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Abstract: Stakeholders need to participate in the carbon abatement activities to achieve carbon
peak and carbon neutralization. This paper developed a system of evaluation indices on carbon
emission reduction of stakeholders to elucidate the interplaying relationships among stakeholders
in carbon emission reduction by using the structural equation model. The analysis showed that
(1) the five stakeholders affecting carbon-reduction intensity are ranked in the following descending
order: manufacturing enterprises, government, energy supply industry, R&D organizations, and
financial institutions, while (2) stakeholders positively affect manufacturing enterprises and govern-
ment. Notably, manufacturing enterprises exhibit the greater positive influence on carbon-reduction
intensity. Finally, (3) the study results indicated how to build the co-governance mechanism by
stakeholders to reduce carbon emissions. Overall, this study provided a theoretical support for the
stakeholders of carbon emission reduction to clarify their roles, cooperation, and participation in
carbon emission reduction, thereby realizing their own interests, while guiding stakeholders toward
the carbon emission reduction.

Keywords: stakeholders; carbon emission reduction; interactions; co-governance; structural equation
modelling methodology

1. Introduction

The Chinese government has prioritized the goals for achieving carbon peak by 2030
and carbon neutralization by 2060. Nowadays, it is imperative for China to reduce carbon
emissions for achieving these goals.

As a developing country, China is currently facing great challenges in achieving carbon
emission reduction. Carbon emissions are intrinsically linked to economic externality,
thereby urging stakeholders to participate in the governance of research and technology
activities [1,2]. To this end, it is necessary to establish a co-governance mechanism of
stakeholders, but some related phenomena remain poorly studied to date. For instance,
the management mode is administrative, with some severe conflicts of interest with other
stakeholders within. Due to this, certain stakeholders lack the motive to invest [3–5].

In practice, carbon emission reduction has become an important policy of economic
and societal development in China for the future. However, we find there are some
aspects that have not received enough attention and should be considered by survey.
For example, the carbon emission reduction market is imperfect; the products are not
popular. Carbon emission reduction is poly-department, and conflicts of interest threaten
to weaken environmental policies. The management mode is administrative, and there
are serious conflicts of interest with other stakeholders. Technical standards of carbon
emission reduction are falling behind as the enterprise lacks the motive to invest, and
research institutes do not have enough drive for innovation. Furthermore, carbon emission
reduction has extensive promotion but limited influence; the work of intermediaries is
insufficient [6–9].
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Therefore, the key is to build a co-governance mechanism that develops coordination
and participation among stakeholders and guide them to build partnerships.

This study elucidates the interplaying relationships among stakeholders in carbon
emission reduction by developing the co-governance mechanism of coordinating and par-
ticipating of stakeholders, aimed toward improvement of the carbon abatement efficiency.

2. Literature Review

The intense discussion about how to achieve the goals of carbon emission reduction
is ongoing, with some different findings and advice being reported. Particularly, some
studies described policies, regulations, and experiences on how to achieve carbon emission
reduction in developing countries [8,10–13]. These activities included motivating the public
to save energy and encouraging them to develop renewable energy through tax policy,
thereby promoting energy efficient products by cash rebate, tax concessions, preferential
loan, etc. [14,15]. Simultaneously, these countries follow restrictive policies by setting
new taxes regarding aspects such as environmental contamination, carbon, and energy
consumption [14,16,17]. Another policy is represented by the market entry certification
system. This policy enforces that products will not be permitted to enter the market if they
cannot meet the lowest value of energy efficiency [18–21].

The existing studies indicate that a participator of carbon emission reduction is enough.
However, the literature about the multi-analysis benefits and impetus of stakeholders is
inadequate, whereas (a) the stakeholder theory applications, (b) studies about examin-
ing the interaction between behavioral subject/policy of carbon emission reduction, and
(c) research on the interaction function and/or structural relation; are insufficient as well.
All these aspects are crucial for achieving the goals of carbon emission reduction, which
can be based on the cooperative governance of stakeholders [3–5,22].

The production background of the stakeholder theory stipulates that countries are
pursuing the shareholder primacy theory [23]. After the 1980s, this theory has become
increasingly impactful, thereby affecting the enterprise governance model, and bolstering
the management mode transformation of enterprise [24–28].

In practice, the goal of stakeholder management is to promote stakeholders to further
cooperate and participate in management, which should broaden the resulted benefits.
Stakeholder theory is in line with the nature of an enterprise as a social being, as this theory
can lead to the general balance of interest of various stakeholders, while also promoting the
enterprise management from stakeholders’ unilateral governance to stakeholder common
governance [29–31]. Simply put, this theory has become an effective analysis tool.

However, the fundamental question of “Who are the stakeholders of carbon emission
reduction?” arises. Generally, stakeholders of carbon emission reduction are considered
as a group or an organization who can affect China’s goals of carbon emission reduction
including: government, enterprises, institutional investors, financial institutions, and so
on [22,32–34]. This literature analysis suggests that the stakeholders interested in reducing
carbon emissions in China are composed of the government, manufacturing enterprises,
R&D organizations, energy industry, and financial institutions [35–38].

Moreover, it is challenging to deal with the relation and role of stakeholders. First,
many previous works have focused on the achievements of normative and descriptive stud-
ies. Consequently, there is a lack of lessons, which can be learned from empirical studies,
quantification or implication studies based on the analysis of structure relationship. Thus,
the credibility and operability of certain achievements are weakened [16,39–41]. Second,
thus far, the stakeholder theory has not yet established its own robust theoretical basis
and framework on the role they play in the carbon emission reduction, how stakehold-
ers take part in the co-governance of carbon emission reduction, and how to coordinate
them [42–45]. To this end, we will need to develop and perfect this theory system.

Historically, China’s carbon emission control experienced the singlet governance of
administrative control, order orientation, and dual governance model of administration,
and has been slowly shifting toward market-based tools. Nowadays, carbon emission
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control in China has surpassed the capacity of some stakeholders [46,47]. This challenge
urges finding different stakeholders to participate in cooperation. It is reasonable to suggest
the co-governance mechanism of carbon emission reduction based on the stakeholder
theory. In particular, one can develop the process, which guides multiple stakeholders to
participate in governance, pursue reasonable interests, realize win-win scenarios, and then
form a positive interaction and harmonious relations.

This study utilizes the stakeholder theory to understand how to build the co-governance
mechanism by stakeholders toward reduction of carbon emissions. This study surmises
that the main aim of the co-governance theory by stakeholders of carbon emission reduction
is to understand how to promote stakeholders, to involve and interactively cooperate in
carbon emission reduction practice based on all the stakeholders who share the common
understanding of public interests and ecological environment. Such a model can effectively
assimilate the idea about governmental leadership, where enterprises can be deemed as
principal actors, namely, performers while everyone else are participators.

Conceptually, this study aims to contribute to carbon reduction-related research in
several aspects. First, this study elucidates the interplay relationship among stakeholders
in carbon emission reduction by using the structural equation model, thereby laying the
theoretical foundation for the stakeholders of carbon emission reduction. In this way, their
own roles, cooperation, and participation in carbon emission reduction are clarified, thereby
augmenting their own interests, and guiding the stakeholders to build partnerships. Second,
this study suggests the co-governance mechanism of coordination and participation of
stakeholders in policy formulation, which can facilitate China’s progress toward achieving
carbon peak goals by 2030 and carbon neutralization by 2060.

3. Research Design
3.1. Construction of Evaluation Indicators System

First, indicator selection is described in this section. As mentioned in Section 2, the
literature review indicates that the stakeholders of carbon emission reduction in China
includes the government, manufacturing enterprises, R&D organizations, energy industry,
and financial institutions. They have a joint interest in carbon emission reduction, which
imposes great responsibility and obligation on them. This aspect also significantly affects
the prospects of carbon emission reduction goals in China [4,48,49].

Previous studies [26,35,49–52] suggested that the government, manufacturing enter-
prises, R&D organizations, energy industry, financial institutions, and carbon-reduction
intensity can be considered as latent variables. Therefore, one can determine responsi-
bilities and obligations for carbon emission reduction, the preferable positions, power,
strategy, urgency in achieving the targets of carbon emission reduction, interest require-
ment, input desire, and the extent of support. Such determination is possible based on
the observed variables of every stakeholder. Consequently, the level of carbon emission
reduction targets, their implementation, urgency, and significance to achieve these targets
can all be determined as the observed variables of carbon-reduction intensity change ac-
cording to stakeholders’ motives and behaviors and interaction between the stakeholders
and carbon-reduction intensity.

In addition, we held interviews and expert discussions to solicit opinions in order to
scientifically design the evaluation indicators.

The primary evaluation indicators, which can reflect all the previous aspects of carbon
reduction goals, was developed in this study (see the details in Table 1).

This study utilized the exploratory factor analysis to evaluate the primary selection
indicator system from a statistical perspective, thereby shedding the light on their reliability.
The reliability test and the exploratory factor analysis of evaluation indicators are described
below. Within this study, a questionnaire was designed which evaluates the reasonability
of evaluation for indicator systems of carbon emission reduction from Table 1. The ques-
tionnaire was composed of respondents’ identity attributes and 28 evaluation indices. The
respondents were requested to provide scores for 28 evaluation indices according to the
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respondents’ arbitrary knowledge and understanding. These opinions were classified into:
strongly agree, agree, neutral, disagree, and strongly disagree of five levels, respectively,
denoted by 5, 4, 3, 2, and 1 points, respectively (the questionnaires see Appendix A).

Table 1. Evaluation Indexes System on carbon emission reduction.

Latent Variables Observed Variables

Government
(F1)

The level of undertaking responsibilities and obligations of government in carbon emission reduction activities (X1);
Having the power and strategy of government to reduce the carbon emissions and to determine whether this

position is suitable (X2);
The degree of urgency of the government to achieve the target of carbon emission reduction (X3);

The extent of consistency of interest requirements of government with the target of carbon emission reduction (X4);
The degree of support of the government to achieve the target of carbon emission reduction (X5);

Manufacturing Enterprises
(F2)

The size of undertaking responsibilities and obligations of manufacturing enterprises in carbon emission
reduction activities (X6);

Having the power and strategy of manufacturing enterprises to reduce the carbon emissions, (X7);
The degree of urgency of manufacturing enterprises to achieve the target of carbon emission reduction (X8);

The extent of consistency of interest requirements of manufacturing enterprises with the target of carbon emission
reduction (X9);

The degree of support of manufacturing enterprises to achieve the target of carbon emission reduction (X10);

R&D Organizations
(F3)

The size of undertaking responsibilities and obligations of R&D organizations in carbon emission reduction
activities (X11);

Having the power and strategy of R&D organizations to reduce the carbon emissions and to determine whether
their position is suitable (X12)

The degree of urgency of R&D organizations to achieve the target of carbon emission reduction (X13);
The extent of consistency of interest requirements of R&D organizations with the targets of carbon emission

reduction (X14);
The degree of support of R&D organizations to achieve the target of carbon emission reduction (X15);

Energy Industry
(F4)

The size of undertaking responsibilities and obligations of the energy industry in carbon emission reduction
activities (X16);

Having the power and strategy of energy industry to reduce the carbon emissions and to determine whether their
position is suitable (X17);

The degree of urgency of energy industry to achieve the targets of carbon emission reduction (X18);
The extent of consistency of interest requirements of energy industry with the target of carbon emission reduction (X19);

The degree of support of energy supply industry to achieve the target of carbon emission reduction (X20);

Financial Institutions
(F5)

The size of undertaking responsibilities and obligations of financial institutions in carbon emission reduction
activities (X21);

Having the power and strategy of financial institutions to reduce the carbon emissions and to determine whether
their position is suitable (X22);

The degree of urgency of financial institutions to achieve the target of carbon emission reduction (X23);
The extent of consistency of interest requirements of financial institutions with the target of carbon emission

reduction (X24);
The degree of support of financial institutions to achieve the target of carbon emission reduction (X25);

Carbon-reduction intensity
(F0)

The degree of realization of China’s target of carbon emission reduction (X26);
The urgency for China to achieve the target of carbon emission reduction (X27)

The significance of achieving the target of carbon emission reduction (X28)

The final survey distributed 200 questionnaires and received 156 valid questionnaires.
The effective recovery rate was 78%. The respondents were comprised of 67 experts and
scholars, 42 government regulators, 39 enterprise managers, and 8 others.

Furthermore, Cronbach α (0–1) was used to analyze and estimate the reliability of
evaluation indicators. Cronbach’s alpha is one of the most widely used measures of
reliability in the social and organizational sciences. It is used to measure the internal
consistency of the test according to the following formula [53]:

α =
k

k − 1

(
1 − ∑k

i=1 s2
i

s2
x

)

where k is the number of survey indicators in the scale, s2
i is the variance of indicator, and

s2
x the variance of the total score.

Briefly, the higher the α value is, the greater the reliability is. According to the results
from Nunally [53], when α is >0.8, an excellent internal consistency is achieved, while if
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α = 0.7–0.8, the internal consistency is good with the minimum acceptable threshold of 0.7.
This survey data revealed that all the subscales and total scales of the Cronbach α ranged
between 0.806~0.931 in this survey, thereby indicating a high reliability of the scale.

At the next stage, a factor analysis was carried out to determine the evaluation indica-
tors by using the method of principal component analysis with the varimax rotation. To
this end, SPSS22.0 soft was applied. Namely, the standard was applied, according to which,
if eigenvalue is >1 and the rotated factor loading is >0.5, the factor analysis was performed,
wherein six factors were identified. The factor loading on the six factors and eigenvalue,
variance contribution rate, and variance contribution rate cumulative of the six factors are
shown in Table 2.

Table 2. The Results of Explore Factor Analysis of Evaluation Indicators.

Evaluation Indicators Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

X1 0.646
X2 0.809
X3 0.783
X4 0.676
X5 0.692
X6 0.838
X7 0.603
X8 0.847
X9 0.833
X10 0.846
X11 0.761
X12 0.651
X13 0.689
X14 0.706
X15 0.759
X16 0.714
X17 0.755
X18 0.810
X19 0.829
X20 0.816
X21 0.643
X22 0.792
X23
X24 0.788

X24 0.757
X25 0.703
X26 0.841
X27 0.605
X28 0.738

Eigenvalue 12.317 5.015 3.467 1.562 1.271 1.018
Variance (%) 43.513 17.285 11.868 6.094 5.055 3.206

Cumulative (%) 43.513 60.798 72.666 78.76 83.815 87.021

The Anderson and Gerbing’s views stipulate that when the factor loadings is >0.6, it
indicates that the model exhibited convergent validity and discriminate validity. Table 2
shows that the evaluation indicators of the factor loadings were >0.6, while most were >0.8.
Furthermore, the variance contribution of cumulative was 87.021%, thereby resonating
with the following principle, according to which, the variance contribution is >85%. All
these estimates suggest that the factors on the interpretation of the variance were relatively
high, and the structure validity was relatively high as well. Therefore, the questionnaire
can be deemed significant. The test results revealed that the primary selection indicators
were scientific and reasonable. Finally, the evaluation indicator-based system was obtained,
namely, the primary selection of indicators.

Thus, the evaluation indicator system was built. The system comprised of six latent
variables and 28 observed variables, thereby making the interaction relations among stake-
holders in carbon emission reduction activities become an architecture of a system. Note
that this system includes the evaluation relations. Moreover, it ensures that specifications
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of evaluation indicators are not present. Most importantly, it makes the evaluation results
more reliable.

3.2. Evaluation Model Building

In this study, the structural equation model was applied to study the interaction
relations among stakeholders in carbon emission reduction. It is used in the novel way
to introduce the structure equation model. In this study, every stakeholder and carbon-
reduction intensity are considered as the latent variables. They undertake the responsibili-
ties and obligations of carbon emission reduction and own the position and power, interest
requirement, urgency to achieve the targets of carbon emission reduction, and the extent of
support as the observed variables. This allows them to build the structure equation model
of carbon emission reduction relations evaluation.

The structure equation model is a multivariate statistical analysis method of building,
estimating, and testing causality. Its purpose is to explore the causal relationships among
the variables and then express these causal relationships using the causal model and
path graph.

By using the structure equation model to study the interaction relationship among
the stakeholders in carbon emission reduction activities, the carbon emission reduction
system becomes organic and holistic. Thus, it considers stakeholders, thereby opening
a window toward quantification of the direct and indirect influence coefficient between
observed variables and latent variables by the measurement equation model. As a result,
the path graph is drawn. It is a new way to explore the use of the structure equation model
to research the in-action relationships among the stakeholders.

The model is the basis for elucidation of the structure relations and the mechanisms
of action of stakeholders in carbon emission reduction activities. The results facilitate
the development of efficient co-governance mechanisms of carbon emission reduction.
The process of building the relationship evaluation model of latent variables is shown in
Figure 1. The model numbers of indicators in Figure 1 are in accordance with those in
Table 1.

Figure 1. The Relationship Evaluation Model among the Stakeholders.
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As is shown in Figure 1, Government (F1), Manufacturing Enterprises (F2), R&D
Organizations (F3), Energy Industry (F4), Financial Institutions (F5) and Carbon-reduction
intensity (F6) were taken as the latent variables. Furthermore, 28 evaluation indicators were
considered as the observed variables. Together, they compose the relationship evaluation
model of stakeholders and carbon-reduction intensity.

The model can yield the relations among the variables as follows: (1) to estimate the
influence coefficient of Government (F1), Manufacturing Enterprises (F2), R&D Organiza-
tions (F3), Energy Industry (F4), and Financial Institutions (F5) on the Carbon-reduction
intensity (F0), respectively; (2) to assess the influence coefficient of Government (F1) on the
Manufacturing Enterprises (F2), R&D Organizations (F3), Energy Supply Industry (F4),
and Financial Institutions (F5), respectively; (3) to calculate the influence coefficient of
R&D Organizations (F3), Energy Supply Industry (F4) and Financial Institutions (F5) on
Manufacturing Enterprises (F2), respectively; and (4) to quantify the influence coefficient of
the observed variables on the latent variables.

Thus, this study comprehensively elucidates the interaction relations among the
stakeholders and between stakeholders and carbon-reduction intensity in carbon emission
reduction activities. The entire system of the research method to evaluate the interaction
relations among the stakeholders within carbon emission reduction activities is built.

3.3. Data Investigation and Test

The data were acquired by questionnaires and some panels. We selected the stake-
holders and experts as the important respondents. They mainly originated from R&D orga-
nizations, manufacturing enterprises, energy supply industries, and financial institutions.
Thus, the respondents were characterized by higher education and professional skills.

The respondents were also requested to provide scores to 28 evaluation indicators
in Table 1, which are classified into strongly agree, agree, neutral, disagree, and strongly
disagree of five levels, respectively, denoted by 5, 4, 3, 2 and 1 points, respectively.

This survey distributed 700 questionnaires and received 457 valid questionnaires
from 2020–2021 with effective recovery rate of 76.17%. The respondents comprised of
the following subjects: 85 from government, 79 from manufacturing enterprises, 92 from
R&D organizations, 73 from the energy supply industry, 75 from financial institutions, and
53 from others. The distribution of respondents exhibited broad diversity characteristics.
In addition, respondents had extensive knowledge and experiences, which ensures their
views are credible and representative.

As mentioned, the SPSS22.0 software was applied to estimate the reliability and the
structure validity of survey data. Cronbach α was used to analyze the of evaluation
indicators. The survey data revealed that all the subscales and total scale of the Cronbach α

ranged between 0.811~0.953 in this survey, thereby indicating a high reliability of the data.
Note that when the Kaiser-Meyer-Olkin (KMO) is greater, the common factor between
variables fits better to carry on the factor analysis. Note that the KMO of this study
varied in the 0.726~0.924 range, thereby highlighting its applicability for the factor analysis
according to the criteria from Kaiser (1974) [48]. Furthermore, the Bartlett’s test of sphericity
was applied to evaluate the relevance of a feature between variables, which must be
significant. The table above reveals a significant level of 0.000, thereby indicating the
presence of common factors at the correlation matrix of populations. Overall, it fits the
factor analysis. Thus, the level of reliability and validity of the survey data are both good
for the factor analysis.

3.4. Model Fit

As mentioned, AMOS7.0 soft was applied to estimate the structure relations of stake-
holders according to the contents, shown in Figure 1. According to the input which fitted
the modifying indices, this study fit and modified the model and obtained the ultimate
model through many comparative analyses.
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The criteria of the model fitting are related to the judgment indices of the calculated
model input. There are numerous indices to test the goodness of fit and evaluate whether
the fitted model agrees with the theoretical assumptions in advance by testing the rela-
tionship of the variables, which is testing the influence coefficient and whether plus or
minus symbols are normal. Moreover, the different indices to test the goodness of fit have
different features in different sample sizes or models. Note that we selected the relatively
stable indices, including chi-square (CMIN), degrees of freedom (DF), goodness of fit index
(GFI), root mean square residual (RMSR), comparative fit index (CFI), adjusted goodness
of fit index (AGFI), and root mean square approximation error (RMSAE) as the goodness
of fit indices. The indices of goodness of fit are shown in Table 3.

Table 3. Indices Value of Model Fitting.

Model CMIN DF CMIN/DF CFI RMR GFI AGFI RMSEA

Default model 1106.341 383 2.889 0.907 0.038 0.927 0.826 0.058

The discussion of the results and how they can be interpreted from the perspective
of previous studies and the working hypotheses is provided here. The findings and
their implications should be discussed in the broadest context possible. Future research
directions can be also highlighted.

According to previous studies [54,55], the general standard for judging the table was
taken as following: (1) when CMIN/DF < 3, it means that the model is good; (2) when
CFI > 0.95, it means that the model is good, where CFI > 0.90 means that the model is
acceptable; (3) when both RMR and RMSEA are <0.05, the model fits well, and when both
RMR and RMSEA are <0.08, the model is acceptable; (4) both GFI and AGFI must be >0.85.
Table 3 demonstrates that the model fitting is better from the subjective evaluation.

4. Empirical Results and Analysis
4.1. Relations Evaluation of Latent Variables

According to the output results of the evaluation model by the AMOS7.0 software,
we can determine the influence coefficient relations diagram among the latent variables
(see Figure 2). AMOS7.0 software is a collection of tools and class interfaces. The package
includes a robust infrastructure, modular assembly pipelines, tools for overlapping, con-
sensus generation, contigging, and assembly manipulation. It was used to calculate the
influence coefficients of structural equation models.

Figure 2. Path Relations Diagram among the Latent Variables.
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In Figure 2, the influence coefficient indicates that variable changes induce the change
in other variable changes.

(1) The influence coefficients of Government (F1), Manufacturing Enterprises (F2), R&D
Organizations (F3), Energy Supply Industry (F4), and Financial Institutions (F5) to the
Carbon-reduction intensity (F0) are 0.881, 0.908, 0.624, 0.691 and 0.313, respectively.
This finding implies that when the influence of Government (F1), Manufacturing
Enterprises (F2), R&D Organizations (F3), Energy Supply Industry (F4), and Financial
Institutions (F5) on Carbon-reduction intensity (F6) is up to 1%, the Carbon-reduction
intensity (F0) would be strengthened by 0.881%, 0.908%, 0.624%, 0.691%, and 0.313%,
respectively. Notably, the influence of every stakeholder on carbon-reduction intensity
varies. We can see that the influence coefficients of Financial Institutions (F5) to
the Carbon-reduction intensity (F0) are the lowest. This may be one of the reasons
why China’s carbon finance policy is imperfect, green financial products are not rich
enough, and the support of financial institutions for carbon emission reduction is not
currently visible [8,9].

(2) In carbon emission reduction activities, the influence coefficients of Government
(F1) to Manufacturing Enterprises (F2), R&D Organizations (F3), Energy Supply
Industry (F4), and Financial Institutions (F5) are 0.702, 0.517, 0.739, and 0.767, re-
spectively, thereby indicating that when the influence of Government (F1) on Man-
ufacturing Enterprises (F2), R&D Organizations (F3), Energy Supply Industry (F4),
and Financial Institutions (F5) is up to 1%, Manufacturing Enterprises (F2), R&D
Organizations (F3), Energy Supply Industry (F4), and Financial Institutions (F5) in the
reducing carbon emissions would be strengthened by 0.702%, 0.517%, 0.739%, and
0.767%, respectively.

(3) Manufacturing enterprises are the source of carbon emissions. The influence coef-
ficients of Government (F1), R&D Organizations (F3), Energy Supply Industry (F4),
and Financial Institutions (F5) to Manufacturing Enterprises (F2) are 0.702, 0.574, 0.872,
and 0.467, respectively, thereby indicating that when the influence of Government (F1),
R&D Organizations (F3), Energy Supply Industry (F4), and Financial Institutions (F5)
on Manufacturing Enterprises (F2) are enhanced by 1%, Manufacturing Enterprises (F2)
in the reduction carbon emissions are enhanced by 0.702%, 0.574%, 0.872%, and
0.467%, respectively.

4.2. Influence Analysis of the Observed Variables on Latent Variables

This study analyzed the influence of the observed variables on the latent variables by
using the influence coefficient (see Table 4).

Table 4 shows that the standardized total effect coefficients of Government (F1) were
higher, thereby indicating that the respondents were convinced that the government should
undertake more responsibilities and obligations. Simultaneously, the government’s interest
requirements were very consistent with the targets of carbon emission reduction. The
respondents also believed that the government had the greater police power and more
strategies to reduce carbon emissions, while facing the urgency to achieve the targets of
carbon emission reduction.

For the Manufacturing Enterprises (F2), the influence coefficient of manufacturing
enterprises’ support level for achieving the targets of carbon emission reduction was the
highest. Moreover, at the support level of up to 1%, the carbon-reduction intensity would
increase by 0.848%. Thus, manufacturing enterprises are essential in achieving the targets
of carbon emission reduction. The interest requirements also play an important role to
achieve the targets of carbon emission reduction, thereby indicating that we should build
the sharing benefits mechanism of carbon emission reduction for motivating enterprises to
take part in reducing carbon emissions.

The R&D Organizations (F3) analysis revealed that the influence coefficient of urgency
degree for achieving the targets of carbon emission reduction was the greatest among the
evaluation indicators. This finding indicates that it was an essential effect for achieving



Sustainability 2022, 14, 5891 10 of 15

the targets of carbon emission reduction by R&D to realize the manufacturing industrial
upgrading, technical reformation, to improve the energy efficiency, and to eliminate the
backward production capacity.

Table 4. Standardized Total Effects.

F1 F2 F3 F4 F5 F0

X1 0.847
X2 0.703
X3 0.960
X4 0.942
X5 0.536
X6 0.766
X7 0.629
X8 0.770
X9 0.797

X10 0.848
X11 0.598
X12 0.640
X13 0.834
X14 0.808
X15 0.313
X16 0.379
X17 0.527
X18 0.860
X19 0.921
X20 0.798
X21 0.512
X22 0.611
X23 0.873
X24 0.910
X25 0.828
X26 0.594
X27 0.774
X28 0.765

From the Energy Supply Industry (F4) perspective, the size of undertaking the respon-
sibilities and obligations in the carbon emission reduction activities were analyzed. It was
found that the influence coefficient was lower, because the proportion of non-fossil energy
consumption was <10%. The consistency extent of interest requirements indicated that
influence coefficient is higher. This finding indicates that more attention should be given to
exert the positive influence of energy supply industry.

The Financial Institutions (F5) analysis indicated some hints. The influence coefficient,
the consistency extent of interest requirements, the urgency degree and the degree of
support were higher, thereby indicating that the Financial Institutions in the carbon emis-
sion reduction activities are characterized by great potential. Thus, we should implement
the low carbon authentication system, thereby providing preferential tax incentives and
promoting green financial policy.

The identified order of evaluation indicators suggests that the influence coefficient
embodies the reality of different evaluation indicators, while also bolstering the build-up
of the targeted co-government system of carbon emission reduction.

Previous studies have observed the relationship between stakeholders in carbon
emission reduction from different perspectives, and some indicate that different types of
institutional pressure—coercive, normative, and mimetic—lead to different and, in certain
situations, more active responses from companies [17]. Some experts have proposed a
novel multistakeholder low-carbon transaction mechanism, which takes into account the
initiative and decision-making capacities in the three-party stakeholders of energy supply,
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demand, and storage so that all stakeholders can benefit from the proposed transaction
mechanism [39]. These results are useful supplements to this study.

5. Conclusions and Recommendations
5.1. Conclusions

This study intends to better answer how to promote the cooperative and participation
of stakeholders to reduce the carbon emissions from the view of stakeholders and contribute
to achieving the targets of carbon emission reduction in China. Our conclusions from this
study are as follows:

Firstly, different influences of every stakeholder on carbon reduction intensity were
elucidated in this study. Overall, five stakeholders affecting carbon-reduction intensity
were revealed (in descending order): Manufacturing Enterprises, Government, Energy
Supply Industry, R&D Organizations, and Financial Institutions. Revealing the influence
and direction strengthens the targeted governance policy of carbon emission reduction.

Secondly, government positively affected other stakeholders, thereby opening a win-
dow for building the carbon emission reduction governance system. Such a system
can be built based on the model, led by the government, while other stakeholders can
actively participate.

Thirdly, stakeholders positively affected the Manufacturing Enterprises. Thus, we can
achieve the targets of carbon emission reduction by stakeholders exerting influence and
offering the support for manufacturing enterprises.

Fourthly, government and manufacturing enterprises exerted greater positive influ-
ence on the carbon reduction intensity.

This underlines that the government has the leading role, whereas manufacturing en-
terprises are the principals and takers, and other stakeholders are the necessary supporters
in the carbon emission reduction activities.

5.2. Recommendations

The main core of the co-governance mechanism of carbon emission reduction is the
mechanism in which stakeholders work together, restrict, and cooperate with each other.
Furthermore, stakeholders reasonably pursue their own interests and share benefits, thereby
forming a positive interaction and win-win interactions to achieve the targets of carbon
emission reduction.

We should set up the decision-making and implementation mechanism by stakehold-
ers’ mutual participation in which the government will be acknowledged as the leading
actor, while manufacturing enterprises will be the principals and other stakeholders will
exhibit mutual participation. In this mechanism, every stakeholder has his/her own rea-
sonable right to express his/her interest requirements. This mechanism can consolidate
stakeholders’ forces to realize the targets.

The change of the structure of energy supply indicates that there are several effective
ways to reduce the carbon emissions in the future including: (a) increase in the proportion
of China’s non-fossil energy consumption to total energy consumption, (b) the norm of the
buying behaviors, and (c) the improvement of the market share of low-carbon productions.

The core of the interplay among stakeholders’ is the interest. Thus, the development
of reasonable and fair interest distribution alongside the share mechanism is the interest
driving force for stakeholders to participate in carbon emission reduction activities. This
will improve the stakeholders’ motivations to reduce carbon emissions, thereby creating a
virtuous circle in the carbon emission reduction activities.

Motivation and restriction mechanisms are the necessary systematic safeguards to
bolster the stakeholders’ positivity and to promote the fair and reasonable principles in
carbon emission reduction activities. Moreover, the motivation mechanism will increase
the stakeholders’ profit motive, while the restriction mechanism can regularize the seeking
profits behavior of stakeholders, while complementing each other.



Sustainability 2022, 14, 5891 12 of 15

Author Contributions: Conceptualization, Y.W. and J.W.; methodology, J.W.; software, Y.W.; valida-
tion, Y.W. and Z.D.; formal analysis, Y.W.; investigation, Y.W.; resources, Z.D.; data curation, Y.W.;
writing—original draft preparation, Y.W.; writing—review and editing, J.W.; visualization, Y.W.;
supervision, Z.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Social Science Fund of China (21BJY116).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All relevant data are within the paper.

Acknowledgments: The authors would like to express their sincerest appreciation for all the respon-
dents, the excellent advice from the editor and anonymous reviewers.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Questionnaire of interaction of stakeholders in the carbon emission reduction
Dear Respondent:

This survey is designed to develop an understanding of individuals’ perceptions
about what interaction relationships exist among the stakeholders in the carbon emission
reduction activities in China. Please let us know your opinions about this problem.

The information from this survey will be kept confidential. For statistical purposes,
data will be analyzed at an aggregate level.

If you have any questions regarding this academic study, please feel free to contact me
using the contact information below.

Thank you for your valuable time and cooperation.
Sincerely
JianMin Wang
E-mail: jmwang0396@163.com

Part I Respondent Profile

1. You are:

A. Male; B. Female

2. How many years have you been working?

A. less than 5 years; B. 6–10 years; C. 11–20 years; D. 21–30 years; E. more than 30 years

3. Highest level of education you have completed:

A. Secondary; B. College degree; C. Undergraduate; D. Graduate and above

4. Your professional title:

A. Primary Title; B. Assistant Professor; C. Associate Professor; D. Full Professor

5. Your employer:

A. Government; B. Manufacturing Enterprises; C. R&D Organizations; D. Energy
Supply Industry; E. Financial Institutions; F. others
Part II What are the interactions of stakeholders in carbon emission reduction?

Number Questionnaires Subjects Your Choice

X1 Government should undertake the responsibilities
and obligations in carbon emission reduction activities. 5 4 3 2 1

X2 Government has the power and strategy to reduce
carbon emissions, and its position is suitable. 5 4 3 2 1

X3 Government urgently wants to achieve the targets
of carbon emission reduction. 5 4 3 2 1

X4 Government’s interest requirements are consistent
with the targets of carbon emission reduction. 5 4 3 2 1
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Number Questionnaires Subjects Your Choice

X5 Government supports towards achieving the targets of the carbon
emission reduction. 5 4 3 2 1

X6 Manufacturing enterprises should undertake the responsibilities
and obligations in carbon emission reduction activities. 5 4 3 2 1

X7 Manufacturing enterprises have the power and strategy
to reduce carbon emissions, and their position is suitable. 5 4 3 2 1

X8 Manufacturing enterprises urgently want to achieve the
targets of the carbon emission reduction. 5 4 3 2 1

X9 Manufacturing enterprises’ interest requirements are
consistent with the targets of the carbon emission reduction. 5 4 3 2 1

X10 Manufacturing enterprises support towards achieving the targets
of the carbon emission reduction. 5 4 3 2 1

X11 R&D Organizations should undertake the responsibilities and
obligations in carbon emission reduction activities. 5 4 3 2 1

X12 R&D Organizations have the power and strategy to reduce carbon
emissions, and their position is suitable. 5 4 3 2 1

X13 R&D Organizations urgently want to achieve the targets of the
carbon emission reduction. 5 4 3 2 1

X14 R&D Organizations’ interest requirements are consistent with the
targets of carbon emission reduction. 5 4 3 2 1

X15 R&D Organizations support towards achieving the targets of the
carbon emission reduction. 5 4 3 2 1

X16 Energy Supply Industry should undertake the responsibilities and
obligations in carbon emission reduction activities. 5 4 3 2 1

X17 Energy Supply Industry has the power and strategy to
reduce carbon emissions, and its position is suitable. 5 4 3 2 1

X18 Energy Supply Industry urgently wants to achieve the targets of
carbon emission reduction. 5 4 3 2 1

X19 Energy Supply Industry’ interest requirements are consistent with
the targets of carbon emission reduction. 5 4 3 2 1

X20 Energy Supply Industry supports towards achieving the targets of
carbon emission reduction. 5 4 3 2 1

X21 Financial Institutions should undertake the responsibilities and
obligations in carbon emission reduction activities. 5 4 3 2 1

X22 Financial Institutions have the power and strategy to
reduce carbon emissions, and their position is suitable. 5 4 3 2 1

X23 Financial Institutions urgently want to achieve the
targets of the carbon emission reduction. 5 4 3 2 1

X24 Financial Institutions’ interest requirements are consistent with
the targets of carbon emission reduction. 5 4 3 2 1

X25 Financial Institutions support towards achieving the targets
of carbon emission reduction. 5 4 3 2 1

X26 China can achieve the targets of carbon emission reduction. 5 4 3 2 1

X27 China has the urgency to achieve the targets of carbon
emission reduction. 5 4 3 2 1

X28 China will benefit from achieving the targets of carbon
emission reduction. 5 4 3 2 1

Notes: 5, strongly agree; 4, agree; 3, neutral; 2, disagree; 1, strongly disagree.

Thank you for your time and cooperation!
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