0.409 0.363 0.372 0.280 0.466 0.862 0.462
Z72 0.364 0.419 0.401 0.375 0.362 0.398 0.878 0.406
Z73 0.377 0.477 0.376 0.463 0.329 0.434 0.877 0.414
Z81 0.258 0.362 0.263 0.271 0.280 0.224 0.311 0.704
Z82 0.391 0.384 0.388 0.339 0.376 0.340 0.477 0.876
Z83 0.340 0.294 0.270 0.275 0.398 0.249 0.349 0.745
Z84 0.355 0.388 0.305 0.253 0.296 0.336 0.332 0.709

TABLE 6 | VIF value.

Observed variables VIF 1/VIF Observed variables VIF 1/VIF

Z11 1.364 0.733 Z51 1.556 0.643
Z12 1.935 0.517 Z52 1.404 0.712
Z13 2.022 0.495 Z53 1.773 0.564
Z14 1.711 0.584 Z54 2.020 0.495
Z21 1.960 0.510 Z61 1.944 0.514
Z22 2.163 0.462 Z62 2.153 0.465
Z23 2.242 0.446 Z63 1.740 0.575
Z24 2.102 0.476 Z64 1.724 0.580
Z31 1.641 0.609 Z71 1.895 0.528
Z32 2.022 0.494 Z72 2.125 0.471
Z33 1.723 0.580 Z73 2.051 0.488
Z34 1.639 0.610 Z81 1.393 0.718
Z41 1.804 0.554 Z82 2.094 0.478
Z42 2.067 0.484 Z83 1.611 0.621
Z43 1.897 0.527 Z84 1.430 0.699
Z44 1.447 0.691
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respectively. At a significance level of 0.05, H4 and H6 are
accepted. At a significance level of 0.01, H5 and H7 are
accepted. All four hypotheses passed the significance test.
The test results suggest a positive association between the

low-carbon innovation capability and the sustainable
competitive advantage of manufacturing subsidiaries. The
management of a subsidiary can purposely follow a strategy
to move to such a position in the multi-business MNE as a
GVC joint coordinator for a product category. This strategy is
likely to attain this position by leveraging its comprehensive
innovation abilities to assume more effective control on the
business group’s GVC governance. Within the MNE, this
position of higher eminence for the subsidiary expands its
internal advantage (Ryan et al., 2020).

Mediating Effect Testing
The step-by-step regression beta coefficient method, involving
three steps, was used to test themediating effect. The first step was
to test the significance of the overall effect of exogenous latent
variables on endogenous latent variables. The second step was to
test the significance of the direct effect of exogenous latent
variables on intermediary endogenous latent variables and of
intermediary exogenous latent variables on exogenous latent
variables. The third step was to test whether the coefficient or
significance of the main effect is reduced after adding the
mediating endogenous latent variables (Baron and Kenny, 1986).

FIGURE 5 | PLS-SEM estimation results.

TABLE 7 | Path coefficient with mediating variables and significance test results.

Paths Paths
beta (β) coefficient

T Statistic p Value Test results

Z1→Z4 0.487 7.844 0.000 accepted
Z1→Z5 0.290 4.522 0.000 accepted
Z1→Z7 0.212 2.920 0.004 accepted
Z2→Z4 0.193 3.759 0.000 accepted
Z2→Z5 0.350 5.471 0.000 accepted
Z2→Z6 0.570 10.410 0.000 accepted
Z2→Z7 0.376 5.785 0.000 accepted
Z3→Z4 0.228 3.082 0.002 accepted
Z3→Z7 0.199 2.833 0.005 accepted
Z4→Z8 0.165 2.567 0.010 accepted
Z5→Z8 0.274 4.393 0.000 accepted
Z6→Z8 0.165 2.453 0.014 accepted
Z7→Z8 0.230 2.897 0.004 accepted
Z1→Z8 0.208 4.810 0.000 accepted
Z2→Z8 0.308 7.830 0.000 accepted
Z3→Z8 0.083 2.926 0.003 accepted
Z1→Z4→Z8 0.080 2.293 0.022 accepted
Z2→Z4→Z8 0.032 2.164 0.031 accepted
Z3→Z4→Z8 0.038 1.953 0.051 accepted
Z1→Z5→Z8 0.079 3.301 0.001 accepted
Z2→Z5→Z8 0.096 2.949 0.003 accepted
Z2→Z6→Z8 0.094 2.278 0.023 accepted
Z1→Z7→Z8 0.049 2.024 0.043 accepted
Z2→Z7→Z8 0.087 2.510 0.012 accepted
Z3→Z7→Z8 0.046 1.866 0.062 accepted

TABLE 8 | Path coefficient excluding mediating variables and significance test
result.

Paths Paths
beta (β) coefficient

T Statistic p Value Test results

Z1→Z8 0.277 3.764 0.000 accepted
Z2→Z8 0.347 5.846 0.000 accepted
Z3→Z8 0.148 1.865 0.062 accepted
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Firstly, we tested the total effect of embedment in the GVC on
the sustainable competitive advantage in the original model by
deleting the mediating variables, building a new model, and testing
the coefficient and significance. In Table 8, the direct effect
regression beta coefficients of embedment in global low-carbon
R and D, embedment in global low-carbon manufacturing and
embedment in global low-carbon marketing on the sustainable
competitive advantage for Chinese manufacturing subsidiaries are
0.277, 0.347, and 0.148. At a significance level of 0.01, embedment
in global low-carbon R and D and embedment in global low-
carbon manufacturing have significant impacts on the sustainable
competitive advantage. At a significance level of 0.1, embedment in
global low-carbon marketing has a significant impact on the
sustainable competitive advantage. The outbreak of global
COVID-19 is both a challenge and an opportunity for China’s
manufacturing industry. However, China’s effective control
measures against COVID-19 have played a catalytic role in
China’s commodity exports, which helps Chinese subsidiaries to
establish or enhance their sustainable competitive advantages
globally. For example, an electronics company affiliated with
Haier Group took the opportunity to expand the global sales of
low-energy household appliances and expand the global market
share. These study findings tally with the real situation of the global
R and D, production and marketing of Chinese subsidiaries.

Secondly, we tested the significance of the direct effect of
embedment in the GVC on the low-carbon innovation capability,
and low-carbon innovation capability on the sustainable
competitive advantage. In the above results, the significance of
these two effects has been verified.

Thirdly, we tested whether the coefficient or significance of the
main effect is reduced after adding the mediating variables. In
Table 7, at a significance level of 0.01, the indirect path coefficient
of embedment in global low-carbon R and D on the sustainable
competitive advantage is 0.208, lower than the main effect path
coefficient (0.277) excluding mediating variables, the low-carbon
innovation capability, which indicates that the mediating effect is
significant, H8a is accepted. The result indicates that the low-
carbon innovation capability partially mediates the relation
between embedment in global low carbon R and D and the
sustainable competitive advantage. For H8b, at a significance level
of 0.01, the indirect path coefficient of embedment in global low-
carbon manufacturing on the sustainable competitive advantage
is 0.308, and the mediating effect is significant, therefore H8b is
accepted. The indirect path coefficient is lower than the main
effect path coefficient (0.347) excluding mediating variables,
which indicates that the low-carbon innovation capability
partially mediates the relation between global low-carbon
manufacturing and the sustainable competitive advantage. For
H8c, at a significance level of 0.01, the indirect path coefficient of
embedment in global low-carbon marketing on the sustainable
competitive advantage is 0.083, the mediating effect is significant,
lower than the main effect path coefficient (0.148) excluding
mediating variables, which reveals that the low-carbon
innovation capability partially mediates the relation between
global-low carbon marketing and the sustainable competitive
advantage, hence H8c is accepted. Overall, the low-carbon
innovation capabilities partially mediate between embedment

in the GVC and the sustainable competitive advantage. In
other words, the role of embedment in the GVC in improving
the sustainable competitive advantage of Chinese Enterprise
Group’s subsidiaries is partly realized through the
improvement of their own low-carbon innovation ability. Park
(2021) showed that the establishment of local innovation has
played a certain role in the participation of African countries in
global logistics marketing and the establishment of a competitive
advantage. Our research conclusion further confirms this view.

About specific mediating effects, in Table 7, firstly, the three
indirect path coefficients of the low-carbon technology innovation
capability are 0.080, 0.032, and 0.038, at a significance level of 0.1,
where themediating effect of the low carbon technology innovation
capability is significant. Secondly, the two indirect path coefficients
of the low-carbon system innovation capability are 0.079 and 0.096,
at a significance level of 0.01, where the mediating effect of the low-
carbon system innovation capability is significant. Thirdly, the
indirect path coefficients of the low-carbon capital innovation
capability are 0.094, at a significance level of 0.01, where the
mediating effect of the low-carbon capital innovation capability
between embedment in global low carbon manufacturing and the
sustainable competitive advantage is significant. Fourthly, the three
indirect path coefficients of the low-carbon technology innovation
capability are 0.049, 0.087, and 0.046, at a significance level of 0.1,
where the mediating effect of the low-carbon management
innovation capability between embedment in the GVC and the
sustainable competitive advantage is significant.

CONCLUSION

The major objective of this paper was to investigate how
embedment in the GVC in manufacturing subsidiaries can
be used to foster a sustainable competitive advantage. In light
of the available literature, we hypothesized that embedment in
the GVC contributes to the improvement of the low-carbon
innovation capability in Chinese manufacturing subsidiaries.
Additionally, the low-carbon innovation capability fostered a
sustainable competitive advantage and the impact of
embedment in the GVC on the sustainable competitive
advantage is mediated by the low-carbon innovation
capability improvement. Three significant findings were
identified based on the results of this empirical study.
Firstly, this study provides sufficient evidence to support
the notion that embedment in the GVC significantly
enhances the low-carbon innovation capability through
global cooperation. In a study by (Landsperger and Spieth,
2011), the authors noted that the successful embedment of
global low-carbon R and D, manufacturing, and marketing led
to an increase in the low-carbon innovation capabilities.
Secondly, the results indicate that an improvement in the
low-carbon innovation capability has a considerable impact
on the fostering of a sustainable competitive advantage and
support for low-carbon technology, system, capital, and
management innovation capability, as indicated by Uyarra
et al. (2016) and Sears, (2017). Thirdly, the results obtained in
this study confirm that the low-carbon innovation capabilities
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significantly mediated the positive effect of embedment in the
GVC on the sustainable competitive advantage of Chinese
manufacturing subsidiaries.

The outcomes of this study provide several significant
contributions to the existing literature. Firstly, this study focuses
on global low-carbon R and D, manufacturing and marketing in the
GVC, thereby expanding the scope of the GVC theory beyond low-
carbon initiatives. Secondly, innovation capacity is an important
resource for enterprises, especially for manufacturing subsidiaries.
The resource based theory suggests that sustainable competitive
advantage resources are heterogeneous and it is difficult for them to
flow freely, thereby representing the key determinants of firm value
(Wernerfelt, 1984). Our results support this theory from the low-
carbon technology standpoint and institutional, capital and
managerial innovation capabilities, where the theory of
innovation is further extended beyond the low-carbon innovation
view point. Thirdly, Potter’s competitive advantage theory proposes
a model of international competition that emphasizes four country
specific determinants and two types of external forces. This study
verified the importance of three external international resources and
four internal innovation resources for the sustainable competitive
advantage of manufacturing subsidiaries.

This study also highlights some important managerial
implications that should be addressed. The manufacturing
subsidiarie’s capability to achieve a sustainable competitive
advantage represents a significant asset when developing
innovations. The findings reveal that a thorough evaluation of
the company’s innovation resources to identify potential positions
for the GVC is highly advisable. Therefore, companies should
continuously identify high-quality resources from the GVC and
discover ways of integrating internal and external carbon
innovation resources to form innovation capability. Besides,
companies should also analyze the cost issues of transforming
the low-carbon innovation capability into a competitive advantage
and evaluate the consistency of their low-carbon innovation
strategy with the parent company. The findings can be used to
facilitate manufacturing subsidiaries in increasing their sustainable
competitive advantage and consequently supporting their
capability to utilize external knowledge and insights from
embedment in the GVC. Hence, it is evident that low-carbon
innovation resources play the role of a sustainable competitive
advantage for manufacturing subsidiaries.

Nevertheless, this study has certain limitations. This study did
not utilize the number of patents as a measurement of innovation
because of their non-availability. Further research should be
performed to recognize the effects of innovation on the
companie’s low-carbon technology innovation capability as
there is a significant gap in existing literature. Besides, the
association between the global innovation activities of business

groups and the low-carbon innovation performance of
subsidiaries should be investigated. This study serves as an
initial platform for discovering the impact of embedment in
the GVC on a sustainable competitive advantage, and can be
utilized to promote further research efforts using cases from
other organizational domains and countries. Survey studies
based on specific key indicators may be designed for future
research.
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